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ABSTRACT

SYNTHESIS OF 66HALO GEN-SUBSTITUTED 2-METHYLENE -2,3
DIHYDRO -1,40XAZEPINE DERIVATIVE S

Kbi k, ¥zge
M. Sc., Department of Chemistry
Supervisor: Prof. Dr. Metin Zora

November2017, B3 pages

Heterocyclic conpounds are importarsincethey are present in lifenaturaly or
synthetically Among heterocyclic compoundsevenmemberedl,4-oxazepines
are giving more attention than evetue to theirwide range of biological and
medicinal activities There are many studies ababeir synthesiand newones

continue to appear.

In this study, synthesis ofhalogenrsubstituted 1.xazepinederivatives was
investigated, which may have potential for biological studfes this purpose.}b-
alkynic ketone derivativesere preparetly the reaction oéryloyl chlorides with
terminal alkynes in therpsence of a Pd catalygtfter that, by conjugate addition
reaction betweerb-alkynic ketones and propargylamir@3 N-propargylic b-

enaminonealerivatives were synthesized

Secondly, Uhalogen substitution reactisnof N-propargylic b-enaminone
derivatves wer e studi ed wi t for cN&®ige ardrfldorin€ el ect f
substitution respectivelyBy these reaction®3 novelU-chloro-substituted and 5



novel Ufluoro-substituted N-propargylic b-enaminone derivatives were
synthesizedn good yields.

In the final stage of this study, electrophilic cyclizasaf halogersubstituted\N-

propargylicb-enaminonesvere investigated. When treated with zinc chlofige
refluxing chloroform, theyafforded 6-halo-substituted 1,4xazepines in good
yields. In contusion, 23 novel chloresubstituted and 5 novel flussubstituted

1,4-oxazepinalerivatives were synthesized.

Keywords: Heterocyclic compoursl severmembered ring N-propargylicb-

enaminons, 1,4-oxazepins, electrophilic cyclization.
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¥Z

6HALOJEN S! BS TMETKBNE23DKHKDRDKSAZEPKN
T! REVLERKNKN SENTEZK

Kbi k, ¥zge

Y¢é¢ksek Lisans, Ki mya B°Il ¢ mg

Tez Y°neticisi: Prof . Dr . Met ir

K a s 20fry, B3 sayfa

Het er osi kldiokf abdi Iveekyiak | seern t-e&t@imkn S Ilnaermd Kk dy a Kk
Heterosiklik kimyala yedi¢, y e 1,40ksazepinler g e n biyolojik ve t € b b i

aktivitel emedegyleheer meldamiag { @ z | kediiet g i - ek
Bunlarla ilgili bi r - @ak éwamrad ér ve yenil eri de ort
etmektedr.

Bu- al & komaydoa oj i k - al &k ma lhalojensi¢-bisnt | g @ tyan sli,

oksazepint ¢ r e v Isentezianri ank t & rBaul nmeemariellr &lorg r lve r
ter mi nal al kinlerin Pd k a tbealkinikz Retod ¢ ] ¢ nde
t ¢r evl ermnimé iaha dsaniaproparjilaminin ve Ub-alkinik ketonlar
ar as eknadmjlgjagteérlemaak s i ile @tana N-@roparjilik b-enaminon

t ¢cifseevnt ezl enmi Kt ir

Projenin i Ndiproparjilikbkeénsanm@ mdoan WN-kt evios g ki mi m

ve Sel de&kBKooe veEUflors ¢bstite¢egsyon tepBu mel er i
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reaksiyonlar ile 23 yerlbklor-s ¢ b s t i tygniUdlor-s g b § tNiptoganilik

b-enaminont ¢ rigwerimlerles ent ezl enmi Kt i r

Projenin son k es ¢l 51 tdhapropigrplile b-enaalno jneom | ar € n
eektrofil i karhaak tkéaB éalkroBakst€arr bf er mki- er i si nde
Ssojutucu al t évnadral ékjacynkdaat &llGhalédra s B ntdiat ¢y e
1,4oksazepin bg k i k lyieverimterle¢, r e t n8 okntui -r , B3l yani kdok
s¢bstit¢egyasybsbi-gkgagepit L liskevnt ezl enmi Kt ir

Anahtar Kelimeler: Het er os i k1 i k¢ ybeillie kNrpkbpkgdikba ry, e d i

ermaminonlar, oksazepinler, elekfra | i Kk hal kal ak ma.
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CHAPTER 1

INTRODUCTION

Organic chemistry is the study of carbon compounds in every manner, having a
great significance of existence in livimgganisms. Carbon compounds are present
as structural, chemical or organic functions in living organisms. Carbon forms
strong bond with other carbons, forming chains and rings, which yields various
organic molecules. Importantly, proteins, lipids, DNA andny other parts of a

human body are composed of organic compounds [1].

Organic chemistry made a breakthrough when the vitalism lost its signifitgnce
Vitalism defends that all organic compounds come from livimganismsor
synthesized by livingrgansms. Likewise, inorganic compound®mefrom non

living sources.In oppose to that beliein 1828,Fr i e d r i cnianaded tol e r
produceurea (an organic compoundfrom ammonium cyanatéan inorganic
compoungl. Procedue was simply evaporation of tegueas ammonium cyanate
(Figure 1). This phenomenon brought out the organic chami® a scientific
approach2].



heat 0O
NH,"NCO"
! HQNJJ\NHZ
Ammonium cyanate Urea

Figurel. Synthesis of urea from ammoniwony anat e by Fri edri

Organc chemistryis the study oftarbon compounds every manner, having a
great significancef existence in living organisms. &bon compoundarepresent
as structural, chemical or organic functions in living organisnasb@ forns
strong bond with ther carbons, formingchains and ringswhich yieldsvarious
organic moleculesmportantly, proteins, lipids, DNAand many other parts of a

human bogl arecomposed of organic compounds.

Organic compounds cdre synthesized in laboratory conditioas well Modern
chemistsdeveloped many methodisr the synthesis abrganic compound&hich

can be used as medicgeyes polymersand other substancgy.

Most of the compounds have ring systems whachcomposd of carbon and
additional one or more than one heteroatom. These hetergataaining ring

structuresarecalled as heterocyclic compoun@sgure?2) [4].

A D )
N N

(0)

furan pyridine thiazole

Figure2. Some @amples of heterocyclic compounds.
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1.1 Heterocyclic Compounds

Most of the heterocyclic compounds=found in nature and there is no doubt that
they have fundamental functions lining organisms since they hawggnificant
roles in biological systemg4]. For example nucleicacid baseswhich provide
replication,have pyrimidine and purineoietiesin their structure. Chlorophyll
(components of photosynthesis) and hgommponents of oxygen transpose
other examples of heterocyclic cooynds which have porphyrin ring in their
structuresVitamin By (thiamin),vitamin B (ribofavin), vitamin B (nicotinamide),
vitamin Bs (pyridoxol) and vitamin C (ascorbic acidand also tryptophan and
histidine (essential amino acids) are further exampleldtarocycliccompounds
(Figure3). Because of theiimportance in living systems, chemists try to find out
information about thestructure, propertieandsyntheheticmethods to determine

their biological function andesignmedical assistancé4].

O NH,
N S
NH N
AL A ﬁg
NN N0
0 N~ 'NH, N
2-amino-1H-purin-6(9H )-one 4-aminopyrimidin-2(1H)-one
(guanine) (cytosine)
@)
0 OH
N NH, NH,
| N
N N
H
nicotinamide (5)-2-amino-3-(1H-indol-3-yl)propanoic acid
(vitamin Bj) (tryptophan)

Figure3. Some leterocyclic compounds that are foundiving sydgems.



Heterocyclic moleculesare classified as threefour-, five-, six- and seven
memberedaccading to their ring siz€Figure4). Thar reactivity can changeas
ring size changeg$or example threemembered heterocycles have the highest
stran. So, they are very reactive. In general, the reactivityttoke and four
membered heterocyclese higher than otheneterocyclic compounds that have
higher number of members in theings[5]. Five- and sixmembered heterocycles
are often more stable and theye commonlyfound in nature. Rrrole, furan
thiopheneand pyridinearetheir well-known examples On the other handesgen
membered heterocycles have béessinvestigatedas compared téive- or six
membered heterocycles, yet they are stable andusefalapplicationd6].

7 = —
e
H H N =
aziridine azete  1H-pyrrole pyridine 1 H-azepine

Figure4. Some gamples of three four-, five-, six- and severmembered

heterocyclic compounds.

1.2 Sevenmembered Heterocyclic Compounds

When the numberfatoms that build the ring of heterocycles increade®rsity
of compoundget higher withthe number of heteroatoms atieir location in the
structure For instancethiepane azepane and oxepane aoenposed of one sulfur
nitrogen oroxygen atomrespectivelyandsix carbon atom@igure5). These three
examples of sevemembered heterocyclic compounds are all saturakedir

unsaturated forms are thiepine, azepine and oxepine, respedtinglyeb) [7].

Sevenmembered heterocyclic compounkdave gained importance due to their

wide range obiological applicabns|[8].



SHeNe

thiepane azepane oxepane
@ O L J
S N (@)
H

thiepine 1 H-azepine oxepine

Figure5. Saturated and unsaturatesverrmembered heterocyclic compounds.

Azepine and oxepine are extensively found in natoaeticularlyin alkaloids.For

example caprolactan{Figure6), which is an azepine derivativehows biological
activity, such as growtinhibiting property and allelopathy (influencing
germination, growth, survival, and reproductiokforeover, it iswidely used in

nylon 6 polymerization proce¢Bigure6) [9-12].

(0]

@)
H
iX\jNH i
n

caprolactam nylon 6

(hexahydroazepin-2-one)

Figure6. Structure of caprolactam and nylon 6.

There are faedring derivatives of azepinas well 1H-Benzdb]azepines (Figure
7), which are exampls of such derivatives, aranttHIV agens and inhibit

acetylcholinesterageus ed f or Al zhei nEjf4s di sease tr



H
N
a0

1 H-benzo[b]azepine

Figure7. The structure ofH-bena[b]azepine.

Oxepine was first synthesized in 1 by Vogel, Boell and Schubafi5].
Monocyclicoxepines are instahlso their direct applications anet prevalent, but
they take part imetabolism antdiosynthesi®f products of naturand xenobiotics
(chemicals that are notrgsent or produced in the organism naturalike

antibioticy as important intermediat§sg].

Monocyclic thiepanes have not been observed. Neverthelessfuder dibenzo
derivatives have beetharacterized apharmaceuticaimolecules, which display
anti-inflammatory, antihistaim, antidepressant, neuroleptic aatischizophrenic
propertieq17, 1§.

Three examples afitrogen, oxygen and sulphur containseyenmemberedirugs
are showrin Figure8. Perlapine isan azepine derivative andhas anfsychotic
and sedative activity. Artocarpol is aoxepine derivative showing antk
inflammatay action. Monatepil is a thiepine derivatiwghich is a calcium

antagonist.



(perlapine)

antipsychotic and sedative activity F
Q (artocarpol)
(\N anti-inflammatory action
o NJ
o~
()

(monatepil)

calcium antagonist

Figure8. Examples for azepine, oxepine and thiepine devieatthat have

pharmacological activity.

Consequentlysevenmembered ringgre gainng importance in chemistry since

they are known to have various biological ackgtAmong themone oxygen and

one nitrogen heteroatom containing seven membered heterocyclic maglecules

namelyoxazepinesare main scopim synthetic organic chemistfg2].

1.2.1 Oxazepines

Oxazepines are very important member of sewembered heterocyclic
compourmls composed of one nitrogen and one oxyagems They are called 1,2
oxazepine, 1 ®xazepine and 1;dxazepine according the position of these two
heteroatoms in the rindrigure9) [23].



1,2-oxazepine 1,3-oxazepine 1,4-oxazepine

Figure9. Structure of gazepins.

1,4-Oxazepinesre important compounds showihgtone deacetylasahibition

and antitumor propertie§ hey find application irantidepressan@anticonvulsant
(antiepileptic), antivirgl antimicrobal, antifungé, anticancer, antithrombotic

(preventing blood clot), sedative, and hypnotic agents and ddm®over,they

are &tive in the treatment of Alzhi mer 6 s di s e as e Siatanul

(nitroxazepine), Amoxazpine and Loxazepine are the-kvedivn examples of 1;4
oxazepine containing druggigure 10) [24-26]. Becauseof their important

medicinal activities andphysiological properties,they draw the attention of

chemists

P F L

O,N
Amoxapine
Sintamil (nitroxazepine) treatment of major Loxapine
treatment of depression depressive disorder treatment of schizophrenia

Figure10. Some examples fdr,4-oxazepine bearing drugs.
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Alternations orparent unitof oxazepineand their fused ring systems are also the
active area of chemistry [27]. For example, tricyclic (hetero)aremgsed
benzo[1l,4]oxazepineshave shown variousmedicinal properties in drug
applications(Figure 11) [28]. In addition they have been usedn asymmetric

synthesis of monoterpeid alkaloids and secoiridoidi29].

00

X,Y,Z:C,O,N, S

Figurell General structure fdricyclic 1,4-oxazepinescaffolds

1.2.2 Synthesis ofl,4-Oxazepines

There are mangtudies concerning theynthesis ofl,4-oxazepins. For example,
Zhang and et al. synthestzdenzo[l,4]oxazepi2-one derivatives4 and then
studied their activity as nesteroidal progesterone receptor (PR), regulat

female reproductioandmodulator(Schemel) [30].



0 RMgBr (excess) R
. R
diethyl ether, -78 °C to r.t.
NH, NH,
1 2
SHE
Cl 3
Cl | tHF, 0 °C-r.t.
\
R
B R L Br R
r Q NaH OH
3 - A
H O THF, 0°C to r.t. O//lva
4 3

Schemel. Synthesis obenzo[1,4]oxazepH2-onederivatives4.

Shenresearch grouparried outhesynthesis obenzo[b][1,4]oxazepiné from N-
(2-haloaryl)enaminoneS in high yieldvia CCOsi mediatedcyclizationin NMP
(N-methyt2-pyrrolidone) atl20eC (Scheme?) [31].

X
Rl Cs,C0; (2 eq.) 0!
! S €q.
= NH O 2 3 q _ R3_/ | :\}
\ \ —
Ry R, NMP, 120 °C N,
X =Cl,Br, 1
5 6

Scheme?. Synthesis of benzol[b][1,4]oxazepife
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Zhaoresearch grouperformedtandem reaction fothe synthesis obenzel,4
oxazepine9 (Scheme3). Reaction wagperformedby employingphenylamine
derivatives7 and %halovinyl derivatives8 in the presence ofu catalystand
CCOsb as e a {Schenesl) [3&. C

Cul 10 mol% Q
NH, H]\ Ligand R ~ | Q
R N T oy R, - T
= CO,, Cs,CO;4 H R;
100 °C
7 8 X = Cl, Br 9

Scheme3. Synthesis of benzb,4-oxazepined.

Sapegn also studied the synthesisfofed lenzo[1,4]oxazepirsg33]. N-Alkoxy-
2-hydroxybenzamideslO0 were reacted with two leaving groupcontaining
(hetero)aromatic substratel in the presence d¢€2COzin DMF givingtricyclic N-
alkoxy benzo[1,4]oxazepisd 2 (Schemed) [33].

0]
N N OH (Ry) LG, K,CO;
Rl_: _ H + :@
10 11 12

Schemet. Synthesis ofricyclic N-alkoxybenzo[1,4]oxazepineR.

Recently, Gautham investigated the cyclizatidiN-propargylich-enaminonel3
into 1,4o0xazepinederivativel4 via 7-exo-dig cyclizationin the presence ajold
and silvercatalyst(Schemeb) [34]. The reaction proceeded well and produced 1,4

oxazepin€el4in high yield.

11



Ry

AuCIPPh, Ry O{
| O AuCly / AgSbF, \@/
=N

\

Ry;” NH
2 \ CH;OH r.t. R2
N
13 14

Schemeés. Cyclization ofN-propargylich-enaminonel3 to 1,40xazepinel4.

1.3 Electrophilic Cyclization

A broad series of cyclic compountsve beeiprepared by electrophilic cyclization
of substituted alkynes in the presencedperLewis acids andransition metals
[35]. Electrophilic cyclizations are very effeet and take place undemild

conditionsandin short timesand tolerateearly all functional groups [36

Over the past decadihere has beesn increasén thecyclization offunctionally
substituted acetylenderivatives, which ia common method fahe synhesis of
heterocycles including isoquinolines, chromonesand oxazoles[37]. The
mechanim for electrophilic cyclization first requires tteetivation of the triple
bond with an electrophileThenintramolecular nucleophilic attack on activated
triple bondoccurs Finally, reactionis completed with leaving group elimination
via a 2 substitutionSchemes) [38].

12



z E-X Z
. @Rz
AN Z=0,NH, S E

R, R, =alkyl
R, = alkyl, aryl, vinyl
E-X =1, Br, SArX, SeArX
E-X |-X (X = Halogen) -R;-Nu

. %
A &

Y Ry

Schemes. General mechanism for electrophilic cyclization.

Danilkina research groupstudied formation of asymmetricallysubstituted
enediynes fused tdoenzothiophene, benzofurasnd indole by electrophilic
cyclization The reaction of mho-functionalized (butel,3-diynyl)arenes 15
afforded2-ethynyl3-iodoheteroindenes6 (Schemer) [39].

R
gz 7 !
4 I,
Oj\g%R

X~ X

15 16
X =S, NMe, O
R = Alkyl, Ar, TMS, (CH,),OH, (CH,),CH=CH,, (CH,),CHO

Schemeé’. Electrophiliccyclization ofortho-functionalized (butdl,3-

diynyl)areneslb.
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Manarin research grougascarried outhe synthesis d?-chalcoger3-substituteed
benzo[b]furanderivativesl8 via electrophilic cyclizatiorof 2-chalcogenealkynyl
anisoles 17 by using Iz, ICl, Br. and PhSeBr(Scheme8) [40]. Notably,
benzo[b]furan isvaluable heterocyclesince it is found in a wide range of
biologically active compourslsuch as arHIV, anticancerand antiinflamator
agentd41].

17 18

Scheme8. Synthesis of Zhalcoger3-substituteebenzo[b]furanl8.

1.4 b-Enaminones

The conjugated OpAv@GichGsaled ah-emaminoneshas nicle
applications in synthesis because of tinggh reactivity [42]. Their various intra
and intermolecular reactioneave been studiedntensely In particular, N-
propargylicb-enaminone49, the structure of which is shownkigurel2, are very
reactive to intramoleculacyclizationin the presere of transition metals, such as
gold, platinum and silver. These metat®rdinateandform positive ions with the
Ci C triple bond[43-45]. The resultingpositive ion is sufficiently electrophilico

it initiates the attacks of nucleophiles.sfa result heterogclic compounds are
obtained [4§. Moreover, N-propargylic b-enaninones 19 have an attractive
structuresince they includearious functional groupsuch asnone, enaminone

enamine, alkene and alkyne [47

14



In summaryp-enaminonesire veryaluable substratder the formationof many
heterocyclic compounds. Importanttiley have potential to produce fiysix- and

sevenmembered ring systemsgy

R,

fo
Ry NH
\

R;
19

Figurel2 The structure oN-Propargylicb-enaminons 19.

1.4.1 Cyclization of N-propargylic b-enaminores

There are many studies that invotkiecyclizations ofN-propargylich-enaminons
19 through metal catalystgiving 1,2-dihydropyridine and pyrrole produc{gl9-
51]. For exampleSaito ancco-workers synthesized pyrrole derivati&kfrom N-

propargylicb-enaminone 20 with agold catalys{Scheme9) [50].

R, o
fO [(IPr)Au(MeCN)|BF, (5 mol %) R, Ry
R, N R > / \_ Rs
)\ CH,Cl, r.t. RN
Ry ™ R,
RS
20 21

Schemed. Synthesis of pyrrolderivatives21 from N-propargylicb-enaminone
20.
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Cacchi and his groualsostudied the cyclizations-propargylicb-enaminons 19
(SchemelQ). They reportedthat pyrrole products23 were resultedfrom N-
propargylicb-enaminoned49 when they treatethemwith CCQs in the presence
of DMSO at room temperatur€heir other study wathe synthesis gbyridines 22
from N-propargylicb-enaminoned9 in the presence da@uBr in DMSO(Scheme

10) [45].

R
CuBr : Cs,CO; 0

O R
DMSO fo DMSO R, R,
R N <
ol Ry NH t e A
R, "N 60-80 °C \ L.t. 2 E
X
X

22 19 23

Schemel0. Synthesis of pyrrol@3 and pyridine22 derivatives fromN-

propargylicb-enaminons 19.

Martins and co-workers have reported anethod for the synthesis of
dihydropyridines25. Whentreated withsilver nitrate (10 mol%)n chloroform

trifluoromethylatedN-propargylicb-enaminone24 producedL, 2-dihydropyridines

25 (Schemell) [51].

O

0
FyC7 N
QCMN\ AENO; (10mol) 1 )j\/Nj

CHCl; 25 °C
12h

24 25

Schemell Cyclization of trifluoromethylatedl-propargylicb-enaminoné4 into
1,2-dihydropyridine25.
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When N-propargylic b-enaminone 26 was subjected to sameonditiors,
polysubstituted pyrrol€7 was observedSchemel?2) [51]. For the account of
having two different products from differenN-propargylic b-enaminone
derivatives Martin and ceworkers proposed that the formation of 1;2
dihydropyridine25 goes through-@ndaedig mechanism while pyrro&7 forms via
5-exo-dig mechanisnf51].

0
O F,;C
AgNO; (10 mol%) 3
FscMN\\\ . |\
N
CHCl; 25 °C
24 h
26 27

Schemel2. Cyclization of trifluoromethylatedll-propargylicb-enaminone6 into

pyrrole 27.

1-Pyrrolinesare used in many medicinal reseaashpreliminary compoundgor
example,they are found in medicines showirantiinflammator anticonvulsant
andcyclooxygenase enzyniehibition activities [5255]. Gouthanresearch group
reportedthe synthesis ofl-pyrroline 30 via a gold catalysed cyclization oN-

propargylicb-enaminone&8 (Schemel3) [56].

17



CsF (3 eq.)
O AuCIPEt; / AgSbFy
O i JH OTf (10/15 mol%)
+ >
N TMS
O H ACN, 80°C
28 29 30

Schemel3. Synthesis of Jpyrroline 30 from N-propargylicb-enaminone8.

Yangandhis colleagues havearried outthe synthesis of dihydrofuropyridirg®2
and dihydropyrrolopyridine 34 from N-propargylic b-enaminone 13 and
arylaldehydes31 or N-sulfonyl imine (33) with KOH catalization(Schemel4
andschemdb). In thefirst sudy, 1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-en
1-one(13) and aldehyde31 wasreacted in DMF with KOH catalyst to yield 2,3
dihydrofuro[2,3b]pyridines(32) (Schemel4). In the second studyy-propargylic
b-enaminond.3 was treated witiN-sulfonyl imine(33) in similar conditiongo give
2,3-dihydro-1H-pyrrolo[2,3b]pyridine (34) (Schemél5) [57].

R, R,
o o) KOH (30 mol %)
=~ "NR Ry H DMF, r.t . 3
= N Ry Ry SN0
13 31 32

Schemel4. Synthesis of 2;8ihydrofuro[2,3b]pyridinederivatives(32).

18



R, s R,

1\{ KOH (30 mol %)
0) O - =
ﬁ + . | 0
0 N N
= NTR, 0 DMF, 100°C Ry "N~ N P

H Ts O

13 33 34

Schemél5. Synthesis of 2;8lihydro-1H-pyrrolo[2,3-b]pyridine derivatives(34).

1.5 Aim of the project

So far, the studiesn heterocyclic compoungdsmportance oftheir applications
were shownThere are mostly fiveand sixmembeed heterocycles ihterature.

However thereis agrowing interest towards seveand higher numbemembered
heterocyclic compoundsin Zora research groypfive- and sixmembered
heterocyclesvere studied however we have also managed tievelopa new
methodfor the synthesis aseversmembered heterocycleRecently 2-methylene

2,3-dihydro-1,4-oxazeping14) was synthesizefftom N-propargylicb-enaminone
13 via ZnChLi mediatedcyclization(Schemel6) [58].

Rl
fo ZnCl, R, |0{
Ry” "NH CHCl; 61 °C \QﬁN
or R
A . 2
DCM, 40 °C
13 14

Schemel6. Synhesis of 2methylene2,3-dihydro-1,4-oxazepins 14.

This studyshowedremarkableesults. Thust wasdecided to expananddiversify

this work. First, it was aimed to functionalize the startindN-propargylic b-

19



enaminon€el 3 further, ance they could provide functionalized dg4azepined4
when treated with Zn€in refluxing CHCkor refluxing DCM

For this reason\-propargylicb-enaminoned 3 will be subjected to the reaction
wi t h NCS an dwhishshoedafford thiom and fluoresubstituted\-
propargylic b-enaminones35 and 36, respectivelyas shown inSchemel7 and
Schemel8.

13 35
E and/or Z

Schemel?. Synthesis of chlorsubstitutedN-propargylich-enaminons 35.

F

|
Ill\:I@Fé]IS—F
) .

R, §
@
-F

F
f O PR L Ffo
Ry NH F Ry “NH

Selectfluor® \
S

13 36
E and/or Z

/

Scheméel8. Synthesis of fluoreubstituted\N-propargylich-enaminone 36.
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At the final stage ZnChi mediated cyclizations ofhalogenrsubstituted N-
propargylich-enaminone derivative35 and 36 will be investigatel, which could
produce 6echloro and @fluoro-substituted 2Znethylene2,3-dihydro-1,4-
oxazepine87 and38, respectively $chemel9).

R,
O
o Ly M
Ry NH Solvent X" y=N
\% Temperature Ry
E and/or Z
35 (X=Cl 37 (X=Cl
36 (X=F) 38 (X=F)

Schemel9. Synthesis of halogesubstituted,3-dihydro-1,4-oxazepine 37 and
38.

In short,in this thesisoptimization studiessubstrate scope and mechanisms of
these reactions, i.eyclization of halogersubstitutedN-propargylicb-enaminons

35 and 36 into halogersubstituted 2 &lihydro-1,4-oxazepine 37 and 38, will be
discussedn more detall
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CHAPTER 2

RESULTS AND DISCUSSION

2.1 Synthesis ofN-propargylic b-enaminone derivatives

In the first phase of thistudy, we synthesize starting material-propargylicb-
enaminons 13 in two stepsaccording to wetknown literature procedure3gble
1and?2) [46, 58, 6Q. First, we haveprepared]b-alkynic ketoneg1 by the reaction

of aryloyl chlorides39 with terminal alkynesiO in the presence ad Pd catalyst
(Tablel). For this purpose, typical Sonogashira coupling conditions [58, 60] were
used by employing®dCb(Ptg)2 (catalyst), Cul (cocatalystEtsN (base) and THF

(solvent).

The structurs of these compounds were identified Byl and 3C NMR

spectroscop
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Table 1. Synthesis of)b-alkynic ketone derivatives$l.

2 mol % PdCl,(PPh;),

O 2 mol % Cul 0
My + =r -
"R
Ryl Et;N, THF r.t. RS
39 40 41
0 (¢} (0]
s
® »e
41A (97%) 41B (78%) 41C (45%)
(6} O (0]
20 U T
» ® ® o
o
41D (71%) 41E (86%) 41F (99%)
(0] (0] (0]
Z T ~ T = X
o o B o
41G (83%) 41H (74% 411 (56%)
(0] O O
z F Z O Z 1]
S, - O O Br
= Br
413 (90%) 41K (74%) 411 (85%
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Table 1.Continued

o
o T
o U

41M (96%)

(0]
” T
o7

41P (61%)

O
~ 0
o M

41S (72%)

(0]
Féo

41V (94%)

(0]
sl
Cl

41N (86%)

O
S e
7

41Q (54%)
(0]
Z
S o O/

41T (64%)

O
-0
o
F

41W (81%)

W,
AN
W

410 (68%)

41U (88%)

2Yields of the isolated products.
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Figure13. 'H NMR spectrum ofl,3-diphenylprop2-yn-1-one(41A).
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Figure14. 13C NMR spectrum of,3-diphenylprop2-yn-1-one(41A).
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As an exampletH and*C NMR spectra of 1;8liphenylprop2-yn-1-one @1A) are

shown inFigure 13 and 14. As depictedn Figure 13, in the'H NMR spectrum,
aromaticten hydrogens of two phenyl groups resonate betweer .24 ppm. In

the 13C NMR spectrumaromaticeight carbons of two phenyl groups resonate
between 11919136.8 ppm (Figure 14). On the other hand, two alkynic carbons
appear at 86.9 and 93.0 ppm while the peak of carbonyl carbon comes at 177.8 ppm.

Next, we have subjectetlb-alkynic ketones4l to conjugate additiorwith
propargylaming42) to prepareN-propargylicb-enaminoned 3 (Table 2). When
treated with propargylamine in refluxing metharndh-alkynic ketones affordeil-

propargylicb-enaminone4.3in good to high yields [58, 60].
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Table 2. Synthess of N-propargylicb-enaminone derivativek3. 2

= NH, R,
O 42
/ R i f .
1 o
R, = MeOH, 65°C Ry “N-H
X
41 13
/_/_E\E
\ O,N \

13A (800/) 13B (92%) 13C (87%)

13E (9%%) 13F (92%) 13G (93%) 13H (92%)
131 (98%) 13J (91%) 13K (94%) 13L (90%)
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Table 2.Continued.

1 ®
&5 X
‘e g
o ~
\%
F

Cl

13M (92% 13N (96%) 130 (97%
O X
13Q (94%) 13R (75%) 13S (94%) 13T (86%)
e
| 0
O NH NH
S
13U (93%) 13V (84%) 13W (97%)

2Yields of the isolated products.

By usingconjugate addition reaction betwdgh-alkynic ketone derivative$l and

propargylamine(42), we have synthesize@3 derivatives ofN-propargylic b-
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enaminone4&3, containing a largeariety of aryl groups with electremithdrawing
and electrordonating substituen{§able?2).

It should be pointed out thdtom this reactionwe isolatedZ isomers ofN-
propargylicb-enaminone derivatives3 as illustrated infable2. The observed
stereochemistry was assigned by NOESY drpamts on representative
compounds by Cacchi research group [46] andresearcigroup B0]. NOESY
experiments have also shown theesenceof intramolecularhydrogen lbnding
between carbonyl oxygen and amine hydrogeiHN O=C) [46,60.

As an example'H and 3C NMR spectra of(2)-1,3-dipheny}3-(prop-2-yn-1-
ylamino)prop2-en-1-one(13A) is givenin Figures 15 and 5. As seen ifH NMR
spectrum(Figure15), acetylenic hydrogen resonatee82 ppm asitriplet while
two methylene hydrogen(€H.) appeaiat 3.86 ppm aa doublet of doubletsThe
vinylic Grhydrogen gives a singlet at 5.82 pprheaminehydrogen gives a triplet
at 11.39 ppndue tothehydrogen bonithg with carbonyl oxygenkinally, aromatic
tenhydrogens ophenylgroups give peaks betwe@29i 7.89 ppm(Figurelb).

Lok LN
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(

Figure15. IH NMR spectrum of2)-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop
2-en1-one(13A).
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In 13C NMR spectrum otompound13A (Figure 16), the peaks ofwo alkynic
carboncomeat 72.4 and B.6 ppm Methylene carboappearst 33.9 ppm. Double
bondU-carbon resonates at 94.3 pprhile b-carbon resonates at 165.5 pprhe
aromaic carbons of phenyl groups give pedietween 26.91 139.6 ppm Finally,
carbonyl carbon peak appears at 188.6 gipigure16).

MM o o
bll

T T T T T
130 129 128 127 126
f1 (ppm)

- HH ' M
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1 (ppm

Figure16. 13C NMR spectrum of2)-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop
2-en1-one(13A).

2.2 U-Halogeration of N-propargylic b-enaminones

After synthesizing starting N-propargylic b-enaminone derivativesl3, we
investigated-halogenation of these compounaigh N-chlorosuccinimideNCS)
andSel ectfluor E for c¢hl oasshowsn Tatke8and5 uor i ne

respectively.
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Initially, we haveexaminedseverakthlorine substitutiomeactionsvith NCS(Table

3). Best resul{85%) was obtained witl.2 equivalent of NCS iracetonitrileat
room temperatee (Table 3, Entry 2) In general, the reactions wese slow that
theytook overnight(the progress of the reaction was monitored by routine TLC for
the consumption of starting-propargylicb-enaminonel3A). Interestingly, from
these reactiong;hloro-substitutedN-propargylicb-enaminone35A was obtained

as a inseparableliastereomerieixture ofE andZ isomers E/Z ratio was found

to bel11.2/1.0 by calculating from the integration values of methylene hydrogens
(CHy) of the corresponding isomets all reactions E isomer was resulted as the
major isomer, presumably due to the intramolecular hydrogen bonding between
amine hydrogen and carbonyl oxygevhich increassthe stability ofthisisomer
relative toZ isomer.On the other hand, agenfrom its structureminor Z isomer

lacks such an imamolecular hydrogen bonding
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Table 3. Synthesis o2-chloro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-en1-
one(35A). 2

O
O e O C
O
O

Cl Cl
| NCS B o
NH NH + NH
\ Solvent \ \
A overnight AN A
r.t.
FE isomer Z isomer
13A 35A

Entry Amount of NCS (eq.) Solvent Total Yield (%) &P

1 1.0 eq. ACN 56
2 1.2 eq. ACN 85
3 1.2 eq. ACN 72°¢
4 1.2 eq. DCM 66
5 1.2 eq. DCE 63
6 2.0 eq. ACN 0d

2Total yield of the isolated products of mixture isomers.
bChloro-substitutedN-propargylic b-enaminone35A was obtained from thi:
reaction as an inseparable mixtureecddndZ isomers. E/Z ratio was calculatec
to be 11.1:1.0 from integration values).

‘Reaction was performed at 50 eC.

4 Amine group cleavagaasobserved.
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'H and**C NMR spectra of Zhloro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop
2-en-1-one(35A) aregiven inFigure17 andFigure 18. In theH NMR spectrum
(Figure 17), the peaks ofmajor E isomerare as follows:Acetylenic hydrogen
resonates at 2Z7/3pm asatriplet while methylene hydrogereppeaiat 383 ppm as
a doublet of doubletsAmine hydrogengives a broad singlet (pseudo triplest
1156 ppm.The peak®f aromatic hydrogensomeat between 421 7.79 ppm

JUUM oy

232 224
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T T T T
11.5 78 76 74 72 58 5.6
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3.8 3.7
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12.0 115 11.0 105 100 95 9.0 85 8.0 75 7.0 65 6#0( 5.)5 50 45 40 35 30 25 20 1.5 1.0 05 00 -O0.
1 (ppm|

Figure17. IH NMR spectrum of Zhloro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en-1-one(35A).

Notably, there are some additional low intepsaks intH NMR spectrum which
belong to minoiZ isomer of 2chloro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop
2-ent1-one(35A). In some cases, this low interseaks overlapped with the peaks
of major E isomer. Thus, the characterization of the midesomer could not be
fully achieved. As much as we canalyze the following peaks are belong
isomer: Methylene hydrogerof this isomer appear at 3.67 ppm as a doublet of
doublets. Becausgisomer is lack of hydrogen bonding, amine hydrogen comes at

5.69 ppm as a broad singlet (pseudo triplet).
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In 3C NMR spectrum of-chloro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-
enl-one B5A), (Figure1l8) methylene carbon resonates at 34.9 ppwo alkynic
carbonsappearat 72.8 and 79.2 ppm. THécarboncomes at 101.1 pprwhile b-
carbon appearat 163.9 ppm. The remaining eight aromatic carbsonate

between 127i7140.7 ppm. Finally, the carbonyl carbon pshkwsat 192.6 ppm

(Figurel8).
T T T T T T O N H
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Figure18. 13C NMR spectrum of-chloro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en-1-one(35A).

For the synthesis of}chloro-substitutedN-propargylic b-enaminone35, the
proposed mechanism is shownScheme20. According to this mechanism, the
lone pair on nitrogen atomndergoes resonance interaction &hchrbonattacls
the chlorine oN-chlorosuccinimide, forming the succinimide ion. Afterwards, this
succinimide ion abstractshydrogen, and+b double bond is formed again. At last
succinimide and the corresponding-chloro-substituted N-propargylic b-

enaminon@&5are formed. As mentioned befokgchloro-substitutedN-propargylic
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b-enaminone&s5 were obtained from these reactions as a diasteroisomeric mixture
of E andZ isomers.

\ S
. &

Scheme20. Proposed mechanism fonloro-substituion of N-propargylicb-

2
0]
HNij
35
O

Z and E isomers

enaminons 13 with NCS.

As shown inScheme21, diastereocisomersd andE isomers can convert into each
other by resonance interaction, followed by a free rotation aroifrsingle bond.

Finally, theseZ andE isomer of13 can react witiNCS to provideeE andZ isomers
of 35, respectively $cheme?1).
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35

Scheme2l. Formation ofE andZ isomers oiN-propargylicb-enaminone4 3 and
35.

We have synthesiz&B novelU-chloro-substitutedN-propargylich-enaminone85

in good yields as a mixture d& and Z isomers Table 4). For all U-chloro-
substitutedN-propargylic b-enaminone35, E isomer was obtained as the major
product.
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Table 4. Synthess of U-chloro-substitutedN-propargylich-enaminone derivatives
35.2

fo 1.2 eq. NCS leo
R; I‘Q ACN, r.t. R I\Q
X X

13 35
Cl | o Cl | o Cl | o
NH O NH O NH
\% O,N \% ~o \%
35A (85%) 35B (67%) 35C (45%) 35D (67%)
~0 Cl
Cl | o Cl | 0
v gru
S N

35E (60%) 35F (78%) 35G (78%) 35H (68%)

38



Table 4.Continued.

351 (68%) 35 (63%) 35K (74%)
0
e O
H Cl \
35M (62%) 35N (68%) 350 (73%)

® C L
Br Br O
Cl
Cl o | o
’ Cl
WO
N \
N T s o
F
A

35Q (78%) 35R (67%) 355 (77%)

35T (46%)
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Table 4.Continued.

Cl
| (6]
DI
N
35U (76%) 35V (83%) 35W (63%)

2Total yield of the isolated producas amixture ofZ andE isomers.

In addition toU-chloro substitution oN-propargylicb-enaminone derivatives3,

we have studied thel-luorine substitution Table5). For this purposeve used
SelectfluorE as fluorine selowankthebdshe yi el ds
result was 31%which was obtained byusiig equi val ent of Selectfl u
at 0O eC i n 4 Thableb &rtrg 9. \While exaneningthe deacfion

conditions we used ACN:HO solvent systersinceSe | ect f | ufrable i s a sal t
5, Entries 46). The use of water may dissolve this salt very well and increase the

yields but it did not improve the yields.
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Table 5. Synthesis oP-fluoro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-en-1-
one(36A). 2

lf F—IIS—F
()
» BN C
F—IE—F L al
O F.
| (Selectfluor®) | O
NH >
O \ Solvent O NH
N T t \
AN emperature %
13 36
Entry Amount of Solvent Temperature Time Yield
Sel ectf (eC) (h) (%) 2
1 1 eq. ACN r.t. 25 21
2 1 eq. ACN 0 4 31
3 2 eq. ACN 0 24 18
4 leq. ACN:H20 r.t./50/82 13 trace
(20:1) amount
5 2 eq. ACN:H20 0 3 trace
(20:1) amount
6 2 eq. ACN:H20 0 0.10 8
(20:1)
7 1eq. CHsNO2 70 4.09 15

2Yield of the isolated products.
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We have synthesized 5 novéfluoro-substituted\-propargylich-enaminone$6
with the yields changing between 15% to 31Valfle 6). In all reactions, we
recovered much of the startifdrpropargylic b-enaminone dératives 13 with
some decomposition. We surprisingly did not obEisomers of fluoresubstituted
derivatives36 from these reactions. The isolated products wesoleE isomes
of fluoro-substituted\-propargylicb-enaminone$6.
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Table 6. Synthess of U-fluoro-substitutedN-propargylicb-enaminone$86. &

F
F FzB-F
N® “F
R, ]
FyoN
O F-B2F L
. Cl
Ry NH F R
A ACN
13
F
| F\ o
o' .
\% \
36A (31%) 36B (21%) 360 (15%)
Cl
F
F | o ’ o)
ca o
\% ! \%
F
36P (17%) 36V (15%)

2Yield of the isolated products.
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H and'*C NMR spectra of 2luoro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-
en1-one B6A) is given inFigure19 and20. As seen iftH NMR spectrumFigure

19), acetylenic hydrogen resonates at 2.29 ppm as a triplet while methylene
hydrogens appear at 3.79 ppm as a doublet of doublets. Amine hydrogen gives a
broad singlet at 10.10 ppm. Aromatic ten hydrogens of two phenyl groups give
peaks between 7B7.94 ppm. Notably, the singlet peak Ghydrogen ofN-
propargylicb-enaminone43A at 5.82 ppm was disappeared in the spectrum as the

result ofU-fluorination Figurel19).

In 13C NMR spectrum 086A (Figure20), two alkynic carbons resonate at 72.6 and
79.9 ppm while methylene carbon comes at 34.9 gp@arbon peak appeass

140.2 ppm as a doubletile b-carbon peak comes at 153.1 ppm as a débubhe
carbonyl carbon peak shows at 185.2 ppm as a doublet. Finally, the remaining peaks
between 140i2128.8 ppm belong to aromatic carbons of two phenyl rings of

compound36A (Figure20).
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Figure19. *H NMR spectrum of #luoro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en1-one G6A).
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Figure20.*C NMR spectrum of 2luoro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en-1-one B6A).

The mechanism proposed tdfluorination ofN-propargylich-enaminoneg 3with

Sel ect f | uioSchem&@Xandgtissmélar to that fold-chloro substitution

of N-propargylicb-enaminoned3 with NCS Scheme22). In this reaction, the
fluorine bonded to nitr odleaboriofi3 Bhen,L ect f | u
hydrogen loss provided U-fluoro-substituted N-propargylic b-enaminones36

(Scheme22).
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Ry NH
X

36A

Scheme22. Proposed mechanism fakfluoro-substitution oiN-propargylich-
enaminoned3wi t h Sel ectfl uor E.

After the synthesis ofhloro- and fluoresubstituted\-propargylicb-enaminones
35and36, respectivelywe investigatedheir electrophilic cyclizatiomn withZnCl,

into 6-halo-2-methylene2,3-dihydro-1,4-oxazepine derivative37 and38.
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2.3 Cyclization of halogensubstituted N-propargylic b-enaminones

In thefinal phaseof this study, weinvestigatecelectrophilic cyclizatiorof halogen

substituted\-propargylich-enaminone85 and36 into seveAamentbered6-halo-2-

methylene2,3-dihydro-1,4-oxazepine derivatives 37 and 38. Consideriig our
previous work abouhe synthesis d,3-dihydro-1,4-oxazeping58], we performed
these cyclization reactions the presence of Zisalts Accordingly, optimization
reactions were carried out to determtinebest reaction conditions fetectrophilic
cyclizatiors of halogensubstituted\-propargylicb-enaminone85 and 36 (Table
7 and9).

Initially, we studied electrophilic cyclization 86A. Results of these experiments
are summarized iffable 7. All of these reactionglave thedesired échloro-2-
methylene5,7-diphenyt2,3-dihydro-1,4-oxazepine (37A), but the best result
(49%)was obtainedthy using2 equivalents of ZnGIn refluxingchloroform(Table

7, Entry 2. We alsotested dier zinc saltssuch aZnBr2 and Znp; however, their
yieldswere very low(Table7, Entries4 and5). Besides chlorofornwe used DCE,
DCM and ACN as solvent fahis reaction but they afforde®7A in 43, 32 and
15%, respectivelyTable7, Entries 68).
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Table 7. Synthesis of 6-chloro-2-methyleneb,7-diphenyt2,3-dihydro-1,4-
oxazeping37A). 2

Cl ZnX2

NH Solvent
\ Temperature
X
E and Z isomer

35A 37A

Entry ZnXz(eq.) Solvent Temperaturé e C Time (h) Yield (%)?

1  ZnClk(leq) CHChk 61 35 37
2 ZnCl2(2eq.) CHCl 61 5 49
3 ZnCl2(3eq.) CHCl 61 6.5 35
4 ZnBr2(1 eq.) CHCl 61 6 19
5 Znl2(Leq.) CHCls 61 4 18
6 ZnCh(2eq.) DCE 84 45 43
7  ZnCkh(2eq) DCM 39 6 32
8  ZnCh(2eq) ACN 82 3 15
9  ZnCkh(2eq.) CHCl 61 6 42¢
10  ZnCk(2eq) ACN 82 5 12¢

2Yield of the isolated products.

€Onepot reactionsvere carried ouvithout isolation at previoustep
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As seen inTable 7, onepot reactions werealso performed starting from N-
propargylic b-enaminone 13 wi t hou't I s -ahlos>-substituted N f
propargylic b-enaminone35 (Table 7, Entries 9 and 10)These reactions were
conducted ifCHCIls and ACN, but thegavethe product in low yields (42 and 12%,

respectively.

Finally, it can be concludethat the condition using 2 equivalents of Zn(@l
refluxing chloroform gave the best yield (49%) for the formation-ch®ro-2-
methylene2,3-dihydro-1,4-o0xazepine derivative87 (Table 7, Entry 2). So we
performed the synthesis of other chlaubstituted 1, 4xazepine derivatis37 by
using these conditiong &ble8). We achievedhe synthesis a23 novel 6chloro
2-methylene2,3-dihydro-1,4-0xazepine derivative37 in moderate to good yields
(Table8). Yields were between 31 to 80%.
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Table 8. Synthess of6-chloro-2-methylene2,3-dihydro-1,4-oxazepinalerivatives
37.2

R,
leo 2 eq. ZnCl, . Rl:@o/\{
Ry NH CHCL,, 61 °C Cl- \=N
\% Rz

6-chloro-2-methylene-2,3-
dihydro-1,4-oxazepine

35 37

E and Z isomers

37A (49%) 37B (44%) 37C (41%) 37D (31%)

37E (46%) 37F (39%) 37G (42%) 37H (65%)
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Table 8.Continued.

371 (78%) 37J (32%) 37K (51%)

37N (51%) 370 (48%) 37P (53%)

37Q (80%) 37R (68%) 37S (46%) 37T (31%)
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Table 8.Continued.

37U (71%) 37V (54%) 37W (39%)

2Yield of the isolated products.

As an exampletH and**C NMR spectra oB-chloro-2-methylene5, 7-diphenyt
2,3-dihydro-1,4-oxazeping37A) aregivenin Figure21 andFigure22. As seen in
'H NMR spectrum(Figure 21), methylenehydrogers on the ringresonate a#.59
ppm asasingletwhile exo-double bondydrogensappearat4.34 and 459 ppmas
doubles. Finally, the peaks of aromatien hydrogen®f phenyl groups come at
between7.36i 7.83 ppm (Figure21).
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Figure21. *H NMR spectrum of-chloro-2-methylene5, 7-diphenyt2,3-dihydro-
1,4-oxazeping37A).

In 3C NMR spectrum of @€hloro-2-methylene5,7-diphenyt2,3-dihydro-1,4-
oxazeping37A) (Figure22), methylene carboresonatest 54.5 ppnmwhile exo
double bond carbgionded to two hydrogenappearat 91.6 ppm. The olefinic
carbonwhich bonded to chlorineomesat 110.6 ppm. The remainigrbonpeaks
between 28.31168.2 ppm belong to twgpohenyl and oxazepine ring of 37A
(Figure22).
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Figure22. 13C NMR spectrum o06-chloro-2-methylene5, 7-diphenyt2,3-dihydro-
1,4-oxazepine 37A).

We performed the synthesis of fluesabstituted 14xazepine derivative38 by
using thesameconditionsfor the synthesis of chlorsubstituted 14xazepine
derivatives 37 (Table 9). We synthesized5 novel 6fluoro-2-methylene2,3
dihydro-1,4-oxazepine derivative88 in good to high yields (Table 9). Yields
changerom 59 to 93%.
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Table 9. Synthesis of §luoro-2-methylene2,3-dihydro-1,4-oxazepine derivatives
38.2

R,
Ffo 2 eq. ZnCl, Ry | O{
Ry”NH B F\=N
\ CHCl;, 61 °C R
NN 2
A
E isomer
6-fluoro-2-methylene-2,3-
dihydro-1,4-oxazepine
36 38

o{
|
F —N
38B (59%) 380 (93%)

38P(81%) 38V (74%)

2Yield of the isolated products.
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Proposed mechanism for electrophilic cyclization leélogensubstituted N-

propargylic b-enaminones35 and 36 into 6-halo-2-methylene2,3-dihydro-1,4-

oxazepine derivative87 and 38 is given in Scheme23. According toproposed

mechanismZnCl, coordinates witltarbonyloxygenand triple bondbringing them

closer to each other, and forms the intermediate con38€8cheme23). Then7-

exo-dig cyclizationoccurs givingcomplex40. Finally, its reaction with in situ
generated HCI produces ttergetproducts37 and38 (Scheme23).

R, u
@)
xS
Ry™ "N
H

35(X =Cl)
36 (X =F)

R,

37 (X =Cl)
38 (X=F)

ZnCl,

7-exo-dig
cyclization

- HCl

Scheme23. Proposed mechanism fdeetrophilic cyclization oN-propargylich-

enaminone85and36into 6-halo-2-methylene2,3-dihydro-1,4-oxazepine

derivatives37 and38.
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CHAPTER 3

CONCLUSION

To summarizejn this study, electrophilic cyclizatios of halogensubstitutedN-
propargylicb-enaminones85 and 36 were investigated, which affordédhalo-2-
methylene2,3-dihydro-1,4-oxazepine derivative37 and38.

In thefirst part of tre study starting compound$N-propargylicb-enaminoned43,
were synthesizeddrstly, Ub-alkynic ketone derivatived1 were synthesized via
Sonogashira crossoupling reactiorof aryloyl chlorides39 with terminal alkynes
40. After that conjugate addition reactions of propargylamitgeto Ub-alkynic
ketores 41 were performed to obtain N-propargylic b-enaminones13. We
synthesize@3 differentN-propargylicb-enaminone43 in good yields.

In thesecond part, wstudied halogeisubstitution reactions df-propargylicb-
enaminone derivativek3byusi ng NCS f or chlorine subst
for fluorine substitution We obtained the best result for chlesabstitutedN-
propargylicb-enaminones5 with 1.2 equivalent of NCS iracetonitrileat room
temperatue. On the other handluoro-substitutedN-propargylicb-enaminone86
were obtainedwith 1 e qui val ent oatetorfirdelateOc t. M2 u or E i
synthesized8 novel halo-substitutedN-propargylicb-enaminones35 and 36 in

moderate to good yields

In final stage of thistudy, we investigatecelectrophilic cyclizatios of halogen
substitutedN-propargylicb-enaminones5 and 36. These reactions afforded the
expected @alo-2-methylene2,3-dihydro-1,4-oxazepine derivative87 and 38.
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These reactions were achieved by usingdivalents of ZnGlin refluxing
chloroform Seveamembered ring forming reaction was found to be geriera
range ofN-propargylicb-enaminones and tolerated the presence of various aryl
groups with electronvithdrawing and electredonating substituents. In brief, we
synthesized28 novel 6-halo-2-methylene2,3-dihydro-1,4-oxazepine derivatives
37and38in good yields

The structures of these novel compounds were identifiééand*C NMR, IR
spectroscoppndHRMS.

Finally, asthe future work these éhalo-2-methylene2,3-dihydro-1,4-0xazepine

derivatives37 and38 will be tested for biologicactivity by a collaborative work
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CHAPTER 4

EXPERIMENTA L

'H and'3C NMR spectra wersecorded wittBruker Spectrospin Avance DPX400
Ultrashield spectrometeat 400 and 100 MHz. The chemical shift reports are in
parts per million (ppm) downfielth TMS (trimethylsilane) referencpgoint and
coupling constantsl) are in hertz (Hz)spin multiplicities are isinglet (s), doublet
(d), triplet (t), quartet (q)pentet, sextetin (multiplet) and broad (), doublet of
doublets (dd)doublet of triplets (dt) riplet of triplets (tt),triplet of doublets (td),
triplet of doublet of doublets (tddAfter reactionghe crude samples were purified
using silica gel (Merck 23@00) with flash chromatographyTLC (thin layer
chromatographypf 0.25 mm commercially available silica gel platesed for
monitoring the reactions and visualized with UV lanipfferent hexaneethyl
acetate solventmixtures were eluent for lash chromatographyand their
employmentsvere changed with respect volume:volume ratioThese solvents
were distilled whether the presence of impurlthyert atmosphere was provided
with Argon gas (ca. 0.1 psiill glassware and othequipments werevashed with

care and drieth oven.
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4.1 General Procedure 1. Synthesis of Ub-Alkynic Ketone
Derivatives 41

Aryloyl chlorides39 (1.2 mmo) was dissolved in THF (5.0 o) and PdCI(PPh)2
(0.02 mmo) and EtN (1.2 mmol), and Cul0.02 mmo) added orderly and stirred

in a round bottom flask at room temperature urggonatmosphere. After 10 min.
later terminal alkynd0 (1.0 mmo) was added to the reaction and reaction is started
to monitored by TLG19:1 hexane:EtOAc). When tieaction finishedextraction
with ethyl acetatg50 mL), saturated NECI solution (50mL) and 0.1 N HCI
solution was performed and the separated organic phase was driéthBith and
filtered. Finally, with flash chromatography using hexane as eluenperésrmed

to purify the crude product.

4.1.1 Synthesis ofl,3-Diphenylprop-2-yn-1-one (41A)
General Procedurkwas followed by usingénzoyl chloridg1.636g, 11.64 mmol)
PdCb(PPh)2 (136 mg, 0.19 mmol), BN (1.177g, 11.64 mmol), Cul37 mg, 0.19
mmol) and phenylacetylene (990 mg, 9.70 mmaje employed to afford. 935 g
(97%) of the indicated produaif 1,3-diphenylprop2-yn-1-one 41A. as yellow
liquid (Rr = 0.54 in 4:1 hexane/ethyl acetate).

41A: *H NMR (400 MHz, CDCJ) U 18816 (I 72H), 7.64 (di]=8.4, 1.8
Hz, 2H), 7.617.55 (m, 1H), 7.527.45 (m, 2H), 7.43 (dfl= 2.8, 2.1 Hz, 1H), 7.40
7.34 (m, 2H)’*C NMR (100 MHz,CD&) u 177.8 (CO), 136.8 (C),
132.9 (CH), 130.8 (CH), 129.4 (CH), 128.6 (C#28.6 (CH), 119.9 (C), 93.0 (C),
86.9 (C);IR (neat): 3059, 3032, 2195, 1638, 1597, 1579, 1488, 1448, 1314, 1284,
1239, 1208, 1171, 1096, 1069, 1031, 1011, 995, 920, 846, 814, 794, 757,696 cm
1 The spectral data were in agreement with those reppragbusly for this
compound59].

60



4.1.2 Synthesis ofl-Phenylhept-2-yn-1-one (41B)
General Procedurkwas followed by usingdnzoyl chloridg815 mg, 5.80 mmol)
PdCbk(PPh). (68 nmg, 0.12 mmol), BN (58 mg, 5.80 mmol), Cul32 ng, 0.12
mmol) and thexyne(397 mg, 4.8 mmol) were employed to afford Bdng (78%)
of the indicated producif 1-phenylhepi2-yn-1-one(41B) as pale orange liquidRs
=0.71 in 4:1 hexane/ethyl acetate).

41B: 'H NMR (400 MHz, CDCJ) U 18308 (In72H), 7.607.54 (m, 1H),
7.497.42 (m, 2H), 2.48 (1) = 7.1 Hz, 2H), 1.601.59 (m, 2H), 1.561.42 (m, 2H),
0.94 (t,J= 7.3 Hz, 3H);"®*C NMR (100 MHz, CDG&) &4 178.1 (CO),
133.8 (CH), 129.4 (CH), 128.4 (CH), 96.7 (C), 79.6 @.8 (CH), 21.9 (CH}),
18.8 (CH), 13.4 (CH). IR (neat): 3062, 3031, 2958, 2872, 2377, 2236, 2199, 1641,
1597, 1579, 1488, 1449, 1422, 1379, 1312, 1262, 1174, 1114, 1069, 1054, 1024,
999, 985, 961, 910, 844, 795, 745, 699'ciThe spectral data were agreement
with those repodd previously for this compourj@0].

4.1.3 Synthesis of 3(4-Nitrophenyl)-1-phenylprop-2-yn-1-one (41C)
General Procedurkwas followed by using benzoyl chlorig278 mg, 1.98 mmol)
PdCbk(PPh). (23 mg, 0.03 mmol), BN (200 mg, 1.98 mmol), Cul (6 mg, 0.03
mmol) and 1ethynyl4-nitrobenzene (2Img, 1.65 mmoljvere employed to afford
185 mg (4%) of the indicated product 3-(4-nitrophenyl}1-phenylprop2-yn-1-
one(41C) as bright yellow solidRs = 0.50 in 4:1 hexane/ethytetate)

41C: '"H NMR (400 MHz, CDC§) U 8 J=289®, 1(9 @H),,8.238.17 (m,
2H), 7.84 (dtJ = 8.9, 1.9 2H), 7.67 (tt) = 2.4, 1.2 Hz, 1H), 7.57.52 (ddJ =
10.7, 4.8 Hz, B); ®*C NMR (100 MHz,CD&) 4 177.5 (CO), 148.
134.8(CH), 133.8 (C), 129.8 (CH), 128.9 (CH), 126.9 (CH), 123.9 (CH), 89.9 (C),
89.3 (C);IR (neat): 3104, 3067, 2934, 2844, 2696, 2444, 2322, 2289, 2205, 2145,
1980, 1935, 1811, 1782, 1733, 1685, 1633, 1592, 1519, 1449, 1402, 1370, 1341,
1312, 1287, 1211, 1169102, 1027, 1007, 855, 804, 751, 711, 681, 642, 525, 426
cml. The spectral data were in agreement with those reppreviously for this

compound60].
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4.1.4 Synthesis 0of3-(4-M ethoxyphenyl)1-phenylprop-2-yn-1-one (41D)
General Procedurkwas followed by usinggenzoyl chloridg319 mg, 2.27 mmol)
PdCb(PPh)2 (27 mg, 0.04 mmol), BN (231 mg, 2.27 mmol), Cul (7 mg, 0.04
mmol) and 4ethynylanisole (30mg, 1.89 mmolwere employed to afford 317 mg
(71%) of the indicated produdf 3-(4-methxyphenyl)1-phenylprop2-yn-1-one
(41D) as yellow solidR: = 0.41 in 4:1 hexane/ethyl acetate)

41D: 'H NMR (400 MHz, CDC4) U i88l4 @n72H), 7.687.56 (m, 3H),
7.537.47 (m, 2H), 6.91 ()= 9.3, 2.3 Hz, 2H), 3.83 (s, 3HFC NMR (100 MHz,
cbClk)u 178.0 (CcO), 161.8 (C), 137.1 (C), 135.
128.6 (CH), 114.5 (CH), 111.9 (C), 94.4 (C), 86.9 (C), 55.53}R (neat): 3198,
3096, 3077, 3052, 3014, 2978, 2941, 2842, 2594, 2555, 2424, 2325, 2185, 2083,
2068, 1979, 1911, 1828783, 1730, 1659, 1622, 1597, 1568, 1510, 1459, 1441,
1315, 1293, 1253, 1210, 1189, 1168, 1113, 1009, 833, 793, 695Tbmspectral
data were in agreement with those reported previously for this comgé0nd.

4.1.5 Synthesis of3-Pheny}1-(p-tolyl)prop-2-yn-1-one (41E)
General Procedurkwas followed by using-toluoyl chloride(505 mg, 3.26 mmol)
PdCh(PPHR)2 (38 mg, 0.05 mmol), BN (330 mg, 3.26 mmol), Cul (10 mg, 0.05
mmol) and phenylacetylene (278 mg, 2.72 mmaje employed to afford 22ng
(86%) of the indicated product ofghenytl-(p-tolyl)prop-2-yn-1-one (41E) as
orangeyellow solid(R = 0.67 in 4:1 hexane/ethyl acetate)

41E: *H NMR (400 MHz, CDC{) U 8J=18.2 Hz 2H), 7.707.64 (m,
2H), 7.50 7.35 (m, 3H), 7.30 (d= 8.1 Hz, 2H), 2.43 (s, 3H}*C NMR (100 MHz,
cbCk)y uw 177.7 (CO), 145.3 (C), 134.7 (C), 13:
129.4 (CH), 128.7 (CH), 120.3 (C), 92.7 (C), 87.0 (C), 21.93JR (neat): 3257,
3063, 3022, 2198, 1633, 1601, 1569, 1505,714842, 1406, 1382, 1308, 1283,
1207, 1167, 1113, 1070, 1030, 1010, 995, 971, 926, 851, 8317598736, 689
cmt. The spectral data were in agreement with those reported previoustys

compound60].

62



4.1.6 Synthesis of 3(4-Methoxyphenyl)-3-phenylprop-2-yn-1-one (41F)
General Procedurewas followed by using-methoxybenzoyl chloridé520 mg,
3.05 mmol)PdChk(PPh)2 (36 mg, 0.05 mmol), EN (308 mg, 3.05 mmol), CullQ
mg, 0.05 mmol) and phenylacetylene (259 mg, 2.54 mwe¢ employed to afford
598 mg (99%) of the indicated produaft 1-(4-methoxyphenyh3-phenylprop2-
yn-1-one(41F) as yellow solidRr = 0.46 in 4:1 hexane/ethyl acetate).

41F: 'H NMR (400 MHz, CDCJ) U 18812 (In82H), 7.6i77.59 (m, 2H),
7.477.32 (m,3H), 7.03 6.84 (m, 2H), 3.83 (s, 3H}3C NMR (100 MHz, CDGJ)

i 176.5 (CO), 164.5 (C), 132.9 (CH),

(CH), 120.2 (C), 113.9 (CH), 92.2 (C), 86.9 (C), 55.5 {CHR (neat): 3009, 2956,
2847, 2195, 1627, 1594, 15686508, 1486, 1456, 1439, 1419, 1332, 1291, 1257,
1213, 1172, 1156, 1029, 1009, 993, 838, 820, 759, 681 The spectral data were

in agreement with those reported previously for this comp{&eid

4.1.7 Synthesis of 3(4-Chlorophenyl)-3-phenylprop-2-yn-1-one (41G)
General Procedurkwas followed by using-chlorobenzoyl chloridé525 mg, 3.0
mmol) PdCbk(PPHR)2 (35 mg, 0.05 mmol), BN (304 mg, 3.0 mmol), Cul10 mg,
0.05 mmol) and phenylacetylene (255, mmol)were employed to afford 49
mg (8%) of the indicated producf 1-(4-chlorophenyl}3-phenylprop2-yn-1-one
(41G) as yellow solidRr = 0.68 in 4:1 hexane/ethyl acetate)

41G: '"H NMR (400 MHz, CDCY) U 8J=B.B Hz 2H), 7.767.59 (m,

2H), 7.557.34 (m, 5H);33C NMR (100 MHz, CDGJ)) & 176.6 ( CO) ,
135.3 (C), 133.1 (CH), 131.0 (C), 130.9 (CH), 129.0 (CH), 128.8 (CH), 119.9 (CH),

93.7 (C), 86.6 (C)IR (neat): 3262, 3085, 3061, 3032, 3032, 2472,721953,

1649, 1582, 1480, 1445, 1398, 1301, 1276, 1205, 1168, 1108, 1089, 1029, 1007,

994, 913, 847, 812, 749, 738, 680 triThe spectral data were in agreement with

those repo#dd previously for this compourjé0].
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4.1.8 Synthesis of 3(4-Nitrophenyl)-3-phenylprop-2-yn-1-one (41H)
General Procedurewas followed by using-fitrobenzoyl chloridé532 mg, 2.87
mmol) PACk(PPh). (34 mg, 0.05 mmol), BN (290 mg, 2.87 mmol), Cub(mg,
0.05 mmol) and phenylacetylene (244 mg, 2.39 mmelle employed to afford
447 mg (74%) of the indicated prodwdétof 1-(4-nitrophenyl}3-phenylprop2-yn-
1-one(41H) as yellow solidRr = 0.5 in 4:1 hexane/ethyl acetate)

41H: *H NMR (400 MHz, CDCJ) U 78834 #n24H), 7.71 (] = 7.2 Hz,
2H), 7.54 (1J=7.4 Hz, 1H), 7.46 () = 7.5 Hz, 2H)*C NMR (100 MHz, CDG))
a4 176.0 (CO), 150. 9H),(181)6,C4),118016.(@), 1¢89) , 133. 42
(CH), 124.0 (&), 119.5 (C), 95.6 (C), 86.7 (AR (neat): 3280, 3112, 3048, 2918,
2854, 2194, 1993, 1644594, 1517, 1484, 1443, 1407, 1343, 1321, 1299, 1278,
1201, 1171, 1105, 1071, 1025, 1008, 992, 927, 867, 856, 827, 808, 759, 704, 688
cml. The spectral data were in agreement with those repprésibusly for this
compound61].

4.1.9 Synthesis ofl-(2-Bromophenyl)-3-phenylprop-2-yn-1-one (41l)

General Procedurkewas followed by using-bromobenzoyl chloridé55 mg, 2.53
mmol) PdCbk(PPh)2 (30 mg, 0.04 mmol), BN (256 mg, 2.53 mmol), CuB(mg,
0.04 mmol) and phenylacetylene (215 mg, 2.11 mmelle employed to afford
338 mg (56%) of the indicated prodwit1-(2-bromophenyl3-phenylprop2-yn-
1-one(41l) as yellow oil(Rs = 0.3 in 4:1 hexane/ethglcetate).

41: '"H NMR (400 MHz, CDCd) G 8 J9 7.7, {.7dHa,,1H), 7.69 (dd,
J=17.9, 1.1 Hz, 1H), 7.66.60 (m, 2H), 7.547.30 (m, 5H);3C NMR (100 MHz,
cbCk)y @ 177.5 (CcoOo), 137.5 (C), 134.9 (CH), 13
131.1 (CH), 128.8 (CH), 127.5 (CH), 121.3 (C), 119.9 (C), 94.3 (C), 87.9RC);
(neat): 3059, 21921733, 1648, 1584, 1562, 1488, 1464, 1443, 1431, 1372, 1297,
1201, 1128, 1062, 1026, 1007, 994, 814, 757, 736, 688 The spectral data were

in agreement with those reporteeviously for this compounié1].
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4.1.10 Synthesis ofl-Phenyl3-(thiophen-3-yl)prop-2-yn-1-one(41J)
General Procedurkwas followed by usingenzoyl chlorid€477 mg, 3.39 mmol)
PdCb(PPh). (40 mg, 0.06 mmol), BN (344 mg, 3.39 mmol), Cul (1 mg, 0.06
mmol) and 3ethynylthiophene (306 mg, 2.83 mmulere employed to afford 539
mg ©0%) of the indicated produdf 1-phenylt3-(thiophen3-yl)prop-2-yn-1-one
(413) as orangdrown oil (R = 0.67 in 4:1 hexane/ethgtetate).

41J): *H NMR (400 MHz, CDCJ) U 18814 (n32H), 7.967.72 (m, 1H),
7.647.58 (m, 1H), 7.50 () = 7.6 Hz, 2H), 7.467.33 (m, 1H), 7.327.27 (m, 1H);

13C NMR (100 MHz,CDC)) & 178.0 (CO), 136.8 (C),

130.3 (CH), 129.6 (CH), 128.7 (CH), 126.4 (CH), 119.4 88)6 (C), 87.2 (C)R

(neat): 3105, 3063, 2148, 1631, 1596, 1546, 1514, 1487, 1448, 1409, 1359, 1312,

1266, 1217, 1167, 1080, 1032, 1014, 924, 872, 827, 784, 695Tdm spectral

data were in agreement with those reported previously for this compéind

4.1.11 Synthesis of3-(3-Fluorophenyl)-1-phenylprop-2-yn-1-one (41K)
General Procedurkwas followed by usingpenzoyl chloridd452 mg, 3.22 mmol)
PdCb(PPHR)2 (37 mg, 0.05 mmol), BN (325 mg, 3.22 mmol), Cul (10 mg, 0.05
mmol) and1-ethynyt3-fluorobenzene (32 mg, 2.68 mmol)were employed to
afford 443 mg (4%) of the indicated productf 3-(3-fluorophenyl}1-phenylprop
2-yn-1-one(41K) as yellow solidRrs = 0.68 in 4:1 hexane/ethyl acetate); mp 0.1
61.0°C.

41K: 'H NMR (400 MHz,CDCls) U 8305 (n82H), 7.647.55 (m, 1H),
7.47 (tJ=7.7 Hz, 2H), 7.41 (d] = 7.7 Hz, 1H), 7.3i77.27 (m, 2H), 7.1i77.09 (m,

1H); ®C NMR (100 MHz, CDG) U 177 .5 (0©2483Hzp®),. 22

136.6 (CH), 134.3 (CH), 130.4 (8] = 8.4 Hz, CH), 129.5 (CH), 128.9 (= 3.0
Hz, CH), 128.7 (¢ 121.9 (d3J = 9.3 Hz, C), 119.6 (] = 23.3 Hz, CH), 118.2
(d, 23 = 21.1 Hz, CH), 90.9 (dJ = 3.3 Hz, C), 87.1 (C)R (neat): 3259, 3000,
2458, 2201, 1649, 1597, 1579, 1485, 14686144126, 1338, 1314, 1299, 1267,
1251, 1228, 1169, 1144, 1077, 1029, 1015, 998, 923, 867, 781, 765, 69Ttem
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spectral data were in agreement with those redgsteviously for this compound
[63].

4.1.12 Synthesis of 1-(2-Bromophenyl)-3-(4-bromophenyl)prop-2-yn-1-one
(41L)
General Procedurevitas followed by using-bromobenzoyl chlorid€70mg, 1.23
mmol) PACk(PPh). (14 mg, 0.02 mmol), BN (125 mg, 1.23 mmol), Cuk(mg,
0.02 mmol) and -broma4-ethynylbenzene (185 mg, 1.02 mmeai¢re employed
to afford 3b mg (&%) of the indicated produadf 1-(2-bromophenyh3-(4-
bromophenyl)prog2-yn-1-one(41L ) as yellow solidRs = 0.63 in 4:1 hexane/ethyl
acetate); mp 88i@9.1°C.

41L: '"H NMR (400 MHz, CDCGd) U 7 J9B7, I(7dHd, 1H), 7.56 (dd,
J=7.9, 1.0 Hz, 1H), 7.43.29 (m, 5H), 7.25 (td] = 7.6, 1.8 Hz, 1H)**C NMR
(1000MHz,CDC$) & 177.1 (CO), 137.1 (C), 134.9 (CH
132.8 (CH), 132.1 (CH), 127.4 (CH), 125.8 (C), 121.2 (C), 118.8Z7 (C), 88.7
(C); IR (neat): 3233, 3088, 3068, 2401, 2359, 2306, 2195, 1903, 1825, 1728, 1631,
1580, 1482, 1426, 1391, 1299, 1202, 1174, 1059, 1025, 1006, 823, 809, 772, 731,
687 cm'; MS (ESI, m/z): 362.90 [M+H} HRMS (ESI) calcd. for GHo°Br20:
362.9014 [M+HJ, found: 362.9001; MS (ESI, m/z): 364.90 [M+HHRMS (ESI)
calcd. for GsHo"Br8'BrO: 364.8994 [M+H], found: 364.8991; MS (ESI, m/z):
366.90 [M+H]; HRMS (ESI) calcd. for GHe®'Br.0: 366.8974 [M+H], found:
366.8970.

4.1.13 Synthesis of3-(3-Fluorophenyl)-1-(4-methoxyphenyl)prop-2-yn-1-one
(41m)

General Procedure Was followed by using-#nethoxybenzoyl chloridé966 mg,
5.66 mmol)PdChk(PPh)2 (66 mg, 0.09 mmol), BN (573 mg, 5.66 mmol), Cul &
mg, 0.09 mmol) and -gthynyt3-fluorobenzene (566 mg, 4.72 mmoNere
employed to afford 147 g (96%) of the indicated produadt 3-(3-fluorophenyl}
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1-(4-methoxyphenyl)prof2-yn-1-one(41M) as pale orange sol{@® = 0.48 in 4:1
hexane/ethyl acetate); n92.8 93.3°C.

41IM: 'H NMR (400 MHz, CDCJ) U 18813 (in82H), 7.44 (dt]=7.7, 1.1
Hz, 1H), 7.417.31 (m, 2H), 7.17 (tddl= 8.4, 2.6, 1.0 Hz, 1H), 7.06.94 (m, 2H),
3.89 (s, 3H)®C NMR (100 MHz,CDG)) U 176.4 (CO),U=164.8 (
248.1 Hz, &), 132.1 (CH), 130.5 (] = 8.5 Hz, CH), 130.2 (C), 128.9 (8] =
2.9 Hz, CH), 122.3 (J = 9.4 Hz, C), 119.6 (d&,J = 23.1 Hz, CH), 118.1 (&J =
21.3 Hz, CH), 114.1 (CH), 90.4 (t = 3.1 Hz, C), 87.3 (C), 55.7 (GH IR (neat):
3074, 3032, 2939, 2901, 2842, 3198, 1946, 1916, 1809, 1748, 1630, 1595, 1572,
1508, 1485, 1421, 1332, 1304, 1258, 1233, 1191, 1159, 1143, 1025, 999, 919, 872,
837, 780, 750, 676 chy MS (ESI, m/z): 255.08 [M+H} HRMS (ESI) calcd. for
Ci16H12FO2: 255.0816 [M-H]", found: 255.0823.

4.1.14 Synthesis of3-(4-Chlorophenyl)-1-phenylprop-2-yn-1-one (41N)
General Procedurkwas followed by using benzoyl chlori¢g37 mg, 2.39 mmol)
PdCb(PPh). (28 mg, 0.04 mmol), BN (243 mg, 2.39 mmol), Cul§ mg, 0.04
mmol) and ichloro4-ethynylbenzene (273 mg, 1.99 mmalere employed to
afford 414 mg (86%) of the indicated produat 3-(4-chlorophenyl}1-phenylprop
2-yn-1-one(41N) as yellow solidRs = 0.63 in 4:1 hexane/ethyl acetate)

4IN: 'H NMR (400MHz, CDCk) U 8J=(0.2 HZ 2H), 7.547.39 (m,
3H), 7.35 (tJ = 7.6 Hz, 2H), 7.20 (d] = 8.4 Hz, 2H)*C NMR (100 MHz, CDG))
a 177.5 (CO), 137.1 (C), 136.6 (C), 134
(CH), 118.5(C), 91.5 (C), 87.5 (C). (Ndkeaat two CH peaks overlap on each other);
IR (neat): 3408, 3251,3211, 3157, 3083, 3054, 3031, 3002, 2504, 2433, 2327, 2309,
2196, 2116, 2032, 1966, 1915, 1825, 1786, 1733, 1697, 1659, 1629, 1598, 1578,
1489, 1478, 1447, 1399, 1316, 1294, 1205, 1170, 1@EH), 1008, 939, 821, 791,
722, 692 crit. The spectral data were in agreement with those eghpreviously
for this compound60].
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4.1.15 Synthesis ofl-Phenyl3-(p-tolyl)prop -2-yn-1-one (410)
General Procedurkwas followed by usingpenzoyl chloridg919 mg, 6.54 mmol)
PdCb(PPh). (77 mg, 0.11 mmol), EN (662 mg, 6.54 mmol), Cul (2mg, 0.11
mmol) and lethynyt4-methylbenzene (&8mg, 5.45 mmolwere employed to
afford 82l mg (68%) of the indicated product ofphenyt3-(p-tolyl)prop-2-yn-1-
one (410) as browniskorange solidRs = 0.56 in 4:1 hexane/ethyl acetate); mp
58.3'59.6°C.

410: *H NMR (400 MHz, CDCJ) U 8 J4830, 1(0dHz 2H), 7.59.28
(m, 5H), 7.06 (dJ = 7.9 Hz, 2H), 2.22 (s, 3H}*C NMR (100 MHz, CDQ) U
177.4 (CO), 141.2 (C)1L36.6 (C), 133.7 (CH), 132.8 (CH), 129.2 (CH), 129.1 (CH),
128.3 (CH), 116.6 (C), 93.4 (C), 86.6 (C), 21.3 (LR (neat): 3066, 3025, 2915,
2854, 2442, 2325, 2303, 2193, 2125, 1969, 1916, 1826, 1731, 1671, 1626, 1596,
1577, 1507, 1488, 1448, 1409, 5321314, 1293, 1245, 1206, 1168, 1119, 1106,
1072, 1029, 1007, 958, 939, 855, 814, 793, 765, 696 Time spectral data were

in agreement with those reported previously for this comp{&eid

4.1.16 Synthesis of 1-(4-Chlorophenyl)-3-(3-fluorophenyl)prop-2-yn-1-one
(41P)
General Procedurkewas followed by using-chlorobenzoyl chlorid€l1.237 g, 7.07
mmol) PdCk(PPH)2 (83 mg, 0.118 mmol), EN (715 mg, 7.07 mmol), Cul (22 mg,
0.12 mmol) and 1ethynyt3-fluorobenzne (7@ mg, 5.89 mmolwere employed
to afford 20 mg (61%) of the indicated product 1-(4-chlorophenyl)3-(3-
fluorophenyl)prop2-yn-1-one (41P) as pale orange soligR: = 0.70 in 4:1
hexane/ethyl acetate); mp 126126.3°C.

41P: 'H NMR (400 MHz, CDGY) U 8J=B8.3 HZ, 2H), 7.527.44 (m,
3H), 7.447.33 (m, 2H), 7.247.14 (m, 1H);"*C NMR (100 MHz,CDG) U 17 6.
(CO), 162.4 (dXJ = 248.6 Hz, ), 141.1 (C), 135.2 (C), 131.0 (CH), 130.6d,
= 8.6 Hz, CH), 129.2 (CH), 129.1 (8 = 3.0 Hz, CH), 121.8 (#J = 9.2 Hz, C),
119.8 (d,2) = 23.4 Hz, CH), 118.6 (d) = 21.2 Hz, CH), 91.7 (d) = 3.2 Hz, C),
86.9 (C);IR (neat): 3251, 3090, 3078, 3059, 3040, 2454, 2324, 2202, 1941, 1923,
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1867, 1788, 1722, 1682, 1633, 1607, 1582, 14828, 1398, 1304, 1268, 1223,
1168, 1154, 1108, 1087, 1030, 1008, 922, 889, 842, 783, 738, 718, 67M&m
(ESI, m/z): 259.0M+H]*; HRMS (ESI) calcd. for GHoCIFO: 259.0320M+H] *,
found: 259.0319

4.1.17 Synthesis of 1-(2-Bromophenyl)-3-(3-fluorophenyl)prop-2-yn-1-one
(41Q)
General Procedutkwas followed by using-Bromobenzoyl chloridé€l.321 g, 6.02
mmol) PACk(PPh). (70 mg, 0.10 mmol), BN (609 mg, 6.02 mmol), Cul (19 mg,
0.10 mmol) and Zthynyt3-fluorobenzene (602 mg, 5.01 mmalere employed
to afford 808 mg (8%) of the indicated produadf 1-(2-bromophenyh3-(3-
fluorophenyl)prop2-yn-1-one(41Q) as orange soli(Rr = 0.58 in 4.1 hexane/ethyl
acetate); mp 61i%2.5°C.

41Q: '"H NMR (400 MHz, CDC)) U 8 J9717, 1(5dHz, 1H), 7.64.53
(m, 1H), 7.437.35 (m, 1H), 7.387.25 (m, 3H), 7.267.17 (m, 1H), 7.187.05 (m,
1H). ®C NMR (100 MHz, CDG) G 176. 6 (C-OM82Hr6E,. 9 ( d,
136.5 (C), 134.8 (CH), 133.4 (CH), 132.8 (CH), 130.3%]d; 8.4 Hz, GH), 128.7
(d,*J=3.0 Hz, CH), 127.3 (CH), 121.4 (%= 9.4 Hz, C), 120.9 (C), 119.3 (&,
=23.1 Hz, CH), 118.2 (d) = 21.1 Hz, CH), 91.7 (d,) = 3.4 Hz, C), 87.8 (C)R
(neat): 3069, 2195, 1648, 1579, 1520, 1484, 1429, 1336, 1301, 1263, 1222, 116
1149, 1079, 1059, 1011, 922, 872, 785, 736, 69%,diS (ESI, m/z): 302.98
[M+H]*; HRMS (ESI) calcd. for @He"*BrFO: 302.9815[M+H], found: 302.9823.

4.1.18 Synthesis ofl-(2-Bromophenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one
(41R)

General Procedurkewas followed by using-bromobenzoyl chloridé501 mg, 2.28
mmol) PdCk(PPh)2 (33 mg, 0.@ mmol), EgN (231 mg, 2.28 mmol), Cul (9 mg,
0.04 mmol) and 1ethynyt4-methoxybenzene (25ng, 1.90 mmoljvere employed
to afford 432 mg (72%) of the indicated produdt 1-(2-bromophenyh3-(4-
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methoxyphenyl)prof2-yn-1-one (41R) as pale yellow solidRs = 0.33 in 4:1
hexane/ethyl acetate); mp 5253.0°C.

41R: 'H NMR (400 MHz, CDCJ) U 8 J9747, ,(7dHg, 1H), 7.77.61
(m, 1H), 7.607.54 (m, 2H), 7.4i77.40 (m, 1H), 7.35 (tdl= 7.7, 1.8 Hz, 1H), 6.95
6.85 (m, 2H), 3.81 (s, 3H}3.C NMR (100 MHz,CDG&) G 177.4 (CO), 161. 9
137.7 (C), 135.2 (CH), 134.8 (CH), 133.2 (CH), 132.5 (CH),422H), 120.9 (C),
114.4 (CH), 111.5 (C), 95.6 (C), 88.1 (C), 55.4 (ZHR (neat): 3096, 3069, 3054,
3009, 2973, 2958, 2931, 2908, 2843, 2554, 2424, 2322, 2185, 2084, 2045, 1956,
1895, 1841, 1805, 1732, 1647, 1619, 1585, 1563, 1506, 1461, 144713476,
1305, 1292, 1252, 1209, 1191, 1172, 1109, 1062, 1024, 827, 766, 729, 704, 679
cm. The spectral data were in agreement with those reppreadously for this

compound62].

4.1.19 Synthesis ofl-(4-Chlorophenyl)-3-(m-tolyl)prop -2-yn-1-one (41S)
General Procedurkwas followed by using-chlorobenzoyl chlorid€@89 mg, 5.65
mmol) PACk(PPh)2 (66 mg, 0.09 mmol), BN (572 mg, 5.65 mmol), Cul @mg,
0.09 mmol) and &thynyltoluene (547 mg, 4.71 mmallere employed to afford
865 mg (72%) of the indicated product of(4-chlorophenyl3-(m-tolyl)prop-2-
yn-1-one (41S) as pale yellow solidR: = 0.67 in 4:1 hexane/ethyl acetate); mp
80.481.5°C.

41S: 'H NMR (400 MHz, CDC) U 188L1 (np2H), 7.527.46 (m, 4H),
7.357.28 (M, 2H)2.39 (s, 3H)®*C NMR (100MHz,CDG) U 176.6 (CO), 140
(C), 138.6 (C), 135.4 (C), 133.6 (CH), 131.9 (CH), 130.9 (CH), 130.3 (CH), 128.9
(CH), 128.7 (CH), 119.7 (C), 94.1 (C), 86.4 (C), 21.2 {CIR (neat): 3244, 3194,
3089, 3058, 2951, 2916, 2853, 2185, 1925, 1793, 1668, 1627, 1597, 1583, 1479,
1453, 1397, 1363, 1312, 1301, 1283, 1222, 1164, 1106, 1088, 1033, 1007, 913, 897,
881, 839, 781, 741, 715, 685 ¢nMS (ESI, m/z): 255.06 [M+H] HRMS (ESI)
calcd. for GeH12ClO: 255.0571 [M+H], found: 255.0568.
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4.1.20 Synthesis of 1-(4-M ethoxyphenyl)3-(thiophen-3-yl)prop -2-yn-1-one
(41T)
General Procedurg was followed by using-methoxybenzoyl chloride (267 g,
7.43 mmol)PdCk(PPh)2 (87 mg, 0.12 mmol), BN (752 mg, 7.43 mmol), Cul
mg, 0.12 mmol) and-8thynylthiophene (B0 mg, 6.12 mmolwere employed to
afford 961 mg (64%) of the indicatedof 1-(4-methoxyphenyh3-(thiophen3-
yhprop-2-yn-1-one (41T) product as pale yellow solidRr = 0.37 in 4:1
hexane/ethyl acetate); mp 100192.3°C.

41T: 'H NMR (400 MHz, CDCJ) & 8J1=18® HZ, 2H), 7.75 (dd] =
2.9, 1.0 Hz, 1H), 7.3%.25 (m, 1H), 7.23 (ddl= 5.0, 1.0 Hz, 1H), 6.90 (d,= 8.9
Hz, 2H), 3.79 (s, 3H:3C NMR (100 MHzCDClL) & 1 @)6164% (Q), €33.7
(CH), 131.9 (CH), 130.2 (CH), 130.1 (CH), 126.3 (C), 119.4 (CH), 113.9 (C), 87.8
(C), 87.2 (C), 55.6 (Ch}; IR (neat): 3095, 3079, 3012, 2993, 2956, 2899, 2842,
2226, 2185, 2052, 1625, 1596, 1571, 1506, 1474, 1433, 1861, 1301, 1280,
1256, 1222, 1179, 1156, 1031, 1011, 926, 876, 839, 823, 791, 752, 712,§80 cm
MS (ESI, m/z): 243.05 [M+H] HRMS (ESI) calcd. for GH110,S: 243.0474
[M+H] *, found: 243.0477.

4.1.21 Synthesis ofl-(2-Bromophenyl)-3-(m-tolyl)prop -2-yn-1-one (41U)
General Procedutewas followed by using-bromobenzoyl chloride (@41 g, 4.74
mmol) PACk(PPh)2 (56 mg, 0.08 mmol), EN (480 mg, 4.74 mmol), Cul (15 mg,
0.08 mmol) and thynyl3-methylbenzene (459 mg, 3.95 mmua#re employed
to afford 1041 g (88%) of the indicated producf 1-(2-bromophenyh3-(m-
tolyl)prop-2-yn-1-one (41U) as yellow liquid (Rs = 0.54 in 4:1 hexane/ethyl
acetate).

41U: *H NMR (400 MHz, CDC§) & 8J.=0.B Hz( 1¢H), 7.66 (d]= 7.8
Hz, 1H), 7.517.39 (m, 3H), 7.36 () = 7.6 Hz, 1H), 7.307.19 (m, 2H), 2.34 (s,
3H);®CNMR (100 MHz,CD&) & 177.2 (CO), 138.4 (C),
133.4 (CH), 133.3 (CH), 132.7 (CH), 131.9 (CH), 130.1 (CH), 128.5 (CH), 127.4
(CH), 121.0(C), 119.6 (C), 94.4 (C), 87.7 (C), 21.1 (§HR (neat): 3057, 3025,

71



2948, 2919, 2342, 2186, 2051, 1982, 1646, 1584, 1562, 1482, 1463, 1431, 1379,
1300, 1262, 1221, 1165, 1127, 1094, 1063, 1017, 901, 784, 737, 68BISN(ESI,

m/z): 299.01 [M+H]; HRMS (ESI) calcd. for @H12°BrO: 299.0066 [M+H],

found: 299.0070.

4.1.22 Synthesis of3-(3-Fluorophenyl)-1-(p-tolyl)prop -2-yn-1-one (41V)
General Proceduré was followed by usingp-toluoyl chloride (1.169mg, 7.56
mmol) PACk(PPh). (88 mg, 0.13 mmol), BN (765 mg, 7.56 mmol), Cul @2mg,
0.13 mmol) and Zthynyt3-fluorobenzene (76mg, 6.3 mmol) were employed
to afford 1406 g (%%) of the indicated produadf 3-(3-fluorophenyl}1-(p-
tolyl)prop-2-yn-1-one(41V) as yellow solidRs = 0.63 in 4:1 hexane/ethyl acetate);
mp 64.7 65.6°C.

41V: 'H NMR (400 MHz, CDCJ) G 8J=08@ HZ, #), 7.35 (dt,J =
7.7, 1.2 Hz, 1H), B2i 7.27 (m, 1H), 7.267.18 (m, #), 7.08 (tddJ=8.4, 2.6, 1.1
Hz, 1H), 2.33s, H); ®C NMR (100 MHz,CITl;) & 177. 00 W<€0) ,
248.1 Hz, ®), 145.3 (C), 134.2 (C), 130.3 (tI,= 8.4 Hz CH), 129.5 (CH), 129.2
(CH), 128.7 (d*J = 3.0 Hz CH), 121.8 (d3J = 9.4 Hz, C), 119.4 (¢) = 23.0 Hz,
CH), 117.9 (d2J = 21.1 Hz, CH), 90.3 (d)) = 3.4 Hz, C), 87.1 (C), 21.57 (GH
IR (neat): 3063, 3042, 2948, 2911, 2204, 1982, 1944, 1865, 1824, 1796, 1738, 1625,
1599, 1579, 1504, 1479, 1440, 1426, 1407, 1374, 1300, 1233, 1167, 1150, 1118,
1082, 1031, 1011, 920, 899, 835, 784, 739, 679;dwS (ESI, m/z): 239.09
[M+H] *; HRMS (ESI) calcd. for GH12FO: 239.0867 [M+H], found: 239.0875.

4.1.23Synthesis ofl-(2-Bromophenyl)-3-(4-fluoro -3-methylphenyl)prop-2-yn-
1-one (41W)

General Procedurkewas followed by using-Bromobenzoyl chloridé988 mg, 4.50
mmol) PACk(PPh)2 (53 g, 0.08 mmol), EN (456 mg, 4.50 mmol), Cul (14 mg,
0.08 mmol) and 4thynytl-fluoro-2-methylbenzene (80mg, 3.75 mmolwere
employed to afford IBmg (81%) of the indicated produci 1-(2-Bromophenyh
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3-(4-fluoro-3-methylphenyl)prog2-yn-1-one (41W) as yellow solid(Rs = 0.64 in
4:1 hexane/ethyl acetate); mp 648.1°C.

41W: 'H NMR (400 MHz, CDCJ) G 7 J977, 1(7Hd, 1H), 7.54 (dd,
J=7.9, 1.0 Hz, 1H), 7.4%.23 (m, 4H), 6.966.82 (m, 1H), 2.14 (d) = 1.7 Hz,

3H): 2%C NMR (100 MHz, CDG)) U4 176. 9 (LC-0%28Hz,6EL. 7 ( d,

137.1 (C), 136.5 (&) = 6.1 Hz, CH), 134.9 (CH), 133.5 (CH), 132.8 (CH), 132.7
(CH), 127.5 (CH), 125.9 (¢J = 18.3 Hz, C), 121.1 (C), 115.7 (&1, = 23.4 Hz,

CH), 1156 (d,*J = 3.6 Hz, C), 93.4 (C), 87.6 (C), 14.2 fd,= 3.3 Hz, CH); IR

(neat): 3264, 3094, 3063, 2924, 2325, 1642, 1606, 1585, 1561, 1494, 1466, 1430,
1398, 1378, 1311, 1291, 1263, 1229, 1156, 1117, 1059, 1033, 1014, 989, 955, 923,
888, 816, 775, 731,12, 677 crt; MS (ESI, m/z): 316.10 [M+H} HRMS (ESI)

calcd. for GeH11"°BrFO: 316.9982 [M+H], found: 316.9981; MS (ESI, m/z):
318.10 [M+HT; HRMS (ESI) calcd. for GH1:2'BrFO: 318.9962 [M+H], found:
318.9962.

4.2 General Procedure2. Synthesis ofN-Propargylic b-Enaminones
13

Ub-Alkynic ketones41 (1.0 mmo) and propargylaming42) (1.2 mmol) were
mixed in refluxing methand5 mL) in a roundbottomed flask, reaction duration
was about 2 hourand reaction is monitored by TL®:1 hexane:EtOAC)After
reaction waginished methanol was removedlith rotary evaporator and theucte
sample is prufied with ldsh chromatography with silica galsing 9:1

hexane:EtOAc as eluent.

4.2.1 Synthesis of (Z2)-1,3-Diphenyl-3-(prop-2-yn-1-ylamino)prop-2-en-1-one
(13A)

General Procedurg2 was followed by usind.,3-diphenylprop2-yn-1-one (41A)
(1.660g, 8.05 mmoland propargylamine (23ng, 9.66 mmolwere employed to
afford 1688 g (80%) of the indicated product (2)-1,3-diphenyt3-(prop-2-yn-1-
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ylamino)prop2-en-1-one (13A) as yellow solid(Rr = 0.44 in 4:1 hexane/ethyl
acetate).

13A: 'H NMR (400 MHz, CDGJ) U 1 3= 630%Hz, (H),,7.89 (dd] =
7.7, 1.7 Hz, 2H), 7.50/.29 (m, 8H), 5.82 (s, 1H), 3.86 (dil= 6.3, 2.5 Hz, 2H),
2.32 (t,J= 2.5 Hz, 1H);>C NMR (100 MHz,CD&) 4 188.6 (CO), 165.
139.6 (C), 134.5 (C), 130.7 (CH), 129.6 (CH), 128.4 (CH), 127.9 (CH), 127.5 (CH),
126.9 (CH), 94.3 (CH), 79.6 (C), 72.4 (CH), 33.9 @ZHR (neat): 3224, 3055
3022, 2113, 1596, 1585, 1547, 1478, 1443, 1429, 1346, 1324, 1294, 1266, 1242,
1219, 1139, 1053, 1026, 924, 803, 775, 763, 729, 703, 676Tdme spectral data
were in agreement with those regatipreviously for this compourjd6].

4.2.2Synthesis of(Z)-1-Phenyl-3-(prop-2-yn-1-ylamino)hept-2-en-1-one (13B)
General Procedur2 was followed by using-phenylhept2-yn-1-one (41B) (703
mg, 3.80 mmoland propargylamine (251 mg, 4.56 mmae8re employed to afford
837 mg (2%) of the indicated product ofZ)-1-phenyt3-(prop-2-yn-1-
ylamino)hept2-en-1-one (13B) as orangsgellow solid (Rr = 0.48 in 4:1
hexane/ethyl acetate); mp 4B43.6°C.

13B: 'H NMR (400 MHz, CDCJ) U 1rls, 1#)97.86 @ity = 3.9, 2.3
Hz, 2H), 7.477.34 (m, 3H), 5.75 (s, 1H), 4.08 (dtk 6.1, 2.5 Hz, 2H), 2.42.34
(m, 2H), 2.32 (t)=2.5 Hz, 1H), 1.62 (tt)= 7.9, 6.8 Hz, 2H), 1.44 (sextét= 7.4
Hz, 2H), 0.96 (t)= 7.3 Hz, 3H)*C NMR (100 MHz,CDGJ)) U 18)8682 ( CO
(C), 140.4 (C), 130.7 (CH), 128.3 (CH), 127.1 (CH), 92.2 (CH), 79.2 (C), 72.5
(CH), 32.3 CH2), 31.9 CH>), 30.2 CH2), 22.7 CH>), 13.9 CHz); IR (neat): 3207,
3084, 3058, 3036, 2954, 2931, 2895, 2869, 2808, 2119, 1593, 1572, 1548, 1485,
1467, 143, 1412, 1372, 1339, 1313, 1282, 1246, 1213, 1179, 1155, 1102, 1081,
1061, 1023, 936, 853, 807, 725, 678%mIS (ESI, m/z): 242.15 [M+H] HRMS
(ESI): calc. for GsH20NO: 242.1545 [M+H], found: 242.1524.
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4.2.3 Synthesis of (Z)-3-(4-Nitrophenyl)-1-phenyl-3-(prop-2-yn-1-ylamino)
prop-2-en-1-one(13C)
General Procedurgwas followed by usin@-(4-nitrophenyl}1-phenylprop2-yn-
1-one(41C) (180 mg, 0.72 mmoljand propargylamine (47 mg, 0.86 mmokre
employed to afford 20 mg (87%) of he indicated produdf (2)-3-(4-nitrophenyl}
1-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one(13C) as bright yellow solidR
= 0.25 in 4:1 hexane/ethyl acetate); mp 12526.5°C.

13C: 'H NMR (400 MHz, CDCd) U 1r%,.1H),8.33 (itJ = 8.9, 1.9 Hz,
2H), 7.907.86 (m, 2H), 7.69 (tt) = 8.8, 1.9 Hz, 2H), 7.50°.37 (m, 3H), 5.83 (s,
1H), 3.88 (dd,J = 6.5, 2.5 Hz, 2H), 2.33 (= 2.5 Hz, 1H) 13C NMR (100 MHz,

CDCk) U 189.8 (CO), 162.9 (C), (CH4I29.27 ( C) ,

(CH), 128.5 (CH), 127.3 (CH), 124.1 (CH), 95.3 (CH), 79.5 (C), 73.1 (CH), 34.3
(CHp); IR (neat): 3243, 3109, 3076, 3052, 3036, 3019, 2974, 2943, 2848, 2448,
2116, 1808, 1730, 1684, 1608, 1595, 1572, 1551, 1511, 1492, 1477, 1444, 1427,
1345, 139, 1296, 1242, 1225, 1179, 1141, 1107, 1073, 1051, 1022, 926, 855, 803,
762, 743, 690 cty MS (ESI, m/z): 307.11 [M+H] HRMS (ESI) calcd. for
CieH1sN20s: 307.1077 [M+H], found: 307.1088.

4.2.4 Synthesis of (2)-3-(4-Methoxyphenyl)1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one(13D)

General Procedurgwas followed by using-(4-methoxymenyl)1-phenylprop2-
yn-1-one(41D) (210mg, 0.89 mmoland propargylamine gng, 1.07 mmoljvere
employed to afford 221 mg 98) of the indicated producbf (2)-3-(4-
methoxyphenybl-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (13D) as
reddish orange o{R: = 0.29 in 4:1 hexane/ethyl acetate).

13D: 'HNMR (400 MHz,CDC}) & 11. 37 ( his8.0, L6Hz,, 7.

2H), 7.497.35 (m, 5H), 7.006.95 (m, 2H), 5.84 (s, 1H), 3.97 (dbs 6.3, 2.5 Hz,

2H), 3.84 (s, 3H), 2.32 (1 = 2.5 Hz, 1H) °C NMR (100 MHz, CDCJ) U 188
(CO), 165.9 (C), 160.9 (C), 140.1 (C), 130.9 (C), 129.5 (CH), 128.3 (CH)2 127.
(CH), 114.1 (CH), 94.6 (CH), 80.0 (C), 72.5 (CH), 55.4 {£134.3 (CH), (Note
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that two CH peaks overlap on each othi){neat): 3285, 3057, 3020, 3003, 2959,
2933, 2907, 2837, 2167, 2120, 2104, 1909, 1731, 1668, 1583, 1559, 1497, 1328,
1293, 1247, 174, 1142, 1056, 1023, 836, 808, 757, 689, 653, 555, 418 The
spectral data were in agreement with those redqsteviously for this compound

[60].

4.2.5 Synthesis of(Z)-3-Phenyl-3-(prop-2-yn-1-ylamino)-1-(p-tolyl)prop -2-en-
1-one(13E)

General Procedur2 was followed by using -phenyt1-(p-tolyl)prop-2-yn-1-one
(41E) (522 mg, 2.37 mmol)and propargylamine (5mg, 2.84 mmol)were
employed to afford 651 mg (99%) of the indicated pro@ieB-phenyt3-(prop-2-
yn-1-ylamino)1-(p-tolyl)prop-2-en-1-one (13E) as yellowish orange soli(R: =
0.48 in 4:1 hexanel/ethyl acetate).

13E: 'HNMR (400 MHz, CDGJ) G 11 . 31 ( b=s82H4 BH),, 7.

7.5217.43 (m, 5H), 7.21 (d] = 8.1 Hz, 2H), 5.8 (s, 1H), 3.93 (dd] = 6.3, 2.5 Hz,

2H), 2.38 (s, 3H), 2.31 (@ = 2.5 Hz, 1H) °C NMR (100 MHz, CDG)) & 189 .

(CO), 165.6 (C), 141.5 (C), 137.3 (C), 135.0 (C), 129.8 (CH), 129.0 (CH), 128.7
(CH), 127.9 (CH), 127.3 (CH), 94.6 (CH), 79.9 (C), 72.5 (C84.2 (CH), 21.5

(CHs); IR (neat): 3243, 3063, 3029, 2995, 2973, 2938, 2914, 2857, 2116, 1596,
1583, 1561, 1522, 1479, 1447, 1403, 1369, 1350, 1326, 1298, 1282, 1270, 1245,
1205, 1177, 1143, 1114, 1071, 1018, 998, 928, 875, 836, 779, 758, 747, 702, 685
cmt. The spectral data were in agreement with those reported previously for this
compound60].

426 Synthesis of (2)-1-(4-Methoxyphenyl)}3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13F)

General Procedurgwas followed by using-{4-methoxymenyl)3-phenylprop2-
yn-1-one (41F) (455 mg, 1.93 mmolland propargylamine (127 mg, 2.31 mmol)
were employed to afford Blmg (92%) of the indicated producf (2)-1-(4-
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methoxyphenyh3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one  (13F) as
orange soliqRr = 0.32 in 4:1 hexane/ethyl acetate).

13F: 'H NMR (400 MHz, CDC§) U 1 1=553z, (H),,7.967.77 (m,
2H), 7.56 7.40 (m, 5H), 6.986.81 (m, 2H), 5.80 (s, 1H), 3.91 (dbk 6.3, 2.5 Hz,
2H), 3.81 (s, 3H), 2.30 (] = 2.5 Hz, 1H) 13C NMR (100MHz,CDCk) U4 188 . 3
(CO), 165.3 (C), 162.1 (C), 135.1 (C), 132.7 (C), 129.8 (CH), 129.1 (CH), 128.7
(CH), 127.9 (CH), 113.5 (CH), 94.4 (CH), 80.0 (C), 72.4 (CH), 55.33CB#.2
(CH2); IR (neat): 3263, 3068, 3040, 2999, 2939, 2928, 2844, 2116, 1956, 1903,
1592, 1511, 1482, 1419, 1368, 1326, 1298, 1251, 1224, 1172, 1140, 1074, 1060,
1029, 919, 870, 843, 769, 738, 695 rhe spectral data were in agreement with

those repodd previously for this compourid6].

4.27  Synthesis of  (2)-1-(4-Chlorophenyl)-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13G)
General Procedur2 was followed by using -{4-chlorophenyB3-phenylprop2-
yn-1-one (41G) (293 mg, 1.22 mmol)and propargylamine (80 mg, 1.46 mmol)
were employed to afford 33mg (93%) of the indicategroduct of (2)-1-(4-
chlorophenyB3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one(13G) as yellow
solid (R = 0.45 in 4:1 hexane/ethyl acetate).

13G: 'H NMR (400 MHz, CDCJ) U  Drls.1B)47.82 (dJ = 8.5 Hz,
2H), 7.46 (s, 5H), 7.35 (d,= 8.5 Hz, 2H), 5.77 (s, 1H), 3.93 (dii= 6.3, 2.4 Hz,
2H), 2.32 (tJ = 2.4 Hz, 1H) °C NMR (100 MHz,CDG) U 187 .5 ( CO),
(C), 138.3 (C), 137.1 (C), 134.7 (C), 129.9 (CH), 128.8 (CH), 128.6 (CH), 128.5
(CH), 127.8 (CH), 94.3 (CH), 79.7 (C), 72CH), 34.3 (CH); IR (neat): 3229,
3065, 3027, 2184, 2164, 2114, 2026, 1983, 1895, 1593, 1561, 1543, 1518, 1477,
1431, 1395, 1352, 1327, 1295, 1267, 1144, 1091, 1074, 1015, 927, 838, 801, 774,
753, 698 crit. The spectral data were in agreement with tmepered previously

for this compound46].
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4.28 Synthesis of  (Z)-1-(4-Nitrophenyl)-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13H)
General Procedurgwas followed by using-{4-nitrophenyl}3-phenylprop2-yn-
1-one(41H) (398 mg, 1.58 mmolandpropargylamine (1®mg, 1.9 mmol) were
employed to afford 444 mg2%) of the indicated produof (2)-1-(4-nitrophenyl}
3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (13H) as yellow solid(Rs =
0.29 in 4:1 hexanel/ethyl acetate); mp 15262.0°C.

13H: *H NMR (400 MHz, CDCJ) U  brls.18)08.22 (dJ = 8.7 Hz,
2H), 8.00 (dJ = 8.7 Hz, 2H), 7.49 (s, 5H), 5.81 (s, 1H), 3.98 (@4,6.2, 2.3 Hz,
2H), 2.35 (tJ= 2.3 Hz, 1H) ®C NMR (100 MHz, CDG) & 186. 2 ( CO) , 167
(C), 149.2 (C), 145.4 (C134.3 (C), 130.4 (CH), 128.9 (CH), 128.1 (CH), 127.8
(CH), 123.6 (CH), 94.7 (CH), 79.3 (C), 73.0 (CH), 34.5 ¢ICHR (neat): 3229,
3109, 3085, 2938, 2844, 2114, 1735, 1590, 1556, 1511, 1480, 1443, 1432, 1405,
1347, 1328, 1297, 1265, 1145, 1109, 1074, 889, 849, 813, 788, 745, 699 tcm
1'MS (ESI, m/z): 307.11 [M+H] HRMS (ESI) calcd. for GH1sN20s: 307.1077
[M+H] *, found: 307.1085.

4.29  Synthesis of  ¥)-1-(2-Bromophenyl)-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one(13I)
General Procedur2 was followed by using -{2-bromophenyb3-phenylprop2-
yn-1-one(41l) (327 mg, 1.15 mmol) and propargylaminé (g, 1.38 mmol) were
employed to afford 383 mg (98%) of the indicated prodatt(2)-1-(2-
bromophenyh3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one  (13l) as
reddishorange oil (Rf = 0.31 in 4:1 hexane/ethyl acetate).

13 1H NMR (400 MHzrs 18)DAB6 @d, J68.01019. 11 (
Hz, 1H), 7.507.40 (m, 6H), 7.30 (td, J = 7.5, 1.0 Hz, 1H), 7.18 (td, J = 7.7, 1.7 Hz,
1H), 5.47 (s, 1H), 3.96 (dd, J = 6.4, 2.5 Hz, 2H), 2.35 (t, J = 2.5 Hz, 1H); 13C NMR
(100 MHz, CDCI 3) U 190.9348ECP1333(CW)5. 7 (C),
130.2 (CH), 129.9 (CH), 129.1 (CH), 128.6 (CH), 127.8 (CH), 127.1 (CH), 119.3
(C), 98.3 (CH), 79.5 (C), 72.7 (CH), 34.3 (CH2); IR (neat): 3288, 3055, 2119, 1732,
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1588, 1560, 1484, 1461, 1427, 1359, 1319, 1269, 1218, 1182, 114610823,
1025, 1000, 949, 927, 873, 755, 701, 6691cnvVIS (ESI, m/z): 340.03 [M+H]+;
HRMS (ESI) calcd. for C18H1579BrNO: 340.0332 [M+H]+, found: 340.0333.

4210 Synthesis of (2)-1-Phenyl-3-(prop-2-yn-1-ylamino)-3-(thiophen-3-
yl)prop-2-en-1-one (13J)
GeneradProcedure was followed by using-phenyt3-(thiophen3-yl)prop-2-yn-
1-one(41J) (415 mg, 1.96 mmoland propargylamine (129 mg, 2.35 mmagre
employed to afford 476 mg (91%) of the indicated prodti(Z)-1-phenyt3-(prop-
2-yn-1-ylamino)-3-(thiophen3-yl)prop-2-en-1-one(13J) as yellow solid R = 0.5
in 4:1 hexane/ethyl acetate); mp 77.8.3°C.

13J: 'H NMR (400 MHz, CDGY) U brk 1H),Z.997.85 (m, 2H), 7.63
(dd,J = 3.0, 1.2 Hz, 1H), 7.477.37 (m, 4H), 7.27 (dd] = 5.0, 1.3 Hz, 1H), 5.94
(s, 1H), 4.02 (ddJ = 6.4, 2.5 Hz, 2H), 2.38 (1 = 2.5 Hz, 1H) **C NMR (100
MHz,CDCk) U 188.9 (CO), 160.5 (C), 139.9 (
(CH), 127.2 (CH), 12D.(CH), 126.6 (CH), 126.2 (CH), 94.2 (CH), 79.9 (C), 72.6
(CH), 34.1 (CH); IR (neat): 3249, 3102, 2921, 2119, 2064, 1985, 1953, 1896, 1769,
1576, 1553, 1497, 1425, 1393, 1371, 1314, 1289, 1248, 1227, 1131, 1079, 1057,
1021, 924, 894, 864, 823, 799, 78847713, 695 cnh. The spectral data were in

agreement with those repedt previously for this compouri@0].

4211 Synthesis of (Z)-3-(3-Fluorophenyl)-1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13K)
General Proceduiwas followed by using-(3-fluorophenyl}1-phenylprop2-yn-
1-one(41K) (454 mg, 2.02 mmoljand propargylamine (#3ng, 2.43 mmolwere
employed to afford 528 mg 4%) of the indicated producbf (2)-3-(3-
fluorophenyl}1-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (13K) as pale
yellow solid(Rs = 0.5 in 4:1 hexane/ethyl acetate); mp 99488°C.

13K: 'H NMR (400 MHz, CDCJ) U Drls. 1)88.067.80 (m, 2H),
7.5217.36 (m, 4H), 7.28 (d] = 7.6 Hz, 1H), 7.23 (dt]= 9.0, 2.1 Hz, 1H), 7.17 (td,
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J=8.4,2.3 Hz, 1H), B5 (s, 1H), 3.92 (dd = 6.3, 2.4 Hz, 2H), 2.35 (§,= 2.4 Hz,

1H); *C NMR (100 MHz,CDG) G 189.3 (CO),%J42ma83 1 (C), 16
Hz, CF), 139.7 (C), 136.9 (] = 7.5 Hz, C), 131.1 (CH), 130.5 (4] = 8.3 Hz,

CH), 128.2 (CH), 127.2 (CH), 123.6 (t,= 3.0 Hz, CH), 116.8 (¢J = 21.0 Hz,

CH), 115.1 (d2J = 22.7 Hz, CH), 94.7 (CH), 79.6 (C), 72.7 (CH), 34.1 (CHR

(neat): 3222, 3055, 2939, 2111, 1974, 1939, 1875, 1804, 1747, 1599, 1548, 1519,

1474, 1431, 1348, 1323, 1299, 1284, 1265, 1250, 1227, 1203, 1179, 1158, 1123,

1054, 1026, 999, 965, 929, 888, 877, 788, 736, 707, 675 M8 (ESI, m/z):

280.11 [M+HT; HRMS (ESI) calcd. for @H1sFNO: 280.1132 [M+H], found:

280.1134.

4.2.12 Synthesis ofZ)-1-(2-Bromophenyl)-3-(4-bromophenyl)-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one(13L)
General Procedure2 was followed by using -{2-bromophenyh3-(4-
bromophenyl)prof2-yn-1-one(41L) (258 mg, 0.71 mmoBlnd propargylamine #
mg, 0.85 mmolywere employed to afford B6ng (90%) of the indicated product of
(2)-1-(2-bromophenyh3-(4-bromophenyh3-(prop-2-yn-1-ylamino)prop2-en-1-
one(13L) as orange soli(R: = 0.46 in 4:1 hexane/ethyl acetate); mp 88381°C.

13L: 'H NMR (400 MHz, CDC4) 11103 pr s 1H), 7.657.51 (m, 3H), 7.45
(dd,J=7.6, 1.7 Hz, 1H), 7.42.36 (m, 2H), 7.31 (td) = 7.5, 1.0 Hz, 1H), 7.20
(td,J=7.7,1.7 Hz, 1H), 5.44 (s, 1H), 3.94 (dd&; 6.5, 2.5 Hz, 2H), 2.35 (8,= 2.5
Hz, 1H) 13C NMR (100 MHz, CDG) U (CO)116413 (C), 142.8 (C), 133.4
(CH), 133.2 (C), 131.9 (CH), 130.4 (CH), 129.5 (CH), 129.2 (CH), 127.2 (CH),
124.5 (C), 119.4 (C), 98.4 (CH), 79.5 (C), 72.9 (CH), 34.3jCIR (neat): 3267,
2975, 2916, 2855, 2122, 1920, 1811, 1734, 1584, 1546, 1816, 1439, 1394,
1357, 1321, 1287, 1239, 1181, 1145, 1107, 1071, 1022, 1008, 934, 833, 798, 750,
700, 662 crit; MS (ESI, m/z): 417.94 [M+H] HRMS (ESI) calcd. for
Ci18H14"°BroNO: 417.9436 [M+H], found: 417.94309; MS (ESI, m/z): 419.94
[M+H]*; HRMS (ESl)calcd. for GsH13"Br3!BrNO: 419.9416 [M+H], found:
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419.9429; MS (ESI, m/z): 421.94 [M+HJHRMS (ESI) calcd. for GH18BroNO:
421.9396 [M+H], found: 421.9424.

4.2.13Synthesis of(2)-3-(3-Fluorophenyl)-1-(4-methoxyphenyl)}3-(prop-2-yn-
1-ylamino)prop-2-en-1-one (13M)
General Procedure2 was followed by using 3-(3-fluorophenyl}1-(4-
methoxyphenyl)proj2-yn-1-one(41M) (1.053 g, 4.14 mmoljand propargylamine
(274 mg, 4.97 mmolwere employed to afford.175 g (2%) of the indicateaf
(2)-3-(3-fluorophenyl}1-(4-methoxyphenyh3-(prop-2-yn-1-ylamino)prop2-en
1-one (13M) product as yellow solidR: = 0.27 in 4:1 hexane/ethyl acetate); mp
84.2'85.0°C.

13M: 'H NMR (400 MHz, CDCJ) G 1 1= 6l0MHz, (LH),,7.88 (d] =
8.8 Hz, 2H), 7.42 (dd] = 13.8, 7.8 Hz, 1H), 7.27 (d,= 7.7 Hz, 1H), 7.21 (d] =
9.1 Hz, 1H), 7.197.12 (m, 1H), 6.89 (d] = 8.8 Hz, 2H), 5.80 (s, 1H), 3.90 (dd,
= 6.3, 2.2 Hz, 2H), 3.81 (s, 3H), 2.33 Jt; 2.3 Hz, 1H) *C NMR (100 MHz,
CDCL)i 188. 4 (CO), WNs38.GHz(ELL162.1(CHWB7.6(d, ( d,
3J=7.5Hz, C), 132.3 (C), 130.4 (1 = 8.2 Hz, CH), 129.1 (CH), 123.7 (t =
3.0 Hz, CH), 116.7 () = 20.9 Hz, CH), 115.1 (d) = 22.7 Hz, CH), 113.4 (CH),
94.3 (CH), 79.8 (C), 72.6 (CH), 55.3 (6){34.1 (CH); IR (neat): 3224, 3061,
2957, 2931, 2908, 2836, 2112, 1597, 1572, 1516, 1502, 1474, 1433, 1352, 1329,
1299, 1232, 1200, 1168, 1127, 1116, 1071, 1032, 931, 909, 891, 878183772,
708, 664 crit; MS (ESI, m/z): 310.12 [M+H} HRMS (ESI) calcd. for
Ci1oH17FNO;: 310.1238 [M+HT, found: 310.1249.

4.2.14  Synthesis of (2)-3-(4-Chlorophenyl)-1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13N)

General Procedur2 was followed by using -84-chlorophenyl)1-phenylprop2-
yn-1-one (41IN) (364 mg, 1.51 mmolland propargylaminelQ0 mg, 1.81 mmol)
were employed to afford 92mg (%%) of the indicated produatf (2)-3-(4-
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chlorophenyh1-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (13N) as pale
yellow solid(Rr = 0.50 in 4:1 hexane/ethyl acetate); mp 9231°C.

13N: 'H NMR (400 MHz, CDC§) U  brds. 1#)7 7.96 7.83 (m, 2H),
7.5117.34 (m, 7H), 5.81 (s, 1H), 3.91 (dbl+ 6.3, 2.3 Hz, 2H), 2.32 (§,= 2.4 Hz,
1H); ®*C NMR (100 MHz,CDG) G 189.3 (CO), 164.6 (C), 13¢
133.3 (C), 131.3 (CH), 129.4 (CH), 129.1 (CH), 128.4 (CH), 127.2 (CH), 94.8
(CH), 79.7 (C), 72.7 (CH), 34.3 (CH IR (neat): 3229, 3065, 3027, 2184, 2164,
2114, 2026, 1983, 1895, 1598561, 1543, 1518, 1477, 1431, 1395, 1352, 1327,
1295, 1267, 1144, 1091, 1074, 1015, 927, 838, 801, 774, 753, 699SNESI,
m/z): 296.08 [M+H]; HRMS (ESI) calcd. for @H1sCINO: 296.0837 [M+H],
found: 296.0848.

4.2.15 Synthesis of (Z)-1-Phenyl-3-(prop-2-yn-1-ylamino)-3-(p-tolyl)prop -2-
en-1-one(130)
General Procedur2 was followed by usind-phenyl-3-(p-tolyl)prop-2-yn-1-one
(410) (523 mg, 2.37 mmoland propargylamine (I5mg, 2.85 mmol)were
employed to afford 6Bmg (97%) of the indidad producbf (Z)-1-phenyt3-(prop-
2-yn-1-ylamino)-3-(p-tolyl)prop-2-en1-one(130) as reddish orange dik = 0.50
in 4:1 hexane/ethyl acetate).

130: *H NMR (400 MHz, CDC4) U  brls.18)87.98 (ddJ = 8.0, 1.5
Hz, 2H), 7.507.38 (m, 5H), 7.29 (d) = 7.7 Hz, 2H), 5.87 (s, 1H), 3.98 (dil=
6.3, 2.4 Hz, 2H), 2.44 (s, 3H), 2.34J& 2.5 Hz, 1H)3C NMR (100 MHz, CDGJ)
a 189.0 (CO), 166.2 (C), 140.1 C®), 132.1 (
127.8 (CH), 127.2 (CH), 94.6 (CH), 79.9 (C), 72.5 (CH), 34.3:CPiL.4 (CH)
(Note that two CH peaks overlap on each othB ) neat): 3287, 3056, 3026, 2919,
2861, 1666, 1579, 1555, 1499, 1482, 1446, 1356, 1327, 1289, 1266, 1248, 1181,
1142, 10551022, 1001, 972, 926, 872, 825, 755, 689 ciihe spectral data were

in agreement with those repedt previously for this compourjé0].
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4.2.16Synthesis of(Z2)-1-(4-Chlorophenyl)-3-(3-fluorophenyl)-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13P)
General Pocedure 2 was followed by using -{4-chlorophenyB3-(3-
fluorophenyl)prop2-yn-1-one (41P) (812 mg, 3.14 mmol) and propargylamine
(208 mg, 3.77 mmol) were employed to afford188g (86%) of the indicated
product of (2)-1-(4-chlorophenyh3-(3-fluorophenyl}3-(prop-2-yn-1-
ylamino)prop2-en-1-one(13P) as pale yellow solid (Rf = 0.48 in 4:1 hexane/ethyl
acetate); mp 132i833.6 oC.

13P:1H NMR (400 MHz, br€§DHI7.85(d, di= 8141Hz,2 8
2H), 7.527.43 (m,1H), 7.39 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H),17.26
7.16 (m, 2H), 5.79 (s, 1H), 3.95 (dd, J = 6.3, 2.2 Hz, 2H), 2.35 (s, 1H); 13C NMR
(100 MHzZz, CDCI 3) O 187.9 (CO), 164.7
(C), 137.4 (C), 136.8 (d, 3J = &&, C), 130.7 (d, 3J = 8.3 Hz, CH), 128.7 (CH),
128.6 (CH), 123.7 (d, 4J = 3.1 Hz, CH), 117.1 (d, 2J = 20.9 Hz, CH), 115.2 (d, 2J
=22.8 Hz, CH), 94.4 (CH), 79.5 (C), 72.9 (CH), 34.3 (CH2); IR (neat): 3231, 3063,
2115, 2038, 1598, 1544, 1470, 1433, 136325, 1281, 1252, 1230, 1201, 1169,
1129, 1092, 1063, 1014, 931, 891, 871, 837, 793, 764, 736, 704, 684 MB
(ESI, m/z): 314.07 [M+H]+; HRMS (ESI) calcd. for C18H14CIFNO: 314.0743
[M+H]+, found: 314.0746.

4.2.17Synthesis of(Z)-1-(2-Bromophenyl)-3-(3-fluorophenyl)-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (13Q)
General Procedure2 was followed by using 1-(2-bromophenyh3-(3-
fluorophenyl)prop2-yn-1-one (41Q) (661 mg, 2.18 mmoland propargylamine
(144 mg, 2.62 mmolwere employed to afford B3mg (%%) of the indicated
product of (2)-1-(2-bromophenyh3-(3-fluorophenyl}3-(prop-2-yn-1-
ylamino)prop2-en1-one(13Q) as dark orange solidR: = 0.5 in 4:1 hexane/ethyl
acetate); mp 45i@6.8°C.

13Q: *H NMR (400 MHz, CDCY) G  brls.18)17.56 (ddJ = 8.0, 0.9
Hz, 1H), 7.477.39 (m, 2H), 7.387.26 (m, 2H), 7.247.12 (m, 3H), 5.47 (s, 1H),
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3.95 (ddJ= 6.4, 2.5 Hz, 2H), 2.35 ({,= 2.5 Hz, 1H)**C NMR (100 MHz, CDG)

U 191.1 (CO), W86B8DHz(CE)) 142.61®),2A363 fdEd.6

Hz, C), 133.2 (CH), 130.4 (dJ = 8.3 Hz, CH), 130.4 (CH), 129.0 (CH), 127.1
(CH), 123.6 (d*J = 3.1 Hz, CH), 119.2 (C), 116.9 &,= 21.0 Hz, CH), 114.9 (d,

2] = 22.8 Hz, CH), 98.2 (CH), 79.3 (C), 72.9 (CH), 34.2 #CHR (neat): 3311,

3296, 32633178, 3066, 2986, 2928, 2906, 2115, 1935, 1885, 1818, 1735, 1591,
1549, 1477, 1462, 1422, 1365, 1322, 1289, 1247, 1225, 1195, 1131, 1080, 1024,
927, 884, 867, 791, 759, 745, 705, 684cS (ESI, m/z): 358.02 [M+H]

HRMS (ESI) calcd. for @H14"°BrFNO: 358.0237 [M+H], found: 358.0239.

4.2.18Synthesis of(Z)-1-(2-Bromophenyl)-3-(4-methoxyphenyl)}3-(prop-2-yn-
1-ylamino)prop-2-en-1-one (13R)
General Procedure2 was followed by using 1-(2-bromophenyh3-(4-
methoxyphenyl)prof2-yn-1-one(41R) (624 mg, 1.98 mmoljand propargylamine
(131 mg, 2.37 mmol)were employed to afford 84mg (%%) of the indicated
product of (2)-1-(2-bromophenyh3-(4-methoxyphenyb3-(prop-2-yn-1-
ylamino)prop2-en-1-one (13R) as dark red oi(Rr = 0.25in 4:1 hexane/ethyl
acetate).

13R: 'H NMR (400 MHz, CDC§) U  brls.1H)27.5% (dd,) = 8.0, 0.9
Hz, 1H), 7.45 (ddJ = 10.6, 4.1 Hz, 3H), 7.29 (td,= 7.5, 1.1 Hz, 1H), 7.20.14
(m, 1H), 6.986.92 (m, 2H), 5.45 (s, 1H), 4.00 (d#i= 6.4, 2.5 Hz, 2H), 3.83 (s,
3H), 2.35 (tJ = 2.5 Hz, 1IH) °C NMR (100 MHz,CD&) U 190.6 (CO), 165
(C), 160.9 (C), 143.1 (C), 133.3 (CH), 130.2 (CH), 129.5 (CH), 129.1 (CH), 127.1
(CH), 126.4 (C), 119.4 (C), 114.1 (CH), 98.1 (CH), 79.8 (C), 72.7 (6513 (CH),
34.4 (CH); IR (neat): 3288, 3051, 3002, 2962, 2935, 2905, 2837, 2118, 2045, 1731,
1588, 1560, 1491, 1439, 1370, 1359, 1323, 1297, 1248, 1176, 1147, 1114, 1083,
1024, 948, 927, 873, 838, 810, 794, 761, 673;av8 (ESI, m/z): 370.04 [M+H}
HRMS (ESI) calcd. for @H17"°BrNOz: 370.0437 [M+H], found: 370.0440.
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4.2.19 Synthesis of (Z2)-1-(4-Chlorophenyl)-3-(prop-2-yn-1-ylamino)-3-(m-
tolyl)prop -2-en-1-one (13S)
General Procedurgwas followed by usind-(4-chlorophenl)-3-(m-tolyl)prop-2-
yn-1-one (41S) (821 mg, 3.22 mmol)and propargylamine (&lmg, 3.87 mmol)
were employed to afford 936 mg4®) of the indicated produatf (2)-1-(4-
chlorophenyh3-(prop-2-yn-1-ylamino)-3-(m-tolyl)prop-2-en-1-one (13S) as pale
yellow solid(Rs = 0.54 in 4:1 hexane/ethyl acetate); mp 11920.0°C.

13S:'H NMR (400 MHz, CDCY) U 1 1=538&z, (H),,7.907.78 (m,
2H), 7.4G7.32 (m, 3H), 7.327.23 (m, 3H), 5.79 (s, 1H), 3.95 (dbk 6.3, 2.5 Hz,
2H), 2.42 (s, 3H)2.35 (t,J= 2.5 Hz, 1H) *C NMR (100 MHz,CD&) U0 187 . 3
(CO), 166.4 (C), 138.6 (C), 138.3 (C), 136.9 (C), 134.6 (C), 130.7 (CH), 128.6
(CH), 128.5 (CH), 128.4 (CH), 128.3 (CH), 124.8 (CH), 94.0 (CH), 79.7 (C), 72.6
(CH), 34.2 (CH), 21.4 (CH); IR (nea): 3242, 3223, 3089, 3059, 3029, 2974, 2939,
2914, 2857, 2112, 1589, 1566, 1518, 1474, 1429, 1394, 1352, 1325, 1293, 1269,
1229, 1174, 1134, 1105, 1088, 1072, 1011, 961, 929, 914, 887, 872, 838, 797, 786,
762, 719, 696 cth MS (ESI, m/z): 310.10 [M+H} HRMS (ESI) calcd. for
C1oH17CINO: 310.0993 [M+H], found: 310.0989.

4.2.20 Synthesis of (2)-1-(4-M ethoxyphenyl)}3-(prop-2-yn-1-ylamino)-3-
(thiophen-3-yl)prop-2-en-1-one (13T)
General Procedur2 was followed by usind-(4-methoxyphenyh3-(thiophen3-
yl)prop-2-yn-1-one(41T) (859 mg, 3.55 mmoknd propargylamine (234 mg, 4.26
mmol) were employed to afford 908 mg (86%) of the indicated prodiu(Z)-1-
(4-methoxyphenyh3-(prop-2-yn-1-ylamino)-3-(thiophen3-yl)prop-2-en-1-one
(13T) as orange soli(Rr = 0.33 in 4:1 hexane/ethyl acetate); mp 74&21°C.

13T: 'H NMR (400 MHz, CDCY) & 1 1=528iz, (H), 7.947.78 (m,
2H), 7.62 (ddJ = 3.0, 1.2 Hz, 1H), 7.41 (dd= 5.0, 3.0 Hz, 1H), 7.27 (dd= 5.0,
1.2 Hz, 1H), 7.086.77 (m, 2H), 5.88 (s, 1H), 4.00 (ddi= 6.4, 2.5 Hz, 2H), 3.83
(s,3H),2.33 (tJ=2.5Hz, IH)’* C NMR (100 MHz,CD&) &4 187.9 ( CO) ,
(C), 159.9 (C), 135.%C), 132.4 (C), 128.9 (CH), 127.2 (CH), 126.5 (CH), 126.1
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(CH), 113.3 (CH), 93.7 (CH), 80.1 (C), 72.5 (CH), 55.1 {5t34.0 (CH); IR

(neat): 3268, 3097, 3001, 2962, 2934, 2834, 2116, 1577, 1537, 1511, 1492, 1462,
1439, 1416, 1392, 1366, 1351, 1313, 128255, 1225, 1166, 1132, 1087, 1069,
1024, 968, 925, 898, 869, 845, 774, 736, 674,05 (ESI, m/z): 298.09 [M+H]

HRMS (ESI) calcd. for §H1eNO2S: 298.0896 [M+H], found: 298.0889.

4.2.21 Synthesis of (Z)-1-(2-Bromophenyl)-3-(prop-2-yn-1-ylamino)-3-(m-
tolyl)prop -2-en-1-one (13U)
General Procedurzwas followed by usingd-(2-bromophegl)-3-(m-tolyl)prop-2-
yn-1-one (41U) (765 mg, 2.63 mmolyand propargylamine (#/mg, 3.15 mmol)
were employed to afford 86éhg (B%) of the indicated produatf (2)-1-(2-
bromophenyb3-(prop-2-yn-1-ylamino)-3-(m-tolyl)prop-2-en-1-one (13U) as dark
red oil (R = 0.36in 4:1 hexane/ethyl acetate).

13U: 'H NMR (400 MHz, CDC§) U  brls.118)07.48 (dd) = 8.0, 1.0
Hz, 1H), 7.37 (ddJ = 7.6, 1.7 Hz, 1H), 7.25.16 (m, 5H), 7.10 (td) = 7.7, 1.7
Hz, 1H), 5.37 (s, 1H), 3.88 (dd= 6.4, 2.5 Hz, 2H), 2.30 (s, 3H), 2.25Jt 2.5
Hz, 1H);">*C NMR (100 MHz,CDG) U4 191.1 (CO), 166. 2
(C), 134.4(C), 133.5 (CH), 13®(CH), 130.3 (CH), 129.3 (CH), 128.7 (CH), 128.5
(CH), 127.2 (CH), 125.0 (CH), 119.5 (C), 98.3 (CH), 79.8 (C), 72.7 (CH), 34.5
(CHp), 21.5 (CH); IR (neat): 3288, 3053, 2917, 2858, 1731, 1561, 1479, 1461,
1427, 1359, 1322, 1289, 1257, 1224, 1139, 11@83,11023, 999, 928, 874, 790,
759, 745, 708, 688 ¢t MS (ESI, m/z): 354.05 [M+H} HRMS (ESI) calcd. for
Ci19H17"°BrNO: 354.0488 [M+H], found: 354.0490.

4.2.22 Synthesis of (2)-3-(3-Fluorophenyl)-3-(prop-2-yn-1-ylamino)-1-(p-
tolyl)prop -2-en-1-one (13V)

General Procedur2 was followed by usin@-(3-fluorophenyl}1-(p-tolyl)prop-2-
yn-1-one (41V) (1.096 g, 4.60 mmoland propargylamine (304 mg, 5.52 mmol)
were employed to afford.139 mg (84%) of the indicated product of){3-(3-
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fluorophenyl}3-(prop-2-yn-1-ylamino)-1-(p-tolyl)prop-2-en-1-one (13V) as pale
yellow solid(Rr = 0.52 in 4:1 hexane/ethyl acetate); mp 10203.3°C.

13V: 'TH NMR (400 MHz, CDCd) U 1J1=62Blz, 1H), 7.82 (d]=8.1
Hz, 2H), 7.41 (tdJ = 7.9, 5.8 Hz, 1H), 7.33.11 (m, 5H), 5.83 (s, 1H), 3.90 (dH,
= 6.4, 2.4 Hz, 2H), 2.36 (s, 3H), 2.34 (b= 2.4 Hz, 1H);"*C NMR (100 MHz,
CDCl) U 188.9 (CO), YUE@MlHAACH),CH5(CLB3R9 4 (d,
(d,3J=7.1Hz, C), 136.9 (C},30.3 (d2J= 8.2 Hz, CH), 128.9 (CH), 127.1 (CH),
123.6 (d,"J = 3.0 Hz, CH), 116.6 (fJ = 21.0 Hz, CH), 114.9 () = 22.7 Hz,
CH), 94.4 (CH), 79.7 (C), 72.5 (CH), 33.9 (g§H1.3 (CH); IR (neat): 3222, 3064,
3033, 2996, 2971, 2940, 2911, 2111, 288600, 1568, 1545, 1522, 1474, 1431,
1349, 1326, 1286, 1266, 1251, 1235, 1212, 1175, 1157, 1124, 1066, 1017, 965, 929,
907, 889, 874, 839, 789, 756, 707, 662cmS (ESI, m/z): 294.13 [M+H]
HRMS (ESI) calcd. for @H17FNO: 294.1289 [M+H], found: 2941284.

4.2.23 Synthesis of (Z2)-1-(2-Bromophenyl)-3-(4-fluoro -3-methylphenyl)-3-
(prop-2-yn-1-ylamino)prop-2-en-1-one (13W)
General Procedur@ was followed by usindl-(2-bromophenyB3-(4-fluoro-3-
methylphenyl)prog-yn-1-one (41W) (855 mg, 2.69 mmoland propargylamine
(178 mg, 3.24 mmoljvere employed to afford 969 mg7%®) of the indicated
product of (Z2)-1-(2-bromophenyh3-(4-fluoro-3-methylphenyhl3-(prop-2-yn-1-
ylamino)prop2-en-1-one (13W) as dark red oilRs = 0.44in 4:1 hexane/ethyl
acetate).

13W: 'H NMR (400 MHz, CDC§) U 1 1= 5068z, (H),7.57 (dd] =
8.0, 0.9 Hz, 1H), 7.46 (dd,= 7.6, 1.7 Hz, 1H), 7.3§.24 (m, 3H), 7.19 (td) =
7.7, 1.7 Hz, 1H), 7.07 (1 = 8.8 Hz, 1H), 5.44 (s, 1H), 3.97 (d#i= 6.4, 2.5 Hz,
2H), 2.37 (tJ=2.5 Hz, 1H), 2.31 (d] = 1.7 Hz, 3H)3C NMR (100 MHz, CDGCJ)
U 190.9 (CO), 16X9.0HzCKE)142.913, 233.2(CK)d131.2
(d,%J=5.7 Hz, CH), 130.3 (CH), 130.1 (,= 3.7 Hz, C), 129.1 (CH), 127.3 (CH),
127.2 (CH), 125.6 (#J=17.9 Hz, C), 119.4 (C), 115.4 {d,= 22.8 Hz, CH), 98.3
(CH), 79.6 (C), 72.8 (CH), 34.3 (GH 14.6 (d2J= 3.0 Hz, CH); IR (neat): 3291,
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3052, 2979, 2925, 2858, 2324, 2122, 1981, 1892, 1733, 1614, 1564, 1487, 1462,
1428, 1399, 1358, 1324, 1298,782 1234, 1183, 1119, 1082, 1024, 896, 828, 795,
758, 670 crit; MS (ESI, m/z): 372.04 [M+H] HRMS (ESI) calcd. for
CioH16"BrFNO: 372.0393 [M+H], found: 372.0394; MS (ESI, m/z): 374.04
[M+H]*; HRMS (ESI) calcd. for @H1®'BrFNO: 374.0373 [M+H], found:
374.0378.

4.3 General Procedure 3. Synthesis of Chloro-substituted N-
Pr o p a r gBnaminone Derivatives 35

N-Propargylicb-enaminone4.3 (1.0 mmol) andN-chlorosuccinimidg1.2 mmo)
were mixed in acetonitrilé10 mL) in a roundbottomed flak, reactionduration
was about 24 houend reaction is monitored by TL@9:1 hexane:EtOAc)When

the reactionwas finished extraction with ethyl acetate (50 mL) arséturated
NH4Cl solution (50mL) was performedThe separated organic phase was dried
with MgSQs and filtered. Finally, with flash chromatography usid®:1
hexane:EtOA@s eluent was performed to purify the crude product.

4.3.1 Synthesis of2-Chloro-1,3-diphenyl-3-(prop-2-yn-1-ylamino)prop-2-en-
1-one(35A)
General Procedur8 was followed by using(Z2)-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en1-one(13A) (153 mg, 059mmol) and NCSY4 mg, 070mmol)
were employed to afford the indicated prodofc2-chloro-1,3-diphenyt3-(prop-2-
yn-1-ylamino)prop2-en1-one(35A) asE/Z mixture ofisomers (ratio11.1:1.0) in
85% (147 mg) combined yieldas a red oi(Rs = 0.43 in 4:1 hexane/ethyl acetate).

35A: Major isomer'H NMR (400 MHz, CDCJ) U 11. 56i7¢3, 1H), 7.
(m, 2H), 7.637.53 (m, 3H), 7.507.42 (m, 5H), 3.83 (ddl = 6.1, 2.5 Hz, 2H), 2.37
(t, J=2.5Hz, 1H)®)C NMR (100 MHz,CDCG)) &4 192.6 (CO), 163.9 (
(C), 133.1(C), 130.1 (CH), 129.8 (CH), 128.9 (CH), 128.0 (CH), 127.9 (CH), 127.7
(CH), 101.1 (CCl), 79.2 (C), 72.8 (CH), 34.9 (9HR (neat): 2891, 2838, 1737,
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1646, 1629, 1606, 1578, 1548, 1523, 1490, 1447, 1357, 1317, 1267, 1189, 1107,
1059, 811, 758, 683 cinMS (ESI, m/z): 296.08 [M+H] HRMS (ESI) calcd. for
Ci1eH1sCINO: 296.0837 [M+H], found: 296.0837. The peaks of minor isomer

could not be propéy resolved due to weak intensity.

4.3.2 Synthesis of2-Chloro-1-phenyl-3-(prop-2-yn-1-ylamino)hept-2-en-1-one
(35B)
General Procedureé3 was followed by using(Z)-1-phenyt3-(prop-2-yn-1-
ylamino)hept2-en-1-one (13B) (369 mg, 1.53 mmol) and NCS (84mg, 1.83
mmol) were employed to afford the indicated prodatt2-chloro-1-phenyt3-
(prop-2-yn-1-ylamino)hept2-en-1-one (35B) as E/Z mixture of isomers (ratio
100.0:1.0) in 67%2482 mg) combined yield as a dark red @ = 0.77 in 4:1
hexane/ethyl acetate).

35B: Major isomer:*H NMR (400 MHz, CDCJ) U Drls.1A)87.6%
7.53 (m, 2H), 7.467.34 (m, 3H), 4.11 (dd,= 6.0, 2.5 Hz, 2H), 2.72.59 (m, 2H),
2.37 (t,J=2.5Hz, 1H), 1.781.60 (m, 2H), 1.49 (sextel= 7.4Hz, 2H), 0.99 (t,)

=73 Hz, 3H)®C NMR (100 MHz,CDC)) & 191.5 (CO), 166.

129.6 (CH), 127.7 (CH), 127.6 (CH), 101.3 (CCIl), 78.8 (C), 73.0 (CH), 33.2)(CH
29.9 (Ch), 28.9 (CH), 22.9 (CH), 13.8 (CH); IR (neat): 3290, 3245, 3053026,

2957, 2871, 2715, 2335, 2325, 2166, 2117, 2017, 1980, 1719, 1684, 1576, 1448,
1263, 1082, 699 ch MS (ESI, m/z): 276.12 [M+H] HRMS (ESI) calcd. for
C16H1oCINO: 276.1150 [M+H], found: 276.1155. The peaks of minor isomer
could not be properly rebed due to weak intensity.

4.3.3 Synthesis of 2-Chloro-3-(4-nitrophenyl)-1-phenyl-3-(prop-2-yn-1-

ylamino)prop-2-en-1-one(35C)

General Procedur8 was followed by usingZ)-3-(4-nitrophenyl}1-phenyt3-

(prop-2-yn-1-ylamino)prop2-en-1-one (13C) (101 mg, 0.35 mmol) and NCS 17
mg, 0.53 mmol) were employed to afford the indicated prodti2tchloro-3-(4-

nitrophenyl}1-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35C) as E/Z
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mixture of isomers (ratio 7.1:1.0) i% (54 mg) combined yield as a briglellow
solid (Rr = 0.28 in 4:1 hexane/ethyl acetate); mp 92@L.0°C.

35C: Major isomer:*H NMR (400 MHz, CDCJ) U  brls.1R)78.4%
8.34 (m, 2H), 7.707.64 (m, 2H), 7.6687.57 (m, 2H), 7.487.36 (m, 3H), 3.72 (dd,
J=6.4,2.5Hz, 2H), 2.32 (§,= 2.5 Hz, I)BC NMR (100 MHz,CDG&) G 193. 0
(CO), 160.9 (C), 148.6 (C), 139.9 (C), 139.2 (C), 130.6 (CH), 129.6 (CH), 128.1
(CH), 127.8 (CH), 124.3 (CH), 101.1 (CCl), 78.9 (C), 73.3 (CH), 34.9JAR
(neat): 3272, 3103, 3079, 3060, 3022, 2967, 29838, 2445, 2169, 2134, 2041,
1934, 1881, 1813, 1724, 1694, 1599, 1566, 1543, 1519, 1447, 1429, 1402, 1345,
1318, 1293, 1233, 1158, 1098, 1073, 1028, 1013, 947, 919, 855, 795, 775, 758, 706,
678 cmb; MS (ESI, m/z): 341.07 [M+H] HRMS (ESI) calcd. for GH14CIN2Os:
341.0688 [M+H], found: 341.0694. The peaks of minor isomer could not be
properly resolved due to weak intensity.

4.3.4 Synthesis of2-Chloro-3-(4-methoxyphenyl)}1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35D)
General Procedurgwas followed by usingZ)-3-(4-methoxyphenyhl-phenyt3-
(prop-2-yn-1-ylamino)prop2-en-1-one (13D) (133 mg, 0.46 mmol) and NCS (73
mg, O0.55 mmol) were empl oyed-chom3-@&@f ford t he
methoxyphenybl-phenyt3-(prop-2-yn-1-ylamino)prop-2-en-1-one (35D) asE/Z
mixture of isomers (ratiol0.0:1.Q in 67% (99 mg) combined yield as an orange
oil (Rr=0.37 in 4:1 hexane/ethgtetate).

35D: Major isomer:!H NMR (400 MHz, CDCJ) U Drls.1B)17.7%
7.60 (m, 2H), 7.4%47.29 (m, 5H), 7.02 (d] = 8.6 Hz, 2H), 3.86 (s, 3H), 3.80 (dH,
=5.9, 2.2 Hz, 2H), 2.30 (§,= 2.4 Hz, IH) ®C NMR (100 MHz,CD&) G 192. 3
(CO), 164.0 (C), 160.5 (C), 140.8 (C), 129.9 (CH), 129.6 (CH), 127.9 (CH), 127.6
(CH), 125.1 (C), 114.3 (CH), 101.4 (CCl), 79.3 (C), 72.7 (CH), 55.33(C34.9
(CH2); IR (neat): 3378, 3288, 3057, 3005, 2961, 2934, 2837, 2546, 2114, 1896,
1711, 1672, 1608, 1548, 1511, 1447, 1347, 1287, 1246, 1176, 1164, 1099, 1074,
1026, 945, 912, 83B09, 790, 750, 718, 696 cNMS (ESI, m/z): 326.10 [M+H]
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HRMS (ESI) calcd. for @H17CINO.: 326.0942 [M+H], found: 326.0951. The
peaks of minor isomer could not be properly resolved due to weak intensity.

4.3.5 Synthesis of 2-Chloro-3-phenyl-3-(prop-2-yn-1-ylamino)-1-(p-tolyl)
prop-2-en-1-one (35E)
General Procedu@was followed by usingZ)-3-phenyt3-(prop-2-yn-1-ylamino)-
1-(p-tolyl)prop-2-en-1-one(13E) (70 mg, 0.25 mmol) and NCSX4ng, 0.31 mmol)
were employed to afford the indicated prodoice-chloro-3-phenyt3-(prop-2-yn-
1-ylamino)-1-(p-tolyl)prop-2-en-1-one (35E) as E/Z mixture of isomers (ratio
12.5:1.0) in 60% (& mg) combined yield as a dark red @ = 0.48 in 4:1
hexanegthyl acetate).

35E: Major isomer:H NMR (400 MHz, CDC§) U  bris.1H4)47.67 (d,
J=8.1Hz, 2H), 7.567.45 (m, 3H), 7.38 (ddl = 7.7, 1.5 Hz, 2H), 7.21 (d,= 7.9
Hz, 2H), 3.75 (ddJ = 6.1, 2.5 Hz, 2H), 2.39 (s, 3H), 2.29Jt 2.5 Hz, 1H) 3C
NMR (100 MHz,CDC}) U4 192.5 (CO), 163.7 (C), 140
129.7 (CH), 128.9 (CH), 128.4 (CH), 128.3 (CH), 128.0 (CH), 101. (CCl), 79.3 (C),
72.8 (CH), 34.9 (Ch), 21.6 (CH); IR (neat): 3289, 3245, 3054, 3029, 2978, 2952,
2922, 275, 2589, 2349, 2121, 1704, 1676, 1604, 1581, 1548, 1495, 1445, 1374,
1348, 1312, 1293, 1265, 1246, 1180, 1162, 1098, 1020, 1001, 946, 919, 879, 829,
775, 757, 701, 605 chqy MS (ESI, m/z): 310.10 [M+H]} HRMS (ESI) calcd. for
Ci1oH17CINO: 310.0993 [M+H], found: 310.0997. The peaks of minor isomer
could not be properly resolved due to weak intensity.

4.3.6 Synthesis of2-Chloro-1-(4-methoxyphenyl)}3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35F)

General Procedurgwas followed by usingZ)-1-(4-methoxyphenyh3-phenyt3-
(prop-2-yn-1-ylamino)prop2-en-1-one(13F) (305 mg, 1.05 mmol) and NCS @6
mg, 1.25 mmol) were employed to afford the indicated prodti2tchloro-1-(4-
methoxyphenyh3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35F) as E/Z
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mixture of isomers (ratio 9.1:1.0) in 78% (258 mg) combined yield as an orange
solid (Rr = 0.33 in 4:1 hexane/ethgketate)mp 71.7 73.3°C.

35F: Major isomer:H NMR (400 MHz, CDC4) U 1 1=5& 3z, (H),,
7.847.75 (m, 2H), 7.5i77.44 (m, 3H), 7.407.39 (m, 2H), 6.966.89 (m, 2H), 3.83
(s, 3H), 3.75 (ddJ = 6.3, 2.3 Hz, 2H), 2.32 (§ = 2.5 Hz, 1H);23C NMR (100
MHz,CDCk) U 191.4 (CO), 163.3 (C), 1p1.2 (C),
129.6 (CH), 128.8 (CH), 127.9 (CH), 112.8 (CH), 100.9 (CCl), 79.3 (C), 72.7 (CH),
55.3 (CH), 34.8 (CH); IR (neat): 3287, 3244, 3141, 3057, 2935, 2838, 1732, 1701,
1671, 1601, 1582, 1550, 1509, 1443, 1372, 1292, 1248, 1175, 1161, 1097, 1028,
943, 914880, 841, 811, 775, 749, 702, 681%S (ESI, m/z): 326.09 [M+H]
HRMS (ESI) calcd. for @Hi7CINO2: 326.0942 [M+H], found: 326.0948. The

peaks of minor isomer could not be properly resolved due to weak intensity.

4.3.7 Synthesis of 2-Chloro-1-(4-chlorophenyl)-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35G)
General Procedurd was followed by usingZ)-1-(4-chlorophenyh3-pheny}t3-
(prop-2-yn-1-ylamino)prop2-en-1-one (13G) (117 mg, 039 mmol) and NCS (63
mg, 0.47 mmol) were employed &fford the indicated producf 2-chloro-1-(4-
chlorophenylh3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35G) as E/Z
mixture of isomers (ratio 11.1.1.0) i8% (101mg) combined yield as an orange
solid (Rr = 0.48 in 4:1 hexane/ethyl acetate); mp 68533°C.

35G: Major isomer:*H NMR (400 MHz, CDCY) U Drls.18)57.69
7.64 (m, 2H), 7.5i77.48 (m, 3H), 7.447.34 (m, 4H), 3.79 (ddl= 6.1, 2.5 Hz, 2H),
2.33 (t,J =25 Hz, 1H)®*C NMR (100 MHz,CDG)) 4 190. 9 ( CO) , 164.
138.9 (C), 136.1 (C), 132.9 (C), 129.9 (CH), 129.6 (CH), 129.0 (CH), 127.9 (CH),
127.8 (CH), 100.8 (CCl), 79.0 (C), 72.9 (CH), 35.0 gZHR (neat): 3266, 3151,
3058, 3031, 2969, 2913, 2834, 2126, 1579, 1545, 1486, 1447, 1321, 1355,
1305, 1293, 1259, 1177, 1163, 1106, 1095, 1083, 1025, 1013, 999, 969, 956, 944,
914, 849, 837, 788, 762, 724, 696 tmMS (ESI, m/z): 330.05 [M+H] HRMS
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(ESI) calcd. for @gH14CIoNO: 330.0447 [M+H], found: 330.0457. The peaks of
minor isomercould not be properly resolved due to weak intensity.

4.3.8 Synthesis of 2-Chloro-1-(4-nitrophenyl)-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35H)
General Procedur8 was followed by usingZ)-1-(4-nitrophenyl}3-phenyt3-
(prop-2-yn-1-ylamino)prop2-en1-one (13H) (85 mg, 0.28 mmol) and NCS (45
mg, 0.33 mmol) were employed to afford the indicated prodfi2tchloro-1-(4-
nitrophenyl}3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35H) as E/Z
mixture of isomers (ratio 14.3:1.0) irB% (64 mg) combined yield as a bright
yellow solid(Rs = 0.31 in 4:1 hexane/ethyl acetate); mp 100(.4°C.

35H: Major isomer:!H NMR (400 MHz, CDCJ) U  Drls.1H)28.3%
8.15 (m, 2H), 7.867.71 (m, 2H), 7.6i7.45 (m, 3H), 7.427.33 (m, 2H), 3.82 (dd,
J=6.1, 2.5 Hz, 2H), 2.33 (§,= 2.5 Hz, IH)*C NMR (100 MHz,CDG) U0 189 . 9
(CO), 165.4 (C), 148.4 (C), 146.5 (C), 132.5 (C), 130.2 (CH), 129.2 (CH), 128.9
(CH), 127.8 (CH), 123.2 (CH), 100.7 (CCl), 78.7 (C), 73.3 (CH), 35.22JCR
(neat): 3295, 3272, 3105, 3063, 3028, 2959, 2933, 2855, 2457, 2123, 1603, 1583,
1545, 1511, 1446, 1427, 1349, 1305, 1258, 1242, 1166, 1098, 1026, 1011, 957, 946,
909, 856, 785, 78 736, 700, 673 c MS (ESI, m/z): 341.07 [M+H] HRMS
(ESI) calcd. for @gH14CIN2Os: 341.0688 [M+H], found: 341.0697. The peaks of

minor isomer could not be properly resolved due to weak intensity.

4.3.9 Synthesis of 1-(2-Bromophenyl)-2-chloro-3-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one(35l)

General Procedurd was followed by usindZ)-1-(2-bromophenyb3-pheny}3-
(prop-2-yn-1-ylamino)prop2-en-1-one(13l) (359 mg, 1.06 mmol) and NCS (169
mg, 1.27 mmol) were employed to afford the indicated prodafctl-(2-
bromophenybh2-chloro-3-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35l)
asE/Z mixture of isomers (ratio 12.5:1.0) ir8% (269 mg) combined yield as a
yellow solid(Rs = 0.36 in 4:1 hexane/ethyl acetate); mp 1141%. 6°C.
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351: Major isomer:*H NMR (400 MHz, CDCY) U  Dris.1¥)47.57 (d,
J = 8.0 Hz, 1H), 7.507.43 (m, 3H), 7.487.28 (m, 4H), 7.247.18 (m, 1H), 3.79
(dd,J= 6.0, 2.3 Hz, 2H), 2.33 (§,= 2.3 Hz, 1H) *C NMR (100 MHz, CDCJ) i
191.4 (CO), 164.1 (C), 142.5 (C), 132.4 (C), 132.3 (CH), 129.9 (CH), 128.9 (CH),
127.7 (CH), 127.6 (CH), 127.1 (CH), 118.8 (C), 101.6 (CCl), 78.9 (C), 73.1 (CH),
34.9 (CH) (Note that two CH peaks overlap on each oth&)neat): 3291, 3118,
3048, 3025, 2930, 2138, 2125, 1951, 1811, 1704, 1576, 1544, 1469, 1453, 1414,
1349, 1315, 1272, 1241, 1112, 1073, 1039, 1022, 959, 907, 849, 806, 788, 757, 734,
699 cmt; MS (ESI, m/z): 33.99 [M+H]; HRMS (ESI) calcd. for
Ci18H14"*BrCINO: 373.9942 [M+H], found: 373.9943; MS (ESI, m/z): 375.99
[M+H]*; HRMS (ESI) calcd. for @H18BrCINO: 375.9921 [M+H], found:
375.9925. The peaks of minor isomer could not be properly resolved due to weak

intensity.

4.3.10 Synthesis of2-Chloro-1-phenyl-3-(prop-2-yn-1-ylamino)-3-(thiophen-
3-y)prop-2-en-1-one (35J)
General Procedu@was followed by usingZ)-1-phenyt3-(prop-2-yn-1-ylamino)
3-(thiophen3-yl)prop-2-en-1-one (13J) (111 mg, 0.42 mmol) and NCS (67 mg,
0.49 mmol) were employed to afford the indicated prodti2tchloro-1-phenyt3-
(prop-2-yn-1-ylamino)-3-(thiophen3-yl)prop-2-en-1-one (35J) as E/Z mixture of
isomers (ratio 7.1:1.0) in3% (78 mg) combined yield as areil (Ri=0.41in 4:1
hexane/ethyl acetate).

35J: Major isomer:H NMR (400 MHz, CDCY) U  brk 1H),&.67(dd,
J=7.5,1.9 Hz, 2H), 7.53.49 (m, 1H), 7.46 (dd] = 4.9, 3.0 Hz, 1H), 7.44.36
(m, 3H), 7.16 (ddJ = 5.0, 1.0 Hz, 1H), 3.83 (dd,= 6.1, 2.4 Hz, 2H), 2.32 (§,=
2.4Hz, 1IH)"®)C NMR (100MHz,CDG)) 4 192.3 (CO), 159.7
(C), 130.1 (CH), 127.9 (CH), 127.7 (CH), 127.5 (CH), 126.7 (CH), 126.3 (CH),
101.6 (CCI), 79.5 (C), 72.9 (CH), 35.0 (@HIR (neat): 3288, 311, 1704, 1670,
1553, 1525, 1448, 1387, 1361, 1316, 1247, 1211, 1179, 1158, 1099, 1074, 1026,
1001, 963, 909, 863, 826, 790, 718, 696'cMS (ESI, m/z): 302.04 [M+H]

94

(C),



HRMS (ESI) calcd. for @H1:CINOS: 302.0401 [M+H], found: 302.0407. The
peaks of minoisomer could not be properly resolved due to weak intensity.

4.3.11 Synthesis of 2-Chloro-3-(3-fluorophenyl)-1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35K)
General Procedur8 was followed by usindZ)-3-(3-fluorophenyl}1-phenyt3-
(prop-2-yn-1-ylamino)prop2-en1-one (13K) (123 mg, 0.44 mmol) and NCS1(7
mg, 0.53 mmol) were employed to afford the indicated productabfi@o-3-(3-
fluorophenyl}1-phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one (35K) as E/Z
mixture of isomers (ratio 9.1:1.0) in 74% @Ug) combined yield as an orange oil
(Rr=0.36 in 4:1 hexane/ethyl acetate).

35K: Major isomer:!H NMR (400 MHz, CDCJ) U  Drls.1B)77.7
7.66 (m, 2H), 7.567.36 (m, 4H), 7.2117.11 (m, 3H), 3.76 (dd= 6.2, 2.5 Hz, 2H),
2.31 (t,J=2.4 Hz, IH)3C NMR (100 MHz,CDG)) u 192. 8 ({EO0O) ,
248.6 Hz, CF), 162.1 (C), 140.4 (C), 134.9%1= 7.9 Hz, C), 130.9 () =82
Hz, CH), 130.3 (CH), 128.0 (CH), 127.7 (CH), 123.8%Hs 3.2 Hz, CH), 116.9
(d, 23 = 21.0 Hz, CH), 115.5 (&) = 22.9 Hz, CH), 101.1 (CCI), 79.1 (C), 73.0
(CH), 34.9 (CH); IR (neat): 3294, 3265, 3151, 3056, 2128, 1708, 1681, 1583, 1549,
1487, 14491431, 1353, 1314, 1302, 1262, 1244, 1215, 1136, 1099, 1069, 1026,
1001, 960, 918, 880, 824, 786, 748, 725, 692,06 (ESI, m/z): 314.08 [M+H]
HRMS (ESI) calcd. for @H14CIFNO: 314.0743 [M+H], found: 314.0754. The

peaks of minor isomer could not peperly resolved due to weak intensity.

4.3.12 Synthesis of1-(2-Bromophenyl)-3-(4-bromophenyl)-2-chloro-3-(prop-
2-yn-1-ylamino)prop-2-en-1-one(35L)

General Procedure3 was followed by using(2)-1-(2-bromophenyh3-(4-
bromophenyh3-(prop-2-yn-1-ylamino)prop2-en-1-one(13L ) (89 mg, 0.21 mmol)
and NCS (8 mg, 0.25 mmol) were employed to afford the indicated proaiitt
(2-bromophenyBb3-(4-bromophenyb2-chloro-3-(prop-2-yn-1-ylamino)prop2-
enl-one(35L) asE/Zmixture of isomers (ratio 11.1:1.0) in 65%3(®&g) combined
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yield as a pale yellow soli@R = 0.41 in 4:1 hexane/ethyl acetate); mp 1454%.9
°C.

35L: Major isomerH NMR (400 MHz,CDC4) G 11. 34 (Js, 1H),
= 8.4 Hz, 2H), 7.59 (d1 = 8.0 Hz, 1H), 7.38 (t] = 7.4 Hz, 1H), 7.387.28 (m, 3H),
7.287.22 (m, 1H), 3.83 (dd) = 6.1, 2.3 Hz, 2H), 2.35 (1 = 2.4 Hz, 1H) *C
NMR (100 MHz, CDC}) 161.9 (CO), 162.9 (C), 142.5 (C), 132.7 (CH), 132.4
(CH), 131.3 (C), 130.1 (CH), 129.8 (CH), 127.7 (CH), 127.3 (CH), 124.5 (C), 118.9
(C), 101.9 (CCl), 78.9 (C), 73.3 (CH), 35.1 (§HIR (neat): 3298, 3130, 3086,
3061, 2961, 2938, 2849, 2524, 2371, 235322, 2275, 2222, 2127, 2090, 2039,
2025, 2003, 1987, 1973, 1955, 1941, 1919, 1901, 1803, 1786, 1734, 1590, 1576,
1544, 1469, 1449, 1415, 1356, 1356, 1309, 1272, 1244, 1180, 1159, 1107, 1072,
1038, 1010, 956, 907, 830, 781, 757, 729, 678,¢6 (ESI, m/3: 451.91 [M+HT;
HRMS (ESI) calcd. for @H13°Br.CINO: 451.9047 [M+H], found: 451.9054; MS
(ESI, m/z): 453.90 [M+H], HRMS (ESI) calcd. for GH13"°Bré'BrCINO:
453.9027 [M+HT, found: 453.9033; MS (ESI, m/z): 455.90 [M¥HHRMS (ESI)
calcd. for GsH1z*'BroCINO: 455.9008 [M+H], found: 406.9013. The peaks of

minor isomer could not be properly resolved due to weak intensity.

4.3.13 Synthesis of 2-Chloro-3-(3-fluorophenyl)-1-(4-methoxyphenyl)3-
(prop-2-yn-1-ylamino)prop-2-en-1-one (35M)
General Procedure3 was followed by using(2)-3-(3-fluorophenyl}1-(4-
methoxyphenyh3-(prop-2-yn-1-ylamino)prop2-en-1-one (13M) (179 mg, 0.58
mmol) and NCS (3mg, 0.69 mmol) were employed to afford the indicated product
of 2-chloro-3-(3-fluorophenyl}1-(4-methoxyphenyb3-(prop-2-yn-1-ylamino)
prop-2-en-1-one(35M) asE/Z mixture of isomers (ratio 7.1:1.0) in 62% (123 mg)
combined yield as a dark red @i = 0.29 in 4.1 hexane/ethgtetate).

35M: Major isomerH NMR (400 MHz, CDCY) U 1 J=535 6iz, 1H), ,
7.80i 7.71 (m, 2H), 7.5i77.44 (m, H), 7.217.10 (m, 3H), 6.90 (dd] = 9.3, 2.3
Hz, 2H), 3.82 (s, 3H), 3.73 (dd,= 6.2, 2.5 Hz, 2H), 2.30 (§,= 2.4 Hz, 1H) 3C
NMR (100 MHz, CDCY) 0 191. 6 (AC=C38,7 HAGFR 168.3 (¢, d ,
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161.5 (C), 135.2 (fJ = 7.8 Hz, C), 132.7 (C), 130.8 (& = 8.3 Hz, CH), 130.5

(CH), 123.9 (d%J = 3.1 Hz, CH), 116.7 (&) = 20.9 Hz, CH), 115.5 (4] = 22.8

Hz, CH), 112.9 (CH), 101.0 (CCl), 79.2 (C), 72.9 (CH), 55.34{CB#.8 (CH); IR

(nea}: 3292, 3246, 3067, 3006, 2958, 2934328717, 2114, 2051, 2023, 1707,
1672, 1585, 1556, 1509, 1488, 1452, 1421, 1374, 1301, 1248, 1215, 1170, 1093,
1026, 963, 879, 834, 790, 766, 673 VS (ESI, m/z): 344.08 [M+H} HRMS

(ESI) calcd. for @H16CIFNO2: 344.0848 [M+HT, found: 344.0849. The peaks of

minor isomer could not be properly resolved due to weak intensity.

4.3.14 Synthesis of 2-Chloro-3-(4-chlorophenyl)-1-phenyl-3-(prop-2-yn-1-
ylamino)prop-2-en-1-one (35N)

General Procedurd was followed by usingZ)-3-(4-chlorophenyh1-phenyt3-
(prop-2-yn-1-ylamino)prop2-en-1-one(13N) (184 mg, 0.62 mmol) and NC300

mg, 0.75 mmol) were employed to afford the indicated prodti2tchloro-3-(4-
chlorophenyB1-phenyt3-(prop-2-yn-1-ylamingprop-2-en-1-one (35N) as E/Z
mixture of isomers (ratio 12.5:1.0) i8% (138 mq) as a bright orange sdliRl =

0.40 in 4:1 hexane/ethyl acetate); mp 668.1°C.

35N: Major isomer!H NMR (400 MHz, CDCY) i 11=5#2Hz, {H), 7.70

7.67 (m, 2H), 7.527.46 (m, 2H), 7.447.37 (m, 3H), 7.367.31 (m, 2H), 3.74 (dd,
J=6.2,2.5Hz, 2H), 2.31 (§,= 2.5 Hz, IH)®C NMR (100 MHz,CDG&) 0 19 2.
(CO), 162.5 (C), 140.4 (C), 135.9 (C), 131.3 (C), 130.2 (CH), 129.5 (293

(CH), 127.9 (CH), 127.7 (CH), 101.1 (CCl), 79.1 (C), 72.9 (CH), 34.9JAR

(neat): 3267, 3083, 3055, 3022, 2967, 2895, 2840, 2129, 1909, 1707, 1684, 1597,
1543, 1491, 1445, 1427, 1349, 1318, 1303, 1291, 1236, 1178, 1160, 1102, 1086,
1072, 10271013, 967, 947, 918, 831, 795, 777, 735, 719, 69% t4S (ESI, m/z):
330.04 [M+H]; HRMS (ESI) calcd. for @H14CIoNO: 330.0447 [M+H], found:
330.0449. The peaks of minor isomer could not be properly resolved due to weak

intensity.
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4.3.15 Synthesis of 2-Chloro-1-phenyl-3-(prop-2-yn-1-ylamino)-3-(p-
tolyl)prop -2-en-1-one(350)
General Procedui@was followed by usinZ)-1-phenyt3-(prop-2-yn-1-ylamino)
3-(p-tolyl)prop-2-en-1-one (130) (214 mg, 0.78 mmol) and NCS @2ng, 0.93
mmol) were employed to afford the indicated prodott2-chloro-1-phenyt3-
(prop-2-yn-1-ylamino)-3-(p-tolyl)prop-2-en1-one(350) asE/Z mixture of isomers
(ratio 11.1:1.0) in 3% (176 mg) combined yield as an orange @ = 0.55in 4:1
hexane¢thyl acetate).

350: Major isomer:H NMR (400 MHz, CDCd) U bris J545.6 Hz,
1H), 7.747.68 (m, 2H), 7.467.38 (m, 3H), 7.367.25 (m, 4H), 3.78 (dd] = 6.1,
2.5 Hz, 2H), 2.43 (s, 3H), 2.31 &= 2.5 Hz, 1H) 1*C NMR (100 MHz, CDGJ) i
192.5(C0O), 164.3 (C), 140.8 (C), 139.9 (C), 130.2 (C), 130.1 (CH), 129.7 (CH),
128.0 (CH), 127.9 (CH),2I7.7 (CH), 101.2 (CCl), 79.3 §C72.8 (CH), 34.9 (CH),
21.6 (CH); IR (neat): 3316, 3284, 3054, 3023, 2928, 2868, 2349, 2121, 2022, 1999,
1983, 1962, 19091707, 1678, 1611, 1584, 1544, 1512, 1447, 1416, 1348, 1303,
1271, 1242, 1179, 1162, 1096, 1020, 953, 909, 823, 784, 734, 698SNESI,
m/z): 310.10 [M+H]; HRMS (ESI) calcd. for @H17CINO: 310.0993 [M+H],
found: 310.1000. The peaks of minor isoroeuld not be properly resolved due to
weak intensity.

4.3.16 Synthesis of2-Chloro-1-(4-chlorophenyl)-3-(3-fluorophenyl)-3-(prop-
2-yn-1-ylamino)prop-2-en-1-one (35P)

General Procedure3 was followed by using(2)-1-(4-chloropheny)3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-en1-one (13P) (222 mg, 0.71
mmol) and NCS (113 mg, 0.85 mmol) were employed to afford the indicated
product of  2-chloro-1-(4-chlorophenyh3-(3-fluorophenyl}3-(prop-2-yn-1-
ylamino)prop2-en1-one(35P) asE/Z mixture of isomers (ratio 10.0:1.0) ir8%

(138 mg) combined vyield as a dark orange s{fd= 0.42 in 4:1 hexane/ethyl
acetate); mp 64i®6.0°C.
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35P: Major isomerH NMR (400 MHz, CDCY) U  bris 1H),00.6€7.59 (m,

2H), 7.55 7.41 (m, 1H), 7.397.33 (m, 2H), 7.287.08 (m, 3H), 3.76 (dd] = 6.1,
2.5Hz, 2H), 2.32 (t)=2.4 Hz, IH)®C NMR (100 MHz,CDG&) &G 191. 2 ( CC
162.8 (d}J=248.8 Hz, CF), 162.5 (C), 138.6 (C), 136.3 (C), 134.7)(d,7.9 Hz,

C), 130.9 (d3J=8.2 Hz, CH), 129.7 (CH), 128.0 (CH), 123.74#l= 3.1 Hz, CH),

116.9 (d,2] = 20.8 Hz, CH), 115.4 () = 23.0 Hz, CH), 100.7 (CCIl), 78.9 (C),

73.1 (CH), 34.9 (Cb); IR (neat): 3286, 3166, 3073, 3034, 2957, 2932, 2319, 2166,
2120, 1915, 1873, 1797, 1712, 1682, 1579, 1545, 1487, 1453, 1422, 1343, 1281,
1245, 1216, 1136, 1095, 1013, 965, 948, 909, 887, 865, 838, 758, 719, 676 cm
MS (ESI, m/z): 348.04 [M+H} HRMS (ESI) calcd. for @H13CI,FNO: 348.0353
[M+H]*, found: 348.036. The peaks of minor isomer could not be properly

resolved due to weak intensity.

4.3.17 Synthesis ofl-(2-Bromophenyl)-2-chloro-3-(3-fluorophenyl)-3-(prop-2-
yn-1-ylamino)prop-2-en-1-one (35Q)
General Procedure3 was followed by using(2)-1-(2-bromophenyh3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-enl1-one (13Q) (373 mg, 1.04
mmol) and NCS (16 mg, 1.25 mmol) were employed to afford the indicated
product of  1-(2-bromophenyh2-chloro-3-(3-fluorophenyl}3-(prop-2-yn-1-
ylamino)prop2-en-1-one(35Q) asE/Z mixture of isomers (ratio 10.0:1.0) 8%
(318 mg) combined yield as a pale orange s(fd= 0.40 in 4.1 hexane/ethyl
acetate); mp 104i3.06.2°C.

35Q: Major isomer!H NMR (400 MHz, CDCY) U  bris.18),17.57 (d,
J=8.0Hz, 1H), 7.49 (td]= 7.9, 5.7 Hz, 1H), 7.3§.32 (m, 1H), 7.29 (ddl= 7.6,
1.8 Hz, 1H), 7.267.10 (m, 4H), 3.81 (ddl = 6.2, 2.5 Hz, 2H), 2.33 (§,= 2.5 Hz,
1H); 13C NMR (100 MHz, CDG)) G 191 . 8 (r=-0248.7 Hr,&€F), 7 ( d,
162.3 (C),142.3 (C), 134.1 ()= 7.8 Hz, C), 132.5 (CH), 130.9 (% = 8.2 Hz,
CH), 130.0 (CH), 127.6 (CH), 127.2 (CH), 123.64#l= 3.0 Hz, CH), 118.8 (C),
117.0 (d,2J = 20.8 Hz, CH), 115.3 (dJ = 23.0 Hz, CH), 101.6 (CClI), 78.7 (C),
73.2 (CH), 34.9 (Cb); IR (neat): 3291, 3127, 2929, 2323, 2124, 1868, 1579, 1545,
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1454, 1428, 1414, 1347, 1317, 1280, 1246, 1221, 1160, 1143, 1108, 1040, 1022,
956, 908, 890, 871, 763, 736, 703, 669cMS (ESI, m/z): 391.99 [M+H]

HRMS (ESI) calcd. for @H13"°BrCIFNO: 3919848 [M+H]', found: 391.9857;

MS (ESI, m/z): 393.98 [M+H] HRMS (ESI) calcd. for GH1£'BrCIFNO:
393.9827 [M+H], found: 393.9840. The peaks of minor isomer could not be
properly resolved due to weak intensity.

4.3.18 Synthesis af-(2-Bromophenyl)-2-chloro-3-(4-methoxyphenyl)3-(prop-
2-yn-1-ylamino)prop-2-en-1-one(35R)
General Procedure3 was followed by using(2)-1-(2-bromophenyh3-(4-
methoxyphenyb3-(prop-2-yn-1-ylamino)prop2-en-1-one (13R) (112 mg, 0.30
mmol) and NCS (¢ mg, 0.36 mmol) were employed to afford the indicated product
of  1-(2-bromophenyl2-chloro-3-(4-methoxyphenyh3-(prop-2-yn-1-ylamino)
prop-2-en-1-one(35R) asE/Z mixture of isomers (ratio 12.5:1.0) ir% (82 mg)
combined yield as a yellow sol{& = 0.29 in 4:1 hexane/ethyl acetate); mp 97.5
99.1°C.

35R: Major isomerlH NMR (400 MHz, CDCJ) U  bris.1H),47.5¢ (d,
J=8.0 Hz, 1H), 7.387.28 (m, 4H), 7.2687.18 (m, 1H), 7.01 (d] = 8.6 Hz, 2H),
3.84 (s, 5H), 2.32 ()= 2.3 Hz, 1H*C NMR (100MHz,CDCk) & 191. 3 ( CO) ,
164.4 (C), 160.7 (C), 142.7 (C), 132.5 (CH), 129.9 (CH), 129.6 (CH), 127.7 (CH),
127.2 (CH), 124.5 (C), 118.9 (C), 114.3 (CH), 102.6 (CCl), 79.1 (C), 72.9 (CH),
55.4 (CH), 35.1 (CH); IR (neat): 3120, 3054, 3000, 2961, 2933, 2HB37, 2558,
2506, 2466, 2297, 2162, 2135, 2104, 2065, 2014, 1928, 1902, 1870, 1734, 1654,
1606, 1571, 1511, 1465, 1437, 1419, 1372, 1305, 1245, 1173, 1147, 1112, 1075,
1029, 986, 963, 835, 782, 755, 682%mVS (ESI, m/z): 404.00 [M+H]} HRMS
(ESI) cald. for GigH16"BrCINO,: 404.0047 [M+HT, found: 404.0043; MS (ESI,
m/z): 406.00 [M+H]; HRMS (ESI) calcd. for @H16**BrCINO.: 406.0027
[M+H] ™", found: 406.0026. The peaks of minor isomer could not be properly

resolved due to weak intensity.
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4.3.19 Synthes of 2-Chloro-1-(4-chlorophenyl)-3-(prop-2-yn-1-ylamino)-3-
(m-tolyl)prop -2-en-1-one (35S)
General Procedur@was followed by usingz)-1-(4-chlorophenyB3-(prop-2-yn-
1-ylamino)-3-(m-tolyl)prop-2-en-1-one(13S) (300 mg, 0.97 mmol) and NCS (155
mg, 1.16 mmol) were employed to afford the indicated prodti2tchloro-1-(4-
chlorophenyh3-(prop-2-yn-1-ylamino)-3-(m-tolyl)prop-2-en-1-one (35S) as E/Z
mixture of isomers (ratio 11.1:1.0) in/% (255 mg) combined yields a pale
orange solidR=0.48 in 4:1 hexane/ethyl acetate); mp 8985°C. Major isomer:
35S:'H NMR (400 MHz, CDCJ) U brk 1H),3.65(d,) = 8.5 Hz, 2H),
7.477.32 (m, 3H), 7.327.25 (m, 1H), 7.207.08 (m, 2H), 3.77 (dd] = 6.0, 2.4
Hz, 2H), 2.42 (s, 3H), 2.31 @= 2.4 Hz, 1H)X*C NMR (100 MHz,CDG&) &4 190 .
(CO), 164.6 (C), 138.9 (C), 138.8 (C), 135.9 (C), 132.8 (C), 130.6 (CH), 129.6
(CH), 128.9 (CH), 128.2 (CH), 127.9 (CH), 124.8 (CH), 100.7 (CCl), 79.1 (C), 72.9
(CH), 34.9 (CH), 21.5 (CH); IR (neat): 3287, 3142, 3053, 3014, 2962, 2930, 2854,
2252, 2184, 2173, 2163, 2125, 2041, 1897, 1787, 1681, 1544, 1487, 1456, 1418,
1361, 1311, 1276, 1247, 1215, 1176, 1149, 1101, 1013, 966, 910, 883, 873, 833,
787, 758, 707, 65 cmit; MS (ESI, m/z): 344.06 [M+H] HRMS (ESI) calcd. for
C19H16CIoNO: 344.0604 [M+H], found: 344.0614. The peaks of minor isomer
could not be properly resolved due to weak intensity.

4.3.20 Synthesis of2-Chloro-1-(4-methoxyphenyl)}3-(prop-2-yn-1-ylamino)-3-
(thiophen-3-yl)prop-2-en-1-one(35T)
General Procedurg was followed by usingZ)-1-(4-methoxyphenyB3-(prop-2-
yn-1-ylamino)-3-(thiophen3-yl)prop-2-en-1-one (13T) (144 mg, 0.49 mmol) and
NCS (78 mg, 0.58 moil) were employed to afford the indicated prodatt2-
chloro-1-(4-methoxyphenyh3-(prop-2-yn-1-ylamino)-3-(thiophen3-yl)prop-2-
enl-one(35T) asE/Z mixture of isomers (ratio 5.3:1.0) 6% (74 mg) combined
yield as dark orange qiRr = 0.29 in 4:1 hexane/ethyl acetate)

35T: Major isomerH NMR (400 MHz,CDCJ) 4 11. 40 (t, J
7.76 (d, J = 8.8 Hz, 2H), 7.53.44 (m, 2H), 7.17 (dd, J = 5.0, 1.2 Hz, 1H), 6.92 (d,
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J=8.8 Hz, 2H), 3.83 (s, 3H), 3.81 (dd, J = 6.2, 2.5 H3, 2134 (t, J = 2.4 Hz, 1H);
BCNMR (100MHz,CDGE) G 191.1 (CO), 161.2 (C), 159.
(CH), 130.4 (CH), 127.5 (C), 126.5 (C), 126.2 (CH), 112.8 (CH), 101.5 (CClI), 79.6
(C), 72.7 (CH), 55.3 (Ck}, 34.9 (CH); IR (neat): 3287, 3102, 8BQ, 2955, 2933,

2837, 1731, 1601, 1559, 1452, 1415, 1387, 1360, 1301, 1285, 1244, 1210, 1171,
1146, 1094, 1026, 962, 909, 839, 792, 766, 621;cS (ESI, m/z): 332.05
[M+H]*; HRMS (ESI) calcd. for &HisCINO2S: 332.0507 [M+H], found:
332.0512. The peaks minor isomer could not be properly resolved due to weak

intensity.

4.3.21 Synthesis ofl-(2-Bromophenyl)-2-chloro-3-(prop-2-yn-1-ylamino)-3-
(m-tolyl)prop -2-en-1-one (35U)
General Procedurgwas followed by usingZ)-1-(2-bromophenybh3-(prop-2-yn-
1-ylamino)-3-(m-tolyl)prop-2-en-1-one(13U) (444 mg, 1.25 mmol) and NCS (2O
mg, 1.50 mmol) were employed to afford the indicated product -(2- 1
bromophenyb2-chloro-3-(prop-2-yn-1-ylamino) 3-(m-tolyl)prop-2-en-1-one
(35U) asE/Z mixture of isomers (ratio 9.1:1.0) il6% (3682 mg) combined yield as
an orange soli@R = 0.38 in 4:1 hexane/ethyl acetate); mp 10208!.2°C.

35U: Major isomerH NMR (400 MHz, CDCJ) U  bris.18),37.47 (d,
J=17.9 Hz, 1H), 7.327.15 (m, 4H), 7.147.03 (m, 3H), 3.71 (ddl = 5.9, 2.4 Hz,
2H), 2.31 (s, 3H), 2.23 (1 = 2.4 Hz, 1H);'3C NMR (100 MHz,CDG)) 4 191 . 5
(CO), 164.5 (C), 142.6 (C), 138.8 (C), 132.5 (C), 132.4 (CH), 130.7 (CH), 129.9
(CH), 128.9 (CH),128.2 (CH), 127.7 (CH), 127.2 (CH), 124.8 (CH), 118.9 (C),
101.7 (CCl), 78.9 (C), 72.9 (CH), 35.1 (©H21.5 (CH); IR (neat): 3294, 3143,
3128, 3050, 3020, 2929, 2350, 2342, 2323, 2280, 2268, 2184, 2117, 2087, 2040,
2023, 2012, 1953, 1731, 1553, 147053, 1428, 1416, 1354, 1313, 1268, 1241i
1218, 1156, 1111, 1074, 1022, 959, 909, 818, 798, 746, 709, 68aM(ESI,
m/z): 388.01 [M+H]; HRMS (ESI) calcd. for @His*BrCIFNO: 388.0098
[M+H]*, found: 388.0105; MS (ESI, m/z): 390.01 [M¥HHRMS (ESI) @lcd. for
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C1oH16®BrCIFNO: 390.0078 [M+H], found: 390.0087. The peaks of minor isomer
could not be properly resolved due to weak intensity.

4.3.22 Synthesis of2-Chloro-3-(3-fluorophenyl)-3-(prop-2-yn-1-ylamino)-1-
(p-tolyl)prop -2-en-1-one(35V)
General Procedurg was followed by usingZ)-3-(3-fluorophenyl}3-(prop-2-yn-
1-ylamino)}1-(p-tolyl)prop-2-en1-one(13V) (250 mg, 0.85 mmol) and NCS (137
mg, 1.02 mmol) were employed to afford the indicated prodfi2tchloro-3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)-1-(p-tolyl)prop-2-en-1-one (35V) as E/Z
mixture of isomers (ratio 10.0:1.0) in 83% (232 mg) combined yield as a reddish
orange oil(Rs = 0.50in 4:1 hexane/ethyl acetate).

35V: Major isomer:H NMR (400 MHz, CDCJ) U bris 113),47.63 (d,
J=8.1Hz, 2H), 7.49 (td, J = 7.9, 5.8 Hz, 1H), Y231 (m, 5H), 3.75 (dd, J = 6.2,
2.5 Hz, 2H), 2.39 (s, 3H), 2.31 (t, J = 2.4 Hz, 18, NMR (100 MHz, CDG)
192.6 (CO), 162.8 (dJ = 248.4 Hz, CF), 161.8 (C), 140.7 (C), 137.5,(C34.9
(d,33=7.9 Hz, C), 130.9 (] = 8.5 Hz, CH), 128.4 (CH), 128(€H), 123.8 (d,
4J=3.2 Hz, CH), 116.8 (¢J = 20.8 Hz, CH), 115.5 (dJ = 22.9 Hz, CH), 101.1
(CCl), 79.1 (C), 72.9 (CH), 34.9 (CH 21.6 (CH); IR (neat): 3293, 3064, 3030,
2922, 2865, 2324, 2217, 2172, 2120, 2983, 1733, 1608, 1581, 1547, 1491, 1452,
1421, 1375, 1348, 1313, 1294, 1250, 1217, 1181, 1093, 1020, 964, 877, 829, 791,
757, 672, 584, 557, 672 ¢cinMS (ESI, m/z): 328.09 [M+H]} HRMS (ESI) calcd.
for C19H16CIFNO: 328.0899 [M+H]J, found: 328.0908. The peaks of minor isomer
could not be properly resolved due to weak intensity.

4.3.23 Synthesis ofl-(2-Bromophenyl)-2-chloro-3-(4-fluoro -3-methylphenyl)-
3-(prop-2-yn-1-ylamino)prop-2-en-1-one (35W)

General Procedurgwas followed by usingz)-1-(2-bromophenyh3-(4-fluoro-3-
methylphenyh3-(prop-2-yn-1-ylamino)prop2-en-1-one (13W) (271 mg, 0.73
mmol) and NCS (12 mg, 0.87 mmol) were employed to afford the indicated
product of 2(2-bromophenyh2-chloro-3-(4-fluoro-3-methylphenyB3-(prop-2-
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yn-1-ylamino)prop2-en1-one (35W) asE/Z mixture of isomers (ratio 7.1:1.0) in
63% (187 mg) combined yield as a pale orargdiel $R: = 0.38 in 4:1 hexane/ethyl
acetate); mp 91i43.4°C.

35W: Major isomeriH NMR (400 MHz, CDCY) U 131=538iz, H) ,
7.56 (d,J = 8.0 Hz, 1H), 7.377.28 (m, 2H), 7.267.15 (m, #), 7.12 (tJ = 8.8 Hz,
1H), 3.80 (ddJ = 6.1, 2.5 Hz, B), 2.33 (ddJ = 5.6, 2.0 Hz, 4H)*C NMR (100

MHz,CDCk) & 191.5 ( CO), J% B49.0 Bz, QFCI42.5 (T)F 1 .

132.5 (CH), 131.1 (#) = 5.6 Hz, CH), 129.9 (CH), 128.0 (= 3.7 Hz, C), 127.6
(CH), 127.3 (d3J = 8.5 Hz, CH), 127.2 (CH)L25.9 (d2J = 17.9 Hz, C), 118.8 (C),
115.7 (d2J = 23.1 Hz, CH), 101.9 (CClI), 78.9 (C), 73.1 (CH), 34.9 {H4.6 (d,

3) = 2.7 Hz, CH); IR (neat): 3291, 3248, 3055, 2979, 2956, 2928, 2870, 2121,
1732, 1545, 1502, 1469, 1452, 1428, 1399, 1307, 1PE3, 1161, 1104, 1068,
1038, 943, 899, 869, 826, 799, 757, 739, 670:0MS (ESI, m/z): 406.00 [M+H]
HRMS (ESI) calcd. for @H1s"°BrCIFNO: 406.0004 [M+H], found: 406.0010;
MS (ESI, m/z): 408.10 [M+H} HRMS (ESI) calcd. for @H1**BrCIFNO:
407.9983M+H] ", found: 407.9995.

4.4 General Procedure 4. Synthesis of Fluoro-substituted N-

Propargylic b-Enaminone Derivatives 36

N-Propargylic b-enaminonesl3 (1.0 mmo) andS e | e c¢ t (1.0 mnwly viiere
mixed inacetonitrilie(l0 mb at O auddbottomed flak, reaction duration
was abou# hours and reaction is monitored by TKZ1 hexane:EtOAc)When
the reactiorwasfinished extraction with ethlyacetate (50 m), distilled HO (50
mL) was performed and the separated organic phase veasvidth MgSQ: and
filtered. Finally, with flash chromatography using L hexane:EtOAc as eluent was

performed to purify the crude product.
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4.4.1 Synthesis o2-Fluoro-1,3-diphenyl-3-(prop-2-yn-1-ylamino)prop-2-en-1-
one(36A)
General Procedurd was followed by using(2)-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en-1-one (13A) (114 mg , 0.44 mmol) and Sel ec
0.44 mmol) were employed to affordd &g (3L%) of the indicated product of 2
fluoro-1,3-diphenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one(36A) as orange oil
(Rr=0.54 in 4:1 hexane/ethyl acetate).

36A: 'H NMR (400 MHz, CDCJ) U Di0s, 1H)) 7.947.90 (m, 2H),
7.557.39 (m, 8H), 3.79 (dd] = 6.2, 2.0 Hz, 2H), 2.29 ( = 2.5 Hz, 1H);*C
NMR (101 MHz, CDCf) U 1 815 2421 H¢, 6Q), 153.1 (d) = 28.0 Hz, C),
140.2 (d,XJ = 220.8 Hz, CF), 137.8 (d) = 6.2 Hz, C), 131.5 (CH), 130.2 (CH),
129.7 (CH), 128.9 (CH), 128.9 (] = 4.4 Hz, C), 128.8 (CH), 128.2 (CH), 79.9
(C), 72.6 (CH), 34.1 (C); IR (neat): 3304, 327&059, 2929, 2117, 1697, 1610,
1598, 1575, 1554, 1462, 1427, 1336, 1285, 1246, 1157, 1071, 1027, 1001, 912, 852,
789, 697 crit; MS (ESI, m/z): 280.11 [M+H]} HRMS (ESI) calcd. for GH1sFNO:
280.1132 [M+HT, found: 280.1141.

4.4.2 Synthesis of2-Fluoro-1-phenyl-3-(prop-2-yn-1-ylamino)hept-2-en-1-one
(36B)
General Procedured was followed by using(Z)-1-phenyt3-(prop-2-yn-1-
ylamino)hept2-en1-one(13B) ( 359 mg, 1.49 mmol8mgand Sel
1.49 mmol) were employed to affordl &g (21%) of the indicated produdaif 2-
fluoro-1-phenyt3-(prop-2-yn-1-ylamino)hept2-en1-one(36B) as dark orange oil
(Rr=0.48 in 4:1 hexane/ethyl acetate).

36B: 'H NMR (400 MHz, CDCJ) U  Di0s, 181)8 7.967.73 (m, 2H),
7.527.34 (m, 3H), 4.05 (ddl = 5.9, 2.2 Hz, 2H), 2.62.52 (m, 2H), 2.34 (] =
2.5 Hz, 1H), 1.691.57 (m, 2H), 1.47 (sextel,= 7.4 Hz, 2H), 0.97 (1) = 7.3 Hz,
2H); *C NMR (101 MHz, CDG)) U 1 813=.235 Hz,dCO), 156.4 (d) =
26.9 Hz, C), 141.4 (dJ = 216.9 Hz, CF)138.1 (d,3J = 6.3 Hz, C), 130.9 (CH),
128.6 (d/J=7.8 Hz, CH), 128.1 (CH), 79.4 (C), 72.7 (CH), 32.4 §;H9.9 (CH),
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25.6 (d,*J = 5.4 Hz, CHl), 22.8 (CH), 13.8 (CH); IR (neat): 3292, 3062, 2958,
2931, 2872, 1686, 1601, 1579, 1542, 1449, 1329%,1P471, 1086, 701 ctp MS
(ESI, m/z): 260.14 [M+H], HRMS (ESI) calcd. for GH1oFNO: 260.1445 [M+H],
found: 260.1448.

4.4.3 Synthesis of -Fluoro-1-phenyl-3-(prop-2-yn-1-ylamino)-3-(p-tolyl)prop -
2-ent1-one (360)
General Procedurkwas followed bysing €)-1-phenyt3-(prop-2-yn-1-ylamino)
3-(p-tolyl)prop-2-en1-one (30) (544mg, 1. 97 mmol ) and Selectfl L
1.97 mmol) were employed to afford 87 mg (15%) of the indicated produet of 2
fluoro-1-phenyt3-(prop-2-yn-1-ylamino)3-(p-tolyl)prop-2-en1-one  @60) as
orange soliqRr = 0.48 in 4:1 hexane/ethyl acetate); mp 78&%6°C.
360: '"H NMR (400 MHz, CDCG) & 10. 15 (Hh88(ms2H),1H), 7.96
7.507.40 (m, 3H), 7.34 (dd] = 21.8, 8.0 Hz, 4H), 3.81 (dd,= 6.2, 2.0 Hz, 2H),
2.43 (s, 3H)2.29 (tJ=2.5Hz, 1H)’®*C NMR (101 MHz,CDG)) U 184. 9 (d,
24.1 Hz, CO), 153.4 (d] = 27.6 Hz, C), 140.3 (C), 140.3 (d,= 220.2 Hz, CF),
137.9 (d3J=6.3 Hz, C), 131.4 (CH), 129.5 (CH), 128.84tk 3.3 Hz, CH), 128.7
(d,*J=2.2 Hz, CH), 128.1 (CH), 126.6 (C), 79.9 (C), 72.5 (CH), 33.%JCH..5
(CHa); IR (neat): 3304, 3217, 3059, 3028, 2968, 2932, 2038, 1979, 1909, 1602,
1577, 1549, 1492, 1469, 1332, 1286, 1251, 1185, 1157, 1023, 1003, 914, 827, 791,
763, 737, 695 cth MS (ESI, m/z): 294.13 [M+H} HRMS (ESI) calcd. for
Ci19H17FNO: 294.1289 [M+H], found: 294.1298.

4.44 Synthesis ofl-(4-Chlorophenyl)-2-fluoro-3-(3-fluorophenyl)-3-(prop-2-
yn-1-ylamino)prop-2-en-1-one (36P)

General Procedure4 was followed by using(2)-1-(4-chloropheny3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-en-1-one (13P) (309 mg, 0.99
mmo | ) and Sel ec.99nimolpweie enjpRye® to affgrd 7 5nQ
(17%) of the indicated product @f(4-chlorophenyh2-fluoro-3-(3-fluorophenyl}
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3-(prop-2-yn-1-ylamino)prop2-en-1-one(36P) as bright yellow solidR: = 0.68 in
4:1 hexane/ethyl acetate); mp 107.Q29.0°C.

36P: 'H NMR (400 MHz, CDCY) U @S 18R 7.817.76 (m, 2H), 7.46
7.40 (m, 1H), 7.347.30 (m, 2H), 7.207.09 (m, 3H), 3.71 (ddl= 6.1, 2.2 Hz, 2H),
2.22 (t,J = 2.5 Hz, 1H) *C NMR (101 MHz, CDG)) U 1 833=.237 Hzd ,
CO), 162.8 (d1J = 248.3 Hz, CF), 151.7 (d) = 27.2 Hz, C), 40.1 (d,}J=222.5
Hz, CF), 137.9 (C), 135.9 (8] = 6.4 Hz, C), 131.5 (¢J= 8.0 Hz, C), 130.7 (]
= 8.3 Hz, CH), 130.4 (dl = 8.6 Hz), 128.6 (CH), 124.7 {) = 2.5 Hz, CH), 117.4
(d,23=20.9 Hz, CH), 116.3 (dd) = 22.8,*J = 2.1 Hz, CH),79.5 (C), 72.9 (CH),
34.1 (CH); IR (neat): 3238, 2117, 1899, 1683, 1599, 1569, 1539, 1460, 1433, 1397,
1322, 1294, 1252, 1214, 1174, 1091, 1009, 920, 882, 833, 794, 766, 745,697 cm
1 MS (ESI, m/z): 32.07 [M+H]; HRMS (ESI) calcd. for @H13CIF2NO:
332.0648 [M+HT', found: 332.0661.

4.45 Synthesis of2-Fluoro-3-(3-fluorophenyl)-3-(prop-2-yn-1-ylamino)-1-(p-
tolyl)prop -2-en-1-one (36V)
General Proceduré was followed by usingZ)-3-(3-fluorophenyl}3-(prop-2-yn-
1-ylamino)}1-(p-tolyl)prop-2-en-1-one (13vV) (373 mg, 1.27 mmol) and
Sel ect f ILmg 1.2Z mmq]) &vé&re employed to affokl mg (15%) of the
indicated product of -Buoro-3-(3-fluorophenyl}3-(prop-2-yn-1-ylamino)-1-(p-
tolyl)prop-2-en-1-one (36V) as light orange solidRr = 0.42 in 4:1 hexane/ethyl
acetate)mp 97.3 98.4°C.

36V: *H NMR (400 MHz, CDCJ) U Ws 1) 7.74 (ddJ=8.1, 1.6 Hz,
2H), 7.38 (ddJ = 13.6, 7.8 Hz, 1H), 7.19.05 (m, 5H), 3.66 (dd] = 6.0, 1.9 Hz,
2H), 2.30 (s, 3H), 2.19 (§,= 2.4 Hz, H); ®C NMR (101 MHz,CDG)) U 185. 4
2J=23.9 Hz, CO), 162.8 (dJ = 248.2 Hz, CF), 150.7 (d) = 27.4 Hz, C), 142.3
(C), 140.3 (d1J = 224.3 Hz, CF), 134.9 (@) = 6.7 Hz, C), 131.8 (8J = 7.0 Hz,
C), 130.6 (d3J = 8.1 Hz, CH), 128.9 (CH), 128.9 (t,= 8.1 Hz, CH), 124.7 (tJ
= 2.5 Hz, CH), 117.1 (dJ = 20.9 Hz, CH), 116.3 (dd) = 22.8,J= 2.2 Hz, CH),
79.8 (C), 72.7 (CH), 34.0 (CH 21.7 (CH); IR (neat): 3233, 2112, 1601, 1571,
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1543, 1461, 1432, 1329289, 1250, 1211, 1180, 1139, 1008, 882, 827, 789, 741,
698 cm!; MS (ESI, m/z): 312.12 [M+H] HRMS (ESI) calcd. for @H1sFNO:
312.1195 [M+H]J, found: 312.1188.

4.5 General Procedure5. Synthesis of 6-Halo-2-methylene 2,3
dihydro-1,4-oxazepineDerivatives 37and 38

HalogensubstitutedN-propargylicb-enaminone85 and36 (1.0 mmol) and&nCl;

(2.0 mmo) were mixedin refluxing chloroform(15 mL) in a roundbottomed flask,
reaction duration was abod hours and reaction is monitored by TL@G:1
hexane:EtOAc)When the reaction finished exttéon with ethyl acetate (50 mL
saturated NELCI solution (50mL) was performed and the separated organic phase
was dried withMgSQy and filtered. Finally, with flash chromatography usthi
hexane:EtOAc as eluent was performed to purify the crude product.

45.1 Synthesis of 6-Chloro-2-methylene5,7-diphenyl-2,3-dihydro-1,4-
oxazepine(37A)
General Procedurgwas followed by using-chloro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en1-one & E/Zmixture of isomers (ratio 11.1:1.(85A) (101 mg,
0.34 mmol)and ZnC} (93 mg, 0.68 mmolere employed to afford¥mg (4%)
of the indicated producof 6-chloro-2-methyleneb,7-diphenyt2,3-dihydro-1,4-
oxazeping37A) as orangeyellow oil (R = 0.45 in 41 hexane/ethyl acetate).
37A: 'H NMR (400 MHz, CDCY) U 17769 @n34H), 7.547.36 (m, 6H),
4.59 (s, 2H), 4.59 (d= 1.9 Hz, 1H), 4.34 (d1= 1.9 Hz, 1H)*C NMR (100 MHz,
ChClk) U0 168.2 (C), 162.5 (CuL305CHHGI32 (C), 137.
(CH), 129.3 (CH), 128.7 (CH), 128.4 (CH), 128.3 (CH), 110.6 (CCl), 91.6)CH
54.5 (CH); IR (neat): 3058, 3031, 2975, 2926, 2856, 1703, 1656, 1601, 1575, 1491,
1446, 1409, 1372, 1313, 1288, 1249, 1193, 1176, 1143, 1114, 1080, 1066, 1028
999, 986, 959, 921, 847, 810, 762, 729, 694,duS (ESI, m/z): 296.08 [M+H]
HRMS (ESI) calcd. for @&H1sCINO: 296.0837 [M+H], found: 296.0835.
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4.5.2 Synthesis of 5-Butyl-6-chloro-2-methylene7-phenyl-2,3-dihydro-1,4-
oxazepine(37B)
General Procedurd was followed by using-chloro-1-phenyt3-(prop-2-yn-1-
ylamino)hept2-en-1-one a€/Z mixture of isomers (ratio100.0:1.(B5B) (282 mg,
1.02 mmol)and ZnC} (279 mg, 2.05 mmoljvere employed to afford 52ng (44%)
of the indicated pragtt 5-butyl-6-chloro-2-methylene7-phenyt2,3-dihydro-1,4-
oxazeping37B) as orange ofRr = 0.56 in 4:1hexane/ethyl acetate).

37B: 'H NMR (400 MHz, CDC)) U 1 7/7 @Gn72H), 7.4i77.37 (m, 3H),
4.49 (dJ= 1.7 Hz, 1H), 4.37 (s, 2H), 4.23 (@@= 1.7 Hz, 1H), 2.65 (1) = 7.8 Hz,
2H), 1.67 (pentet] = 7.6 Hz, 2H), 1.41 (sextel= 7.4 Hz, 2H), 0.96 (t] = 7.3 Hz,
3H); ®°C NMR (100 MHz,CDCG)) 4 170.8 (C), 161.8 (C),
129.8 (CH), 129.1 (CH), 128.2 (CH), 111.6 (CCI), 902Hf), 54.1 (CH), 37.0
(CHp), 29.2 (CH), 22.5 (CH), 14.0 (CH); IR (neat): 3150, 3055, 2958, 2930,
2872, 2164, 2121, 2042, 2021, 1974, 1685,1597, 1580, 1520, 1491, 1448, 1408,
1378, 1317, 1261, 1245, 1173, 1123, 1070, 1027, 1001, 922, 764, 693, 646, 615
cmt; MS (ESI, m/z): 276.11 [M+H]} HRMS (ESI) calcd. for GH19CINO:
276.115QM+H]*, found: 276.1148.

4.5.3 Synthesis of 6-Chloro-2-methylene5-(4-nitrophenyl)-7-phenyl-2,3-
dihydro-1,4-oxazepine(37C)
General Procedurg was followed by usin@-chloro-3-(4-nitrophenyl}1-phenyt
3-(prop-2-yn-1-ylamino)prop2-en-1-one as=/Z mixture of isomers (ratio 7.1:1.0)
(35C) (58 mg, 0.17 mmoland ZnC} (46 mg, 0.34 mmokvere employed to afford
23 mg (4%) of the indicated productf 6-chloro-2-methylene5-(4-nitrophenyl}
7-phenyt2,3-dihydro-1,4-oxazepine(37C) as yellow solid(Ri = 0.41 in 4:1
hexane/ethyl acetate); mp 13(1183.1°C.

37C: 'H NMR (400 MHz, CDCJ) U  8J.=8.8 Hz( 28H), 7.91 (d]= 8.6
Hz, 2H), 7.797.72 (m, 2H), 7.547.42 (m, 3H), 4.684.60 (m, 3H), 4.38 (A1=1.9
Hz, 1Hy ®*C NMR (100 MHz,CDG) © 166.5 (C), 161.7 (C),
143.3 (C), 133.9 (C), 130.5 (CH), 129.8 (CH), 129.3 (CH), 128.4 (CH), 123.6 (CH),
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1092 (CCl), 92.6 (CH), 54.9 (CH); IR (neat): 3114, 3089, 3056, 3042, 2988,
2924, 2849, 2168, 1975, 1711, 1652, 1613, 1596, 1579, 1514, 1491, 1446, 1406,
1347, 1307, 1287, 1257, 1190, 1146, 1115, 1068, 1029, 1013, 983, 933, 855, 803,
760, 733, 709, 694 chaMS (ESI, m/z): 341.07 [M+H]} HRMS (ESI) calcd. for
C1aH14CIN2Oz: 341.068gM+H] ", found: 341.0676.

4.5.4 Synthesis of6-Chloro-2-methylene5-phenyl-7-(p-tolyl) -2,3-dihydro-1,4-
oxazepine(37D)
General Procedur® was followed by using2-chloro-3-(4-methoxyphenyhl-
phenyt3-(prop-2-yn-1-ylamino)prop2-en1-one ask/Z mixture of isomers (ratio
10.0:1.0)(35D) (124 mg, 0.38 mmol)and ZnC¢ (104 mg, 0.76 mmol)were
employed to afford @3mg (31%) of the indicated produmt6-Chloro-2-methyene
5-phenyt7-(p-tolyl)-2,3-dihydro-1,4-oxazepine(37D) as pale yellow solidRr =
0.41 in 4:1 hexane/ethyl acetate); mp 8817°C.

37D: *H NMR (400 MHz, CDCY) U 77764 @n34H), 7.547.39 (m, 3H),
7.026.88 (m, 2H), 4.56 (d] = 1.8 Hz, 1H), 4.55 (s, 2H), 4.33 (@= 1.8 Hz, 1H),
3.85(s,3H)®CNMR (100 MHz,CDG) U4 167.4 (C), 162.9 (C),
(C), 134.4 (C), 130.3 (CH), 130.1 (CH), 129.7 (C), 129.3 (CH), 128.3 (CH), 113.7
(CH), 110.9 (CCl), 91.3 (C#), 55.5 (CH), 54.3 (CH); IR (neat 3122, 3053, 3003,
2972, 2933, 2907,2839, 2563, 1956, 1894, 1644, 1605, 1595, 1583, 1511, 1491,
1459, 1446, 1416, 1369, 1302, 1251, 1170, 1138, 1113, 1067, 1027, 985, 957, 851,
829,778, 756, 741, 692 cinMS (ESI, m/z): 326.10 [M+H; HRMS (ESI) calcd.
for C1gH17CINO2: 326.0942 [M+H], found: 326.0955.

4.5.5 Synthesis of6-Chloro-2-methylene5-phenyl-7-(p-tolyl) -2,3-dihydro-1,4-
oxazepine(37E)

General Proceduré was followed by using-chloro-3-phenyt3-(prop-2-yn-1-
ylamino)1-(p-tolyl)prop-2-en1-one sE/Z mixture of isomers (ratio 12.5:1.0)
(35E) (61 mg, 0.2 mmol)and ZnC# (54 mg, 0.9 mmol)were employed to afford
28 mg (46%) of the indicated product 6-chloro-2-methylene5-phenyt7-(p-
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tolyl)-2,3-dihydro-1,4-oxazepind37E) as yellow solidRq = 0.5 in 4:1 hexane/ethyl
acetate); mp 71i73.7°C.

37E: 'H NMR (400 MHz, CDCJ) U i 7764 (Mm12H), 7.59 (d] = 8.1 Hz,
2H), 7.437.30 (m, 3H), 7.18 (d] = 8.3 Hz, 2H), 4.49 (s, 3H), 4.24 (@= 1.5 Hz,
1H), 2.33 (s, 3H)’**C NMR (100 MHz,CDG)) U 168. 4 (C), 162. 6
140.5 (C), 137.3 (C), 131.4 (C), 130.6 (CH), 129.2 (CH), 129.0 (CH), 128.8 (CH),
128.4 (CH), 110.1 (CCl), 91.6 (GH 54.4 (tH2), 21.6 (CH); IR (neat): 3119,
3060, 3031, 2986, 2918, 2838, 2353, 2149, 2114, 2049, 2000, 1914, 1820, 1672,
1648, 1608,1585, 1507, 1492, 1447, 1292, 1252, 1185, 1139, 1079, 1064, 1021,
982, 956, 837, 811, 776, 757, 731, 695%cmIS (ESI, m/z): 310.1QM+H]*;
HRMS (ESI) calcd. for @H17CINO: 310.0993 [M+H], found: 310.1007.

4.5.6 Synthesis of6-Chloro-7-(4-methoxyphenyl}2-methylene5-phenyl-2,3-
dihydro-1,4-oxazepine(37F)
General Procedur® was followed by using2-chloro-1-(4-methoxyphenyh3-
phenyt3-(prop-2-yn-1-ylamino)prop2-en-1-one ask/Z mixture of isomergratio
9.1:1.0) (35F) (171 mg, 0.52 mmoland ZnC} (143 mg, 1.05 mmol)were
employed to afford 67 mg (39%) of the indicated produethléro7-(4-
methoyphenyl}2-methylenes-phenyt2,3-dihydro-1,4-oxazeping37F) as bright
yellow solid(Rr = 0.42 in 4:1 hexane/ethyl acetate); mp 8&58°C.

37F: 'H NMR (400 MHz, CDCJ) U 77769 @n74H), 7.567.38 (m, 3H),
7.086.84 (m, 2H), 4.58 (d] = 1.8 Hz, 1H), 4.56 (s, 2H), 4.33 (@= 1.8 Hz, 1H),
3.86 (s, 3H)®CNMR (100 MHz,CD&) U4 168.3 (C), 162.7 (C
(C), 137.4 (C), 130.9 (CH), 130.4 (CH), 128.7 (CH), 128.3 (CH), 126.4 (C), 113.6
(CH), 109.6 (CCl), 91.3 (B2), 55.5 (CH), 54.4 (CH); IR (neat): 3121, 3036,
3000, 2958, 2936, 2914, 2837, 2064, 1982, 1919, 1898, 1814, 1773, 1735, 1714,
1687, 1657, 1619, 1605, 1573, 1504, 1466, 1446, 1414, 1381, 1304, 1271, 1248,
1187, 1175, 1141, 1111, 1083, 1064, 1032, 984, 958, 82678Q,1760, 729, 697
cm!; MS (ESI, m/z): 326.09 [M+H} HRMS (ESI) calcd. for @H17CINOz:
326.0942 [M+H]T, found: 326.0944.
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4.5.7 Synthesis of 6-Chloro-7-(4-chlorophenyl)-2-methylene5-phenyl-2,3-
dihydro-1,4-oxazepine(37G)
General Procedurfewas followed by using-chloro-1-(4-chlorophenyh3-phenyt
3-(prop-2-yn-1-ylamino)prop2-en-1-one a€k/Z mixture of isomers (ratio 11.1.1.0)
(35G) (90 mg, 0.27 mmolxand ZnC# (74 mg, 0.55 mmohkvere employed to afford
38 mg (42%) of the indicated product of@oro-7-(4-chlorophenyh2-methylene
5-phenyt2,3-dihydro-1,4-oxazepine (37G) as brown solid(Rr = 0.5 in 4:1
hexane/ethyl acetate); mp 8899.9°C.

37G: 'H NMR (400 MHz, CDC4) U i 7765 @14H), 7.507.37 (m, 5H),
4.61i 4.55 (m, 3H), 4.34 (d] = 1.9 Hz, 1H)}C NMR (100 MHz,CDGJ)) U 167 . 9
(C), 162.5 (C), 154.9 (C), 137.1 (C), 136.2 (C), 132.7 (C), 130.7 (CH), 130.6 (CH),
128.7 (CH), 128.6 (CH), 128.4 (CH), 111.0 (CCI), 91.9 £{C154.4 (CH); IR
(neat): 3120, 3082,0%5, 3027, 2924, 2850, 2676, 2561, 2112, 1910, 1892, 1808,
1663, 1615, 1595, 1522, 1486, 1446, 1427, 1398, 1314, 1284, 1255, 1183, 1145,
1090, 1062, 1027, 1014, 981, 960, 925, 860, 817, 770, 729, 717, BOKEESI,
m/z): 330.04 [M+H]; HRMS (ESI) cald. for GigH14CIo2NO: 330.0447 [M+H],
found: 330.0440.

4.5.8 Synthesis of 6-Chloro-2-methylene 7-(4-nitrophenyl)-5-phenyl-2,3-
dihydro-1,4-oxazepine(37H)
General Procedurg was followed by usin@-chloro-1-(4-nitrophenyl}3-phenyt
3-(prop-2-yn-1-ylamino)prop2-en-1-one a¥/Zmixture of isomers (ratio 14.3:1.0)
(35H) (63 mg, 0.86 mmolxand ZnC# (51 mg, 0.37 mmolwere employed to afford
41 mg (65%) of the indicated product otbloro-2-methylene7-(4-nitrophenyl}
5-phenyt2,3-dihydro-1,4-oxazeping37H) as dark orange liqui¢Rr = 0.29 in 4:1
hexane/ethyl acetate).

37H: 'H NMR (400 MHz, CDCJ) U 8J.=8.9Hz,(2H), 7.95 (dJ = 8.9
Hz, 2H), 7.73 (dd) = 7.8, 1.6 Hz, 2H), 7.577.36 (m, 3H), 4.62 (dl= 2.1 Hz, 1H),
4.61 (s, 2H), 4.40 (d] = 2.0 Hz, 1H);®C NMR (100 MHz,CDGJ) G 167. 6 ( C) ,
162.3 (C), 153.8 (C), 148.4 (C), 140.4 (C), 136.8 (C), 130.8 (CH), 130.5 (CH),
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128.6 (CH), 128.5 (CH), 123.6 (CH), 112.7 (CCI), 92.5 {C134.4 (CH); IR

(neat): 3291, 31.08, 3055, 2980, 2931, 2858, 2453, 2120, 1959, 1939, 1729, 1659,
1598,1547, 1518, 1446, 1372, 1345, 1303, 1288, 1243, 1101, 1066, 1014, 853, 762,
696, 460 crit; MS (ESI, m/z): 341.07 [M+H} HRMS (ESI) calcd. for
C18H14CIN203: 341.0688 [M+H], found: 341.0700.

4.5.9 Synthesis of 7-(2-Bromophenyl)-6-chloro-2-methylene5-phenyl-2,3-
dihydro-1,4-oxazepine(371)
General Procedui®was followed by using-(2-bromophenyh2-chloro-3-phenyt
3-(prop-2-yn-1-ylamino)prop2-en1-one a€k/Z mixture of isomers (ratio 12.5:1.0)
(391) (133 mg, 0.35 mmoland ZnC} (97 mg, 0.71 mmokvere employed to afford
103 mg (B%) of the indicated producbf 7-(2-bromophenyh6-chloro-2-
methylene5-phenyt2,3-dihydro-1,4-oxazeping371) as orange o{|Rr= 0.48 in 4:1
hexane/ethyhcetate).

37I: 'H NMR (400 MHz, CDC§) U 17772 @ 12H), 7.70 (ddl = 8.0, 1.0
Hz, 1H), 7.51 (ddJ= 7.6, 1.7 Hz, 1H), 7.49.40 (m, 4H), 7.367.29 (m, 1H), 4.79
(s, 2H), 4.56 (dJ = 2.0 Hz, 1H), 4.33 (dJ = 2.0 Hz, 1H):*3C NMR (100 MHz,
CDClk)y U 167.6 (C), 16(), B6.3(C)133.11(CHp, 134.2 ( C) ,
(CH), 131.1 (CH), 130.4 (CH), 128.6 (CH), 128.3 (CH), 127.7 (CH), 122.3 (C),
111.7 (CCI), 92.2 (Ch), 54.9 (CH); IR (neat): 3056, 3027, 2976, 2927, 2846,
2177, 2121, 1949, 1886, 1808, 1734, 1655, 1620, 1596, 1574, 1482, 1445,
1373, 1307, 1290, 1245, 1191, 1148, 1082, 1067, 1045, 1029, 984, 963, 927, 843,
816, 753, 732, 718, 694 cinMS (ESI, m/z): 373.99 [M+H]} HRMS (ESI) calcd.
for CigH14"°BrCINO: 373.9942 [M+H], found: 373.9950; MS (ESI, m/z): 375.99
[M+H]*; HRMS (ESI) calcd. for @H18BrCINO: 375.9921 [M+H], found:
375.9931.
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4.5.10 Synthesis of 6-Chloro-2-methylene7-phenyl-5-(thiophen-3-yl)-2,3-
dihydro-1,4-oxazepine(37J)
General Procedurd was followed by using-chloro-1-phenyt3-(prop-2-yn-1-
ylamino)-3-(thiophen3-yl)prop-2-en1-one as E/Z mixture of isomers (ratio
7.1:1.0)(35J) (77 mg, 0.26 mmoland ZnC} (70 mg, 0.51 mmolwere employed
to afford 2 mg (32%) of the indicated product ofchloro-2-methylene7-phenyt
5-(thiophen3-yl)-2,3-dihydro-1,4-oxazeping(37J) as brown oil(Rr = 0.46 in 4:1
hexane/ethyl acetate).

37J: 'H NMR (400 MHz, CDC§) 0 7J=81@8 H%, #H), 7.74 (dd] =
6.4, 2.9 Hz, 2H), 7.50 (8, = 6.3 Hz, 1H), 7.4i77.42 (m, 3H), 7.32 (ddl = 4.9, 2.9
Hz, 1H), 4.57 (dJ = 1.2 Hz, 1H), 4.55 (s, 2H), 4.34 @z 1.3 Hz, 1H)*C NMR

(100MHz,CDC§) U 163.0 (C), 162.6 (C), 155.

(CH), 129.3 (CH), 128.4 (CH), 128(8H), 127.7 (CH), 125.5 (CH), 110.6 (CCl),
91.6 (CH), 54.0 (CH); IR (neat): 3107, 3058, 3033, 2974, 2919, 2855, 2601, 2349,
2337, 2256, 2181, 2161, 2127, 2104, 2091, 2052, 2036, 2004, 1981, 1958, 1901,
1884, 1695, 1658, 1599, 1580, 1511, 1490, 14454,12311, 1249, 1133, 1070,
1028, 992, 970, 931, 851, 825, 795, 761, 692;0vS (ESI, m/z): 302.04 [M+H]

HRMS (ESI) calcd. for @H1sCINOS: 302.0401 [M+H], found: 302.0406.

4.5.11 Synthesis of6-Chloro-5-(3-fluorophenyl)-2-methylene7-phenyl-2,3-
dihydro-1,4-oxazepine(37K)
General Procedurgwas followed by using-chloro-3-(3-fluorophenyl}1-phenyt
3-(prop-2-yn-1-ylamino)prop2-en1-one a¥/Z mixture of isomers (ratio 9.1:1.0)
(35K) (148 mg, 0.47 mml) and ZnC} (129 mg, 0.94 mmolwere employed to
afford B mg (51%) of the indicated product of-éhloro-5-(3-fluorophenyl}2-
methylene7-phenyt2,3-dihydro-1,4-oxazeping37K) as yellow solidRr = 0.41 in
4:1 hexane/ethyl acetate); mp 7@88.2°C.

37K: 'H NMR (400 MHz, CDCd) U 77770 @32H), 7.54 (d]= 7.7, 1.2
Hz, 1H), 7.517.45 (m, 4H), 7.40 (td] = 8.0, 5.7 Hz, 1H), 7.15 (tdd,= 8.3, 2.6,
0.9 Hz, 1H), 4.6R4.57 (m, 3H), 4.35 (dJ = 1.9 Hz, 1H; 3C NMR (100 MHz,
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CDCl) U 1 8J62.89Hz(Q),,162.8 (dJ=246.1 Hz, CF), 162.3 (C), 156.5

(C), 139.5 (d3J = 7.5 Hz, C), 134.2 (C), 130.3 (CH), 129.9 {@i= 8.0 Hz, CH),

129.3 (CH), 128.3 (CH), 124.5 (] = 2.9 Hz, CH), 117.4 (] = 21.3 Hz, CH),

115.6 (d2J = 23.0 Hz, CH), 10.0 (CCI), 91.9 (Ch), 54.6 (CH); IR (neat): 3119,

3081, 3065, 3005, 2953, 2923, 2852, 1706, 1657, 1609, 1576, 1482, 1441, 1313,
1293, 1258, 1204, 1187, 1121, 1072, 1026, 989, 972, 883, 845, 794, 781, 758, 734,
692 cm'; MS (ESI, m/z): 314.07 [M+H} HRMS (ESI) calcd. for gH14CIFNO:
314.0743 [M+H]J, found: 314.0750.

45.12 Synthesis of 7-(2-Bromophenyl)-5-(4-bromophenyl)-6-chloro-2-
methylene2,3-dihydro-1,4-oxazepine(37L)
General Procedure5 was followed by using 1-(2-bromophenyB3-(4-
bromophenyh2-chloro-3-(prop-2-yn-1-ylamino)prop2-en-1-one askE/Z mixture
of isomers (ratio 11.1:1.qB5L) (180 mg, 0.40 mmoljand ZnC} (108 mg, 0.79
mmol) were employed to afford 82 mg6%) of the indicated produaif 7-(2-
bromophenyb5-(4-bromophenyh6-chloro-2-methylene2,3-dihydro-1,4-
oxazeping37L) as yellow solidRs = 0.56 in 4:1 hexane/ethyl acetate); mp 105.1
105.7°C.

37L: 'H NMR (400 MHz, CDC4) U 7 J$68%0, 0(9dHd, 1H), 7.64.59
(m, 2H), 7.597.53 (m, 2H), 7.49 (dd] = 7.6, 1.8 Hz, 1H), 7.43 (td,= 7.5, 1.1
Hz, 1H), 7.367.29 (m, 1H), 4.76 (s, 2H), 4.55 @@= 2.0 Hz, 1H), 4.33 (d]= 2.1
Hz, 1H);"*C NMR (100 MHz,CD&) & 166.7 (C), 161.5 (C),
133.2(C), 131.5 (CH}31.3 (CH), 131.1 (CH), 130.3 (CH), 127.8 (CH), 124.9 (C),
122.3 (C), 111.3 (CClI), 92.5 (CH 55.0 (CH) (Note that two CH peaks overlap
on each other)R (neat): 3056, 2975, 2848, 2120, 2038, 1982, 1921, 1796, 1737,
1710, 1655, 1618, 1589, 1563, 148466, 1434, 1395, 1313, 1292, 1246, 1189,
1149, 1104, 1071, 1043, 1012, 982, 927, 874, 840, 811, 759, 738, 725, 681 cm
MS (ESI, m/z): 451.91 [M+H] HRMS (ESI) calcd. for @H13"°Br.CINO:
451.9047 [M+H]J, found: 451.9056; MS (ESI, m/z): 453.90 [M+HHRMS (ESI)
calcd. for GgHis°Br'BrCINO: 453.9027 [M+H], found: 453.9043; MS (ESI,
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m/z): 455.90 [M+H]; HRMS (ESI) calcd. for @Hi'BrCINO: 455.9008
[M+H] *, found: 406.0006.

45.13 Synthesis of 6-Chloro-5-(3-fluorophenyl)-7-(3-methoxyphenyl)2-
methylene-2,3-dihydro-1,4-oxazepine(37M)
General Procedur® was followed by using-chloro-3-(3-fluorophenyl}1-(4-
methoxyphenyh3-(prop-2-yn-1-ylamino)prop2-enl1-one as E/Z mixture of
isomers (ratio 7.1:1.qB5M) (123 mg, 0.36 mmoknd ZnC} (98 mg, 0.72 mmol)
were employed to afford8mg (39%) of the indicated product ofcBloro-5-(3-
fluorophenyl}7-(3-methoxyphenyl2-methylene2,3-dihydro-1,4-o0xazepine
(37M) as dark orange soliR = 0.52 in 4:1 hexane/ethyl acetate); mp 8390
°C.

37M: 'H NMR (400 MHz, CDCJ) U  7J.=8.8 Hz(2t), 7.53 (d]= 7.8
Hz, 1H), 7.47 (ddJ = 9.6, 1.6 Hz, 1H), 7.40 (td,= 7.9, 5.8 Hz, 1H), 7.15 (td,=
8.4, 2.5 Hz, 1H), 6.97 (d, = 8.9 Hz, 2H), 4.59 (dJ = 1.8 Hz, 1H), 4.56 (s, 2H),
4.33 (d,J=1.7 Hz, 1H), 3.87 (s, 3H}3*C NMR (100 MHz,CDG)) o 168J7. 2 ( d,
= 2.6 Hz, C), 162.8 (dJ = 246.3 Hz, CF), 162.4 (C), 161.1 (C), 156.1 (C), 139.5
(d,33=7.3 Hz, C), 130.9 (CH), 129.9 (& = 8.1 Hz, CH), 126.2 (C), 124.5 (i,
=2.8 Hz, CH), 112 (d,2J=21.4 Hz, CH), 115.7 (d) = 22.8 Hz CH, 113.7 (CH),
108.9 (CCl), 91.7 (CH), 55.5 (CH), 54.5 (CH); IR (neat): 3691, 3619, 2961, 2936,
2854, 1708, 1691, 1663, 1600, 1577, 1509, 1483, 1441, 1396, 1376, 1306, 1254,
1221, 1171, 1112, 1073, 100838, 911, 857, 843, 828, 818, 805, 791, 758, 738,
695 cmt; MS (ESI, m/z): 344.09 [M+H]} HRMS (ESI) calcd. for @H16CIFNOy:
344.0848 [M+H], found: 344.0855.

4.5.14 Synthesis of6-Chloro-5-(4-chlorophenyl)-2-methylene7-phenyl-2,3-
dihydro-1,4-oxazepine(37N)

General Proceduigwas followed by using-chloro-3-(4-chlorophenyy1-phenyt
3-(prop-2-yn-1-ylamino)prop2-en1-one a€/Z mixture of isomers (ratio 12.5:1.0)
(35N) (139 mg, 0.42 mmoljand ZnC} (115 mg, 0.84 mmolyvere employed to

116



afford 70 mg (8%) of the indicated product of-éhloro-5-(4-chlorophenyl2-
methylene7-phenyt2,3-dihydro-1,4-oxazeping(37N) as dark orange soli(R: =
0.64 in 4:1 hexanel/ethyl acetate); mp 8827°C.

37N: 'H NMR (400 MHz, CDCJ) U 17773 @P2H), 7.70 (d] = 85 Hz,
2H), 7.517.44 (m, 3H), 7.487.38 (m, 2H), 4.60 (d] = 1.9 Hz, 1H), 4.58 (s, 2H),
4.35(dJ=19Hz, 1H)®CNMR (100MHz,CDG) U4 167.0 (C), 162.
(C), 136.6 (C), 135.7 (C), 134.1 (C), 130.3 (CH), 130.1 (CH), 129.2 (CH), 128.6
(CH), 128.3 (CH), 110.0 (CClI), 91.8 (GH 54.5 (CH); IR (neat): 3119, 3061,
3036, 3006, 2986, 2861, 2577, 2266, 2190, 2121, 2015, 1656, 1584, 1487, 1445,
1398, 1310, 1291, 1258, 1189, 1141, 1091, 1071, 1027, 1015, 1001, 987, 960, 853,
836, 808, 758, 737, 691c!; MS (ESI, m/z): 330.05 [M+H} HRMS (ESI) calcd.
for C1gH14CloNO: 330.0447 [M+H], found: 330.0454.

4.5.15 Synthesis of6-Chloro-2-methylene7-phenyl-5-(p-tolyl)-2,3-dihydro-
1,4-oxazepine(370)
General Procedur® was followed by using-chloro-1-pheryl-3-(prop-2-yn-1-
ylamino)-3-(p-tolyl)prop-2-en-1-one askE/Z mixture of isomers (ratio 11.1:1.0)
(350) (176 mg, 0.57 mmol}and ZnC} (154 mg, 1.13 mmoljvere employed to
afford & mg (48%) of the indicated product ofchloro-2-methylene7-phenyts-
(p-tolyl)-2,3-dihydro-1,4-oxazeping(370) as dark orange solitRr = 0.52 in 4:1
hexane/ethyl acetate); mp 1161718.0°C.

370: 'H NMR (400 MHz, CDGJ) U i 7779 @32H), 7.70 (d] = 8.1 Hz,
2H), 7.547.45 (m, 3H), 7.3687.25 (m, 2H), 4.61 (d) = 1.8 Hz, 3H), 4.37 (d] =
1.8 Hz, 1H), 2.44 (s, 3H}®C NMR (100 MHz, CDG) U 167. 9 ( C) , 1€
155.9 (C), 140.8 (C), 134.4 (C), 134.3 (C), 130.1 (CH), 129.3 (CH), 129.1 (CH),
128.6 (CH), 128.3 (CH), 110.7 (CCl), 91.5 (GK1 54.3 (CH), 21.6 (CH); IR
(neat): 3062, 3023, 2985, 2921, 2856, 2325, 2194, 2178, 2104, 1993, 1941, 1919,
1895, 1879, 1811, 1736, 1690, 1649, 1607, 1587, 1567, 1492, 1443, 1310, 1293,
1249, 1187, 1135, 1110, 1068032, 983, 955, 925, 831, 774, 758, 733, 686;cm
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MS (ESI, m/z): 310.10 [M+H} HRMS (ESI) calcd. for GH1;CINO: 310.0993
[M+H] *, found: 310.0997.

45.16 Synthesis of 6-Chloro-7-(4-chlorophenyl)-5-(3-fluorophenyl)-2-
methylene2,3-dihydro-1,4-oxazepine(37P)
General Procedur® was followed by using-chloro-1-(4-chlorophenyl3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-en1-one asE/Z mixture of isomers
(ratio 10.0:1.0X35P) (129 mg, 0.37 mmoland ZnC} (101 mg, 0.74 mmolwere
employed to afford 68 mg (53%) of the indicated product -@hléro-7-(4-
chlorophenyh5-(3-fluorophenyl}2-methylene2,3-dihydro-1,4-oxazepine (37P)
as yellow solidRs = 0.54 in 4:1 hexane/ethyl acetate); mp 923.1°C.

37P:'H NMR (400 MHz,CDCl) U 17867 (Mp2H), 7.51 (d] = 7.7 Hz,
1H), 7.477.36 (m, 4H), 7.16 (td) = 8.3, 2.0 Hz, 1H), 4.60 (d,= 2.0 Hz, 1H),
4.57 (s, 2H), 4.36 (d] = 1.9 Hz, 1H):*3C NMR (100 MHz, CDG)) U 166 . 9
162.8 (d,XJ = 246.5 Hz, CF), 162.2 (C), 155QG), 139.3 (d3J=6.9 Hz, C), 136.4
(C), 132.5 (C), 130.7 (CH), 129.9 (,= 8.0 Hz, CH), 128.7 (CH), 124.5 (t =
2.8 Hz, CH), 117.6 (&)= 21.3 Hz, CH), 115.6 (d) = 23.0 Hz, CH), 110.4 (CClI),
92.2 (Ch), 54.5 (CH); IR (neat): 3067, 3014, 2989845, 2531, 2374, 2165, 2049,
2014, 2005, 1944, 1920, 1884, 1871, 1657, 1613, 1582, 1485, 1445, 1399, 1307,
1293, 1253, 1190, 1120, 1092, 1073, 1011, 989, 975, 885, 846, 825, 795, 782, 737,
690 cm'; MS (ESI, m/z): 348.04 [M+H} HRMS (ESI) calcd. for @H13CI.FNO:
348.0353 [M+H]T, found: 348.0352.

45.17 Synthesis of 7-(2-Bromophenyl)-6-chloro-5-(3-fluorophenyl)-2-
methylene2,3-dihydro-1,4-oxazepine(37Q)

General Procedur® was followed by usindl-(2-bromophenyb2-chloro-3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-en1-one asE/Z mixture of isomers
(ratio 10.0:1.0)(35Q) (238 mg, 0.61 mmoland ZnC} (165 mg, 1.21 mmoRvere
employed to afford 190 m@(@%0) of the indicated productf 7-(2-bromophenybh
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6-chloro-5-(3-fluorophenyl}2-methylene2,3-dihydro-1,4-oxazepine (37Q) as
orange oil(Rs = 0.48 in 4:1 hexane/ethyl acetate).

37Q: 'H NMR (400 MHz, CDGJ) U 7 JF80, 0(8Hd, 1H), 7.54 (d,
= 7.8 Hz, 1H), 7.52.37 (m, 4H)7.32 (td,J = 7.8, 1.8 Hz, 1H), 7.15 (tdd,= 8.3,
2.5, 0.6 Hz, 1H), 4.79 (s, 2H), 4.57 (5 2.0 Hz, 1H), 4.34 (d] = 2.0 Hz, 1H);
13C NMR (100 MHz, CDG)) U 1 6J6 2.3 Hz( @),,162.6 (dJ = 246.3 Hz,
CF), 161.4 (C), 156.7 (C), 139.5 @,= 7.4 Hz, C), 136.2 (C), 133.1 (CH), 131.2
(CH), 131.1 (CH), 129.8 (#J = 7.4 Hz, CH), 127.7 (CH), 124.4 (1 = 2.8 Hz,
CH), 122.2 (CBr), 117.3 (d) = 21.2 Hz, CH), 115.6 (dJ = 22.8 Hz, CH), 111.2
(CCl), 92.5 (CH), 54.9 (CH); IR (neat): 3068, 279, 2846, 1733, 1659, 1618,

1580, 1484, 1467, 1442, 1372, 1297, 1269, 1247, 1195, 1160, 1132, 1078, 1065,

1045, 1012, 989, 975, 929, 889, 845, 784, 755, 735, 720, 698M&(ESI, m/z):
391.98 [M+H]; HRMS (ESI) calcd. for GH13"°BrCIFNO: 391.9848 [M-+H,

found: 391.9836; MS (ESI, m/z): 393.98 [M+H]HRMS (ESI) calcd. for
C1gH18'BrCIFNO: 393.9827 [M+H], found: 393.9814.

4.5.18 Synthesis of 7-(2-Bromophenyl)-6-chloro-5-(4-methoxyphenyl)-2-
methylene2,3-dihydro-1,4-oxazepine(37R)
General Procedur® was followed by usindl-(2-bromophenyB2-chloro-3-(4-
methoxyphenyb3-(prop-2-yn-1-ylamino)prop2-enl1-one as E/Z mixture of
isomers (ratio 12.5:1.@B5R) (135 mg, 0.33 mmoljand ZnC# (91 mg, 0.67 mmol)
were employed to afford 91 mg (68%) of the intkch productof 7-(2-
bromophenyb6-chloro-5-(4-methoxyphenybl2-methylene2,3-dihydro-1,4-
oxazeping37R) as pale orange ofRs = 0.32 in 4:1 hexane/ethyl acetate)
37R:'H NMR (400 MHz, CDC4) U 1772 (lM83H), 7.50 (ddl=7.6, 1.7
Hz, 1H), 7.43 (tdJ = 7.5, 1.1 Hz, 1H), 7.33.29 (m, 1H), 6.986.92 (m, 2H), 4.75
(s, 2H), 4.53 (dJ = 1.9 Hz, 1H), 4.32 (d] = 2.0 Hz, 1H), 3.84 (s, 3H}*C NMR

(100MHz,CDC§) U 166.8 (C), 162.1 (C),.1161.

(CH), 131.2 (CH), 131,1 (CH), 130.2 (CH), 129.7 (C), 127.7 (CH), 122.3 (C), 113.6
(CH), 112.1 (CCI), 91.8 (CH), 55.4 (CH), 54.6 (CH); IR (neat): 3120, 3054,
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3000, 2961, 2933, 2905, 2837, 2558, 2297, 2162, 2135, 2104, 2065, 2014, 1928,
1902, 1870, 178 1654, 1606, 1571, 1511, 1465, 1437, 1419, 1372, 1305, 1245,
1173, 1147, 1112, 1075, 1029, 986, 963, 835, 782, 755, 682M8 (ESI, m/z):
404.00 [M+HT; HRMS (ESI) calcd. for @H16"°BrCINOz: 404.0047 [M+H],

found: 404.0046; MS (ESI, m/z): 406.J0A+H]*; HRMS (ESI) calcd. for
C1oH16*'BrCINO2: 406.0027 [M+H]J, found: 406.0026.

4.5.19 Synthesis of6-Chloro-7-(4-chlorophenyl)-2-methylene5-(m-tolyl)-2,3
dihydro-1,4-oxazepine(37S)
General Procedurg was followed by usin@-chloro-1-(4-chlorophenyh3-(prop-
2-yn-1-ylamino)3-(m-tolyl)prop-2-en-1-one as E/Z mixture of isomers ratio
(11.1:1.0)(359) (127 mg, 0.37 mmol)and ZnC¢ (100 mg, 0.74 mmolwere
employed to afford 58 mg (46%) of the indicated product -@hléro7-(4-
chlorophenylB2-methylene5-(m-tolyl)-2,3-dihydro-1,4-oxazeping37S) as orange
solid (Rr = 0.42 in 4:1 hexane/ethyl acetate); mp 66233°C.

37S:'H NMR (400 MHz, CDGY) U 1761 @52H), 7.47 (s, 1H), 7.42 (d,
J=7.6 Hz, 1H), 7.367.31 (m, 2H), 7.2 (t,J = 7.5 Hz, 1H), 7.207.16 (m, 1H),
4.48 (d,J = 2.0 Hz, 1H), 47 (s, H), 4.24 (dJ = 1.9 Hz, 1H), 2.31 (s,H); °C
NMR (100 MHz,CDC4§) U 168.1 (C), 162.5 (C), 154.7 (
136.1 (C), 132.7 (C), 131.4 (CH), 130.7 (CH), 12&81), 128.6 (CH), 128.3 (CH),
125.9 (CH), 111.1 (CCl), 91.8 (CH 54.4 (Chy), 21.5 (CH); IR (neat): 3296,
3118, 3051, 2979, 2952, 2920, 2861, 2838, 2249, 2165, 2139, 2110, 2084, 2042,
2014, 1981, 1949, 1906, 1797, 1786, 1733, 1680, 1642, 1594, 148718349,
1307,1294, 1251, 1187, 1132, 1092, 1072, 1014, 985, 966, 872, 851, 820, 794, 778,
734, 717, 694 cth MS (ESI, m/z): 344.06 [M+H} HRMS (ESI) calcd. for
C19H16CI2NO: 344.0603 [M+H], found: 344.0606.
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4.5.20 Synthesis of6-Chloro-7-(4-methoxyphenyl)-2-methylene5-(thiophen-
3-yl)-2,3-dihydro-1,4-oxazepine(37T)
General Procedur® was followed by using2-chloro-1-(4-methoxyphenyh3-
(prop-2-yn-1-ylamino)3-(thiophen3-yl)prop-2-en1-one as E/Z mixture of
isomers (ratio 5.3:1.QB5T) (102 mg, 0.31 mmoljand ZnC# (84 mg, 0.61 mmol)
were employed to afford23mg (31%) of the indicated product ofcBloro-7-(4-
methoxyphenyhl2-methylenes-(thiophen3-yl)-2,3-dihydro-1,4-oxazepine (37T)
as dark yellow solidrr = 0.38 in 4:1 hexane/ethyl acetate); mp 88318°C.

37T: 'H NMR (400 MHz, CDCJ) U 7 J8229, I(1Hd, 1H), 7.79.70
(m, 2H), 7.50 (ddJ = 5.1, 1.2 Hz, 1H), 7.31 (dd,= 5.1, 3.0 Hz, 1H), 7.0%.89
(m, 2H), 4.55 (d,) = 1.8 Hz, 1H), 4.51 (£H), 4.32 (dJ = 1.8 Hz, 1H), 3.87 (s,
3H); ®C NMR (100 MHz,CDCG)) 4 163. 1 (C), 162.8 (C),
139.6 (C), 130.9 (CH), 128.2 (CH), 127.7 (CH), 126.4 (C), 125.5 (CH), 113.7 (CH),
109.7 (CCl), 91.3 (Ch), 55.5 (CH), 54.1 (CH); IR (neat) 3107, 3072, 3048, 3009,
2962, 2930, 2893, 2836, 2551, 2042, 1899, 1653, 1606, 1585, 1505, 1451, 1439,
1410, 1373, 1304, 1248, 1209, 1173, 1132, 1110, 1065, 1025, 988, 970, 923, 869,
823, 793, 729, 664 c MS (ESI, m/z): 332.05 [M+H} HRMS (ESI) calcdfor
C17H1sCINO-S: 332.0507 [M+H], found: 332.0510.

4.5.21 Synthesis of7-(2-Bromophenyl)-6-chloro-2-methylene5-(m-tolyl)-2,3-
dihydro-1,4-oxazepine(37U)
General Procedurgwas followed by using-(2-bromophenyB2-chloro-3-(prop-
2-yn-1-ylamino)-3-(m-tolyl)prop-2-en-1-one asE/Z mixture of isomers (ratio
9.1:1.0) (39V) (225 mg, 0.58 mmol)and ZnC# (158 mg, 1.16 mmol)were
employed to afford 16éhg (71%) of the indicated product of(Z-bromophenyh
6-chloro-2-methyleneb-(m-tolyl)-2,3-dihydro-1,4-oxazeping37U) as pale orange
oil (Rr=0.64 in 4:1 hexane/ethyl acetate).

37U: 'H NMR (400 MHz, CDCJ) U 7J=8.0 HZ 1H), 7.627.51 (m,
3H),7.44 (tdJ= 7.5, 0.9 Hz, 1H), 7.37.27 (m, 3H), 4.80 (s, 2H), 4.56 @@= 1.9
Hz, 1H), 4.34 (d,J = 2.0 Hz, 1H), 2.43 (s, 3H}3C NMR (100 MHz, CDG) i
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167.7 (C), 161.7 (C), 156.3 (C), 138.0 (C), 137.3 (C), 136.3 (CH), 133.1 (C), 131.2
(CH), 131.2 (CH), 131.09 (CH)128.9 (CH), 128.1 (CH), 127.6 (CH), 125.8 (CH),
122.2 (CBr), 111.9 (CCIl), 92.0 (GH 54.8 (CH), 21.5 (CH): IR (neat): 3055,

3022, 2975, 2919, 2848, 2322, 2179, 2107, 1932, 1734, 1656, 1620, 1595, 1580,
1467, 1434, 1373, 1300, 12417190, 1140, 1072, 1045, 1029, 987, 938, 844, 797,
779, 754, 734, 719, 700, 683 &MS (ESI, m/z): 388.01 [M+H} HRMS (ESI)

calcd. for GoH16°BrCIFNO: 388.0098 [M+H], found: 388.0104; MS (ESI, m/z):
390.01 [M+H]: HRMS (ESI) calcd. for GH1EBrCIFNO: 390.0078 [M+H],

found: 390.0085.

4.5.22 Synthesis of6-Chloro-5-(3-fluorophenyl)-2-methylene 7-(p-tolyl)-2,3-
dihydro-1,4-oxazepine(37V)
General Procedurg was followed by usin@-chloro-3-(3-fluorophenyl}3-(prop-
2-yn-1-ylamino)-1-(p-tolyl)prop-2-en-1-one as E/Z mixture of isomers (ratio
10.0:1.0) (35V) (107 mg, 0.33 mmoland ZnCt (89 mg, 0.65 mmol)were
employed to afford 58 mg (54%) of the indicated prodofct6-chloro-5-(3-
fluorophenyl}2-methylene7-(p-tolyl)-2,3-dihydro-1,4-oxazepine (37V) as pale
yellow solid(Rs = 0.68 in 4:1 hexane/ethyl acetate); mp 10505.3°C.

37V: 'H NMR (400 MHz, CDCG}) U 7 .J5 26.9,(20.21Hz, ), 7.42
(dt,J=7.8, 1.2 K, 1H), 7.36 (dqJ=9.7, 1.7 Hz, H), 7.29 (td,J = 8.0, 5.7 Hz,
1H), 7.16 (d,J = 8.0 Hz, H), 7.04 (tddJ = 8.3, 2.6, 0.9 Hz,H), 4.47 (dJ=1.9
Hz, 1H), 4.46 (s, B), 4.22 (d,J = 1.9 Hz, 1H), 2.31 (s, 3H)°*C NMR (100 MHz,
CDCk) i 1 6)7=.2THz @),,162.8 (dJ=246.0 Hz, CF), 162.3 (C), 156.5
(C), 140.6 (C), 139.6 () = 7.5 Hz, C), 131.2 (£ 129.8 (d,2J = 8.0 Hz, CH),
129.2 (CH), 129.0 (CH), 124.5 (] = 2.8 Hz, CH), 117.4 (] = 21.3 Hz, CH),
115.6 (d,2J = 22.8 Hz, CH), 109.6 (CCI), 91.8 (GH54.6 (CH), 21.6 (CH). IR
(neat): 3119, 3079, 3049, 3028, 3006, 2922, 2854, 1660, 1609, 1577, 1506, 1483,
1441, 1381, 1312, 1294, 1258, 1204, 1182, 1122, 1070, 1019, 1009, 988, 972, 884,
854, 811, 791, 759, 73617, 695 crmt; MS (ESI, m/z): 328.09 [M+H} HRMS
(ESI) calcd. for @H16CIFNO: 328.0899 [M+H], found: 328.0901.
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4.5.23 Synthesis of7-(2-Bromophenyl)-6-chloro-5-(4-fluoro -3-methylphenyl)-
2-methylene2,3-dihydro-1,4-oxazepine(37W)
General Procedur® was followed by usindl-(2-bromophenyb2-chloro-3-(4-
fluoro-3-methylphenyl3-(prop-2-yn-1-ylamino)prop2-en1-one askE/Z mixture
of isomers (ratio 7.1:1.@B5W) (91 mg, 0.22 mmoland ZnC} (61 mg, 0.45 mmol)
were employed to afford B8 mg (39%) of theindicated product of -{2-
bromophenyb6-chloro-5-(4-fluoro-3-methylphenyhl2-methylene2,3-dihydro-
1,4-oxazeping37W) as yellow oil(Rr = 0.50 in 4:1 hexane/ethyl acetate).

37W: 'H NMR (400 MHz, CDGY) & 7 JF80, Q8Hd, 1H), 7.59 (dd,
J=7.4,1.7 Hz, 1H), 7.56.51 (m, 1H), 7.50 (ddl = 7.7, 1.8 Hz, 1H), 7.44 (td,
=7.5, 1.0 Hz, 1H), 7.35.30 (m, 1H), 7.05 (tJ = 8.9 Hz, 1H), 4.75 (s, 2H), 4.54
(d, J = 2.0 Hz, 1H), 4.31 (d] = 2.0 Hz, 1H), 2.32 (d) = 1.6 Hz, 3H)*C NMR
(I0OOMHz,CDCE) U 166 . 7 1J=@39,2H4 6FR), 143.6 (CY 156.6 (C),
136.4 (C), 133.2 (B), 133.1 (dJ=3.4 Hz, C), 131.9 (8), 131.8 (®), 131.2 (d,
3J=9.5 Hz, CH), 128.2 () = 8.7 Hz, CH), 127.7 (8), 125.1 (d2) = 17.8 Hz,
C), 122.3 (G, 114.9 (d2J = 23.0 Hz, CH), 111.7 (CCI), 92.3 (GH54.8 (CH),
14.7 (d,3] = 3.4 Hz, CH); IR (neat): 3289, 3245, 3056, 3028, 2921, 2120, 1706,
1677, 1604, 1581, 1548, 1497, 1445, 1374, 1348, 1312, 1245, 1181, 1162, 1097,
1021, 1001, 945, 916, 88129, 775, 758, 701, 613 cimMMS (ESI, m/z): 406.00
[M+H]*; HRMS (ESI) calcd. for @His"*BrCIFNO: 406.0004 [M+H], found:
406.0006; MS (ESI, m/z): 407.99 [M+H] HRMS (ESI) calcd. for
C1oH15'BrCIFNO: 407.9983 [M+H], found: 407.9990.

45.24 Synthesis of 6-Fluoro-2-methylene5,7-diphenyl-2,3-dihydro-1,4-
oxazepine(38A)

General Procedurgwas followed by using-fluoro-1,3-diphenyt3-(prop-2-yn-1-
ylamino)prop2-en-1-one(36A) (70 mg, 0.25 mmolknd ZnC# (68 mg, 0.50 mmol)
were employed to affordZomg (74%) of the indicated produatf 6-fluoro-2-
methylene5, 7-diphenyt2,3-dihydro-1,4-oxazeping38A) as light yellow solid Rt
= 0.52 in 4:1 hexane/ethyl acetate); mp 580A.5°C.
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38A: 'H NMR (400 MHz, CDCY) U 7 J8720, 1(3dHd, 2H), 7.79.75
(m, 2H), 7.517.42 (m, 6H), 4.69 (d] = 1.7 Hz, 1H), 4.59 (s, 2H), 4.35 (@= 1.8
Hz, 1H);"*C NMR (101 MHz,CDG)) U 1 85256 HZ, @),160.7 (C), 146.6
(d,2J=30.5 Hz, C), 142.2 (dJ = 250.6 Hz, CF), 136.3I(3J = 3.5 Hz, C), 132.0
(d,3J=5.1 Hz, C), 130.8 (CH), 130.1 (CH), 128.5 (CH), 128.5 (CH), 128.2 (CH),
128.1 (CH), 92.1 (Ch}, 55.0 (CH); IR (neat): 3116, 3053, 3004, 2980, 2918, 2852,
2349, 1981, 1963, 1915, 1897, 1816, 1657, 1634, 1586, 1568, 1443l 1388,
1332, 1314, 1263, 1204, 1147, 1078, 1040, 1026, 999, 973, 943, 924, 867, 822, 777,
765, 695 crit; MS (ESI, m/z): 280.11 [M+H} HRMS (ESI) calcd. for GH1sFNO:
280.1132M+H] ", found: 280.1129.

4.5.25 Synthesis of5-Butyl-6-fluoro-2-methylene7-phenyl-2,3-dihydro-1,4-
oxazepine(38B)
General Procedur® was followed by using-fluoro-1-phenyt3-(prop-2-yn-1-
ylamino)hept2-en-1-one(36B) (81 mg, 0.31 mmoland ZnC} (85 mg, 0.62 mmol)
were employed to afford 47 mg9%) of the indicated product oft&utyl-6-fluoro-
2-methylene7-phenyt2,3-dihydro-1,4-oxazeping(38B) as dark orange oilR =
0.40 in 4:1 hexane/ethyl acetate).

38B: 'H NMR (400 MHz, CDCY) U i 778 (M32H), 7.467.38 (m, 3H),
4.63 (d,J=1.4 Hz, 1H)4.35 (s, 2H), 4.27 (d1= 1.6 Hz, 1H), 2.602.53 (m, 2H),
1.691.59 (pentet) = 7.7 Hz, 2H), 1.461.35 (sextet) = 7.4 Hz, 2H), 0.94 (1) =
7.3 Hz, 3H)3C NMR (101 MHz, CDGJ)) U 1 6J& 2674 Hg¢, €), 158.9 (C),
144.9 (d2)=32.7 Hz, C), 141.9 (d) = 245.7 Hz, CF), 132.1 (4) = 4.4 Hz, C),
129.9 (CH), 128.3 (d'J = 3.9 Hz, CH), 128.2 (CH), 92.4 (GH54.7 (CH), 35.6
(CH2), 29.1 (d,J = 1.2 Hz, CH)), 22.6 (CH), 14.0 (CH); IR (neat): 3061, 2958,
2931, 2871, 1657, B4, 1447, 1263, 1154, 846, 692 ¢nMS (ESI, m/z): 260.14
[M+H]"; HRMS (ESI) calcd. for GH1oFNO: 260.1445M+H] ", found: 260.1436.
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4.5.26 Synthesis d8-Fluoro-2-methylene 7-phenyl-5-(p-tolyl) -2,3-dihydro-1,4-
oxazepine (380)

General Procedur® was folowed by using Zluoro-1-phenyt3-(prop-2-yn-1-
ylamino)-3-(p-tolyl)prop-2-en-1-one @60) (82 mg, 0.28 mmoland ZnC# (76 mg,
0.56 mmol)were employed to affordZmg (93%) of the indicated product of 6
fluoro-2-methylene7-phenyt5-(p-tolyl)-2,3-dihydro-1,4-oxazepine §80) as
yellow oil (Rs = 0.60 in 4:1 hexane/ethyl acetate);

380:'H NMR (400 MHz, CDCd) 0 7 JF 71, 1(2cHd, 2H), 7.56 (dd,
J=8.2, 2.1 Hz, 2H), 7.39.33 (m, 3H), 7.14 (d] = 8.4 Hz, 2H), 4.56 (d] = 1.7
Hz, 1H), 4.47 (s, 2H), 4.23 (d,= 1.7 Hz, 1H), 2.30 (s, 3H}*C NMR (101 MHz,
CDCl) U 1 6J5.2585 Hz,dC), 160.9 (C), 146.4 (&= 30.4 Hz, C), 142.5
(d, ¥ = 251.5 Hz, CF), 141.1 (C), 133.5 @,= 3.8 Hz, C), 132.1 (#J = 5.4 Hz,
C), 130.0 (CH), 129.2 (CH), 128.5 (CH), 128.4415 2.7 Hz, CH), 128.1 (d)) =
8.4 Hz, CH), 91.9 (Ch), 54.9 (CH), 21.6 (CH); IR (neat): 3056, 3029, 2974, 2919,
2838, 23522174, 1735, 1652, 1612, 1586, 1510, 1493, 1446, 1408, 1374, 1329,
1310, 1259, 1203, 1165, 1147, 1077, 1041, 972, 939, 834, 766, 729, 69USM
(ESI, m/z): 294.13 [M+H], HRMS (ESI) calcd. for @H17FNO: 294.1289M+H] *,
found: 294.1292.

45.2Z7 Synthess of 7-(4-Chlorophenyl)-6-fluoro-5-(3-fluorophenyl)-2-
methylene2,3-dihydro-1,4-oxazepine(38P)
General Procedur® was followed by usingl-(4-chlorophenyh2-fluoro-3-(3-
fluorophenyl}3-(prop-2-yn-1-ylamino)prop2-en1-one(36P) (56 mg, 0.17 mmol)
and ZnCl; (46 mg, 0.34 mmolwere employed to afford 46 mg 1) of the
indicated product of-{4-chlorophenyl6-fluoro-5-(3-fluorophenyl}2-methylene
2,3-dihydro-1,4-oxazepind38P) as light yellow solidR: = 0.48 in 4:1 hexane/ethyl
acetate); mp 99i1.00.4°C.

38P:'H NMR (400 MHz, CDCY) G 7J=83 Hz, 1H), 7.567.36 (m,
3H), 7.16 (tdd,) = 8.3, 2.6, 0.9 Hz, 1H), 4.69 (@= 1.9 Hz, 1H), 4.57 (s, 1H), 4.36
(d,J=1.9 Hz, 1H):3C NMR (101 MHz, CDG)) U 1 814 282 HZ, @),162.9
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(d, 1J = 246.2 Hz, CF), 160.3 (C), 145(d,2J = 30.1 Hz, C), 141.9d, 1J = 251.6

Hz, CF), 138.7dd, 3] = 7.4,4) = 3.7 Hz, C), 136.3 (C), 130(@, 3] = 5.3 Hz, C),
130.1(d, 3J = 8.0 Hz, CH), 129.5 (dJ = 8.7 Hz, CH), 128.9 (CH), 124.3 {{] =

3.0 Hz, CH, 117.8 (d2J = 21.3 Hz, CH), 115.4 (dd) = 23.1,%] = 2.5 Hz, CH),

92.8 (CH), 55.1 (CH); IR (neat): 3132, 3070, 3013, 2921, 2853, 1917, 1737, 1661,
1641, 1615, 1573, 1487, 1444, 1399, 1313, 1259, 1218, 1199, 1151, 1088, 1011,
985, 883, 860, 836, 79382, 741, 723, 694 chiMS (ESI, m/z): 332.06 [M+H]}

HRMS (ESI) calcd. for @H1:CIFaNO: 332.064§M+H] ", found: 332.0641.

4.5.28 Synthesis of 6-Fluoro-5-(3-fluorophenyl)-2-methylene 7-(p-tolyl)-2,3
dihydro-1,4-oxazepine(38V)
General Procedurg was followed by usin@-fluoro-3-(3-fluorophenyl}3-(prop-
2-yn-1-ylamino)-1-(p-tolyl)prop-2-en-1-one(36V) (61 mg, 0.20 mmoland ZnC
(53 mg, 0.39 mmohyvere employed to afford 45 mg (74%) of the indicated product
of 6-fluoro-5-(3-fluorophenyl}2-methylene7-(p-tolyl)-2,3-dihydro-1,4-oxazepine
(38V) as light yellow solidRs = 0.50 in 4:1 hexane/ethyl acetate); mp 833%7
°C.

38V: 'H NMR (400 MHz, CDCJ) U 7J=68Q HZ, 2H), 7.41 (dd] =
18.9, 8.7 Hz, 2H), 7.29 (td,= 8.0, 5.8 Hz, 1H), 7.20.15 (m, 2H), 7.06 (td] =
8.3, 2.2 Hz, 1H), 4.58 (d, = 1.6 Hz, 1H), 4.47 (s, 2H), 4.24 (@= 1.7 Hz, 1H),
2.32 (s, 3H)*C NMR (101 MHz, CDG) U 1 6% = 26.1,99d 215 Hz, C),
162.9 (d,}J = 246.1 Hz, CF), 160.4 (C), 147.1 fd,= 30.4 Hz, C), 141.5 (dJ =
249.1 Hz, CF), 140.6 (C)38.48 (dd3J=10.5,J=2.9 Hz, CH) 129.9 (d3J =
8.0 Hz C), 129.3 (CH), 128.9 (dJ = 5.2 Hz,CH), 128.1 (dJ = 8.2 Hz, CH),
124.3 (t23=3.0 Hz, CH), 117.6 (¢ = 21.3 Hz, CH), 115.4 (&) = 25.7 Hz, CH),
92.3 (Ch), 55.1 (CH), 21.6 (CH); IR (neat): 3127, 3077, 3031, 2921, 2852, 2201,
1911, 1661, 1633, 1575, 1509, 1485, 1446, 1381, 1B30&4, 1214, 1193, 1151,
1019, 987, 938, 893, 880, 854, 837, 811, 792, 764, 736, 705, 67aU(ESI,
m/z): 312.12 [M+H]; HRMS (ESI) calcd. for @H16FNO: 312.1194M+H] ",
found: 312.1191.
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APPENDIX A

NMR DATA

H and*C NMR spectra were reported in 400 and 100 MHz, respectively,
with Bruker Spectrospin Avance DPX400 Ultrashield spectrometer.

H and'*C NMR spectra of all compounds greesentect below.
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Figure23. *H NMR spectrum otompound41A.
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Figure24. 13C NMR spectrum ofompound4iA.
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Figure26. 13C NMR spectrum otompound41B.
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Figure34. 13C NMR spectrum of compourdiLF.
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Figure36. 13C NMR spectrum of compourtilG.
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Figure44. 13C NMR spectrum of compourtilK.
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Figure56. 13C NMR spectrum of compourdllQ.
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Figure61. “H NMR spectrum of compourdiLT.
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Figure62. 13C NMR spectrum of compourdilT.
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Figure64. 13C NMR spectrum of compourdilU.

152




3
3

2.04=
1.0

T T T T T T T T
12.0 115 11.0 105 100 95 9.0 85

“ 1.0
< B.0
° 1.0

b
=)
~

6.0 55
f1 (ppm)
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Figure66. 13C NMR spectrum of compourdllV.
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Figure68. 13C NMR spectrum of compouréllW.
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Figure69. 'H NMR spectrum of compountBA.
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Figure70. 13C NMR spectrum of compouriBA.
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Figure71. 1 H NMR spectrum of compountBB.

Figure72. 13C NMR spectrum of compouriBB.
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