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ABSTRACT

DEVELOPMENT OF A NEW METHO D FOR THE SYNTHESIS OF
BENZO[h][1,6]NAPHTHYRIDINE DERIVATIVES AND
CHROMENOPYRAZINONE SKELETON

Hoplamaz, Ene
M.S., Department of Chemistry
Supervisor: Prof . Dr . Metin Ba

SeptembeR015, 115ages
In the first part of this thesistnew methodolog wasdeveloped dr the synthesis of
benzop][1,6]naphthyridine derivativesirstly, 2-(diprop-2-ynylamino)benzaldehyde
was synthesizedtartingfrom 2-aminobenzoic aciéh three steps. Then, cyclization
reaction was achieved in the presence of propargyl amine and Dielexpected-
methylbenzoh][1,6]naphthyridinewas obtained. To generalize this methodology,
several derivatives of 2-(diprop-2-ynylamino)benzaldehydevere synthesized by
applying Smogashira coupling reaction good yields. Cyclization reaction of these
derivatives were succeeded by using propargyl amine and DBU. Fiagflyand
methyl substitutedoenzoh][1,6]naphthyridinederivatives were obtained igood
yields.
In the second para new synthetic method for the synthesisaahromenopyrazine
anda chromenopyrazinone derivative was developed. Firstly, acetonitrile group was
introduced to salicylaldehyde. Then, reaction a$ tddehyde with progrgyl amine
gaveimine. DBU-supported cyclization reaction afforded gv@duct 3-methyl5H-
chromeno[3,4]pyrazine Finally, cyclization product was oxidized with
CrQOs/pyridine to yield 3-methyt5H-chromeno([3,4]pyrazin5-one In order to
generalize this redon, two different aldehydsubstituted at the benzene riwgre
employed. Same procedure for cyclization reaction was applied to get
chromenopyrazine derivativedJnfortunately, expected chromenopyrazine and
chromenopyrazinoneerivatives were not obtained.
Keywords: Sonogashira couplingAza-Diels-Alder reaction, benzoaphthyriding

chromenopyrazine, chromenopyrazinone
Y%



0z
BENZO[h] [ 1, 6] NAFTKRKDKN VIE RKER/QMEERNKONIKKNR A Z K N O N
KSKELETEERKNEZK K¢KN YENK Y¥NTEMLERKN GELKKT!

Hoplamaz, Emre
Yuksek Lisans, Kimya Bolumtu

Tez Y°neticisi: Prof . Dr . Meti n Ba

Eylul 2015, 15 sayfa
¢al ékmanén behz&p][l/6]paftimdid nidederinin sentezi icin yeni bir
y°ntem gel i ktZanmilndoib e nklok ko laggrbasdmakia-2bak| ayar a

(diprop-2-inilamino)benzaldehits e nt ez | endi . A andné ve dDBU , propar
kull anél arak halkal akmaenempkhmbekaBagkemaceklegnr
metilbenzop][1,6]naftiridin elde edildi. Bu yontermi g e n el bir met ot ol c

gosterebilmelkcin Sonogashira kenetlenme tepkimesilk | anél ar ak bakl angé-
olan2-(diprop-2-inilamino)benzaldehit i-re k i t | i t ¢ ri.dPropaggitamins ent ez | en
ve DBU kull anéelarak bu t¢revlierin hal kal ak me
Sonug olarak yeni bir yontem kullanarakarii and metil sUbstit

benzoph] [ 1, 6] naf t i iyiivatiinlerlé semezlengir e vI er i

¢ al & Kk man é re nikkamenapirazirk v®menopirazinon iskeletinin sentezi

icin yeni bir sentetik metoge | i kt i ri | di . KI'k ol ar ak, asetor
t alkkél dAr déndan, iaamid eslksiyona isdkidaralpimio pireeidg
edild i . Kmi nii jni kidBdina eaksiyonu sonudumeti-5H-kromeno[3,4

blpirazin elde edildi. Sonu¢ olarak, kapanma UrGaninin @i@din ile

yukseltgenmesiyle -&netil-5H-kromeno[3,4b]pirazin-5-on b i | eeldeé &dildi. Bu

kapanma reaksiyonunu galehie k U leIma k é lid-éi.n Kiakpia n fr
tepki mesi I -1 n ay Nasesq, rbekereedkrgmenopirgzon tahda n d é .

kromenopirazinon turevleri elde edilemedi.

Keywords: Sonogashira kenetlenmesi, ABgls-Alder tepkimesi, benzoatftiridin,

kromenopirazin, kromenogzino
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CHAPTER 1

BENZONAPTHYRIDINES

1.1.INTRODUCTION

1.1.1.Quinolines

Quinoline is eheterocyclicaromatic molecul&vith the chemical formula §H7N. It is
the simplesiN-heteropolycyclic aromatic compound. In quinoline, one of theararb
atoms (except bridge carbon atoms) of naphthal&hes (replaced witha nitrogen
atom. There are two structural isomers of benzopyridine which are quindjinad
isoquinoline 8). Quinoline is also named as eaanaphtalene and isoquinoline is

nameal as a Zazanaphtalene.

5 4 5 4
7 N/Z 7 =N,
8 1 8 1
1 2 3

Among many aromatic compounds, quinoline derivatives are one of the most
important aromatic compounds. Because, most of natural products and drugs contain
quinolines skeleton. For example, papawer4) being isolated from opium plant is
used for the treatment of heart spasm and erectile dysfuréfion.

MeO N H |
|O HO
N
MeO 3
MeO MeO

OMe X
O N
OMe




Quinine 6) which is isolated from cinchona tree is used as amnatdrial and an
analgesic drug. In addition to these, quinidBlexhich is a diastereoisomer of quinine
is one of most potent of the antiarrhythmic compour@isloroquine 7) has long been
used in the treatment of malaria and autoimmune disotderaas reported that
compoundaand compoun@b show good anticancer activity against different cancer
cell lines like colon cancer, breast cancer, and lung c&rcer.

UV - o

X X
— —
cl N N
7 8a R =CH,
8b R = OCH,

1.1.1.1. Synthesis of quinoline derivatives

There are many methods which are reported in literature for the synthesis of quinoline
derivatives. Two of them; Skraup quim® synthesis and Pfitzinger quinoline
synthesisare shown below.

In the Skraup reaction, a mixture of anili®, glycerol, and nitro benzernwas heated

in the presence dfulphuric acid, where nitrobenzene acts as oxidizing agent and

solvent(Scheme 1%

OH
L eSS
> ~
NH2 H2804, PhN02 N
reflux
9 2
Scheme 1

Suggested mechanism for the synthesis of quinoline starts with formation of acrolein

(15) from glycerol and sulphuric ac{@&cheme 2)



+ + ..
H +(
15 14 13

Scheme 2

Since acrolein underwent polymerization reaction with itself, it could naiseel
directly for this reaction. Therefore, it was preferred to generate acrolein doeng t
reaction. Acrolein abstracfwoton from sulphuric acid. When isiformed, it reast
immediately with aniline to yield the condensation prodi&tThen, intraméecular
cyclization takes place to form prod@€ Elimination of waer followed by oxidation

resulsin the formation of quindhe (2) (Scheme 3)

NH2 \ N o
H H H H
9 16 17 ‘
@ﬁj @95 — L
/
N 2 oxidation N/\/\OH
2 20 19 18
Scheme 3

Pfitzinger and coworkers synthesized quinckhearboxylic cerivative 22 by using
isatin @1) and carbonyl containing compound in the presence of a8abeme 4§



N\

{ X
X
H KOH, ethanol N~ "CHjz

reflux
21 22

Scheme 4

Firstly, isatin(21) wasreacted with KOH to form-22-aminophenyh2-oxoacetic acid

(23), which then underwent a condensation reaction with a carbonyl containing
compound to yield imin@4. Isomerization ofmine 24 to enamine25 took place.
Intramolecular cyclization reaction &5 followed by elimination of water gave

quinoline4-carboxylic derivative22 (Scheme 5)

e} O.__OH

o O.__OH
KOH H CJ\CH
-H,0
N NH, 2 N

HasC”~ “CHj
21 23 24
O._OH OH
o0 oH O+__OH
A - 5
~ - ~
N” >cH, 20 N” >CHs G
H3C/§
22 26 25

Scheme 5

1.1.2.Naphthyridines

Naphthyridine idN-heterocycliccompound that consists of naphthalene ring in which
two of carbon atoms (excluding bridge carbon atoms) are replaced with nitrogen.
There are six isomers of naphthyridine and they are named according to the position

of nitrogen atoms.



N\ N\ N\ N N\ X
o U O
1,8-naphthyridine 1,7-naphthyridine 1,6-naphthyridine
N™ X" SN N | X
| P P
2,7-naphthyridine 2,6-naphthyridine 1,5-naphthyridine
30 31 32

Among the nitrogen heterocycles, naphthyridine derivatives have attracted great
attention due to their broad spectrum of biological activifieBhere are several
publications showing that naphthyridine derivatives possess anticancer, antibacterial,
anticonvulsant, and analgesic actitté!? It was recently found that vosaroxig3j

shows activity for cancer cell line by inhibiting topoisomenad@&Gemifloxacin 84)

is antibacterial agent for treatment of chronic bronchitis and pneurtfodalidixic

acid(35) also play important role in the treatment of serious bacterial infecfions.

o 0O O
OH X OH
e
Me N I\L
35

1.1.2.1. Synthesis of naphthyridines

Chenget al. developeda new methodology for the synthesis of naphthyridine by
Friedlander synthesis:Aminonicotinaldehyde36) was reacted with acetaldeteyin

the presence of KOH to afford [1,6]naphthyridine derivaBv¥éScheme 6)

H

37

Scheme 6
5



Suggested mechanism ssawith formation of imine. The, base abstragproton from
CHz followed by intramolecular cyclization tgive corresponding alcohd0. Water
elimination yield [1,6]naphthyridin€37 (Scheme 7)

_ | )
36 38 CHs 39
+H+
H OH
| - |
= ~
Z >N > CHs, Z >N > CHs,
37 40
Scheme 7

Sadd and coworkers synthesized [In8phthyridine2-one derivativél6 starting from
compound4l. Firstly, aldehydd1in EtOH was reacted with malononitrilé2) in the
presence of a base at room temperature for two hours to give the corresponding
methylenemalononitrile compourB. Then, reaction of compourB with sodium

azide in MeOH at room temperature for two hours$dgd corresponding azidet in

73% yield. Finally, the transformation of azide functionality#into amino group

with the help of sodium dithionate followed by intrae@llar cyclization afforded
[1,8]naphthyridine2-one derivativet6in a yield of 83%Scheme 8}°
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1.1.3.Benzonaphthyridines

NC._

42

triethylamine

CN —————>
EtOH, 70%
Na28204

Scheme 8

NC

Benzonaphthyridine is a tricyclic compound in which naphthyridine unit is fused to a

benzene ring. The structures of benzonaphthyridine resemble anthrd@graad

phenanthrened@) structures depending on the position of benzene ring.

47

48



There are 10 structdrsomers of benzonaphthyridigelhe structures and names of
them are shown below. Numbers denote the position of nitrogen atoms and the letter

comes from the position of benzene ring.

N~ -~ N /I
™ \l . _N
— — b
N N N

benzo[h][1,6]naphthyridine benzo[c][2,7]naphthyridine  benzo[f][1,7]naphthyridine
50 51
N

49
N & -
NN NN N
/N N/ /N

benzo[c][1,5]naphthyridine benzo[c][2,6]naphthyridine benzo[c][1,6]naphthyridine
52 53 54

N
N N AN
benzo[b][1,8]naphthyridine benzo[b][1,5]naphthyridine benzo[b][1,6]naphthyridine
55 56 57
N\ NN
NG
benzo[b][1,7]naphthyridine

58

Benzonaphthyridine derivatives have potential activities such as antimalarial,
analgesic, anticancer, and antibacteridi.In addition to these, Hinschberger and
coworkers reported that compoud@aand60b are used as selective antagonists-of 5

HT4(59) receptors ircentral nervous systetd



NH,

HO
A\
N
H
serotonin or 5-HT

60a R = CH2CH3
60b R = (CH2)20H3

59

Also, Pierre and coworkers synthesized several benzonaphthyridine derivatives in
order to search anticancer activity of these compounds. They reported-(Biat 5
chlorophenylamino)benzd]2,6]naphthyridine §1) inhibits protein kinase CK2 for

the treatment of cancét.

61

1.1.3.1. Synthesis of benzonaphthyridine derivatives

PortelaCubillo and coworkers develed a new synthetic method for the synthesis of
benzoh][1,6]naphthyridine derivatives. -Bromonicotinaldehyde 6@) was reacted
with phenyl boronic acid$3ac via Suzuki coupling reaction to affordayl-3-
formyl-pyridine derivative$4ac which are therconverted to corresponding oxime
ethers65ac. These oxime etheBbac were subjected to the microwave radiation in
the presence ofl-ethyl-3-methylimidazolium hexafluorophosphatevhich is
increasing the microwave absorbance level of solvent, to yieldekpected
benzop][1,6]naphthyridine derivative86a-c (Scheme 9§



N Br R Pd(PPhy)s, PhMe |N\
| __0 + A0
(HO),B Na,CO3;, EtOH

62 63 64a-c
= PhONH,.HCI
pyridine
a | H
R R
b [ CN
N PhBu-t, IL Na
C Br | ~ - | _ N
AN MW, 30 min, 160 °C Z " oPh
66a-c 65a-c
Scheme 9

Ghotekar and coworkers synthesized behnjgb[6]naphthyridine derivativegOab in
three steps. Corresponding chloroquinoline derivaesb were reacted with NaN
to furnish azidoquinoline derivativé8ab. Reduction of ade group to amino group
was achieved with N&Os to give the expected-dgminoquinoline3-carboxylates
69ab. Reaction of carboxylate derivativ6Sa-b with malononitrile in the presence
of a base gave the desired beh}d]6]naphthyridine derivative§0a-b (Scheme
10).22

cl O N; O
NaN,/DMF R
R N Vot | eDME X OEt
_ 20-25 °C P
N 2h N
67a-b 68a-b
R
cl
N328204
b | Br MeOH/reflux
4h
NH,
NZ SO LON NH, O
R | CN R N
A OH OEt
P Ethanol/KOH P
N reflux, 15 h N
70a-b 69a-b
Scheme 10
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1.1.4. Aza-Diels-Alder r eactions

The Dels-Alder (DA) reaction ione ofthe most useful named reactions in synthetic
organic chemistry. Az®iels-Alder (ADA) is the modification of DA reaction. Unlike
DA reaction, ADA reaction contains at least one nitrogen atom which can tef par

the diene unit or the dienophile unit (Scheme.?1)

Scheme 11

There are several examples of ADA reaction in literature. One of them is the Povarov
reaction. The condensation reaction between benzaldehiydand aniline 72) took

place to yield an aromatieine 73 which later was reacted with an alkene in the
presence of a lewis acid. Bkised as a Lewakid, activates the imine for electrophilic
addition of electron rich alkenklydroquinoline derivativ€4 was obtained at the end

of the reactior{Schemel2).24

i . g
Salea e

71 72 73

Scheme 12
11



1.1.5.Aim of Study

The synthesis of chromepgridinonederivatives werachieved by our grouarting
from salicylaleehyde derivativesseveral chromenyridines were synthesized by
using propargyl amine and DBU. After then, these derivative® oxidized tothe

corresponding chromepgridinone i high yield(Scheme 13¥°

CrO3 / pyridine

Scheme 13

Our aim was to repla@ oxygen atom in salicylaldehyde with nitesg and to
investigatethe generality of this cyclization reactiofhis methodology would open

up an entry to the synthesis of the corresponding benzonaphthyridine derivatives.

E Briny
Y
N7 9
$ HN E:fj\l_'
A
— DBU
N N

Scheme 14
12



We will start from 2amino benza acid and syrthesize Zaminobenzaldehyde.- 2
Aminobenzoic acid will be reduced teatninobenzyl alcohol followed by oxidation
of 2-aminobenzyl alcohol to give-@minobenzaldehyde. Then, propargyl group will
be introduced to-2aminobenzaldehyde to yieltpropargylated aldehyde. Finallysi

cyclization reaction with propargyl amine and DBU will be investigg&mheme 14)

13



1.2.RESULTS AND DISCUSSION

1.2.1.Synthesis of 2(prop-2-ynylamino)benzaldehyde

For the synthesis of compour®¥, a straightforward procedure was applied.
Aminobenzoic acid(75) was reduced by using LiAlHto yield 2amino benzyl
alcohol?® Then, corresponding alcoh®b was oxidized with Mn@2” Unfortunately,
under these reaction conditions expected aldefyflevas not obtained. Because

compound/7 was rapidly polymerized via condensation reac{idcheme 1p

0 O

dOH LiAIH, @OH MnO, H
THE. 0 °C Acetone, 25 °C
NH ’ NH NH,
2 2 h, 75% 2 24 h
75 76 77
Polymer
Scheme 15

The route for the synthesis of starting matexias changediccording to the literature
proceduré®, propargyl group was introduced to nitrogen atom by the reaction of
aminoalcohol’6 with propargyl bromide in the presence 05GQs.

H K,CO
(:(\O + BI'/\ — (;(\OH
MeCN, r.t.
NH2 ’ N
9 h, 90% H\

76 78

Mn02
Acetone, 25 °C
24 h, 80%

0]

//I

79

Scheme 16
14



After then,N-propargylated alcohdl8was oxidized with Mn®@to give corresponding
N-propargylated aldehyd&9 in a yield of 80% by using krature procedufé
(Scheme 16).
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Figure 1 *H-NMR Spectrum of compounz®in CDCh

Compound79 was characterized By{-NMR and'*C-NMR spectra. In théH-NMR
spectrum of compound9, aldehyde proton resonates at 9.80 ppm as a singlet. In
addition, the proton attached to the nitrogen atom resonates at 8.44 ppm as a broad
singlet and alkyne proton resonating at 2.28 ppm splits into triplet with a coupling
constant of) = 2.5 Hz arising from the longange coupling with methylene protons
(Figure 1). The ChH protons resonate as doublet of doublets with the coupling
constants of 5.9 and 2.5 Hz due to the coupling with NH proton and alkyne proton,
respectively.
1.2.2. An attempt for the cyclization reaction of 2(prop-2-ynylamino)

benzaldehydewith propargyl amine and DBU
Bal e &l described a concise synthetic methodology for the synthesis of
chromenopyridine derivativéd2a-c starting from salicylaldehyde derivativ@8a-c in
two stepsy using necessary reagents (Schemg?17
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Ri K,CO R4
H 2-Y3 H
+ Br/\
OH DMF, rt (o)
A
R2 RZ
80a-c 81a-c
R R? HzN\
al H H DBU, ethanol
reflux
b | Br H
N
c | H | OCH;g R, |
(0]
R,
82a-c
Schemel7

DBU is a nonnucleophilic base used in isomerization reaction of alkyne to allene.
According to the procedutsy Balciet al?®, 2-(prop-2-ynylamino)benzaldehyd@9)

was reacted with propargyl amine in the presence of DBU at reflux temperature of
ethanol for 48 hAfter monitoring with TLC, expected cyclization prodi83 was
obtained in a trace amount and starting matéfatas recovereScheme 18

O
NN oo v @
N S Ethanol, reflux
H S 48h trace
79 83 79
Scheme 18

Jalalet al?® synthesized quinolines via an iron(lll) chloride catalyzed intramolecular
alkynecarbonyl metathesis of alkyne tetheredrlino benzaldehyde/acetophenone
derivativesWhile N-tosylated aldehyd86 was reacted with Fe€lo afford expected
acetophenon87, compound4 did notgive the expected compound under the same
reaction conditiongScheme 1P They revealed that free amine did not work because

it lowered the readctity of carbonyl group due to the-blonding.
16



0]
E;ﬁj\H FeCI3 (1 0 mol%) X Ph
MeCN, reflux
’ N
N/\ N

| 12 h
H Ph
84 85
0 O
H FeCl; (10 mol%l X Ph
MeCN, reflux
’ N
’T'/\ 4h, 95% |
Tos Ph Tos
86 87
Scheme 19

We also assume that the formation of im@8which is necessary for cyclization is
inhibited due to the Hbonding between oxygen and hydrogen. In other words, H

bording prevents the formation of imi@8 as shown in Scheme 20

T
T

Y
/
S

/

z
\
I--_
Z
I

J

H-bonding
X
88

Scheme 20

79

It is well known fact that increasing temperature could eliminab®ftling. In order

to remove this Fbonding, propanol was used as a solventasbf ethanol. Because
reflux temperature of propanol is higher than that of ethanol. Unfortunately, expected
cyclization producB83was again obtained as a trace amount like in ethanol and starting

material79 was recovere@Scheme 211

17



%
DBU H
e X,
N S Propanol, reflux N// N/\\\\§§
H S 48 h trace 3 S
79 83 79
Scheme2l

For cyclization reaction DBU is necessary because alkyne functionality must be
transferred into allen®0. However, the compound@9 contains an acidic proton
bonded to the nitrogen atom. Therefore, DBU can abstract this paoibrform

organic salB9 (Scheme 2R This can also prevent the reaction.

(0] 0]
N
N\ @/\
@DBUH
79 89

N VoS
[::jii\H + DBU i

88 90

Scheme 22

1.2.3. Cyclization reaction of 2(diprop-2-ynylamino)benzaldehyde with
propargyl amine and DBU

Two propargyl groups were introducea the free amine in order to eliminate H

bonding. By using literature procedui® double N-propargylated alcoho®1 was

obtained by the reaction a6 with excess propargyl bromide in a yield of 95%.

According to the literaturenethod’, oxidation of alcohol group i91 with MnO;

furnished the corresponding aldehyaiain 78% of yield(Scheme 2B

18
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Scheme 23

The characterization of compou@@ was achéved by usingH-NMR and**C-NMR
spectra. The aldehyde proton resonates at 10.33 ppreiaglet.
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Figure 2 'H-NMR Spectrum of compour@Rin CDCls
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The alkyne proton splits into triplet with awgding constant of = 2.3 Hzdue to the
long-range coupling with CEHprotons which appears as a doublet(2.3 Hz) as
shown in Figure 2.

After synthesis of2-(diprop-2-ynylamino)benzaldehyd€92), it was reacted with
propargyl amine in the presence dBD to afford the desired cyclization prodi83

in a yield of 80%{Scheme 2} The compoun@3was characterized sing*H-NMR

(Figure 3)and3*C-NMR spectra.

H + HoN %
N Ethanol, reflux N

/ 24 h, 80% /
= =

Scheme 24

\
7
\

As one can see from the Figure 3, there areegpiamte aromatic proton resonances in
the range of aromatic region which is in agreement with the structure of the expected
product93. Two of the protons resonadequite low field at8.37 ppm and 8.24 ppm.

The doublet resonance at 8.37 ppm belonggridine proton which is adjacent to the
nitrogen atomDoublet splitting § = 1.2 Hz) is arising from the coupling with the
other proton bonded to the pyridine ring. The low field signal at 8.24 ppm belongs to
the proton of the benzene ring closer to pykeding. Doublet of doublets splitting is

due to the coupling with ortho and meta protahs (.7 Hz and 1.6 Hz). The quite

low field shift of this proton can be explained by location of this proton in the
deshielding zone of the benzene ring as wealfalse pyridine ring. There are two GH
proton resonances in which one of them resonates as a doublet with the coupling

constant ofl = 2.4 Hz and other resonates as a singlet.

20
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Figure 3 'H-NMR Spetrum of compoun®3in CDCh

It was interesting to notice that the remaining propargyl group was eliminated and an
aromatization occurred when the reaction time was increased. Probably, the formation

of an aromatic compound is the driving force of tieiaation(Scheme 2b

DBU =
H + HZN\ -
N S Ethanol, reflux N
/ X 48 h, 70%
FZ /
92 L 93 -
N CHs
| P
~
N
83

Scheme 25
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The H-NMR and'*C-NMR spectra were used to confirm the structure of aromatic
compound83. Comparison of théH-NMR spectra of compoun@3 and 83 clearly

shows that the propargyl group whiobsonate as a doublet and triplet9i8, was
removed from the molecule. Furthermore the resonance signals of methylene protons
were also disappeared. THe-NMR spectrum of compour@Bis shown in Figure 4.

An additional aromatic proton resonances at $2m appears in the range of aromatic
proton resonances. TRE-NMR spectrum of compoun8B shows 7 aromatic proton
resonances in which three of them shifted to the lower field. The imine protons and
one of thea-protons are shifted to lower field due to the connection to an
electronegative element nitrogen and the presence of the deshielding zone of the
benzene and pyridine rings, respectively. TF#@NMR spectrum with 13 distinct
signals is also in agreemenitlivthe proposed structure. All carbons and protons were
assigned by analyzing the COSY, HMBC and HSQC spectra of com@&und

—1019.81

9.3 9.0 8.1 7.8
f1 (ppm)

I

3.10—1L

1.00,,
0.92x
0.95"
0.98,
1.00<

E1)}

1.0
0.9

T T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

Figure 4 *H-NMR Spectrum of compour@Bin CDCk
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1.2.4.Proposed mebanism for the formation of benzonaphthyridine derivative
83.
Proposed mechanism starts with formation of im@devia condensation reaction

followed by isomerization of alkyn@4 to allene95.

L e G0 2
N \ Isomerization

/% -

t

z

\Q
) F

=
95
[4+2]
Diels-Alder
reaction
NANCHe N Xy CHs
Elimination |
| N of propargyl P [1,5]-H shift
- -~
N/ Aromatization N LH Aromatization N
p) /
// ase Z
83 96

Scheme 26

There are two @ssible alkyne units which can undergo isomerization. The alkyne unit
connected to the imine can easily isomerize than the alkyne unit bonded to the nitrogen
atom. The methylene protons located between the imine and alkyne units are more
acidic than the ¢ier methylene protons. Furthermore, isomerization of alkyne
connected to imine functionality will generate an allene which will be in conjugation
with the imine. Therefore, aller8s will be thermodynamically more stable than the
other allene After formaion of allene95, an AzaDiels-Alder reaction takes place
between diene and alkyne urtibssform corresponding intermedie@é. Then, [1,5]H

shift occurs in order to afford cyclization prod®& with propargyl group. Finally,
propargyl group is eliminatk with the help of base to yield benzonaphthyridine
derivative83 (Scheme 2p
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1.2.5. An attempt for the cyclization reaction of 3methyl-6-prop-2-ynyl-5,6-
dihydrobenzo[h][1,6]naphthyridine with iodine.
Electrophilic cyclization of alkynes mediated by indiis well known reaction in the
literature.There are many examples related with electrophilic iodine cyclization. The
reaction starts with coordination of iodine to the unsaturated cadrtson triple bond
which is followed by nucleophilic addition the triple bond.
Wu et al® investigated iodingnediated yclization of enynylpyrazoles to synthesize
pyrazolo[1,5a]pyridines (Scheme 27Reaction of compoun€l7 with hydrazine at
reflux temperature of C¥CN afforded the corresponding enynylpyrazéfien a yield
of 93%. Obtained produ@8 was reacted with iade to yield desired cyclization
product9d. Accordi ng t o *twb pgossBla pratiucis cad se formed e s |,
in cyclization reaction with iodine which areexadig product100 and 6endadig
product 99. While 6endoedig product was formed, -Bxodig product was not
observed. Because transition state for the formatiexdglig product is more strained
than that of éendodig. Furthermore, while compourfi® is an aromatic compound,
100is na aromatic. This is another reason why onlgréledig product was formed

as the sole product.

Ph Ph
= 0 [ N
= H2NNH2, N2 | N’ |2
| > H S
CH3CN, reflux CH,Cl,, r.t.
A 30 min, 93% A 4 h, %97
H H
97 98
ly, 4 h
CH20|2, r.t.
Ph
\
| N
N
\
N
I
100
Scheme 27
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Proposed mechanism of cyclization reaction starts with coordination of iodine to triple
bond. Then, lone pairs oftmbgen attacks to activated triple bond followed by removal

of the proton to give pyrazolo[1&|pyridine derivatived9 as shown in Scheme 28

Me
B b
N — HI
X

H
98

Scheme 28
After successful synthesis of 3-methyl6-prop-2-ynyl-5,6-

dihydrobenzdf][1,6]naphthyriding93), the compound was submitted to electrophilic
cyclization reaction with iodine. Unfortunately, expected cyclization prot@was
notformed. Instead, breaking of propargyl group was achieved to form fully aromatic
3-methylbenzdf][1,6]naphthyriding83) (Scheme 2%

Me
|2‘ NaHC03 |2 NaH003
<—
CH2C|2: r.t. CH2C|2 r.t.

s\

83

Scheme 29

Compound 93 was not stable under normal condition. By standing at room
temperature, it undergoes eliminaton and forms  aromatig
methylbenzdf][1,6]naphthyridine(83). It was observed that iodine caderates the

elimination of propargyl group and shorteesactiontime.



1.2.6. Oxidation reaction of 3methyl-6-prop-2-ynyl-5,6-dihydrobenzolh]-1,6-
naphthyridine with CrO s/pyridine

Balci et al achieved oxidation of chromenopyrazine derivatives to

chromermpyrazinone derivatives by using Gfgyridine reagent. Oxidation products

were obtained in a high yie(&cheme 30?°

Me Me

X X
I I R'| R?

R4 = CrO3 / pyridine R4 =
- H| H

CHzclz,rt a
o o b | Br H
R

82a-c 104a-c c| H

@)

Scheme30

3-Methyl6-prop-2-ynyl-5,6-dihydrobenzdf][1,6]naphthyriding93) was oxidized by
using CrQ/pyridine to afford 3methyt6-prop-2-ynylbenzoh][1,6]naphthyridin
5(6H)-one(105) in a yield of 95%(Scheme 3L

N Me NS Me
©\/9/ CrOg, Pyridine dg
N CH,Cl,, 25 °C' N0
24 h, 95%
- -
93 105

Scheme 31

Characterization of oxidation produt05 was accomplished by analyzing the-
NMR and*C-NMR spectra. There are two Gldrotons innaphthyridinederivative
93. One of them resonates as a doublet and other resonatesiagled. The
disappearance dfH protons resonating as a singlet shown in Figure 5 reveals the

formation of oxidation produchenzmapthyridinone derivativ&05
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Figure 5 H-NMR Spectrum of compountd5in CDCh

Also, the disappearance of one of aliphatic carbon in¥deNMR spectrum of 3
methyt6-prop-2-ynyl-5,6-dihydrobenzdf][1,6]naphthyriding93) and appearance of
new amide signal in tH€C-NMR spectrunsupport the formation of oxidation product
105

In order to check the scope of this cyclization reaction, different derivative of starting
material 92 was synthesized. -Bromobut2-yne was chosen as a new alkyne
derivative. Aminobenzyl alcoh@bwas reacted with excess of bromoBugne in the
presence of KCOs. The desired compouridd6was formed in a yield of 80%.

The next step was the synthesis of corresponding alddlydey using MnQ. The
oxidation productl07 was synthesized in a yield of 70% (Scheme 32). The
characterization of this aldgtie was done by analyzing thd-NMR and**C-NMR
spectra. The long range coupling betweens fidtons and ChHprotons can be seen
easily from the!H-NMR spectrum o®-[di(but-2-yn-1-yl)amino]benzaldehyd€l107)

as shown in Figure 6.
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Scheme 32

TheCHsprotons resonate at 1.75 ppm as a triplet with the coupling consthntf
Hz and CH protons resonate at 4.00 ppm as a quartet with the coupling cahstant
2.2 Hz which indicate the incorporation of butyne group itite molecule and

formation of compound Q7 (Figure §.
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Figure 6 *H-NMR Spectrum of compountd7in CDCh
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Having obtained-[di(but-2-yn-1-yl)Jamino]benzaldehydél07), it was reacted with
propargylamine in the presence of DBU. The aromatic prod0&was formed in a
yield of 70% instead of cyclization produ®8.

o) NS
H DBU CH;s
©\)L * HNTON
Ethanol, reflux N
N/\
CH 48 h, 70%
_ 3 =
7 HsC

107 — 108 -

H,C

109

Scheme 33

The elimination of Zoutynyl group took place under the reaction conditions to afford
3,4-dimethylbenzdf][1,6]naphthyridine (109 (Scheme 33).Benzoraphthyridine
derivativel09was characterized by using th&NMR, 13C-NMR and HRMS spectra.

The H-NMR spectrum(Figure 7)shows the presence of two distinct gj#otons
which resonate as sirgdb at 2.71 ppm and 2.47 ppm. Six aromatic proton resonance
are in agreenrd with the proposed structurEhree protons are shifted to lower field.
Two of them arenaphthyridineprotonswhich are adjacent to the nitrogen atorhe

other low field proton reonance which appears as doublet of doublets belongs to the

a-proton of the benzene ring.
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1.2.7. Synthesis of other derivatives of 92 asstarting materials by using
Sonogashira coupling reactiorand their cyclization reaction

Sonogashira coupling reactfSris a crosscoupling reaction used for formation of

carboncarbon bond between a terminal alkyne and aryl or vinyl halide by using a

palladium catalyst, cupper catalyst, bulky ligand, and f&skeme 34)It is a useful

reaction tosynthesize complex molecslsuch apharmaceuticals, natural products,

organic materials and nanomaterials.

Pd(0) / Ligand

Rl—X + =—R? Oteand | g — ge
Cu(l), base

organohalide terminal alkyne coupled product

Scheme 34

The mechanism of Sonogashira coupling reaction starts with oxidative addition of
organohalide to # Pd(0)/ligand complex to form Pd(ll)/ligand complex. Reaction of

cupper catalyst with terminal alkyne in the presence of base generates organocupper
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reagent which then performs transmetalation with Pd(ll)/ligand complex. Finally,

reductive elimination gies the final coupled produasshown in Figure 8

by

H"}rl\/ X_

RN S

R1
— 2
R1—X RN e
\J + -
oxidative ('C'u X
o I
addition Cu Catalytic H—==—R,
Cycle
transmetalation
LnPdO Pd Catalytic
Cycle
o
s _
start reductive 2 R Cu X
elimination LaPd Yy A7 —
\\\ H—=—"R;

start

Figure 8 Catalytic cycle for Sonogashira coupling

For testing scope of this cyclization reaction, additional derivatives of starting material
110a-d were synthesized by using Sonogashira coupling regutomeduré’® (Scheme

35).

O O

H Pd(OAc)s,, Cul H
YR T e NEL aR=-Ph
3, NEl3 N/\ b R = -p-MeOPh
/N % THF, reflux % R ©€R=-p-MePh
= = d R = -m-NO,Ph

92 110a-d

\

Scheme 35

Fourdifferent organohalidewere used to synthesize different derivatives of aldehyde

92 as shown in Table 1Because there are two alkyne units, two equivalents of
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organohalide were used. Expected coupling products were obtained in higlagiglds
their chaacterization was achieved by analyzing theNMR, *C-NMR, IR, and
HRMS spectra

After getting several derivatives of starting matetitda-d, they were reacted with
propargyl amine in the presence of base to afford expected benzonaphthyridine
derivatives 112a-d. Cyclization productsl1la-d were not observed at the end of
reaction. Again in this case, propargyl groups were easily eliminated from the
molecule during the reaction to provide fully aromatized compolih#sd (Scheme

36).

CH;
i Nl = I =
H DBU R R

©\)i\ ) HZN/\ o, N N
N N reflux

\

R _

Z = 112a-d
R
R

- — aR=-Ph
110a-d 111a-d b R = -p-MeOPh
¢ R =-p-MePh

d R = -m-NO,Ph

Scheme 36
Desired benzonaphthyridine derivativiel?a-d were obtained in high yield which are

shown in Tablel. Their characterization was accomplished by examiHitiMR,
13C-NMR, IR and HRMS spectra of them.
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X-R Coupling Product Cyclization product

90% 75%

NO,

Br@ O2N

68% 65%

Table 1 Yields of coupling products andyclization products
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CHAPTER 2

CHROMENOPYRAZINONES

2.1.INTRODUCTION

2.1.1.Pyrazines

Pyrazine {13 is a sixmembered heterocyclic aromatiocngpound with two nitrogen
atomsand the chemical formula ofz84No. It is also named as a igdazine in which

numbers indicate the piion of nitrogen atoms.

4

5 [N\]3

6 N/2
1
113

Compounds containing pyrazine derivatives occur in many alatproducts,
pharmaceuticals, and agricultural chemicals. They exhibit various biological activities
such as antimycobacterial, antibacterial, antifungicidal, and antitubercular ativity.
PyrazinamideX14), derivatives of pyrazine, is used for treatment of tuberculosis. It is
used as prodrug that prevents the growth of mycobacterium tuberdBbisnazine
(119 in which two benzenanits are fused to pyrazine exhibits good antitumor and
diuretic activities®® In addition, tetramethylpyrazind@16), isolated fronchuanxiong

have chaacteristic flavor used as a food additiVe.

O
N N H3C N CHj
g ) X
| _ = ~
N N H3C N CHj;
114 115 116
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2.1.1.1.Synthesis of pyrazine derivatives

There are several methodologies for the synthesis of pyrazine derivatives.eGabsh
synthesized pyrazine derivatives starting from diketdhi&@iketones were reacted
with diamine in the presence aftalytic amount ofa strong base to yield the
corresponding pyrazine derivatives. For examplghénylpropand,2-dione (17)
was reacted with etharig2-diamine (18 in the presence afBuOK to give 2
methyt3-phenylpyrazine120) in a yield of 76%The mechanism for formation starts
with the condensation reaction. Then oxidation of intermedia8with air affords
compoundl20in a yield of 76%(Scheme 3}

o) H,N N N

MeOH / t-BuOK -z [O] X
+ —— | |
HaC o) H,N 7 h, rt, 76% HsC N air H4C N
117 118 119 120

Scheme37

Viswanadhanet al achieved the synthesis ofrpzine derivative via iodinrenediated
cyclization® Reaction of phenylacetylen21) with ethanel,2-diamine (18) in the
presence ofzland K.COz afforded desired cyclization produt22in a yield of 72%
(Scheme 38 DMSO was used as a solvent as well as oxida&agent.

é HZN] |2 K2003 j
+
H,N~ DMSO, 100 °C
12 h, 72%

121 118

Scheme38

2.1.2.Coumarins

Coumarin 123, 2H-chromenr2-one, is the member of benzopyrano family in which
a benzene ring is condensed t2Hapyran2-one Its derivatives play important role
in perfume agrochemickh and pharmaceutical industries. Also, some coumarin

derivatives are used as an additives in foods and cosrffetics.
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Coumarins have been shown to possess a broad spectrum of biological activities suc
as antibacterial, antifungal, anticoaqulaantitumor, antHIV . For example, warfarin

(124) is an anticoagulant agent used in pnevention of the formation ofat clots in

the blood vessels and the prevention of their migration elsewhere in thé'body
Novobiocin (25 which is aminocoumarin is used as an antibiotic against

staplylococcus epidermidi&

o o

125

On.

2.1.2.1. Synthesis of coumarin derivatives

One of the methods for the synthesis ofulbstituted coumarin starts with Riemer
Tiemann reaction. PhendlZ6) was reacted with chloroform in the presence of base
to afford salicylaldehydel@?).

H H H
OH cHal, ° CH3COOH ©
—_— —_—_—
H,0, NaOH H  CH;COONa vl
1h, 65°C
o} o)
126 127 128
0._0
T

Scheme39
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Then, compound 27 underwent Perkin reaction with aeeticid and sodium acetate
to give an unsaturated acl@8 Finally, intramolecular esterification of unsaturated
acid 128yielded unsubstituted coumarib23 (Scheme 39).

Pechmann condensatfSnis a general method for the synthesis of coumarin
derivatives starting from a phenol and a carboxylic acid or ester conjaéri-
carbonyl group. The reaction was performed under acidic condition. Ph@6phas
reacted with ethyl acetoacetai29) to form corresponding ester. Afteoordination

of AICI3 to carbonyl group, intramolecular cyclization occurrEahally, elimination

of protontook placeto give coumarin derivativé32 (Scheme 4P

o)
OH O O  AICly, PhNO, ©/0
+ > TN
©/ EtOMCH3 100-130 °C HC—\ -
~0-AICls
126 129 ) 130 )
0.0 ut + 0_0
_— H
<~
CHs _ ¥ CHs
Cl,Al”
132 L .
131
Schemed0

2.1.3.Chromenopyrazines and chromenopyrazinones

Chromane 133, also named as benzodihydropyran, is a heterocyclic organic
compound with chemicabfmula of GHsO. When chromane is fused to pyrazine, it
is known as chromenopyrazin&3d). It is a tricyclic organic compound with the
chemical formula of GHsN20. WhenCH: group inchromenopyrazine is oxidized to

carbonyl group, it is named as chromeyrazinone {35).
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Chromenopyrazine and chromenopyrazinone derivatives have not been investigated
so much. There are a few examples of their derivatives reported in the literature. Taylor
et al synthesized the chromenopyme skeleton via intramolecular Digddder
reaction’* The reaction between salicylic acid hydrazideg and dicarbonyl
compoundl37 gave correspondg 1,2,4triazine derivativel38 Then, acetonitrile

group was introduced to compouh88

Ph N.
. O OH o :If N or
2N Ph Acetic acid ~
N + Ph/ﬂ\ﬂ/ ——————> Ph N
0 CH3COONH,
reflux
136 137 138
Br” “CN
NaH, THF
23h, reflux
CN
Ph. N o N, Ph N L\o
SO
Ph™ N Ph” N
140 139
Scheme41

Finally, the synthesis was completed with an intramolecular {3ileler reaction in
which 1,2 4triazine part behavess diene and nitrile part behaves as dienophile to
yield diphenyl substituted chromenopyrazine derivali#@(Scheme 41

Kumar et al investigated the synthesis of benzene fused chromenopyrazine
derivative?® Quinoxaline derivativel41 was reacted with resorcinol42) in the
presence of Lewis acid to form compoub43 It was then reacted with phenyl

acetylene using coupling reagent to give cyclization proldét Coupling product
39



144was not observed. Instead, cyclization prod4&was obtained in a yield of 82%
(Scheme 4p

OH
@ @
OH DCE 80 °C

141 142
=—Ph
10% Pd/C-PPhg, Cul

Et3N, toluene
80 °C, 6h, 82%

Ph
| _ Ph
o — o0y
N/ N/
OH OH

145 144

Scheme4?2

2.1.4. Aim of study

In the second part of studwe were aiming to synthesize chromenopyrazine and
chromepyrazinone derivativeBecause their analoguasereported in the literature

to have potential biological activities such as antimycobacteaatibacterial,
antifungicidal, and antituberculaFirst we will startwith some salicylaldehyde
derivatives and react them with chloroacetonitrile to attach acetonitrile functionality
to the oxygen atom. Aldehyde will be condensed with propargyl amiges¢othe

corresponding imines.
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N%\l(CH3 Né\l(CHs

NN Croslpmne O
=
= 0 o (@)
Scheme23

Basesupported reaction of formed imines will form an allene as an intermediate.
Intramolecular DielsAlder reaction followed by Fshift should result ithe formation

of the desired chromenopyrazine derivativiter gettingthesechromenopyrazine
derivatives, their oxidation reaction with GOpyridine will be searchef@@Scheme

43).
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2.2.RESULTS AND DISCUSSION

2.2.1.Synthesis of (2formyl phenoxy)acetonitrile

To synthesiz€2-formylphenoxy)acetonitrilel46), salicylaldehydel27) was reacted
with chloroacetonitrile in the presence 08GOs. The expected produd46 was
obtained in a yield of 90% aft@d hourgScheme 443°

O O

H K,COj H
(:f‘\ + Cl/\\\N (;f‘\
OH dry DMF, rt e} ~
24 h, 90% /\\N
127 146
Scheme44

Its characterization was achieved by amaly the'H-NMR and*C-NMR spectra.
Appearance of Ckprotons resonance as a singlet at 4.95 ppm indicates the formation
of productl46 (Figure 9). Furthermore, there is an aliphatic carbon resonance for CH
at 53.8 ppm in th&’C-NMR spectrum ofL46 showing the attachment of acetonitrile

group.

—4162.29
—1980.03

Q\i H
(¢} X
/\\ . M
T T T ada
7.85 7.60 720 7.1810

"1 (ppm)

J Il L D N
g

T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

1.061
1131
1.12¢
1.02%
2.15% =

Figure 9 *H-NMR Spectrum of compount46in CDCl
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2.2.2. Cyclization reaction of (2formylphenoxy)acetonitrile with propargyl
amine in the presence of DBU

After getting (2-formylphenoxy)acetonitrile146), its reaction with propargyl amine

and DBU was investigated. Unfortunately, expected cyclization prddifovas not

formed(Scheme 45)

CH
o) N4\|( 3
DBU XN
Qoo o
O/\\\ Ethanol, reflux 0

146 147

Scheme45

To understandhe effect ofsolvent, instead of a protic solvent, aprotic solvents such

as DMF and toluene were used. Same procedure was applied, again, expected
cyclization producii47was not formed. Starting materigd6was recovere(Scheme

46).

DBU XN
SSIRT - O
O/\\\ dry DMF or dry toluene o

N reflux

Scheme46

Then, we decided to change the reaction procedioeget corresponding imine,
literature proceduré was appliedAldehyde146 was reacted with propargyl amine
without DBU in dry THF to afford corresponding imifhé8in a yield of 95%{Scheme
47). The formation of iminel48was established by analyzing thé-NMR and°C-
NMR spectra of imind48

44



Q |
H
+ HNT L
N dry THF, it ©\)\
(:ﬁ: y ) O/\\\

N 24 h, 95%

Scheme47

The imine peak in théH-NMR spectrum appears at 8.95 ppm as a triplet with a

coupling constant af = 1.8 Hz.Thealkyne proton resonating at 2.53 ppm is split into

triplet with a coupling constant df= 2.4 Hz resulting fromhie longrange coupling.

The methylene proton resonane¢so splited into doublet with the same coupling

constan{Figure 10)
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Figure 10'H-NMR Spectrum of compount48in CDCh

Then, iminel48was submitted to the cyclization reaction with DBU in dry DMF. The

expected cyclization produd#7 was formed in a yield of 45% whichas properly
characterizethy *H-NMR and*3C-NMR spectral analysi€Scheme 48)



| DBU LN
H —_—
dry DMF, 24 h
0N reflux, 45% 0

Scheme48

In the IH-NMR spectrum of compounil47, one can easily see that there are five
different aromatic protons. The resonance signal at 8.31 ppm is arising from the proton
of pyrazine rig and shifted to the lower field'he proton resonance at 8.04 ppm
appears as a doublet of doublets with coupling constantsat.7 Hz andl = 1.6 Hz.

The low field shield can be explained by the location of this proton in the deshielding

zone of pyrazine ring.
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Figure 11*H-NMR Spectrum of compount47in CDCh

In addition to these, appearance of s8ekonance a singlet at 2.49 ppm and>CH
resonance as singlet 5.24 ppm confirm the structure of expected cyclization product
147 (Figure 11)
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Cyclization productl47 was then submitted to oxidation reactimmceduré using
CrQOs/pyridine reagentAs expected, methylene group3mmethyt5H-chromeno[3#4-
blpyrazine was oxidized to the correspondingboayl group in a yield of 95%
(Scheme 49)

N%\l(CHB N%\l(CHs

~_N  Pyridine, CrO; ~UN
CHQC|2, rt
(@) 24 h, 95% (@) @]
147 149
Scheme49

The formation of oxidized produt#9was confirmed by examining thel-NMR and
13C-NMR spectra. Disappearancd methylene proton resonance in the-NMR
spectrum of compount47 (Figure 12)and appearance of a carbonyl group resonance
in the'3C-NMR spectrunof compoundL49clearly verify the formation o8-methyk

5H-chromeno[3,4]pyrazinb5-one (49.
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Figure 12 *H-NMR Spectrum of compount49in CDCl
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2.2.3. Synthesis ofimine derivatives

To test the scope of these cyclization reactions, two derivatives of starting material,
150and151], reacted with chlorazetonitile in the presence &f.COszaccording to the
literature procedufé, Two ddehyde derivatives, (4-bromo2-
formylphenoxy)acetonitrile (152 and (2-formyl-6-methoxyphenoxy)acetonitrile
(153 were obtained in yields of 85% and 80%, respectiy8lgheme 50) Their
characterization waachieved by analyzing theéiH-NMR and**C-NMR spectra.

0 o)

Rq K,CO R
H 2LU3 1
+ CI/\\\ _— H
OH N dry DMF 0
rt, 24 h N
Rz R,
150 R1=Br, R2:H 152 R1=Br, R2:H (85%)
151 R»] = H, R2 = OCH3 153 R1 = H, R2 = OCH3 (80%)
Schemeb0

After getting corresponding aldehydé&82 and 153, we appliedimine formation
procedure® The reaction was performéay using propargyl amine in the presence of
MgSQu. Two distinct imine154 and 155 were obtained in 85% and 88% yields,
respectively(Scheme 51)

]

] ] NN
1
H MgSO 1
+ NI 9SO, \@H
dry THF
0] X
/\\N rt, 24 h 0/\\\;\1
R2 RZ

152 R1=Br, R2=H 154 R1=Br, R2=H (85%)
153 Ry =H, R, = OCHj,4 155 Ry =H, R, = OCH3 (88%)

Schemebl

In order to charactae imine154 and155, theH-NMR and**C-NMR spectra were
analyzed. Their specific propargyl peaks were observed fiHthMR spectra as well
as in the*C-NMR spectra.
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2.2.4. An attempt for the synthesis of chromenopyrazine derivatives

Imines154 and155weresubmitted to the cyclization reaction with DBU using three
different solvent. Although three different solvent were employed and the reaction
time was increased up to 48 h, expected chromenopyrazine deriviivaad 157

were not formed. Also, sodium hyde were used as a base instead of DBU,
unforturately, expected chromenopyrazine derivatives were not obtéBweteme

52).

R | DBU or NaH R =N
dry DMF or dry THF 0
O/\\\N or dry toluene, 48 h R,
Rz reflux
154R1=BF,R2=H 156R1=BF,R2=H
155 R1=H, R2=OCH3 157 R1=H,R2=OCH3
Schemes2
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CHAPTER 3

CONCLUSION

In the frst part of study, we developed a new synthetic method for the synthesis of
aryl and methylsubstitutedoenzoh][1,6]naphthyridine derivatieswhich may show
potential biological activities such as anticancer, antibacterial;Haxtietc. Our
method stadd with reduction of 2aminobenzoic acid to-dminobenzylalcohol. After
introducing of two propargyl group to amino groegpected doublN-propargylated
alcohol 91 was oxidizedto the corresponding benzaldehyde derivati9g. Its
condensatiomeaction wih propargyl amine anfbllowing cyclization reaction with
DBU was explored. Expected cyclization produ8tmethyl6-prop-2-ynyl-5,6-
dihydrobenzdf]-1,6-naphthyridine(93), was obtainedHowever whenthe reaction
time was increased, propargyl group wdsnimated to yield fully aromatic -3
methybenzoh][1,6]naphthyriding83) (Scheme53)its characterization was achieved
by analyzing theitH-NMR, *C-NMR, IR and HRMS spectra.

(0]
; K,CO
LiAIH OH 23
©\)‘\OH 4, ©\/\ + BN CN. el OH
THF, 0 °C NH MeCN, reflux N
NH, 2h, 75% 2 48 h, 95% X
75 76 /
91
Mn02
Acetone, rt
24 h, 78%
CH
N AN CH3 NI AN 3 (0]
| more 24 h — DBU
=z o ——— HNTON+ H
_ Ethanol, reflux N S
N /N 24 h, 80% / N
=
83 Z 7
93 92

Scheme33
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To generhze thisreaction, we synthesized 5 different derivatives of starting material
92. They were submitted to cyclization reactions under the same reaction conditions
to get expected aryl and methyl substituted bdngbp]naphthyridine derivatives.
Obtainedive cyclization productsl09and112ad, were analyzed by usiri¢i-NMR
and®*C-NMR spectra.

112c

In the second part of study, wexplored a new reaction method to afford
chromenopyrazingé47and chromenopyrazinord&l9. We started with introduoon of
anacetonitrile group to salicylaldehyde. After getting correspondidghydel46, it

was reacted with propargyl amine to give imiZs

HaN T Nl/\

©fl\ K2C03 ©f‘\ MQSO4 H
OH dry DMF, rt dry THF, rt o
24 h, 90% 24 h, 95% >N
148

DBU
dry DMF, 24 h
reflux, 45%

CH3 CH3
_N
_Pyridine, CrO5. ©\)j/
CH2(3|2
24 h, 95%
149 147
Schemeb4
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Reaction of iminel48with DBU via azaDiel-Alder type reaction gavihe expected
3-methyt5H-chromeno[3,4)pyrazine (147). Finally, It was oxidized by using
CrOs/pyridine to 3-methyl5H-chromeno[3,4]pyrazin5-one (149 (Scheme 54)
Characterization of obtained chromenopyrazine and chromesmpgne derivative

was achieved by analyzirtgl-NMR and'*C-NMR spectra.
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CHAPTER 4

EXPERIMENTAL SECTION

4.1.General Methods

All reagents were used as purchased from commercial suppliers withrtugrfu
purification. Proton nuclear magnetic resonance spetirdl/R) were recorded on

an instrument 400 MHz and chemical shifts are reported in parts per million (ppm)
downfield from TMS, using residual CD£Cas an internal standard. THRC-NMR
spectrawere recorded on an instrument 100 MHz and are reported in ppm using
solvent as an internal standard (CRGTolumn chromatography was performed on
silica gel (6@mesh). TLC was carried out on 0.2 mm silica gel 60 F254 analytical
aluminum plates. High rekdion Mass spectra were recorded by-MS TOF
electrospray ionization technique.

Infrared (IR) spectra were reled in the range 406800 cm! via ATR diamond.
Melting points were measured using melting point apparatus and were uncorrected.
Evaporationof solvents was performed at reduced pressure, using a rotary vacuum
evaporator.

Compounds were named by using ChemDraw Ultra 14.0 and ACD NMR.

4.2 Synthesif (2-Aminophenyl)methanol (76)

To a solution of Zaminabenzoic acidZ.00 g,14.58 mmol) in dryTHF (30 mL) was
added dropwise a solution of LiAlHn THF (1M, 30 mL) while the temperature was
maintained at OC. The resulting mixture was allowed to warm to room temperature
and was stirred for 2 h. After completiontb&reaction, he mixture was hyrolyzed

by the addition of water (2 mL) and 5% NaOH (5 mL). The resulting suspension was
filtered, and the precipitate was washed with ethyl acetate (3 x 50'hr).combined
organic phase was dried over MgSénd solvent was evaporated undeduced

pressure The residue was recrystallized from chloroform, affording- (2

55



aminophenyl)methanol as a whitey needleg1.35 g,75%) (mp 83-85°C; Lit.*’ 81-
83°C).

' 'H NMR (400 MHz, CDC$) G17.16 (td,J = 7.7,Ja6 = 1.4 Hz,
5 &OH 1H, H-4), 7.06 @d,Js 5= 7.4,Js.4= 14 Hz, 1H H-6), 6.75 (td,J
=7.4,J53= 1.0Hz, 1H H-5), 6.70 (d Js.4= 7.4, 1H H-3), 4.63
(s, 2H,H-1"), 3.49 (bs3H, NH;, OH).
13C NMR (100 MHz, CDC#) 11145.8, 129.3, 129.2, 125.0, 118.3, 116.2, 64.2
4.3. Synthesis of[2-(Prop-2-ynylamino)phenyljmethanol (78)

4 2 NH
N 2

To a solution of (zaminophenyl)methano0(50 g,4.06 mmol) in MeCN (10 mL) was
added KCOs (0.58 g, 4.26 mmol). The resulting mixture was stirred at room
temperature for 15 min and to the reaction flask was addetutios of propargyl
bromide 0.51 g,4.26 mmol). The reaction mixture was stirred for 9 h at room
temperature. After completion tfereaction, the reaction mixture was extracted with
EtOAc (3 x 50 mL). Then combined organic phase was dried over g&D
evaporated underreduced pressure The residue was recrystallized from
chloroform/hexang affording [2(prop-2-ynylamino)phenyllmethanol as a yellow
needleg0.59 g,90%)(mp 6662 °C).

'H NMR (400 MHz, CDC$) 1 7.23 (td,J = 7.8,J46= 1.5

6 1

5 @COH Hz, 1H H-4), 7.01 (ddJss = 7.3,J6.4= 1.5Hz, 1H H-6),
-
" « | 6.767 6.69 (m, 2H, arom), 4.99 (bs, 1NH), 4.51 (s, 2H
g Nﬂ\s ( ) (bs, 1NH) (
H H-1", 3.88 (dJi"3'= 2.4 Hz, 2H H-1"), 2.38 (bs, 1HOH),

2.18 (t,J3" 1= 2.4 Hz, 1H H-3).

13C NMR (100 MHz, CDC#$) 11 146.2, 129.5, 121, 125.4, 117.8, 111.5, 81.3, 71.3,
64.39, 33.1.

4.4. Synthesis of2-(Diprop -2-ynylamino)phenyllmethanol (91)

To a solution of2-aminophenyl)methanol (00 g,8.13 mmol) in MeCN (15 mL) was
added KCOz (2.47 g,17.89 mmol). The resulting mixture wasristd at room
temperature for 30 min and to the reaction flask was added a solution of propargyl
bromide 2.13 g,17.89 mmol). The reacth mixture was stirred for 48 &t reflux
temperatureAfter completion othe reaction, solvewas evaporated undezduced
pressureThe residue wasxtracted with EtOAc (3 x 50 mL). Then combined organic
phase was dried over Mg%@nd evaporated undeeducedpressureto afford [2-

(diprop-2-ynylamino)phenyllmethanol as a yellow viscous &ibd g,95%).
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IH NMR (400 MHz, CDC¥) {i 7.317 7.28 (m, 1H, arom),
5 N OH 7.251 7.19 (m, 2H, arom), 7.187.09 (m, 1H, arom), 4.70
4 @1“ 2\\3 (s, 2H H-1)), 3.86 (dJi"3'= 2.4 Hz, 4HH-1"), 2.22 (t,J3" 1
3/ = 2.3 Hz, 2H H-3").
Z ) 13C NMR (100 MHz, CDC#) ti147.8, 136.7, 129.1, 128.2,

125.9, 123.0, 78,8/3.7, 63.4, 42.6.

IR(ATR, cm) 3382, 2918, 1599, 1490, 1451, 1362, 1332, 1208, 1189, 1151, 1093,

1024, 912, 759, 723, 596.

HRMS calcd for GsH13NO [M+H]™: 200.1069, found: 200.1070.

4.5. Synthesis oR2-(Prop-2-ynylamino)benzaldehyde(79)

To a solutionof [2-(prop-2-ynylamino)phenyl]methanol0(30 g, 1.86 mmol) in

acetone (15 mL) was added Mn(.62 g,18.60 mmol) an@ A molecular sieve. The

resulting mixture was stirred at room temperature for 24 h. After completithre of

reaction, the resulting mire was filtered ovela gauche and evaporated under

reducedpressureThe aude product was purified by column chromatograpdilcga

gel/hexaneEtOAc 5:1)and recrystallized from chloroform/hexaitegive 2(prop-2-

ynylamino)benzaldehyde as a yellsalid (0.24 g,80%)(mp 5254 °C).

'H NMR (400 MHz, CDC#) 11 9.80 (s, 1H H-1", 8.44 (bs,

5 @\)UH 1H, NH), 7.47 (ddJs 5= 7.8,J6,4= 1.3 Hz, 1H H-6), 7.45]1
/1\2%3 7.40 (m, 1H H-4), 6.791 6.73 (m, 2H arom), 4.00 (ddJ =

H 5.9,J1"3"= 2.5 Hz, 2H H-1"), 2.28 (t,J3" 1= 2.5 Hz, 1H H-

3").

13C NMR (100 MHz, CDCk) U 194.09, 149.40, 136.62, 135.77, 119.13, 116.06,
111.19, 79.96, 71.70, 32.03.

IR (ATR, cm) 3342, 3279, 2747,658, 1609, 1574, 1502, 1462, 1420, 1396, 1358,
1313 1198, 1181, 1162, 1129, 106046, 1009, 967, 937, 868, 743, 674, 660,.643
HRMS calcd fa CioHoNO [M+H]*: 160.0728 found:160.0757.

4.6. Synthesis oR-(Diprop-2-ynylamino)benzaldehyde(92)

To a solution of[2-(diprop-2-ynylamino)phenyl]methanol0(50 g,2.51 mmol) in
acetone (15 mL) was added MnQ.18 g,25.10 mmol) an® A molecular siee. The
resulting mixture was stirred at room temperature for 24 h. After completitive of
reaction, the resulting mixture was filtered oweigawche and evaporated under

reducedpressureThe aude product was purified golumn chromatographysifica
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gelhexaneEtOAc 4:1) Product was recrystallized from chloroform, affordiig
(diprop-2-ynylamino)benzaldehyde ayeallow crossedeedls (0.39 g,78%)(mp 76
72°C).

o) 'H NMR (400 MHz, CDC#) 1110.33 (s, 1KHH-1'), 7.77 (dd,
6 '
5 @5‘\“-' Jo5=7.7,J64=1.7Hz, 1H H-6), 7.48 (dddJs3=8.1,Ja5=
ou
4 : A N/1"\3" 7.4,Js6=1.7 Hz, 1H H-4), 7.31 (d J34= 8.1 Hz, 1H H-3),
/ 7.14 (t,J=7.5 Hz, 1H H-5), 3.96 (d J1 3= 2.3 Hz, 4H H-

1"), 2.26 (t,J3"1"= 2.3 Hz, 2H H-3").

13C NMR (100 MHz, CDCk) 11191.4, 152.5, 134,8.30.0, 129.6, 124.3, 121.7, 78.4,
74.1,43.8

IR (ATR, cm) 3285, 3269, 1652, 1593, 1481, 1455, 1397, 1368, 1350, 1296, 1281,
1206, 1191, 1165, 1142, 946, 761, 713, 681, 648

HRMS calcd forCi3H11NO [M+H]*: 198.0913found 198.0920

4.7. Synthesis 08-M ethyl-6-prop-2-ynyl-5,6-dihydrobenzolh][1,6]naphthyridine

(93)

To a solution oR-(diprop-2-ynylamino)benzaldehyde 20 g,1.01 mmol) in EtOH

(10 mL) was added propargyl aming 7 L, £.21 mmol) and DBUX 8 1 121 ,
mmol). The resulting mixture was stirred @#flux temperature for 2. After
completion ofthe reaction solvent was evaporated undgeessure. The rakie was
extracted with EtOAc (3 %0 mL). Then combined organphasewas dried over
MgSQ: and solvent was evaporated undezducedpressure. The product was
recrystallized from chloroform/hexane, affording-methyt6-prop-2-ynyl-5,6-
dihydrobenzdf][1,6]naphthyridineas a pale brown cubic cryst&l.20 g,80%) (mp
162-164°C).

IH NMR (400 MHz, CDC}) 11 8.37 (d,J24= 1.3Hz, 1H, H-

2), 8.24 (dd Jio,0= 7.7,d108= 1.6 Hz, 1H H-10), 7.31 (ddd,
Jo.7=81, Jso=7.4,J510=1.6 Hz, 1H H-8), 7.24 (dJso= 1.3

Hz, 1H, H-4), 6.97 (td,J = 7.6,Jo.7 = 0.9 Hz, 1H H-9), 6.87
(d,J7s = 8.1Hz, 1H, H-7), 4.35 (s, 2HH-5), 4.08 (d,Ji-3"=

2.4 Hz, 2H H-1"), 2.34 (s, 3HH-1), 2.28 (t,J31-= 2.4 Hz,

1H, H-3").

13C NMR (100 MHz, CDC}) i149.2, 147.5, 145.7, 133.7, 131.6, 130.3, 127.1, 124.9,

124.1, 119.7, 112.9, 78.0, 73.6, 51.8, 39.9, 18.3.
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IR (ATR, cm™) 3265, 1597, 1494, 1458, 1434, 1324, 1299, 1238, 1223, 1170, 1138,
1105, 1061, 907, 891, 756, 748, 695, 677, 656, 626, 609, 592.

HRMS calcd forCieH14N2 [M+H] *: 235.1231found: 235.1230.

4.8. Synthesis of3-Methyl-6-prop-2-ynylbenzolh][1,6]naphthyridin -5(6H)-one
(105)

To a suspension of Ce®1.92 g,19.2 mmol) in 10 mL of DCM was added pyridine
(0.76 g,9.6 mmol) at room temperature. The mixture was stirred at room temperature
for 20 min and cooled to 0 °C. Then, a solution eh&thyt6-prop-2-ynyl-5,6-
dihydrobenzdf][1,6]naphthyridine @.15 g,0.64 mmol)in 4 mL of DCM was added
and the mixture was stirred at rodemperature for 24 h. Aftesompletion of the
reaction, the mixture was filtered over silica by udd{gM as mobile phase. Solve
was evaporated undeeducedpressureand the residue was recrystallized from
chloroform/hexang¢o give 3methyl6-prop-2-ynylbenzoh][1,6]naphthyridin5(6H)-

one as a white solid (95%np 152154°C).

'H NMR (400 MHz, CDC%) 1i8.80 (dd,Ji0,0= 8.0,J108=1.4

Hz, 1H, H10), 8.78 (dJ24= 1.7 Hz, 1H, H2), 8.49 (dJs2=

1.7 Hz, 1H, H4), 7.58(ddd, Jg, 7= 8.4 Hz, Jg 9= 7.2 HZ, Jg,10=

14 Hz, 1H, H8), 7.51 (dJ7s= 8.4Hz, 1H, H7), 7.37i 7.32

(m, 1H, H9), 5.14 (dJi"3"= 2.3 Hz, 2H, H1"), 2.46 (s, 3H,
H-1", 2.20 (tJs"1"= 2.3 Hz, 1H, H3").

13C NMR (100 MHz, CDC#) 1i161.7, 155.8, 148.8, 138.0, 137.0, 133.8, 131.5, 125.8,
123.9,121.7,120.9, 115.6, 78.7, 73.1, 32.8, 19.2.

IR (ATR, cm) 3257, 1647, 16D, 1587, 1505, 1468, 1456, 1428, 1370, 1352, 1309,
1258, 1202, 1134, 1121, 933, 914, 806, 752, 719, 699, 663, 649, 577.

HRMS calcd for GeH12N20 [M+H]*: 249.1043, found: 249.1022.

4.9. Synthesis 08-Methylbenzoh][1,6]naphthyridine (83)

To a solution o2-(diprop-2-ynylamino)benzaldehyde 20 g,1.01 mmol) in EtOH

(10 mL) was added propargyl amingé T &.21,mmol) and DBUX 8 1 121 ,

mmol). The resulting mixture was stirred at reflux temperature for 48 h. After

completion ofthe reaction, solvenivas evaporated undeeducedpressure. The
resdue was extracted with EtOAc (3 x 50 mL) and driedrdgSQs. Then combined
organic phase was evapomtender reducedpressure and pified by column

chromatography sflica gel/hexandtOAc 6:1) followed by recrystallizatiorfrom
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chloroformhexaneto afford 3-methylbenzdh][1,6]naphthyridine as gellow cuhc
crystal(0.14 g,70%) (mp 138140°C; Lit.*4 145147°C)

'H NMR (400 MHz, CDC#$) 1 9.21 (s, 1H H-5), 9.04 (dd,
Ji0,9= 8.2, Jiog= 1.5Hz, 1H H-10), 8.96 (d,J2.4 = 1.6 Hz,

1H, H-2), 8.16 (d, 78 = 8.2Hz, 1H, H-7), 8.06 (d,J12=1.6

Hz, 1H H-4), 777 (ddd, Js7 = 8.2Hz, Jso = 7.1Hz, Jg10=

T s 1.5Hz, 1H, H-8), 7.70(ddd Jo,20= 8.2Hz, Jog = 7.1Hz, Jo 7

= 1.2Hz, 1H, H-9), 2.55 (s, 3KHH-1.

13C NMR (100 MHz, CDCk) 11551, 152.3, 146.5, 145.7, 135.2, 132.7, 130.0, 129.0,
127.7,125.4123.5, 120.6, 18.7

IR (ATR, cm) 1607, 1589, 1571, 1519, 1445, 1383, 1345, 1309, 1230, 1166, 1139,
1037, 1014, 965, 945, 931, 874, 865, 813, 788, 769, 728, 686, 614.

HRMS calcd forCisH1oN2 [M+H] *: 195.0936found: 195.0917.

4.10. Synthesis of2-[Di(but-2-yn-1-yl)amino]phenyl}methanol (106)

To a solution of2-aminophenyl)methanoD(30 g,2.44 mmol) in MeCN% mL) was

added KCOs (1.06 g,5.37 mmol). The resulting mixture wasirsed at room
temperature for 3thin and to the reaction flask was addesblution of bromobut

2-yne @ 7 8.37 mmol). The reaction mixture was stirred for 8yd at room
temperature. After completion tfereaction solventwasevaporated undgressure
The residue wasxtracted with EtOAc (¥ 50 mL). Then combined organphase
was dried over MgSfand evaporated undezducedpressure, affording2-[di(but-

2-yn-1-yl)amino]phenyl}methanohs apalebrown viscous oil@.44 g,80%).

IH NMR (400 MHz, CDC}) t17.34 (d Js 5= 7.4 Hz, 1H
6 1
5 '~ on H-6), 7.307 7.22 (m, 2H), 7.15 (td] = 7.5,J5.3= 1.0 Hz,
4 @CN 2\3 1H, H-5), 4.77 (s, 2HH-1), 4.44 (bs, 1HOH), 3.85 (g
»
3 NG Jina= 2.2 Hz, 4H H-1"), 1.82 (t,Ja1"= 2.2 Hz, 6, H-
FZ 2

13C NMR (100 MHz, CDCk) U 148.4, 136.6, 128.7, 127.8, 125.2, 122.8, 81.0, 74.3,
63.30, 42.8, 3.4

IR (ATR, cm) 3381, 2918, 1599, 1490, 1451, 1362, 1332, 1208, 1189, 1151, 1128,
1092, 1025, 912, 722, 597

HRMS calcd forCisH17NO [M+H]*: 228.1386, found228.1383
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4.11. Synthesis 02-[Di(but-2-yn-1-yl)amino]benzaldehyde(107)

To a solution of 2-[di(but-2-yn-1-yl)amino]phenyl}methano{0.30 g,1.32mmol) in
acetone (@ mL) was added Mn®(1.15 g,13.20mmol) and molecular sieve. The
resulting mixture was stirred at room temperature for 24 h. After completitire of
reaction, the resulting mixture was fiéel overa gauche and evaporated under
reducedpressureThe cude product was purified by column chromatography (silica
gel/hexaneEtOAc 5:1) to afford 2-[di(but-2-yn-1-yl)amino]benzaldehydas apale
yellow viscous 0il(0.21 g,70%).

IH NMR (400 MHz, COCl3) Ui 10.31 (s, 1HH-1), 7.76

B 01-H (dd,Je5=7.7,d6.4= 1.7 Hz, 1HH-6), 7.45 (tdJ = 7.7,das

2 = 1.7 Hz, 1H H-4), 7.29 (d,Js4 = 8.2 Hz, 1H H-3), 7.08

CT NN | (4,3=7.5Hz, 1HH-E), 3.89 (= 2.2 Hz, 4H H-1Y,
Z 1.76 (t,da»1v= 2.2 Hz, 6H H-4").

13C NMR (100 MHz, CDCk) 1i191.7, 153.4, 134.5, 129.6,
129.2,123.3,121.2,81.7, 74.0, 44.3, 3.6
IR (ATR, cm) 2919, 1684, 1660, 1595, 1515, 1481, 1453, 1363, 1281, 1205, 1190,
1162, 1086, 1051, 1025, 913, 829, 756,.640
HRMS calcd for GsH1sNO [M+H]": 226.1202, found: 226.1226
4.12. Synthesis 08,4-Dimethylbenzolh][1,6]naphthyridine (109)
To a solution oR-[di(but-2-yn-1-yl)amino]benzaldehyd&.20 g, 89 mmol) in EtOH
(10 mL) was added propargyl aminé 8 &.07,mmol) and DBUX 6 0 10T ,
mmol). The resulting mixture was stirred at reflux temperature for 48 h. After
completion ofthe reaction, solvenivas evaporated undeeducedpressure. The
resdue was extracted with EtOAc (3 x 50 mL) and dried over Mg$Ren combined
organic phase was gyaratal undemreducedoressure anthe residue wapurified by
column chromatography (silica gel/hexaag&Ac 101) followed by recrystallization
from chlorofornthexane affording3,4-dimethylbenzadfij[1,6]naphthyridine as pale
yellow needleg0.13 g,70%) (mp 130132°C).
'H NMR (400 MHz, CDC#$) 1 9.54 (s, 1H H-5), 9.10 (dd,
Ji09= 8.2 Jios= 1.3Hz, 1H H-10), 8.86 (s, 1HH-2), 8.20
(d, J78=8.2Hz, 1H, H-7), 7.82 (dddJo 10= 8.2 Jog= 7.1,
Jo,7= 1.5 Hz, 1H), 7.74 (dddls7= 8.2,J89= 7.1, Jg10= 1.3

Hz, 1H), 2.71 (s, 3HH-1"), 2.47 (s, 3HH-1).
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13C NMR (100 MHz, CDChk) 1154.7 149.2, 146.8, 145.3, 143.3, 131.1, 129.8, 128.9,
127.5, 125.5, 123.7, 119.87.2 13.7.

IR (ATR, cm) 1579, 1517, 1445, 1384, 129648, 1024, 99, 976, %2, 929, 870,
856,783, 771, 734, 694, 633, 593.

HRMS calcd forCi4H12N2 [M+H] *: 209.1078found: 209.1073.

4.13. Synthesis 02-[Bis(3-phenylprop-2-ynyl)amino]benzaldehyde(110a)

A mixture of Cul (15.2 mg, 0.08 mmol), PRB3 mg, 0.20 mmol), and Pd(OAdR2

mg, 010 mmol) wasstirred under nitrogen for 5 min. Theansolution of2-(diprop-2-
ynylamino)benzaldehyd@®.20 g,1,01 mmol), iodobenzen®.43 g,2.12 mmol), and
DIPA (2 mL) in dry THF (15 mL) was added to the reaction medium. The reaction
mixture was stirred at reflux temperature for 5 h. After completiothef reaction,
solventmixture was evaporated undeducedpressureThe residue waguified by
columnchromatographysflica gel/hexand&tOAc 7:1) to give 2[bis(3-phenylprop2-
ynyl)amino]benzaldehyde as a pale brown viscous @i82 g,90%).

'H NMR (400 MHz, CDC#$) 1 10.51 (s, 1HH-1)),

7.86 (ddJes=7.7,J6,4= 1.6Hz, 1H, H-6), 7.50 (ddd,
Ja3=84,J45=7.1,da6=1.6 Hz, 1H H-4), 7.45 (d,
J4= 84 Hz, 1H H-3), 7.401 7.36 (m, 4H, arom),
7.261 7.21 (m, &1, aron), 7.14 (tJ=7.3 Hz, 1H H-

5), 4.26 6, 4H H-1").

13C NMR (100 MHz, CDCbk) i191.5, 152.9, 134.7, 131.8, 130.2, 129285, 128.4
124.2,122.8,122.0, 86.2, 84.4, 45.1

IR (ATR, cm™) 1684, 1594, 1488, 14811453, 1442, 1363, 1329, 1280, 1204, 1190,
1162, 1089, 1070, 913, 828, 689, 644.

HRMS calcd forCzsH19NO [M+H] *: 350.1551found: 350.1539.

4.14. Synthesis 08-M ethyl-4-phenylbenzoh][1,6]naphthyridine (112a)

To a solution oR-[bis(3-phenylprop2-ynyl)amino]benzaldehyd@®.20 g,0.57mmol)

in EtOH (10 mL) was adst propargyl amine4@¢ LQ.68 mmol) and DBUY 0 2 ¢ L,

0.68 mmol). The resulting mixture was sed at reflux temperature for 24 After

completion ofthe reaction, solventwas evaporated undeeducedpressure. The
resicle was extracted with EtOAc (350 mL). Then combinedrganic phasevas
dried over MgS®@ andsolvent was evaporated undeducedpressure. The residue

was purified by column chromatography (silica gel/hex&at@Ac 5:1)followed by
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recrystallization from diethyl ether to afford 3-methyt4-
phenylbenzdj][1,6]naphthyridineas a pale brown solid(12 g,75%) (mp 139141
°C).

H NMR (400 MHz, CDC}) 1i9.17 (dd J100= 8.2 Jios
=1.4Hz, 1H H-10), 9.08 (s, 1KH-5), 8.99 (s, 1KHH-

2), 8.17 (d,J7s = 8.1Hz, 1H H-7), 7.83 (dddJg 10 =
8.2,J0,8=7.1,J0,7=1.61H, H-9), 7.77 (ddd Js 7= 8.1,
Jgo=7.1,J810= 1.4,1H, H-8), 7.607 7.52 (m, 3,
arom), 7.351 7.32 (m, 2H aron), 2.35 (s, 4HH-1)).

13C NMR (100 MHz, CDCk) 11155.0, 151.3, 147.8, 146.9, 145.7, 135.0, 13184.0,
129.3, 129.2, 128.8, 128.6, 127.6, 125.2, 123.7, 119.4, 17.5

IR (ATR, cm) 3058, 2922, 1674, 1590, 1579, 1515,449444, 1397, 1382, 1328,
1268, 1228, 1165, 1139, 1073, 1027, 969, 937, 865, 832, 816, 763, 743, 703, 694, 657.
HRMS calcd forCi9H14N2 [M+H] ™: 271.1260found: 271.1230.

4.15. Synthesis of2-{Bis[3-(4-methylphenyl)prop-2-ynylJamino}benzaldehyde
(110c)

A mixture of Cul (15.2 mg, 0.08 mmol), PRB3 mg, 0.20 mmol), and Pd(OAgR?2

mg, 010 mmol) wasstirred uner nitrogen for 5 min. Then,solution of2-(diprop-2-
ynylamino)benzaldehyd@®.20 g,1.01 mmol), liodo-4-methylbenzene((46 g,2.12
mmol), andDIPA (2 mL) in dry THF (15 mL) was added to the reaction medium. The
reaction mixture was stirred at reflux temperature for 5 h. After completidineof

reaction, solvenivas evaporated undexducedoressureThe residue waguiified by
column chromatogrphy (silica gel/hexandtOAc 4:1) to give 2-{bis[3-(4-
methylphenyl)prog2-ynylJamino}benzaldehydas a pale brown viscous 00.29 g,
77%).

IH NMR (400 MHz, CDC}) 11 10.43 (s, 1HH-1),
7.78 (dd,Jss = 7.7,J64 = 1.6 Hz, 1H, H-6), 7.49i

7.43 (m, 1H H-4), 7.41 (ddJs.4=8.1,J35= 1.0 Hz,

1H, H-3), 7.24i 7.18(m, 4H, aron), 7.10 (tJ = 7.4

Hz, 1H H-5), 7.04i 6.97(m, 4H, arom), 4.20 (s, 4H,
H-1"), 2.24 (s6H, H-1™).

13C NMR (100 MHz, CDCh) i191.6, 153.1, 138.5, 134.5, 131.6, 130.1, 129.3, 129.1

124.0, 121.9, 119.6, 86.2, 83.5, 45.0, 21.5
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IR (ATR, cm™) 1685, 1658, 1594, 1509, 1482, 1453, 1280, 1203, 1179, 1162, 1107,
1040, 1020, 961, 906, 868, 8154, 709, 661, 638.

HRMS calcd forCz7H23NO [M+H] *: 378.1859found: 378.1852.

4.16. Synthesis of 3-Methyl-4-(4-methylphenyl)benzoh][1,6]naphthyridine
(112c)

To a solution oR-{bis[3-(4-methylphenyl)prog2-ynyllJamino}benzaldehyd¢0.20 g,
0.53mmol) in EtOH (10 mL) was adetl propargyl amine4(0  6.64,mmol) and
DBU (9 6 ©.64mmol). The resulting mixture was sed at reflux temperature for
24h. After completion othe reaction, solventas evaporated undexducedpressure.
The residie was extracted with EtOAc (350 mL). Then combinedrganic phase
was dried over MgS©and solvent was evaporated undeducedpressure. The
residue was purified by column chromatography (silica gel/heka@®é&c 10:1)
followed by recrystallization from chloroform/hexan® give 3-methyl4-(4-
methylphenylbenzop][1,6]naphthyridineas a yellow solid@.12 g,80%) (mp 165
167°C).

H NMR (400 MHz, CDC}) 119.09 (dd Ji0,9= 8.2 Ji08
=1.4Hz, 1H), 8.99 (s, 1HH-5), 8.94 (s, 1HH-2), 8.10
(d, J7¢ = 8.0Hz, 1H H-7), 7.7 (ddd,Jo.10= 8.2,J9.8 =
7.2,J97=1.61H, H-9), 7.69 (dddJs7= 8.0,J80= 7.2,
Jg,10=1.4,1H, H-8), 7.30 (dJ = 7.9Hz, 2H, aron), 7.14
(d,J=7.9Hz, 2H, arom), 2.42 (s, 3HH-1), 2.28 (s, Bl, H-1").

13C NMR (100 MHz, CDCk) i155.0, 151.4148.1, 146.9, 145.6, 138.5, 131.9, 130.6,
129.9, 129.5, 129.3, 129.1, 127.5, 125.3, 123.7, 119.6, 21.4, 17.5

IR (ATR, cm) 3025, ®19, 2851, 16661578, 1511, 1444, 969, 813, 793, 768, 748,
628, 61, 590, 572, 553.

HRMS calcd forCoH1eN2 [M+H] *: 285.1397found: 285.1386.

4.17. Synthesis oR-{Bis[3-(4-methoxyphenyl)prop-2-ynyllamino}benzaldehyde
(110b)

A mixture of Cul (15.2 mg, 0®mmol), PPk(53 mg, 0.20 mmol), and Pd(OAqpP2

mg, 010 mmol) wasstirred under nitrogen for 5 min. Theansolution of2-(diprop-2-

ynylamino)benzaldehydé.20 g,1.01 mmol), liodo-4-methoxybenzene .50 g,
2.12 mmol), and DIPA (2 mL) in dry THF (1BL) was added to the reaction medium.

The reaction mixture was stirred at reflux temperature for 24 h. After completion of
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the reaction, solventas evaporated undexducedoressureThe residue wasurified

by column chromatography sjlica gel/hexand&tOAc 10:1) followed by
recrystallization from chloroform/hexane give 2-{bis[3-(4-methoxyphenyl)prof2-
ynyllamino}benzaldehydas a pale brown solid31 g,75%) (mp 105107 °C).

I1H NMR (400 MHz, CDC$) 11 10.51 (s, 1HH-
1Y, 7.86 (dd,Jes = 7.7,J64 = 1.7Hz, 1H), 7.55
(ddd, Js3=8.3,J45=7.2 Jas= 1.7Hz, 1H, H-4),
7.49 (d,J34= 8.3 Hz, 1H, H3), 7.361 7.31 (m,
4H, aron), 7.18 (t,J = 7.4 Hz, 1H, H5), 6.83i

6.78 (m, H, aron), 4.28 (s, 4KHH-1"), 3.77 (s,

6H, H-1"").

13C NMR (100 MHz, CDCk) 1191.7, 159.7, 153.1, 134.6, 133.2, 130.1, 129.2, 123.9
121.9, 114.8, 114.0, 85.9, 82.8, 55.3, 45.1

IR (ATR, cm™) 2988, 2901, 1655, 1598, 1508, 1455, 1407, 1394, 1290, 1248, 1168,
1075, 1066, 187, 1027, 831, 754, 664, 605, 578, 569, 540, 532, 526.

HRMS calcd forCz7H23NO3 [M+H] *: 410.1762found: 410.1751.

4.18. Synthesis of 4-(4-Methoxyphenyl)}3-methylbenzojh][1,6]naphthyridine
(112b)

To a solution oR-{bis[3-(4-methoxyphenyl)proj2-ynylJaminag benzaldehyd€0.20

g, 0.49mmol) in EtOH (10 mL) was addl propargyl amine3f7 ¢ LQ.59 mmol) and
DBU (8 8 ©.89mmol). The resulting mixture was s8d at reflux temperature for
24 h. After completion othereaction solventwas evaporated undexducedpressure.
The residie was extracted with EtOAc (350 mL). Then combined @anic phase
was dried over MgS©and solvent was evaporated undeducedpressure. The
resdue was purified by column chromatography (silica gel/hext@Ac 7:1)
followed by recrystallization frondiethyl etherto afford 4-(4-methoxyphenyh3-
methylbenzgh][1,6]naphthyridineas a yellow solidd.11 g,75%)(mp 122124°C).

P IH NMR (400 MHz, CDCH) 19.17 (dd Ji09= 8.2 Ji0s

o N er = 1.4Hz, 1H H-10), 9.07 (s, 1HH-5), 9.05 (s, 1HH-
8 O N7 5 O 0/1'" 2),8.17 (dJ78=8.1Hz, 1H H-7), 782 (ddd Jo,10= 8.2,
: Jog=7.1,307= 1.6,1H, H-9), 7.76 (ddd,Js.7 = 8.1,Js.0

=7.1,Js.10= 1.4,1H, H-8), 7.28i 7.25 (m,2H, arom), 7.12i 7.08 (m, 2H aror), 3.93

(s, 3H H-1"), 2.37 (s, 3HH-1).
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13C NMR (100 MHz, CDCk) 11159.8, 155.0, 151.5, 147.7, 147.0, 145.7, 130.7, 130.7,
129.9, 129.1, 127.5, 127.0, 125.3, 123.7, 119.8, 114.3,55.4, 17.5

IR(ATR, cm) 2919, 28501069, 1589, 1577, 1509, 1445, 1284, 1248, 1176, 1104,
1027, 1019, 963, 865, 846, 817, 794, 777, 769, 750, 693, 666, 618, 591, 550.
HRMS calcd forCooH1eN2 [M+H] *: 301.1343found: 301.1335.

4.19. Synthesis of 2-{Bis[3-(3-nitrophenyl)prop -2-ynyllamino}benzaldehyde
(110d)

A mixture of Cul (15.2 mg, 0.08 mmol), PRB3 mg, 0.20 mmol), and Pd(OAdR2

mg, 010 mmol) wasstirred uneér nitrogen for 5 min. Thersolution of2-(diprop-2-
ynylamino)benzaldehyd@®.20 g,1.01 mmol), bromao3-nitrobenzene.43 g,2.12
mmol), and DIPA (2 mL) in dry THF (15 mL) was added to the reaction medium. The
reaction mixture was stirred at reflux temperature for 24 h. After completitmeof
reaction, solvenivas evaporated undexducedoressureThe residue waguiified by
column chromatography sflica gel/hexand&tOAc 6:1) to give 2-{bis[3-(3-
nitrophenyl)prop2-ynyllJamino}benzaldehydes a pale brown viscous oi.80 g,
68%).

IH NMR (400 MHz, CDC$) t110.50 (s, 1HH-1,
8.24 (s, 2HH-2"), 8.17 (ddJ = 7.9, 1.5 Hz, 2H
arom, 7.91 (ddJss=7.7,J6,4= 1.3 Hz, 1H H-6),
7.70 (dJ=7.7 Hz, 2Haron), 7.66i 7.61 (m, 1H
arom), 7.531 7.47 (m, 3H arom), 7.30 (d,Jz4 =

7.6 Hz, 1H H-3), 4.35 6, 4H H-1".

13C NMR (100 MHz, CDCk) 11191.3, 152.1, 148.1, 137.4, 134.8, 130.2, 130.1, 129.4
126.6, 124.6, 124.3, 123.3, 121.8, 86.9, 83.9,.45.0

IR (ATR, cm) 1684, 1594, 1525, 1481, 1453, 1347, 1280, 1204, 1163, 1120, 1094,
900, 869829, 806, 757734, 694, 672.

HRMS calcd forCzsH17N3Os [M+H] ™: 440.1313found: 440.1241.

4.20. Synthesis 08-M ethyl-4-(3-nitrophenyl)benzo[h][1,6]naphthyridine (112d)

To a solution of2-{bis[3-(3-nitrophenyl)prop2-ynyllJamino}benzaldehyd€0.44 g,

1.00mmol) in EtOH(10 mL) was addd pr opar gyl amine (77 €L,
DBU ( 18 0 mmdl),Thelresuttig mixture was std at reflux temperature for
36h. After completion othereaction solventwas evaporated undexducedpressure.

The residie was extracted with EtOAc (350 mL). Then combined organic phase
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was dried over MgS®and solvent was evaporated under reduced pressure. The
residue was purified by column chromatography (silica gel/hekEs@éc 6:1)
followed by recrystallization from chloroform/hexane to gi&methy-4-(3-
nitrophenyl)benzdj][1,6]naphthyridineas a pale brown solid (0.21 g, 65%) (mp-189
191°C).

IH NMR (400 MHz, CDC}) 19.19 (ddJi0.9= 8.0,J108

= 1.6 Hz, 1H H-10), 9.14 (s, 1HH-5), 8.88 (s, 1K H-

2), 8.45 (ddd 4" 5= 8.3,J=2.2, 1.0 Hz, 1HH-4"), 8.28

(t, J= 1.9 Hz, 1H H-2"), 8.19 (d J;s= 8.2Hz, 1H, H-

7), 7.81 (did, Js 7= 8.2 Jso= 7.1,J8.10= 1.6 Hz, 1H, H-8), 7.78i 7.72 (m,2H, arom),
7.72 (dt,J = 7.59,J5" 2= 1.16 Hz 1H, H-5"), 2.37 (s, 3KHH-1).,0

13C NMR (100 MHz, CDCk) 11155.3, 150.2148.8, 147.2, 146.1, 144.9, 137.0, 135.6,
130.5, 130.3, 130.3, 129.6, 128.1, 125.2, 124.5, 12€Y 118.9, 17.6

IR (ATR, cm) 3662, 2988, 2900, 1579, 1527, 1444, 1394, 1348, 1300, 1229, 1078,
1066, 1057, 970, 896, 864, 805, 775, 750, 734, 710, 687, 656, 610, 598, 583.
HRMS calcd forCi9H13N3O- [M+H] *: 316.1104found: 316.1081.

4.21. Synthesis b(2-formylphenoxy)acetonitrile (146)

To a solution of zhydroxybenzaldehyded(50 g,4.09 mmol) in dry DMF (10 mL)
was added anhydrous 8Osz (0.62 g, 4.50mmol). After stirring for 30 min,

chloroacetonitrile@.34 g,4.50 mmol) was added and the resultimgture was stirred
for 24 h at rt After completion otthereactionthe reaction mixture was extracted with
ethyl acetate (3 50 mL). The organic phase was washed with brine (5 x 100 mL) and
was dried over MgS© The ®lvent was evaporated undéereduced pressurd.he
crude product was purified by column chromatography (silica gel/hexeDAc 4:1)
followed by recrystallization from diethyl ethi&r give (2formylpheroxy)acetonitrile
as a yellow nedles 0.59 g, 90%)1fip 7880 °C, Lit.*° 82-84 °C).
!H NMR (400 MHz, CDC$) 1110.40 (s, 1HH-1'), 7.86 (dd,
4(3:26@'_' J3a=7.7, J35=1.8 Hz, 1H H-3), 7.61 (dddJs6=8.5,J54 =
5 Z, ONN 7.5,J53= 1.8 Hz, 1HH-5), 7.18 (tJ= 7.5 Hz, 1H H-4), 7.09

(d, Js,5s=8.5Hz, 1H H-6), 4.95 (s, 2KHH-2").
13C NMR (100 MHz, CDC#) 1188.7, 158.3136.0, 129.5, 125.7, 123.3, 114.5, 112.7,
53.8.
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4.22. Synthesis of2-[(prop -2-ynylimino)methyl]phenoxy}acetonitrile (148)

To a solution of (Formylphenoxy)acetonitrileQ.30 g, 1.86nmol) in dry TH= (15

mL) was added proparggimine(0.11 g, 2.05 mmoland anhydrous MgS{0.60 g

4.98 mmo). The reaction mixture was stirred at room temperature for 24 h. After
completion ofthe reaction,the solvent was evaporated undée reduced pressure
followed by extraction with EtOAc (3 x®ml). The organic phaseas dried over
MgSQs. The ®lvent was evaporated undée reduced pressure adford {2-[(prop-
2-ynylimino)methyl]phenoxy}acetonitrilas a yellow liquid (0.35 g, 95%).

" H NMR (400 MHz, CDC}) 1i8.95 (t,Ji1~ = 1.8 Hz, 1H

- N|1/-\3'" H-1), 8.00 (ddJs4 = 7.7, Jas = 1.7 Hz, 1H H-3), 7.48i

4 H 7.42 (m, 1H H-5), 7.14 (t,J = 7.6 Hz, 1H H-4), 6.99 (d,

5 g O/Z%N Js,5= 8.3 Hz, 1H H-6), 4.85 (s, 2KH-2"), 4.52 (t,J= 2.2

Hz, 2H, H-1"), 2.53 (tJs"1 = 2.4 Hz, 1H H-3").

13C NMR (100 MHz, CDCk) ti157.5, 159, 132.3, 128.3, 125.5, 123.4, 114.8, 112.5,
79.1,75.4,54.1, 47.7.

IR (ATR, cm™) 1677, 1597, 1483, 1456, 1284, 1231, 1189, 1045, 1033, 843, 758,
652

4.23. Synthesis 08-methyl-5H-chromeno[3,4b]pyrazine (147)

To a solution of {2[(prop-2-ynylimino)metyl]phenoxy}acetonitrile (0.30 g, 1.51
mmol) in dry DMF (10 mL) was added DBU (0.28 g, 1.81 mmol). The resulting

mixture was stirred for 24 h at 100 °After completion ofthereaction by monitoring

TLC, thereaction mixture was extracted with ethyl atetg8 x 100 mL) and dried
over MgSQ. After removal othesolvent undethereduced pressure, the residue was
purified by column chromatography (silica gel/hex@&@t®Ac 5:1) to give3-methyt
5H-chromeno[3,4]pyrazineas a ydbw solid from diethyl ethe¢135 mg, 4%6).

T2, ] HNMR (400 MHz, CDCY) (8.31 (s, 1K H-2), 8.04 (dd,

w NN | Jw0e=7.7,d108= 1.6 Hz, 1H H-10), 7.29i 7.24 (m, 1H H-

9 @ﬁj/m 8), 7.03 (td,J = 7.6,Jo7= 1.0 Hz, 1H H-9), 6.91 (dd,}7s =

s o7 s 8.2,370= 1.0Hz, 1H H-7), 5.24 (s, 2HH-5), 2.49 (s, 3H
H-17).

13C NMR (100 MHz, CDCk) i155.8, 152.1, 145.3, 143.8, 141.6, 131.7, 124.5, 122.6,
121.4,117.2, 69.5, 21.3
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IR(ATR, cm™) 2923, 2853, 1603, 1512, 1476, 1332, 1302, 1225, 1143, 1101, 1087,
912, 890, 857, 753, 721, 668
HRMS calcd for G2H10N20 [M+H]*: 199.0890, found: 199.0866
4.24 Synthesis of3-methyl-5H-chromeno[3,4b]pyrazin-5-one(149)
To a suspension of Cg30.20 g,2 mmol) in 5 mL of CHCI, was added dropwise
pyridine ©0.32 g,4 mmol) at room temperature. The mixture was stirred at room
temperature for 30 min and cooled @ °C. Then, a solution of-Ghethyt5H-
chromeno[3,4]pyrazine (40.0 mg, 0.20 mmol)n 2 mL of dichloromethane was
added and the mixture was stirred at rt overnight. After completion of the reaction, the
mixture was filtered over silica by using dichlorotmete as mobile phasehe olvent
was evaporated unddhe reduced vacuum to give-r@ethyt5H-chromeno[3,4
b]pyrazin5-one as a white solid from chloroform (40.3 mg, 95%).
, 1H NMR (400 MHz, CDC$) 118.79 (s, 1HH-2), 8.41 (dd,

o 1N4\|(1 Ji09=7.9,J108= 1.3 Hz, 1H H-10), 7.56i 7.51 (m, 1H H-
9 NN a 8), 7.371 7.31 (m, 2H arom, 2.74 (s, 3HH-1).
8 o Yo 13C NMR (100 MHz, CDC#) 1i159.4, 156.1, 152.0, 150.4
145.6, 132.6 (2C), 125.2, 124.7,118.3, 117.3,.22.1
IR(ATR, cm™) 2973, 2935, 1712, 1634, 1462, 1329, 1298, 1162, 1020, 951, 820, 685,
657.
HRMS calcd for G2H10N20 [M+H]*: 213.0664 found:213.0657
4.25. Synthesis of2-formyl -6-methoxyphenoxy)acetonitrile(153)
To a solution o8-methoxy2-hydroxybenzaldehge (0.50 g3.29mmol) in dry DMF
(10 mL) was added anhydrous®0s (0.50 g, 3.62nmol). After stirring for 30 min,

chloroacetonitrile.27g, 3.62mmol) was added and the resulting mixture waeesl

for 24 h at rt. Aftecompletion otthereaction, the@eaction mixture was extracted with
ethyl acetate3 x 50 mL). The organic phase was washed with brine (5 x 100 mL) and
was dried over MgS© The ®lvent was evaporated undée reduced pressurdhe
crude product was purified by column chromatographicésgel/hexaneEtOAc 7:1)
followed by recrystallization from diethyl ether to give (2-formyl-6-
methoxyphenoxy)acetonitrikes a pale yellowiny needles 0.50g, 80%) (mp 116118

°C, Lit.*°117-119 °C)
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IH NMR (400 MHz, CDC#) 110.42 (s, 1HH-1, 7.46 (dd,
Js4=7.5,J35= 1.8 Hz, 1H H-3), 7.28i 7.19 (m, 2H aron),
4.99 (s, 2HH-2"), 3.94 (s, 3HH-1").

13C NMR (100 MHz, CDCh) Ui 189.0, 152.1, 147.9, 130.0,
125.9, 119.9, 118.2, 115.1, 58.0, 56.2

4.26. Synthesis of2-methoxy-6-[(prop -2-ynylimino)methyl]phenoxy}acetonitrile

(155)

To a solution of2-formyl-6-methoxyphenoxy)acetonitril®.20 g, 1.05nmol) in dry
THF (15mL) was added proparggimine(0.06 g, 1.16 mmoland anhydrous MgSO
(0.60 g 4.98 mma). The readbn mixture was stirred at room temperature for 24 h.

After completion ofthe reaction,the solvent was evaporated undére reduced

pressure followedthy extraction with EtOAc (3 x@®ml). The organic phase was dried

over MgSQ. Solvent was evaporated umdihe reduced pressure tafford {2-

methoxy6-[(prop-2-ynylimino)methyl]phenoxy}acetonitrilas a pale yellow liquid

(0.21 g, 88%}§5

3

)

qm

g

o

&
2l
H
1"
~N

IH NMR (400 MHz, CDC4) 1i8.99 (t,Ji:1»= 1.8 Hz, 1H H-
1), 7.58 (ddJs.4 = 8.0,J35= 1.4 Hz, 1H H-3), 7.18 (t,J =
8.1 Hz, 1H H-4), 7.04i 7.00 (m, 1H H-5), 4.88 (s, 2HH-
2"), 4.55 (t,J = 2.2 Hz, 2HH-1"), 3.91 (s, 81, H-1""), 2.56
(t, a1 = 2.4 Hz, 1H H-3").

13C NMR (100MHz, CDCk) 11 157.8, 151.9, 145.7, 129.9,

125.8, 119.3, 115.4, 114.6, 78.9, 75.7, 57.8, 55.9, 47.8

IR (ATR, cm') 2952, 1692, 1587, 1481, 1442, 1284, 1202, 1180, 1068, 1013, 923,
786, 749

4.27. Synthesis of4-bromo-2-formylphenoxy)acetonitrile (152)

To a solution oB-bromao2-hydroxybenzaldehyded(50 g, 2.9 mmol) in dry DMF
(10 mL) was added anhydrous®0s (0.38 g, 2.74nmol). After stirring for 30 min,

chloroacetonitrile.21 g, 2.74nmol) was added and the resulting mixtueeswstirred

for 24 h at rt. After completion @hereactionthe reaction mixture was extracted with

ethyl acetate (3 50 mL). The organic phase was washed with brine (5 x 100 mL) and

was dried over MgS©O The ®lvent was evaporated undée reduced presiure. The

crude product was purified by column chromatography (silica gel/hext®Ac 3:1)
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followed by recrystallization from chloroform/hexant®o give (4-bromo2-
formylphenoxy)acetonitrilas an orange tingeddles @.51g, 85%) (mp 106108 °C,
Lit.4° 105108 °C)

IH NMR (400 MHz, CDC}) 1 10.35 (s, 1HH-1), 7.99 (d,

Br\d@H J35= 2.6 Hz, 1HH-3), 7.73 (ddJs 6= 8.8,J53= 2.6 Hz, 1H
+ | H-5), 7.00 (dJs 5= 8.8 Hz, 1H H-6), 4.93 (s, 2HH-2").
5 1 O/z\N ) ( ’JGS ) ( ')
6 13C NMR (100 MHz, CDCls) Ui 187.1, 157.2, 138.4, 132.0,
126.9, 116.3, 114.7, 114.1, 54.1

4.28. Synthesis of{4-bromo-2-[(prop-2-ynylimino)methyl]phenoxy}acetonitrile
(154)

To a solution of(4-broma2-formylphenoxy)acetonitril€0.50 g, 2.08nmol) in dry
THF (15mL) was addegropargylamine(0.13 g, 2.29 mmoland anhydrous MgSO
(0.60 g 4.98 mma). The reaction mixture was stirred at room temperature for 24 h.
After completion ofthe reaction,the solvent was evaporated undere reduced
pressure followedhy extraction withEtOAc (3 x ® ml). The organic phase was dried
over MgSQ. The ®lvent was evaporated undere reduced pressure @&fford {4-
bromao 2-[(prop-2-ynylimino)methyl]phenoxy}acetonitril@as ayellow liquid (0.49 g,
85%)2°

™o

IH NMR (400 MHz, CDCH) {i 8.87 (t,Jy1~ = 2.0 Hz,
Y NH/'Z\%?' 1H, H-1), 8.15 (d,Js5= 2.6 Hz, 1H, H-3), 7.55 (dd,Js.6
H = 8.8,J55= 2.6 Hz, 1H H-5), 6.89 (d,Js.s= 8.8Hz, 1H
s, O/Z%N H-6), 4.85 (s, 2HH-2"), 4.54 (t,J = 2.2 Hz, 2H H-1"),
255 (t,Ja1 = 2.4 Hz, 1H H-3").
13C NMR (100 MHz, CDC) (i 156.0, 154.6, 134.8, 131.1, 127.3, 116.5, 114.4, 114.3,
78.7, 75.8, 54.2, 47.6

IR (ATR, cm™) 1676, 1596, 1455, 1851190, 1158, 1046, 1034, 842, 808, 758,.652
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Figure 58 IR Spectrum of compountiLOb

Figure 59 *H-NMR Spectrum of compountil2bin CDCls

100

















































