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SYNOPSIS

The thesis work entitled wittConvenient strategies to G-N bond formation: Synthesis of3-
Heteroarylated Ketones, Scorpionate Ligand$s-Allyl- gem-Dipyrazoles (ADPs) andortho-
Amido Aryl Ketones” consists of three chaptersl) (A Convenient Approach tg3-
Heteroarylated (C—-N bond) Ketones from,C®; Promoted Reaction between Propargyl
Alcohols and Nitrogen-Heterocycles?) (Silver(l)-Catalyzed Reaction between Pyrazole and
Propargyl Acetates: Stereoselective Synthesis ofgsanate Ligand€-Allyl- gemDipyrazoles
(ADPs), B) Ru(ll)-Catalyzed Intermolecula®@rtho-C-H Amidation of Aromatic Ketones with
Sulfonyl Azides.

In this thesis, each chapter is subdivided intedhparts: (a) Introduction (literature survey), (b)
Results and Discussion (including future work) #odExperimental Section. The compounds
obtained in the present study are generally cherizetd by'H NMR, *C NMR, IR, MS, and
HRMS spectral techniques followed by elemental ysed. Some of the representative

compounds are unambiguously characterized by >Gingstallography.

Chapter 1

A Convenient Approach to p-Heteroarylated (C—N bond) Ketones from
Cs,CO; Promoted Reaction between Propargyl Alcohols and iMogen-
Heterocycles

In this chapter, an efficient and dirapproach t@-heteroarylated (€N bond) ketones is
demonstrated. Base promoted redox isomerizatiorpropargyl alcohol toa,B-unsaturated
ketones followed by conjugate addition to NH-heteemes affords a wide range @f

heteroarylated ketones in good to excellent yields.

eox isomerization

conjugate addition

)\4. IY_Z\ ,:‘) » O N
AT X\” -2 Cs,CO3 Ar)l\)\R

(¢}
toluene, 70 °C 55 examples

R=H/aryl/alkyl / SiMes yield up to 96%

Figure 1. Schematic Representation of Synthesi$-bfeteroarylated Ketones from Propargyl

Alcohols and Nitrogen-Heterocycles



This chapter starts with the pharmaceutical impmeaof azole-bearing compounds and a brief
overview of conventional synthetic methods for pneparation off-heteroarylated (C—N bond)
ketones. Highly stable, easily accessible propaaigtbhols and commercially available NH-
heteroarenes are employed in this strategy. Electoh, electron poor and sterically congested

propargyl alcohols are effectively participated enthe reaction condition.

I\ _ CsC05
+ H toluene 70°C R& R?

para- substltuted meta-substituted ortho-substituted both arene-substituted
prgpargyl alcohols propargyl alcohols propargyl alcohols propargyl alcohols
yields ~ 66-82% yields ~72-84% yields ~ 66-87% yields ~ 81-90%
R3 /::_
N,N X
o @)‘\)\H » O)‘\/L
=
terminal TMS-protected
propargyl alcohols roparavl alcohols 3-subst|tued NH—heteroarenes
. propargy pyrazoles ields ~ 10-71%
yields ~ 68-96% vields ~ 04-17% y ’

yields ~ 32-92%

Scheme 1Substrate Scope for the Synthesig-dfeteroarylated (C—N bond) Ketones.

The furyl- and thienyl-2-substituted propargyl dlots afforded the correspondifigpyrazolyl
ketones in good vyields. The reaction of 3-subsdityrazole with the propargyl alcohol
provided exclusively single regioisomer. A wide garof NH-bearing compounds such as: 1,2,4-
triazole, 1,2,3-triazole, imidazole, pyrrole, indsland aniline are successfully delivered the

desired3-heteroarylated ketones.



Chapter 2

Silver(l)-Catalyzed Reaction between Pyrazole and rBpargyl Acetates:
Stereoselective Synthesis of Scorpionate Ligands-Allyl- gem-Dipyrazoles

(ADPs)
Chapter 2 describes the silver(l)-catalyzed reactbetween commercially available

pyrazole and easily accessible propargyl acetatethé synthesis of scorpionate ligartallyl-
gemdipyrazoles (ADPs). The reaction also affords digibstituted allyl acetates and 1,3-
dipyrazolyl-3-aryl propenes.

A AgNO;
+ SN
S :

chlorobenzene
80°C

suzuki reaction
in aqueous media
0.1 mol% catalyst

ADPs

A 20 examples
lPd(II)-scorpionate complex I

Figure 2. Schematic Representation of the Ag(l)-CatalyzedtiSssis of ADPs from Propargyl

Acetates and Pyrazole.

Interestingly, thegemdipyrazolyl derivatives are biologically importaompounds. This
chapter begins with the previous reports on nudigiopsubstitution of propargyl alcohols;
continued with propargyl substitution and cyclipaticascade reactions for the synthesis of
functionalized heteroarenes. The results and dssmugart begins with the optimization of the

reaction conditions for the synthesis of ADPs frorapargyl acetate and pyrazole.

OAc OAc /: } N / EN
/\_\/ \ AgNO5 (10 mol%) F> N N
Ar \\ + H,N chlorobenzene Ar)\W N SN + Ar/\)\N - N\ + Ar)\/\N ~N
80°C \§7

\ \
@N @N R QN O ¢
OO U0 OY0 U0

R para-substituted meta-substituted ortho-substituted Palladium-scorpionate complex
propargyl acetates propargyl acetates prqpargyl acetates
Yields ~ 48-54% Yields ~ 51-63% Yields ~ 38-66%

Scheme 2Substrate Scope for the Synthesis of ADPs.



In the presence of AgN{xatalyst, the desired ADPs is obtained in gooddgieThe reaction
showed broad substrate scope, and various funt@maiaprotecting groups were tolerated under
the reaction conditions. The scorpionate ligaBaslyl-gemdipyrazoles easily coordinated with
PdCL in acetonitrile at room temperature. The Redtlelated complex of ADPs was

successfully employed in Suzuki reactions for diagynthesis in water.

Chapter 3

Ru(ll)-Catalyzed Intermolecular Ortho-C—-H Amidation of Aromatic Ketones
with Sulfonyl Azides

Chapter 3 describes the direct intermolecularC(aryl)-H amidation of weakly
coordinating aromatic ketones with sulfonyl azid#s.this study, the inexpensive, easy-to-
prepare and air-stable Ru(ll)-catalysts is empldgedlirect intermoleculao-C—H amidation.

weakly coordinating

keto DG ortho-C—H amidation
R §> N;-SO,R! R
e
@) [RuCl,(p-cymene)], 0)
AgSbF¢ / Cu(OAc); H;0
W oo T NP soR
no external =N, 33 examples
DG installation R, R = alkyl / aryl yield up to 97%

Figure 3. Schematic Representation of Ru(ll)-Catalype@—H Amidation of Aromatic Ketones

with Sulfonyl Azides

This chapter starts with the synthetic potentiabdho-amido aryl ketones in the synthesis of
pharmaceutically important nitrogen-bearing drulyext the representative examples of DG
assistedb-C-H amidation are depicted. We have employed theiqusly developed catalytic
conditions ofo-C—H amidations on aryl-sulfoximines in this study.eldiamido aryl ketones are
obtained by changing the base from KOAc to Cu(QA4¢)O under the influence of Ru-catalyst.
The reaction proceeds with the broad scope of afgties and sulfonyl azides in good yields.
Various functional and protecting groups are swegtiunder the reaction conditions. Quantitative
formation ofo-amino aryl ketones are achieved by the simple diysis of theortho-amidated

aromatic ketone with $0;.



CHs CHj

Naw ,/O [RuCly(p-cymene)],
» AgSbFg (20 mol%)
EAC -
H oH Cu(OAc). H,0 (50 mol%) NHTs

3 DCE, 100 °C, 24 h, -N,

CH3 . CH3 TsHN Ar CH3
NHTs NHTs 0 NHTs NHR
para-substituted meta-substituted yield 63% di-aryl ketones azide scope
aryl ketones aryl ketones yields ~ 50-70% yields ~ 44-97%
yields ~ 64-94% yields ~ 25-30%

Scheme 3Substrate Scope for the Synthesisho-Amido Aryl Ketones.



A Convenient Approach to f3-Heteroarylated
(C-N bond) Ketones from Cs2C03 Promoted
Reaction between Propargyl Alcohols and
Nitrogen-Heterocycles

Abstract

redox isomerization
conjugate addition

toluene, 70 °C

R =H/aryl/ alkyl / SiMe, yield up to 96%

55 examples

An efficient and direct approach @heteroarylated (€N bond) ketones is demonstrated.
Base promoted redox isomerization of propargyl fatoto o,B-unsaturated ketones
followed by conjugate addition to NH-heteroarendfords a wide range off3-
heteroarylated ketones in good to excellent yields/l, heteroaryl, alkyl C(sp), and
terminal alkynes containing unactivated propardgblols effectively undergo redox-
isomerization conjugate addition (RICA) with NH-betarenes. Reaction of 3-substituted
pyrazoles or indazole with propargyl alcohols eealdtighly regioselective products. A
diverse range of NH-bearing nucleophiles such wszoles, imidazole, triazoles, pyrrole,
indoles and aniline participate in this reactiond adeliver the corresponding-

heteroarylated ketones.
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Chapter 1

1.1. Introduction

The nitrogen-containing heteroarenes are often doum various natural products,
materials and biologically active compounds of piaceutical interest. The azole-
bearing compounds econazole, miconazole, voricdeaztiuconazole, fluoxetine,
ravuconazole, ketoconazole, posaconazole are ttent@d antifungal agents and are

already in the market (Figure 121).

Cl
/,\N/ \/@

N |
= Cl N=J Cl Cl N FNeN
Cl Cl F
Econazole (1) Miconazole (2) Voriconazole (3)
N. /\ \N'N\ H CH3
<N;'I\J FEN) /@’ s <,N'N/\/'\({\>,©—CN
F3C N=/ S~
F
F Fluoxetine (5)

Fluconazole (4) F
Ravuconazole (6)

O N 0
o5 7 fNON’:E%H
N/’\N/\;I\ H O—@‘N\/
= 9 ’\L/y

NG

N
=N OF
Cl

Ketoconazole (7) Posaconazole (8)

Figure 1.1 Azole Antifungal Agents

The imidazole bearing econozolg) (and miconazole2) showed antifungal properties
useful in treating tinea pedis, tinea cruris, dtite foot and tinea corporis. The
voriconazole 8) and fluconazole4) are the triazole containing heterocycles apptod

the treatment of serious invasive fungal infectitm.1970 Bryan Molloy and Robert

Rathbun from Eli Lilly discovered the fluoxetin®)( It is an antidepressant of the
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selective serotonin reuptake inhibitor (SSKIRavuconazole) is a potential triazole
antifungal drug developed by Bristol-Myers Squilbhis molecule is in phase | and Il
clinical trials. The ketoconazol&)(especially used for the treatment of fungal ihitets

of skin or nails. It blocks the growth of the infed fungi. Posaconazol&)(is another
class of antifungal agent, employed successfullytfi@ treatment of prophylaxis and
invasive fungal infections. It disrupts the closecking of acyl chains of phospholipids,
and impairing the functions of certain membranerdsbanzyme systems such as ATPase
and enzymes of the electron transport system. Rhase discussions, it appears that the
B-heteroaryle-aryl-ethanol skeleton bearing molecules possibbeful as antifungal
agents. Recently, the structure—activity relatignglsARs) studies reveal that the 1-[3-
aryloxy-3-aryl)propyl]-H-imidazoles {1) are lead structural units, showing potent
activity againstCandida albicansand dermatophyted Compounds of typdl can be
easily prepared fromi-heteroarylated ketonésvia the reduction of the carbonyl group

followed by O-arylation (Scheme 1.%).

Rl N N
S, T4 T )
RZ\\ \) :> R2\\ :> RZ\\ '\)
vy > >
1 10 9

Scheme 1.1Synthetic Strategy to Azole Derivativs.

Therefore, development of simple and efficient psses toB-heteroarylated ketones

(C-N bond) has always been attracted considerabletiaité

1.1.1. Conventional Strategies fop-Heteroarylated (C—N bond) Ketone Synthesis

The B-heteroarylated ketones could be prepared usingectional methods. However,
synthesis of these desired molecules by efficiémtnaeconomical approaches is always
desirable.

A Dbrief overview of synthetic methods for the pregieon of -heteroarylated (C—N bond)

ketones 14) is shown in Scheme 1.2.
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1 16

/=
Y=-Z
+ CH,O "
RJLMe ’ X. )\‘ ‘/’/) / RJl\/\Cl
5 17
NR

\
RJv\R1 y X ‘* RJJ\/\ 2, HCl

19 T This work 8

/=3
Y=-Z 3
XN
Al
AN 1 N
12 R H 13
R'=Ar, alkyl, H, TMS NH-bearing heteroarenes

Scheme 1.20verview off3-Heteroarylated Ketone Synthesis.

The classical Mannich reaction is used for the graon of3-amino carbonyls. The
condensation of an enolizable carbonyl compouls (ith a non enolizable aldehyde
(16) and ammonia / primary / secondary amirk3) (furnishes p-aminocarbonyl
compounds. However, this transformation has limgetstrate scope; the formation of

undesired side products are observed in many ¢Bsés 1)

The nucleophilic substitution of nitrogen heterdegcl3 to the B-chloro ketones 1(7)
deliverd the desired produdt4 (Path 1)° The nucleophilic replacement of nitrogen
heterocycles to the hydrochloride salts of fa@minocarbonyl compound4§) produces
the pB-heteroarylated ketones4 (Path Ill). These processes produce hazardoutesvas

such as acids and quaternary amfhes.

The most preferred and atom-efficient strategyhes aza-Michael conjugate addition of
NH-bearing nucleophiled3 to the activatedo,f-unsaturated ketone%9 (Path 1V),
however, multiple steps are invariably required tloe preparation of starting materials
19.” The necessity of the strong bases and acids iMicteael additions allow in the
formation of other side reactiof$®? The Lewis acid catalysts such as Sc(@THKF-
Al,03, Bi(NOs)s-5H,0,”® HfCls, ScCh,’" (S,S)-(salen)Al" Bi(NO);" have successfully
been used for this process.

The detailed survey of the literature reveal thastof the strategies lack generality and

have a narrow reaction-scop&Therefore, discovering a practicable, and efficiaethod
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for the construction of-heteroarylated (C—N bond) ketondsl) from readily available

starting materials is always desiraBle.
1.1.2. Background for Redox-Isomerization Conjugatéddition (RICA) Reactions

Redox isomerization is a process that creates ®vo fanctional groups in the product;
the conversion of propargylic alcohols to conjudatnones is a suitable example
justifying the redox isomerization process. Thepargylic alcohols undergo internal
redox type process by oxidizing the alcohol unitasbonyl group and reducing the triple

bond to olefin simultaneously.

In 1949, the first example of redox-isomerizationpoopargyl alcohol to enones was
reported by Nineham and Raphael. ThB-unsaturated ketong-21 was obtained, when
activated propargyl alcoholO distilled in the presenc of excess of BEScheme 1.3).
Presumably isomerization @21 to E-21 occursin the presence of NE&t an elevated
temperature, enabling tfieselective product"

EON CO,Me
Ar N : v )j\% + M
R Redox Isomerization ~ Ar CO,Me Ar

CO,Me
20 2 (RI) E-21 Zz-21

Scheme 1.3Nineham-Raphael Reaction

Lu and co-workers reported the first Ru-catalyzedremselective isomerization of

unactivated primary alkynoR2 to the corresponding-enals 23) in good yields (Scheme

14) .th
[RuCly(PPh3)3] (1-2 mol%)
PR3 (2-4 mol%)
1/ toluene/ reflux > R1/§/

99 R'=alkyl/aryl R ="BuorPr 23

R

Scheme 1.4Redox-Isomerization of Primary Alkynols

An elegant method for the Ru-catalyzed redox-isamagon of alkyl substituted propargyl
alcohols 24) to a,p-unsaturated carbonyl compoun@$)(has been demonstrated by Trost
and Livingston (Scheme 1.5¥. The reaction begins with the coordination of tictive

ruthenium catalyst to the triple bond and alcohadxygen forming complex26.
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Subsequently, the [1,2]-hydrogen shift provides thieyl metal specie27. Finally,

protonolysis o7 delivers the desired enofé.

o P H+ _Ind Ind
@ ! CO—Ruy “--
)\ QRu PPh I i 3 ESL — L
PhsP CIT13 J\% ! S 2
. alkyl\ o 3 - = : H \y\\ ; =
[IndRu(PPh3),Cl] 25 : 26 R H 27

24 In(OTf),

Scheme 1.5Redox-Isomerization of Propargyl Alcohols

Exploration of this strategy to nitrogen and oxydesaring heterocycle80 and 32
involves intramolecular conjugate addition of theenoatom to the in situ generaigf-
unsaturated carbonyls29) from the propargyl alcohols. The isomerization thie
propargyl alcoholZ8 and31) moiety to the enone occurs in the presence apmrative
mixture of catalysts Ru and In. Next, Michael dtta¢ the hetero-atom moiety to enone

led to produce the N- and O-bearing heterocyclebd®es 1.6 and 1.7

R [ndRU(PPh;),CI] (3 mol%)
—_— CSA (20 mol%), ( R
-_— In(OTf)5 (3 |%
R n(Tle3 :eflm0 > nN
ux
NHTs Redox Isomerization NHTS e
28 30

Scheme 1.6: Redox-Isomerization Intramolecular Conjugate Adufiti of Nitrogen

Nucleophiles
OH
[IndRu(PPh3),Cl] (3 mol%) (O)/\ﬂ/\/
’
// OH CSA (20 mol%), In(OTf)3 (3 mol%) O
THF, reflux
31 32

Scheme 1.7: Redox-Isomerization Intramolecular Conjugate Aduhiti of Oxygen

Nucleophiles

A direct chemoselective synthesis pfheteroarylated (C-C) ketone84{ proceeds
through the addition of indoles33) to propargyl alcohols2d) via a Ru/ln catalyzed
tandem redox-isomerization conjugate addition (RIG&quence®®€In the course of the
reaction sequence, propargyl alcohol moiety chetaoseely isomerized to the desired
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electrophile o,p-unsaturated carbonyl compound. The transientlyméar enone
coordinates to the metal to gi@6. Finally, Friedel-Crafts/conjugate addition reantwith
electron rich C3-carbon of indole produce the chestexrtivep-heteroarylated ketong4
(Scheme 1.8).

—

OH H N\ )1 o--MLn/H'
N [IndRu(PPh3),CI] (5 mol%) N \ ] |
N 1 Rz// / o o R4 R1
R CSA (5 mol%), In(OTf)3 (5 mol%) R '
24 33 THF, 64 °C 34 H 35

Scheme 1.8: Redox-Isomerization Intermolecular Conjugate Adudfiti of Indole
Nucleophiles

Recently, Trost and coworkers demonstrated an &mmmeomical and one-pot synthesis of
functionalized cycloalkane87. The Ru-catalyzed redox isomerization of yn86 to
enones followed by an intramolecular Michael additof carbon nucleophiles delivers

carbocycles in good yields (Scheme 1'€.

OH , EVVG1
BWGT [INdRU(PPha),CI] (5 mol%) GWE m
r
GWE? 1_2/ CSA (5 mol%), In(OTf)5 (5 mol%) ).2 0
THF, 64 °C
36 then TMG (tetramethylguanidine) 37

Scheme 1.9: Redox-Isomerization Intramolecular Conjugate Aduiiti of Carbon

Nucleophiles

Reisch has shown the effective addition of anil{@®) to propargyl alcohols3g) in the

presence of BCO; and piperidine, when refluxed in xylene (Schen@®)'*

K2COs .Ph
_ Piperidine HN
)TAF' + Ph—NH, - )J\/k
Ar Ar Ar'
xylene, reflux
38 39 40

Scheme 1.10Sythesis of3-Aminoketones from Propargyl Alcohol

The DBU catalyzed redox isomerization adtivated propargyl alcohoR0 followed by
aza-Michael attack of the nitrogen heterocyd®) (s a mild method t@-heteroarylated
ketone synthesigi() (Scheme 1.11%°
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VeSSY
Y- \
Y N\
_ CO Et Y—Z, - :\‘) DBU X.N)' ~
)—— 2 + N\ —_—
Ar ‘N’\ DCM, rt Ar)j\/kCOzEt
20 H 43 16 h M

Scheme 1.11Practical Method t@-Heteroketones from Propargyl Alcohol

These results reveal the effective use of the ieatly formedo,p-unsaturated carbonyl
compounds from propargyl alcohols through redoxrispzation® Moreover, propargyl
alcohols are highly-stable and easily fabricatedngyaddition of terminal alkynes into the

carbonyl compounds in a single stép.

1.1.3. Motivation and Design Plan

Recently, we have demonstrated gold-catalyzed iadddf phenols 42) to unactivated
internal alkynes 43) for the atom-efficient syntheses of arylvinyl et @4) and the
hydration of propargyl acetate45j to the preparation af-acyloxy methyl ketones46)
(Scheme 1.12%

O« R
_'\ H 7
R? ©/ + RZ/

42 43

R3__H
Au N |
> R?/
0~ "R?
44

OAc AU OAc

R4 Me
45 O
46

Scheme 1.12Syntheses of Arylvinyl Ethers andAcyloxy Methyl Ketones

The current interest in finding new atom-economicahsformations inspired us exploring
a direct and efficient approach to the synthesif-béteroarylated ketones. We envison
that the conjugate addition of NH-heteroareft8go0 transiently formed,-unsaturated
carbonyls47 derived from propargyl alcohols2 through redox-isomerization sequence
would create-heteroarylated keton&s directly as shown in Scheme 1.Riurthermore,
the detailed examinations in the intermolecularitaald of various NH-heteroarenes to
aryl, alkyl, TMS substituted and terminal alkynesntining unactivated propargyl

alcoholsneeds to be investigatéd.
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X—i} .‘:" Rty
—Z .
)\ Base )j\/\ Base N )l\/NK
Ar \ [ )
N r Redox Isomerlzatlon Ar Conjugate Addition Ar R

12 48

Scheme 1.13Tentative Approach tf-Heteroketones from Propargyl Alcohol

1.2. Results and Discussion
1.2.1. Reaction Optimization

To probe the viability of the intermolecular additi of NH-heteroarenes to propargyl
alcohols, the reaction between 1,3-diphenylpropr2byol 388 and pyrazole49a) in the
presence of different bases was investigated stt flable 1.1 summarizes the results of
the optimization studies. The reaction proceedggssihly at temperatures below 70 °C.
Progress of the reaction was monitored after sgravernight (12 h) at 70 °C.

Table 1.1 Optimization of Reaction Conditions?

(/ E\N
\ Z
]\ base +
N, + O
Ph H solvent, 70 °C
50a 51a

38a 49a
entry 49a base solvent time (h) yield (%)
(equiv) 50a 5la
1 2.0 KCOs toluene 12 00 17
2 2.0 i-PrLNEt toluene 12 00 08
3 2.0 KeP Oy toluene 12 68 09
4 2.0 CsCGs toluene 12 95 05
5 2.0 CsCOs THF 12 88 12
6 2.0 CsCGOs dioxane 12 81 19
7 2.0 CsCOs CHsCN 12 81 19
8 2.0 CsCOs DMF 12 74 26
9 2.0 DBU CHCI, 12 49 16
10 2.0 CsCOs3 toluene 01 95 05
11 1.5 CsCGOs toluene 01 92 08
12 1.2 CsCOs toluene 01 88 12
13 1.0 CsCOs toluene 01 85 15

Reactions were carried out usiBa (0.5 mmol), base (0.5 mmol) in solvent (1.0 miYMR
yield.

10
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Redox isomerization @d8ato a,p-unsaturated ketorglawas exclusively observed albeit
in poor yield, when the reaction was performed yC&; in toluene (entry 1). Organic
basei-PrLNEt proved futile, producing only a negligible ambuof 51a (entry 2).
Gratifyingly, reaction of38ain the presence of RO, delivered the desired 1,3-diphenyl-
3-(1H-pyrazol-1-yl)propan-1-one&0a) and5lain 68% and 9% yields, respectively (entry
3). To our delight, G£0O; base gave the best results and the yield of tegedieredox
isomerization conjugate addition (RICA) prod&ftawas calculated 95% by NMR (entry
4). With a selective base in hand, the effect dfesd on this reaction was then examined.
Polar-aprotic solvents did not affect the progrefsthe reaction; however, undesirgila
was detected in a substantial amount (entries 3-e8)example: use of the solvents such
as: THF, dioxane, C4CN and DMF led to the formation &flain 12%, 19%, 19% and
26% vyields, respectively (entries 5-8). Among vasisolvents screened, toluene was
found to be the best (entry 4). In Han report, tbaction between activated 4-aryl-4-
hydroxy-2,3-alkynyl esters2Q) and NH-heterocycles in the presence of DBU in,Clk
provides 2-heterocycle-(C—N bond)-substituted-4-dxarylbutanoatesi() efficiently;**
however, a moderate yield 60a was noticed under this reaction condition (enfryT®
our delight, quantitative formation 60aand complete consumption 8awas observed
even within 1h, when the reaction was performe@#CO; in toluene at 70 °C (entry 10).
This demonstrates the efficiency of the optimizeddstion. Next, the amount of pyrazole
(499 required for this RICA transformation was pursukedading of reduced amounts of
pyrazole resulted in producing the more of the xeidomerized produdila (entries 11—

13). Moreover, the use of 2.0 equiv of pyrazole feamd to be optimum (entry 10).

1.2.2. Detailed Optimization of Reaction Conditions

Table 1.2:Screening of Baseé¥

entry 49a Base solvent time (h) yield (%)
(equiv) (1.0 equiv) 50a 5la
1 2.0 NaCOs toluene 12 00 17
2 2.0 LpbCOs toluene 12 00 27
3 2.0 NaHCQ toluene 12 00 36
4 2.0 pyridine toluene 12 00 22
5 2.0 2,6-lutidine toluene 12 00 07
6 2.0 CsOPiv toluene 12 02 28
7 2.0 DBU toluene 12 85 15

Reactions were carried out usif§a (50 mg, 0.25 mmol) in solvent (0.5 mL) at 70. °NMR
yield.

11
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Examination of various bases in the RICA reacti@swhen investigated. The results are
shown in Table 1.2The use of NZO;, Li,CO; NaHCG;, pyridine, and 2,6-lutidine
basesdid not produce the desiréaDa in stead5la was obtained albeit in moderate
amount (entries-15). The base CsOPIv is ineffective (entry 6). Orgdmase such as DBU
gave the desirefl-heteroketone50a) in 85% yield after 12 h at AT (entry 7).

Table 1.3:Screening of Solvent®

entry 49a Base solvent time (h) yield (%)
(equiv) (1.0 equiv) 50a 5la
1 2.0 KCOs THF 12 00 02
2 2.0 DBU THF 12 76 19
3 2.0 i-PLNEt THF 12 00 00
4 2.0 pyridine THF 12 00 00
5 2.0 KCOs dioxane 12 00 02
6 2.0 DBU dioxane 12 82 16
7 2.0 i-PrLNEt dioxane 12 00 00
8 2.0 pyridine dioxane 12 00 03
9 2.0 KCOs CHsCN 12 88 05
10 2.0 DBU CHCN 12 83 17
11 2.0 i-PNEt CHCN 12 00 00
12 2.0 pyridine CHRCN 12 00 00
13 2.0 CsCGOs CHsCN 01 74 26
14 2.0 CsCGOs dioxane 01 50 23
15 2.0 CsCGOs THF 01 92 08
16 2.0 CsCGOs DCE 01 18 16
17 2.0 CsCGOs MeOH 01 34 10

Reactions were carried out usiBfa (50 mg, 0.25 mmol) in solvent (0.5 mL) at 0. "NMR
yield.

Next we investigated various combinations of salsemd bases. The results are shown in
Table 1.3.The use of DBU base in THF, dioxane ands;CN solvent furnished thg0ain
76%, 82% and 83% vyield, respectively (entries 2né 10).Unfortunately,i-PrNEt and
pyridine bases are totally ineffective (entries43,7, 8, 11, and 12). The baseQQO;in
THF or dioxane did not producgOa (entries 1and 5); while 0Oz in CH3;CN gave the
50ain 88% vyield (entry 9). Moderate yield 6Da was obtained when the reaction was
carried out with C£L£0Osin dioxane, DCE and MeOH (entry 14, 16 and 17); \whe good
yield of 50awas noticed in CECN and THF in 1 h (entry 13 and 15).

12
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Table 1.4:Effect of Temperature*®

entry 49a Base solvent temp  time yield (%)
(equiv) (1.0 equiv) (°C) (h) 50a 5la
1 2.0 CsCO; toluene rt 12 34 13
2 2.0 CsCOs toluene 60 05 94 06
3 2.0 CsCOs toluene 70 01 95 05

Reactions were carried out usi&a (50 mg, 0.25 mmol) in solvent (0.5 mENMR vyield.

Finally, the effect of temperature in RICA reactiomas investigated. Incomplete
convertion of starting material was noticed evesutih the reaction was continued for 12
h at room temperature (Table 1.4, entry 1). In@eafstemperature from RT to 6@
resulted forming the desired produsfia was obtained in 94% vyield in 5 h (entry 2).
Excellent yield o60ain 1 h when the reaction conducted atZQd(entry 3).

1.2.3. Scope of the Reaction

To explore the generality of the reaction and timetlsesis of new RICA productsO,
reactions between a variety of propargyl alcohaold pyrazole 498 were investigated
under the optimized conditions (1 equiv of,C8&; in toluene at 70C). The effect of
substitution on the aryl-moiety at the propargys$ifion of the propargyl alcohol, 1-aryl-3
-phenylprop-2-yn-1-0l38), on the RICA with49a was examined at first (Table 1.5). As
observed in the optimization studies, electronycatieutral substrate38a reacted
efficiently with 49a to give 50a in 80% isolated yield®® The Cu-assisted or the base-
mediated replacement of aromatic halo-groups byazpte is a well-established
phenomenon? Surprisingly fluoro, chloro and bromo groups sued to this reaction
condition and the corresponding produs@d-d were isolated in good yields. Transition-
metal catalyzed functionalization of the halo gmupould generate new heteroaryl-
bearing valuable substrates. Interestingly, cyarmum is survived; however, trace of
moisture in the system hydrolyses the cyano graamighly, producing50ein moderate
yield.*® Propargyl alcohols having the electron-donatingssitutions methyl, methoxy or
phenoxy groups at the 3- and/or 4-position on atmmang reacted efficiently with#9a
and the corresponding producE)fh are produced in excellent yields. Next, we

examined the RICA of propargyl alcohol containingef phenol-OH moiety witi49a

13
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Table 1.5 Effect of Arenes at the Propargyl Position of (Rnmyl Alcohols to the RICA
with 49&°

! )N
N
+ /A \N C82C03 -
H' toluene, 70 °C R_:\
=
49a 50a-p
i\ B o\ o,
N N N N
50a, 80%, 1 h 50b, 82%, 1 h 50c, 79%, 1 h 50d, 82%, 1 h
! \Y
Z/ )N Z/ )N Z/ )N { N
N N N N
NC Me
50e, 66%, 1 h 50f, 84%, 1 h 50g, 82%, 2h S0h, 72%, 2h
50i, 77%, 3 h 50j, 13%, (64) 3 h® 50k, 66%, 12 h 501,81%,2h
\
N\ N 0\ ¢ N
cl N Me N O N cl N
Cl ‘ ®
50m, 77%, 2 h 50n, 77%, 19 h 500, 87%, 2 h 50p, 70%, 19 h

®Reactions were carried out usi@g (1.0 mmol),49a (2.0 mmol), CCO; (1.0 mmol) in toluene
(2.0 mL) at 70°C. "Isolated yield.“Cleavage of @TBDMS protecting group was observetg
corresponding —OH bearing prod&gti was obtained in 64% vyield.

A report of the Liu group describes the synthe$isemzofurans from Lewis-acid assisted
annulation of phenols with propargyl alcohtighe phenoxide ion generated in situ with
the aid of the base is expected to undergo corgugdtition to theu,B-unsaturated
ketones Gratifyingly, we did not observe the participatiohthe free phenol-OH group
in the reaction an®0i was exclusively obtained in 77% vyield in 3 h. Gaitlg, silyl

protected hydroxyl groups are sensitive to acidid &asic reagents. To assess the

14
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relative stability of the silyl-protecting grouptfie —OTBDMS containing precurs8sj
was subjected to the reaction condition. As amditeid, the TBDMS group was partial
survived and the corresponding silicon protected deprotected produc&0j and 50i
were isolated in 13%, 64% yields, respectively. Tbptimized procedure was
subsequently applied to a range of propargyl alsohavingortho-substituted arenes, to
assess the steric effect in this RICA reaction eaqge. Theortho-halo groups on the aryl
moiety are inert to the reaction condition, displgygood reactivity and appreciable
yields 60k—m). Incomplete conversion &8n was observed to the synthesiboh (77%
yield) even with prolonged reaction time. 1-Naphtispbstituted propargyl alcohol
underwent RICA with49a efficiently and500 obtained in 87% yield. The more sterically
demanding propargyl alcoh@8p having twoortho-substitutions on aryl group did not
affect the product-formation, although the reactregquires longer time for completion,
producing50p in slightly lower yield. These experimental resukveal that the electronic
as well as steric effect on the aryl group at ttapargyl position in propargyl alcohol did

not influence much to the reaction outcome.

Next, the RICA reactions @fQawith heteroaryl bearing propargyl alcohols wereveyed
(Table 1.6). The nucleophilig-carbon and the acidig¢-hydrogen of furan and thiophene
would lead to C-alkylation product with propargyt@hols!’ Fortunately, the furyl- and
thienyl-2-substituted propargyl alcohol88¢ and 38r) reacted efficiently with49a and
afforded the corresponding+pyrazolyl ketoness0g and 50r in 70% and 92% yields,
respectively. We then turned our attention to exanthe effect of alkyl-substitution at the
C(sp)-center of the propargyl alcohols on the RMZi#h 49a The results are shown in
Table 1.6. It is obvious that the inductively dongtalkyl group enhances the electron
density on the alkynes. As a consequence, slowxredonerization of the propargyl
alcohol to then,f-conjugated ketone is expected. To overcome tlublem, we therefore
performed the reactions at a higher temperatureaamedhatively longer time. Gratifyingly,
product50swas isolated in 84% yield, when the reaction betw€(sp)-octyl substituted
propargyl alcohoB8sand49awas conducted at 80 °C for 32 h. Even though ¢aetron
took 50 h at 80 °C, an excellent yield of the dmb0t was isolated with the survival of

the chloro group.
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Table 1.6 RICA of Heteroarenes/Arenes and/or C(sp)-Alkylsn@ining Propargyl
Alcohols with49&*"

CSZC03 N
Z N
)\ Ar)l\/kR1

toluene, 70 °C 50
38g—x 49a q-X
R' = phenyl / alkyl Ar = phenyl / het-aryl

~N
\ \\ \
O —_— \
38 o
a 50q,70%, 1 h

50r 92%, 1h

38s 50s, 84%, 32 h® 50t, 91%, 50 h°

50u, 75%, 70 h°= 50v 77%, 17 h®

N CHs N
X e . Me X Me — Me
Me | M
eMe Me i Me Me

Me
! 38x
50w, 53%, 96 h® 50x, 24%, 96 h®

®Reactions were carried out usi@g (1.0 mmol),49a (2.0 mmol), CCO; (1.0 mmol) in toluene
(2.0 mL) at 70°C. "Isolated yield‘at 80°C

The electron-rich propargyl alcoh8Bu smoothly participated in the RICA reaction and
furnished the keton®0u in good yield. Similarly, the propargyl alcohoMiag thienyl and
C(sp)-alkyl moieties reacted wi#O9a and producedOv in 77% yield. Importantly, the
sterically encumbered C(sputyl containing propargyl alcohol underwent RI@#th
49a Incomplete conversion @w was noticed and the correspondfigyrazolyl ketone
50w was isolated in 53% vyield, even though the reactias continued for 4 days. The
more sterically congested produfdx was obtained albeit in poor yield from the RICA

betweer88x and49aunder the optimized condition.
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Encouraged by the excellent performance of the Ri€kveer88 and pyrazole49a), the
effect of electronic groups on both the arene-neseattached at the propargyl and C(sp)
positions in propargyl alcohols was next invesegatand the results are shown in Table
1.7.

Table 1.7 Electronic Effect of Aryl-Groups of Propargyl Albols to the RICA wit9&*°

BN (/ \ Cs,CO;
R'—— + N
= H toluene, 70 °C
_R2

38aa-ac 503a—ac
MeO
\ \
o > SNy
C 0. 7. T
38aa OMe / 38ab CH, / 38ac
R 4 \ R
N N/N
N
MeO ‘ F
OMe F CHs,
50aa, 83%, 1 h 50ab, 81%, 1 h 50ac, 90%, 1 h

®Reactions were carried out usi@g (1.0 mmol),49a (2.0 mmol), CCO; (1.0 mmol) in toluene
(2.0 mL) at 70°C. "Isolated yield.

The presence of electron donating methoxy substituen both arenes did not affect the
reaction efficiency, and the desired RICA prod&ftaa was isolated in 83% yield.
Propargyl alcohol bearing an electron-withdrawirg-)( and electron donating (—Me)
group atpara-position on both the aryl moieties reacted wifla affording50abin 81%
yield. Efficient reaction and excellent yield oktleorrespondin@-pyrazolyl ketones0ac
was obtained from the RICA between the electrocdeit 38ac and49a These results
show that the electronic variation of the propargiglohol did not display a pronounced

effect on the reaction efficiency.

Next, exploration of terminal and alkynyl-C-TMS peoted propargyl alcohols in the
RICA with 49a was pursued and the results are detailed in Tal8e Generally, base
promotes the generation of the acetylides from iaralkynes® We speculate that the
formation of the corresponding ketorteswill occur through the conjugate addition of the

C-nucleophile (acetylide) te,-unsaturated ketoneS3), obtained from the base induced
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redox isomerization of propargyl alcots® (Eq. 1)*° This would inhibit the formation of

the desire@-heteroarylated ketones.

AR

7 \

“ Base — “

To probe this assumption, the terminal propargsplabl 52aand49awere exposed to the
optimized conditions. To our surprise, tiffepyrazolyl ketone55a was exclusively
obtained in 96% vyield. Similarly, an excellent dedf products5b was isolated from the
reaction of electron-rich propargyl alcotsfb with 49a An electron withdrawing group
at thep-position in the alcohdb2c underwent RICA with9a efficiently. Reaction ofi9a
with naphthalene-containing propargyl alcob@d was performed an85d was isolated

in reasonable yield.

Table 1.8 RICA of Terminal Substituted Propargyl Alcoholgm492*"

/ \ CSzCO3 N
Ar + ( N -
)\ ” toluene, 70 °C Ar)l\)\H
52a-d I 49a 55a—d
oy Oy O U
52a H3C 52b Cl 52¢ 52d

[/ )\N / '\ [/ }\N /i }N
N N N O
H,C Cl
55a, 96%, 1 h 55b, 93%, 1 h 55¢, 73%, 1 h 55d, 68%, 1 h

®Reactions were carried out usifg (1.0 mmol),49a (2.0 mmol), CCO; (1.0 mmol) in toluene
(2.0 mL) at 70°C. "Isolated yield.

Generally, deprotection of the silyl protecting gps occurs under basic media at an
ambient temperatur@.With this fact in mind, we intend to test the réac condition for
the alkynyl-TMS protected propargyl alcohols anel tesults are summarized in Table 1.9.
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Although the reaction betwedsba and49a proceeded efficiently, the corresponding C-
TMS containingp-heteroarylated keton&7a was obtained in poor yield (4%) and the
silyl-deprotected producb5b isolated in 87% vyield. Similar trends of the produ
selectivity were also noticed in case of RICA atilerophenyl and 1-naphthyl substituted
alkynyl-TMS containing propargyl alcohol&b and 56¢) and the corresponding silyl
tethered compounds7b and57c are obtained in 17% and 7% yields, respectivelg. W
therefore conclude that this optimized reactiondtiboon did not tolerate the C-TMS group
up to our expectations.

Table 1.9 RICA of TMS Substituted Propargyl Alcohols wid9af°

\ !/ \N\ CSQCO3 N N
Ar + . —_— +
X N toluene, 70 °C Ar)l\)\su\/ie3 Ar/u\)\H

57a, 04%, (87%), 1 h 57b, 17%, (65%), 1 h 57¢,07%, (72%), 1 h

®Reactions were carried out usiff (1.0 mmol),49a (2.0 mmol), CsCO; (1.0 mmol) in toluene

(2.0 mL) at 70°C. "Isolated yield. Yield of desilylated product shoimrparentheses.

To broaden the reaction scope, we then investighte®ICA between various substituted
pyrazoles and propargyl alcohols. Table 1.10 sunz@sirthe results of this study. The
reaction of 3-substituted-pyrazo9p-e with the propargyl alcohoBg) usually provides
a mixture of two regioisomers. For example, additd 3-substituted pyrazole or indazole
to 4-aryl-4-hydroxy-2,3-alkynyl ester(@) in the presence of DBU in GBI, gave two
non-separable regioisomers of the corresponflihgteroarylated ketoné®’ To examine
the amount of regioselective product formationhe teaction, RICA between 3-phenyl
pyrazole 49b) and38awas performed in the presence ob@3; (1.0 equiv) in toluene at

70 °C. To our surprise, single regioisorb8ab (83%) was exclusively produced.
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Table 1.10 RICA between Propargyl Alcohols and Pyrazole 2aives (3)*°

R2
R2
YN s
Cs,CO5 ‘N7 Y Hs NYOX X
e Ha
+ Ha
toluene, 70 °C Ar Ar)l\/r
49b—f 58 R’ 58' R

R' = phenyl / alkyl

FsC Me<X
% 0 o
ﬁ N N-NH N-NH N’

58ae, 58ae’ = 35%, 54%; 5 h

Me

W,

58ab, 83%, 5h 58ac, 93%, 5h
CF3 Ph
/\ /_Q N N/I_Q
N N~N N N
Me Me
W W
Me Me
58ad, 79%, 5h 58af, 92%, 5 h 58ub, 32%, 92 h° 58uf, 65%, 60 h®

®Reactions were carried out usi@f§ (1.0 mmol),49 (2.0 mmol), CsCO; (1.0 mmol) in toluene

(2.0 mL) at 7C°C. "Isolated yield‘at 80°C.

The structure ob68ab was confirmed based on X-ray crystallographic ysial (Figure
1.8). Similarly, reaction of 3-(3-bromophenyliHipyrazole 4909 with 38a led to only

58acin excellent yield.

T
&

o
P4

o 0 W3 N
oV oo VULE

Figure 1.2 HMBC studies ob8ac

The structure ob8acis established based on the heteronuclear mubiphel correlation
(HMBC) studies (Figure 1.2); correlation between(€1.3 ppm) and K(7.04 ppm), H
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(6.20 ppm) and £(131.1 ppm) are quite significant whereas theeatation between K
and G (149.3 ppm) are not seen. Furthermore, the X-rggtallographic analysis data
supports the structure di8ac (Figure 1.8). We assume that the steric naturehef
substituent and the relatively milder reaction dbods are detrimental to this high
regioselectivity. Electron-poor and relatively sm&tCFRs-substituted pyrazole40d)
reacted efficiently witi38a at 80 °C, affording the desirdidheteroarylated ketorn&8ad

in 79% yield; a trace of the other regioisomer (€3% by GC) was also noticed.

\
7 \ Cq
’\?@\H N{ /Cb N“\%}
(¢] N b (o] N

(0]

o0

58ad

________________________________________________________________________

Figure 1.3 HMBC studies ob8ad

The structure ob8ad is established based on the HMBC studies (FiguBE torrelation
between G (61.8 ppm) and K(7.50 ppm), H (6.11 ppm) and £(131.1 ppm) are quite
significant whereas the correlation betwegraHd G (142.3 ppm) are not seen. However,
RICA between 3-methyl pyrazoldge and38agave a mixture of regioisomers; both the
isomers are separated by flash chromatographytirgg6Baeand58aé in 35% and 54%
yields, respectively. Once again, the structureS8afe and58aé are confirmed through
detailed HMBC studies.

________________________________________________________________________

_________________________________________________________________________

Figure 1.4 HMBC studies ob8ae

The observed correlation between(60.7 ppm) and k{7.38 ppm), H(6.05 ppm) and £
(130.4 ppm) and the absence of correlation betveand G (148.5 ppm) establish the

structure ob8ae(Figure 1.4).
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Figure 1.5 HMBC studies ob8ae’

Similarly, the structure 0b8ae'is established based on the HMBC studies (Figusg 1
significant correlation betweeny@138.8 ppm) and }6.08 ppm) are observed whereas
the correlation between,@57.0 ppm) and ki7.42 ppm), Hand G (138.1 ppm) are not
seen. Divergence in the behaviour of the obserggmselectivity is interesting; however,
the factors responsible for this effect are uncléasppears that the steric and electronic
nature of the C-3-substitution in pyrazole conttébto the regioselectivity. Gratifyingly, a
single isomer58af in excellent yield was obtained from the RICA beémn 38a and
indazole 49f). The structure ob8af was confirmed based on X-ray crystallographic
analysis (Figure 1.8). Similarly49b and 49f were independently reacted withpi-
tolylnon-2-yn-1-ol 88u) and the correspondingtheteroarylated ketonésBub and 58uf
are isolated in 32% and 65% yields, respectivatgomplete conversion d38u was
observed even with the extended reaction time. Reswtivity and the moderate product
yields are the consequences of the alkyl-subsiiutf the propargyl alcohols. The

structure ob68ub and58uf are confirmed through detailed HMBC studies.
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Figure 1.6 HMBC studies ob68ub

The structure 068ub is established based on the HMBC studies (Figu8g torrelation
between G (58.5 ppm) and K(7.51 ppm), H (4.83 ppm) and £(131.1 ppm) are quite
significant whereas the correlation betweepand G (151.4 ppm) are not seen. The
structure of58uf is established based on the HMBC studies (Figurg; Torrelation
between ¢ (140.2 ppm) and H5.31 ppm) are quite significant whereas the cati@h
between ¢ (54.1 ppm) and k{(8.01 ppm), G (133.3 ppm) and Hare not seen.
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Figure 1.8 ORTEP Diagrams dd8ab, 58acand58af

To widen the synthetic utility of this methodologrgrious NH-bearing heterocycles such
as triazoles, imidazole, pyrrole, indole, anilimelats derivatives were tested in the RICA
reaction with propargyl alcohols. The results afthurvey are detailed in Table 1.11.
Conjugate addition of triazole to the propargyl @hol in the presence of DBU was
unsuccessfuf® Under the optimized conditions, addition of trileowith38aled to little
conversion oBB8aeven though the reaction continued for 4 dayss Tdilure led us to find

a suitable condition for this transformation. Inder to improve the product yield and
reaction efficiency, we at first surveyed mixtures different solvents for this RICA
reaction. Interestingly, complete conversiorB8& has been observed, when a toluene (1.5
mL) and DMF (0.5 mL) mixture was employed and tbaction was heated at 80 °C.
Thus, a moderate yield 66 was obtained from the RICA between 1,2,4-triaZzbB® and
38a under the modified reaction conditions. Althouglaction of 1,2,3-triazole6() with
38a was sluggish, the corresponding regioisontfsand 67’ (6 : 1) were isolated in
satisfactory overall yield§"***However, in case of the benzotriazobd)( a reverse trend
of the regioisomer selectivit§8 and68’ (1 : 4.5; 55% yield) was notic€fi The reaction
between imidazole6Q) and38a was complex, however, the prod&& was obtained in
only 10% yield.
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Table 1.11 RICA between Propargyl Alcohols and other NH-He&eene$®

y-z'
- Cs,CO 0o\
Z=Y 23 /
Ph)\ + Q \\X —> X‘N
5

N toluene, 70 °C

R
38 /52156 H ph)k/kRS

5 59-65 66-77

R” = phenyl / alkyl / H/ TMS
N—\ N l\‘l\ N NH,
o0 A 60 D O (Y
H H N H H N N
59 60 61 62 63 64 65 39

) r s ¢
N N,N I\II T\
°N N. _N
+ )l\)\ + \
Ph/u\)\Ph

66, 58%. 24 hb 67,60% 60h° 67", 11%

U
0
<Z
pzd
(>
j =
>

P
68, 45% 2410 g 10%

N
Ph)j\/kph Ph)l\/kPh Ph’u\/k@? Me Ph)j\)\("’f Me
69, 10%, 48 h? 70,53%, 1h 71, 58%, 5 h? ,
N M Ph)j\)\SiMeg
thu\/k 74,17%,1.5h

S~

H
73, 9% 73' 4% 73, 19%,73', 29%
- ) ( Me M
e
@ )J\/E3 ’Ph
N Ph NN )l\il\l\

Phw Ph Ph
75,58% 17 hd 75! 0, 77, 240/0, 12 h

| 12/" | 76, 41%:; 48 h?

®Reactions were carried out usid@ (1.0 mmol),59-65 (2.0 mmol), CgCO; (1.0 mmol) in

toluene (2.0 mL) at 76C, "Reactions were carried out using toluene (1.5 mDMF (0.5 mL) at
80°C, “Isolated yields%at 80°C.

The pyrrole-building block has been widely foundhimlogically active molecule®??
However, owing to the better reactivity, pyrroleteind to polymerize at an elevated

temperaturé®? Therefore, we are interested in examining thetieic of pyrrole 63)
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with various propargyl alcohols. Interestingly, pje reacted witt88a sluggishly under
the optimized reaction conditions and a moderateusntinof productZ0 was produced in
53% vyield. Relatively poor-reactive C(sp)-alkyl stituted propargyl alcohol88sand 1-
phenylhept-2-yn-1-ol 38y) successfully underwent RICA with pyrrole at 8C and
delivered the correspondin@-pyrrolyl ketones71 and 72 albeit in moderate yields.
Surprisingly, a fast reaction betweé&3 and terminal propargyl alcoh&@2a has been
observed, the addition product 1-phenyl-BHdyrrol-1-yl)propan-1-one 713) was
obtained in only 9% vyield. Interestingly, a Michaaidlduct73’, obtained through the
conjugate addition of the carbaniomto carbonyl) of73 to thea,-unsaturated ketone,
was isolated in 24% vyield. The produdtd, 73, 73' has been isolated in overall good
yield, when63 reacted with 1-phenyl-3-(trimethylsilyl)prop-2-yinel (56d). Because of
the nucleophilic character of NH-— and the C-3 cemteindole, C—C and C-N bond
formations with the redox isomerized product of ghepargy! alcohol are possibi&:?°
Thus, RICA between indole64) and 38y was performed; th@-indolyl-(C—N bond)-
ketone {5) and C-3 functionalizefl-indolyl-(C—C bond)-ketoner§') (5 : 1) are obtained
in overall good yields. However, 2-methyl indo&5) underwent RICA with38y and
exclusively produced th@-indolyl-(C—-N bond)-ketone76; the H spectrum of crude
reaction mixture did not show any trace of the egpondingp-indolyl-(C—C bond)-
ketone. A recent report from the Trost group déssithe synthesis @indolyl-(C—C
bond)-ketones from RICA between substituted indalerivatives and propargyl
alcohols'® Therefore, RICA between propargyl alcohols andoiesl under different
reaction conditions can generate two distinct petslulmportantly, the —Nfgroup of
aniline @9) participated in this RICA t@8a and the product7 was generated in only
24% yield. Unfortunately, the electron-rich indaeaniline failed to react with ethyl 4-
hydroxy-4- phenylbut-2-ynoatéd)).le Therefore, we believe that our optimized reaction
conditions are better because they show a broadetion scope.

To enlarge the molecular diversity by incorporatingre heteroarenes in the molecule,
compound78 having two propargyl alcohol units was preparelde pyrazole 499 and
indazole 49f ) were independently exposed7® under the optimized conditions and the
desiredp-heteroarylated keton@9 and 80 resulted albeit in reasonable yields (Scheme
1.14).
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HO OH
/ w \
Ph Ph
Cs,CO3, toluene

70°C,1h

49a 49f
R 2Ne; O @ \ !
N~N N-—N N~N N-N

vtavalta

79, 56% 80, 48%
Scheme 1.1RICA of Bis-Propargyl Alcohol{8) with 49a/49f.

Based on the precedence, the reaction is likelyptoceed through the following
mechanism, as shown in Scheme FM5he first step is the formation of the carbanion
via the abstraction of the acidic benzylic C-H protonthe presence of bas¥
Stabilization of carbanion through delocalizatiorthwtriple bond furnishes the allenyl
carbanior81. Protonation oB1 with the conjugate acid delivers the correspondittgnol

82. Allenol-enone tautomerism gives the reactiy®eunsaturated carbonyl compou#d
Finally, base mediated conjugate addition of NHehmrenes with enones produces the

desired3-heteroarylated ketoné&? 9

P<hyH \\'WR ) Ph’\; HBase >=;H

R Ph R
Base 12 carbanion species allenol 82
81
allenol-enone
tautomerism
r~~
e Y-z B
X,iN L X‘N)N!/ J\/\
H 13
- — Ph R
ph)k/kR Base 47
48 Aza-Michael
addition

Scheme 1.1%lausible Mechanism
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1.3. Conclusion

In conclusion, a direct, practicable and efficiapproach td3-heteroarylated ketones is
demonstrated. The reaction proceeds through the imakiced redox-isomerization of
easily accessible propargyl alcohols followed bgjagate addition of NH-heteroarenes in
one-step. This reaction displays broad scope dedates a variety of reactive functional
groups. Aryl, heteroaryl, alkyl C(sp), and terminalkynes containing unactivated
propargyl alcohols undergo RICA with the pyrazoticeently. Notably, the RICA of 3-

substituted pyrazoles or indazole with proparggohbls delivers the products with a
better level of regioselectivity. RICA between paogyl alcohols and a range of NH-
bearing compounds such as: 1,2,4-triazole, 1,%3dle, imidazole, pyrrole, indoles and
aniline are successfully demonstrated. The antduagtivities for these molecules are yet
to examined. We are belive that some of these neleaular entities would be useful as

antifungal agents.

1.4. Future Work

We have developedraliable approach tp-heteroarylated ketones from easily accessible
propargyl alcohols and NH-heteroarenes in one-stépe B-heteroarylated ketones
architecture closely resemble to the azole-beaantiffungal agents. We are therefore

interested studying the antifungal activities @ tlewly synthesized molecules.

The stability as well as the ease modifiable natirthe silyl-moiety allows in applying
the sily-group in this study. Furthermore, the jgarsurvivel of TMS (trimethylsilyl)
group inspires us to study the relative stabilityother silyl protecting groups under the

optimized condition (Scheme 1.16).
\
OH A/_,\N

O N
]\
SiR3 H _—
84

83 49a toluene, 70 °C

Scheme 1.16Relative Stability of Silyl Protecting Groups

The successful incorporation of the modifiable-gitpup in the produdd4, would allow
examining the Tamao-Flemming oxidations. This woutthable installing -OH

functionality. Furthermore, reduction of carbonylogp would deliver the di-hydroxy
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compound86. Sequential O-allylation / vinylation and ring sing metathesis (RCM)

could furnish a varietyof azole containg macrocy8@and89 (Scheme 1.17).

\ \
0 /N’N / }N OH /N’N
O N
©)1\)\SiR3 __o_x_iqejtjo_n_ . ©/u\/kOH __rfefj_ufzfi(_)[‘_, ©)\)\OH
84 85 86

89 88

Scheme 1.17Synthesis of Azole Containing Macrocycles

1.5. Experimetal
1.5.1. General Experimental Information for all thework in this Thesis

All the reactions were performed in an oven-drietil&nk flask/ pressure tubes under an
argon atmosphere or in open air conditions. Comialegrade solvents were distilled
prior to use. Column chromatography was performsdgusilica gel procured from Merck
(100-200 Mesh) eluting with hexanes and ethyl deetmixture. Flash column
chromatography was performed using silica gel pedudrom Acme’s(230-400 Mesh)
eluting with hexanes and ethyl acetate mixture.inTayer chromatography (TLC) was
performed on silica gel GF254 (Merck) plates. Vimaion of spots on TLC plate was
accomplished with UV light (254 nm) and stainingeoy chamber.

Proton and carbon nuclear magnetic resonance apgtNMR, *C NMR and**F NMR)
were recorded on a Bruker Avance 468 NMR, 400 MHz;*C NMR, 101 MHz;*F
NMR, 376 MHz) spectrometer, Bruker Avance 588 N\MR, 500 MHz;**C NMR, 126
MHz; *F NMR, 470 MHz) spectrometer having solvent resoraas internal standartH(
NMR, CHCE at 7.26 ppm**C NMR, CDC} at 77.0 ppm). Few cases tetramethylsilane
(TMS) at 0.00 ppm was used as reference standath r'H NMR are reported as
follows: chemical shift (ppm), multiplicity (s =rgglet; bs = broad singlet; d = doublet; bd
= broad doublet, t = triplet; bt = broad triplet;gquartet; m = multiplet), coupling
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constantsy, in (Hz), and integration. Data f&fC NMR, **F NMR were reported in terms
of chemical shift (ppm). GC analysis was perfornmeda Shimadzu GCMS QP2010
equipped with an ZB-1 column (30 m0.25 mm, pressure = 20.0 kPa, detector = EIl, 300
°C) with helium gas as carrier. IR spectra were ndged on JASCO FT/IR-5300
spectrometer and reported in ¢mLC-MS spectra were obtained with a Shimadzu 2010A
(El-positive/ negative mode) with ionization volea@f 70eV; data was reported in the
form of m/z (intensity relative to base peak = 1Blemental (C, H, N) analysis were
carried out using THERMO FINNIGAN FLASH EA 1112 dywer. High resolution mass
spectrum (HRMS) was recorded on a Bruker maxis nsmectrometer using ESI
(electrospray ionization). Melting points were detmed on electro-thermal melting point
apparatus and are uncorrected. X-Ray data wasctadleat 298K on a Bruker-Nonius
SMART APEX CCD single crystal diffractometer usiggphite monochromated MoeK
radiation (0.71073 A).

1.5.2. Materials:Unless otherwise noted, all the reagents and irgeiates were obtained

commercially and used without purification. Accargli to the standard procedures
solvents were dried and stored under molecularesf@vCesium carbonate, terminal

alkynes, pyrazole and pyrazole derivatives werehlmsed from Sigma Aldrich Ltd. and

used as received. Analytical and spectral datdldhase known compounds are exactly
matching with the reported values.

1.5.3. General Procedure for the Preparation of 38om Aldehydes (38) (GP-1)

0 = OH
A N H n-BuLi R#\ \\ 1
—_— U / R
& THF, -70 °C
38’ rt, 30 min 38

A solution of terminal-alkyne (1.2 equiv) in THFQ(3nL) was stirred in a 100 mL oven-
dried two-necked round bottom flask under an argdmosphere at-70 °C. n-
Butyllithium (1.2 equiv, 1.60 M in THF) was introded over 30 minutes a0 °C. After
an additional 1 h stirring, a solution of aldehy@8&, 1.0 equiv) in THF (5.0 mL) was
added at-70 °C. The resulting mixture was stirred for 1 h andrmed to room
temperature slowly and stirring continued for 30nuatés. The reaction mixture was

guenched with saturated NMEI aqueous solution (20 mL) at°C. The organic layer was
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separated; the agueous layer was extracted wi tx 20 mL). The combined extracts
were washed with water 220 mL), brine (25 mL) and dried over 0. Solvent was
fillered and evaporated under reduced pressure.crie residue was purified using
column chromatography on silica gel. The desiregargyl alcohols are obtained in good
yields. Physical characterization data is exactitaining with the reported values for the
respective compoundka—h,* 1k-s,?2? 1u-w,?* 1ab,?® 1y*® and 29>’ whereaslij, 1t,

1x, laaandlacare new.

1.5.4. General Procedure for the Synthesis of Ehd56 from 38 (GP-2)

=—TMS
)Ol\ n-BuLi QH K2COs OH
—_— —_—
R” "H THF. —70 °C RJ\ MeOH, rt, 12 h R)\\\
3g' rt, 30 min 56 T™S 52

A solution of trimethylsilylacetylene (1.2 equiv) THF (50 mL) was stirred in a 100 mL
oven-dried two-necked round bottom flask under egom atmosphere at70 °C. n-
Butyllithium (1.2 equiv, 1.60 M in THF) was introded over 30 minutes a0 °C. After

an additional 1 h stirring, a solution of aldehya8, 1.0 equiv) in THF (5 mL) was added
at =70 °C. The resulting mixture was stirred for 1 h andmed to room temperature
slowly and stirring continued for 30 minutes. Theaction mixture was quenched with
saturated NECI aqueous solution (20 mL) at°C. The organic layer was separated; the
aqueous layer was extracted with@&{2 x 20 mL). The combined extracts were washed
with water (2x 20 mL), brine (25 mL) and dried over 0. Solvent was filtered and
evaporated under reduced pressure to §&veThe crude residue was subsequently used
for the desilylation reaction to give2. Methanol (15 mL) and ¥CO; (2.5 equiv) was
introduced to the crude residue obtained in thevalbreaction and the heterogeneous
mixture was stirred under an argon atmosphere dliesrntemperature overnight. The
reaction mixture was diluted with ethyl acetate (B0) and washed with water 2 20
mL) and brine (10 mL). The organic layer was sefgakadried over N&O;, filtered, and
concentrated under vacuum. The crude residue wé#gepguwsing column chromatography
on silica gel. Physical characterization data iaoly matching with the reported values

for the respective compoun88a-d and56a-c.?*3*
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1.5.5. Spectral and Analytical Data of the Compounsl

3-(1-Hydroxy-3-phenylprop-2-ynyl)phenol (38i):

oH Following the literature proceduf® LiOAc-2H,0 (52 mg, 10
HO O A mol%) was added to a solution of 1-(8(-
| O butyldimethylsilyloxy)phenyl)- 3-phenylprop-2-yndl-(38j, 2.7
g, 8.0 mmol) in DMF-HO. The resulting mixture was heated at

38i

70 °C under an inert atmosphere. Upon completeuropgon of starting material, the
reaction mixture was extracted with ethyl acetaféer usual work up, the crude material
was purified using silica gel column chromatographye producB8i was isolated 1.43 g

in 80% vyield as pale yellow thick oil.

R=0.28 (4 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.52—7.43 (m, 2H), 7.38-7.23 (m,
4H), 7.19-7.10 (m, 2H), 6.86—6.81 (m, 1H), 5.72, (W4), 5.64 (s, 1H), 2.34 (bs, 1HfC NMR
(101 MHz, DMSO-d6)d 157.8, 143.9, 131.7 (2C), 129.7, 129.1 (2C), 12922.8, 117.6, 115.0,
113.8, 91.9, 84.7, 63.3R (Neat) vmax 3337, 3155, 2220, 1602, 1466, 1311, 1259, 11630,10
902, 752 cri; MS (El) m/z(%) 225 (M + 1, 100), 207 (2), 174 (2Elemental analysiscalcd for
CisH120,: C, 80.34; H, 5.39. Found: C, 80.15; H, 5.31.

1-(3-(ert-Butyldimethylsilyloxy)phenyl)-3-phenylprop-2-yn-1-ol (38j):

OH Following the general procedure (GP-1), reaction3«fert

TBSO O N butyldimethylsilyloxy)benzaldehyd&gj; 1.89 g,8.00 mmol),
O phenyl acetylene (980 mg, 9.60 mmol) an8uLi (6.0 mL,

1.6 M in THF, 9.60 mmol) gava8) (1.63 g, 60% vyield) as a

38

light yellow thick oil.

R = 0.42 (4 : 1 hexanré&tOAc); '"H NMR (400 MHz, CDCl,) § 7.5217.48 (m, 2H), 7.38-7.20
(m, 5H), 7.13 (s, 1H), 6.83 (d,= 8.0 Hz, 1H), 5.64 (s, 1H), 2.32 (bs, 1H), 1.0094), 0.22 (s,
6H); °C NMR (101 MHz, CDCly) & 155.9, 142.2, 131.8 (2C), 129.7, 128.6, 128.3 (42}.4,
120.1, 119.6, 118.5, 88.7, 86.6, 64.9, 25.7 (38)2,1-4.4 (2C)IR (Neat) vyay 3441, 3065, 2932,
2887, 2197, 1643, 1599, 1485, 1439, 1286, 939,c889 MS (El) m/z(%) 339 (M + 1, 10), 321
(100), 229 (2)Elemental analysiscalcd for G;H,:0,Si: C, 74.51; H, 7.74. Found: C, 74.45; H,
7.71.
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1-(4-Chlorophenyl)non-2-yn-1-ol (38t):

OH Following the general procedure (GP-1), reaction 4%f
X, cH,| chlorobenzaldehyde3gt; 1.40 g, 10.0 mmol), 1-octyne (1.32 g,
a ¥t ° ) 12.0 mmol) anch-BuLi (7.5 mL, 1.6 M in THF, 12.0 mmol)
gave38t (2.18 g, 87% yield) as a colorless oil.

R =0.45 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCls) 6 7.48 (d,J = 8.4 Hz, 2H), 7.34 (d,
J=8.8 Hz, 2H), 5.43 (dJ = 5.6 Hz, 1H), 2.27 (td) = 1.6, 6.8 Hz, 2H), 2.12 (d,= 6.0 Hz, 1H),
1.57-1.50 (m, 2H), 1.43-1.32 (m, 2H), 1.32—1.234Hht), 0.89 (tJ = 6.8 Hz, 3H);°C NMR (101
MHz, CDCl3) 6 139.8, 133.9, 128.6 (2C), 128.0 (2C), 88.1, 78460, 31.2, 28.6, 28.5, 22.5, 18.8,
14.0;IR (Neat) vimax 3368, 2930, 2858, 1489, 1091, 1014, 779'cMS (El) m/z (%) 203 (M +

1, 100), 167 (8), 139 (27), 91 (Femental analysiscalcd for GsH,CIO: C, 71.84; H, 7.64.
Found: C, 71.94; H, 7.69.

4,4-Dimethyl-1-0-tolylpent-2-yn-1-ol (38x):

Me OH Following the general procedure (GP-1), reaction @f
X wmel Methylbenzaldehyde38x; 960 mg, 8.0 mmol), 3,3-dimethylbut-1-
38x  we™ yne (788 mg, 9.6 mmol) and-BuLi (6.0 mL, 1.6 M in THF, 9.6

mmol) gave38x (389 mg, 72% vyield) as a colorless olil.

R = 0.40 (32 : 1 hexane—EtOAC) NMR (400 MHz, CDCl3) 8 7.65 (t,J = 4.0 Hz, 1H), 7.26—
7.20 (m, 2H), 7.20-7.16 (m, 1H), 5.60 (= 5.6 Hz, 1H), 2.45 (s, 3H), 1.99 (@= 5.6 Hz, 1H),
1.26 (s, 9H)XC NMR (101 MHz, CDCl;) § 139.1, 136.1, 130.7, 128.2, 126.5, 126.1, 95.13,78
62.6, 31.0 (3C), 27.5, 19.[R (Neat) vyax 3368, 2968, 1460, 983, 750 ¢rMS (EI) m/z(%) 203

(M* + 1, 100), 167 (8), 139 (27), 91 (Btemental analysiscalcd for G4H:¢0: C, 83.12; H, 8.97.
Found: C, 83.21; H, 8.92.

1-(3-Methoxyphenyl)-3-(4-methoxyphenyl)prop-2-yn-1el (38aa):

OH Following the general procedure (GP-1), reaction3ef
MeQ. O [ methoxybenzaldehyde38g; 500 mg, 3.78 mmol), 1-
O ethynyl-4-methoxybenzene (599 mg, 4.53 mmol) and
) BuLi (2.8 mL, 1.6 M in THF, 4.53 mmol) gag8aa (730
mg, 72% yield) as a yellow thick oil.

38aa
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R = 0.28 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.51-7.26 (m, 3H), 7.25-7.12 (m,
2H), 6.95-6.75 (m, 3H), 5.65 (s, 1H), 3.83 (s, 38i¥8 (s, 3H), 2.60 (bs, 1HY¥C NMR (101
MHz, CDCl3) & 159.8 (2C), 142.5, 133.3 (2C), 129.7, 119.0, 11451.0, 113.9 (2C), 112.2,
87.4, 86.6, 65.1, 55.3 (2AR (Neat) vinax 3385, 3011, 2968, 2930, 2843, 1606, 1510, 1248),11
1030, 831 cnt; MS (EI) m/z(%) 269 (M + 1, 100), 186 (13), 137 (2Femental analysiscalcd
for C;7H160s: C, 76.10; H, 6.01. Found: C, 76.23; H, 6.10.

1-(4-Chlorophenyl)-3-(3-fluorophenyl)prop-2-yn-1-ol(38ac):

Following the general procedure (GP-1), reaction 4f
O N chlorobenzaldehyde38c; 1.00 g, 7.14 mmol), 1l-ethynyl-3-

Cl a8ac O fluorobenzene (1.03 g, 8.56 mmol) am@uLi (5.0 mL, 1.6 M in
F THF, 8.56 mmol) gave&8ac (1.40 g, 75% yield) as a colorless

solid.

mp = 59-60°C; R, = 0.45 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCl3) & 7.54 (d,J = 8.0
Hz, 2H), 7.38 (d,J) = 8.4 Hz, 2H), 7.33-7.23 (m, 2H), 7.16 (&5 9.6 Hz, 1H), 7.06 (tJ = 8.8 Hz,
1H), 5.67 (d,J = 6.0 Hz, 1H), 2.36 (d] = 6.0 Hz, 1H):**C NMR (101 MHz, CDCly) 5 162.2 (dJ
= 248 Hz), 138.7, 134.2, 129.9 (t 8.7 Hz), 128.7 (2C), 128.0 (2C), 127.5Jd; 3.2 Hz), 123.8
(d,J=9.4 Hz), 118.4 (dJ = 23.1 Hz), 116.1(dJ = 21.2 Hz), 89.1, 85.5 (d,= 3.3 Hz), 64.1jR
(KBr) vmax 3341, 2874, 1571, 1487, 1168, 1016, 785, 680;d4S (El) m/z (%) 203 (M + 1,
100), 167 (8), 139 (27), 91 (8Elemental analysiscalcd for GsH;,CIFO: C, 69.11; H, 3.87.
Found: C, 69.25; H, 3.83.

1.5.6. General Procedure for the RICA between Propgyl Alcohols and NH-

Heteroarenes (GP-3)

//:::\
\

Y_
33 " \ /:)
OH Y—Z’ ~\\ C82C03 X\ ).~.,
A )\ XN > )OI\)N\
r -~z
AN . toluene, 70 °C

12 R H Ar R

R =H/aryl/ alkyl / SiMe3 Ar = aryl / het-aryl

Propargyl alcoholl2 (1.0 mmol), NH-heteroarene (2.0 mmol) and cesianbanate (326
mg, 1.0 mmol) were taken in an oven-dried Schldakkf under an argon atmosphere.
Toluene (2.0 mL) was added to this mixture. Theltesy solution was stirred at 7C as

per the time shown in the representative tablesanUgpmplete consumption 4P, the
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reaction mixture was diluted with dichloromethat® (L), and filtered over a small pad
of Celite. The solvent was evaporated under theaed pressure and the crude reaction

mixture was purified using column chromatographysihica gel.

1,3-Diphenyl-3-(H-pyrazol-1-yl)propan-1-one (50a):

4/—\\ Following the general procedure (GP-3); 1,3-dipéhayn-1-ol
o “N (38 208 mg, 1.0 mmol), pyrazolel9a 136 mg, 2.0 mmol), and

cesium carbonate (326 mg, 1.0 mmol) in toluene (@l) was
50a

heated at 70C for 1 h. Upon filtration over Celite and evapaaf

the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (9:1) to affofaDa (220 mg) in 80% yield as light yellow solid.

mp = 79-80 °CR = 0.31 (9 : 1 hexane—EtOACY NMR (400 MHz, CDCl3) 6 7.98 (d,J = 7.2
Hz, 2H), 7.60-7.50 (m, 3H), 7.45 &= 7.6 Hz, 2H), 7.37-7.32 (m, 4H), 7.31-7.26 (m, 16ip4
(s, 1H), 6.13 (ddJ = 5.6, 8.4 Hz, 1H), 4.50 (dd,= 8.4, 17.6 Hz, 1H), 3.65 (dd,= 5.2, 17.6 Hz,
1H); **C NMR (101 MHz, CDCl;) § 196.6, 140.8, 139.3, 136.5, 133.4, 129.8, 128(,(228.6
(2C), 128.2 (2C), 128.0, 126.7 (2C), 105.6, 60824R (KBr) vmax 3032, 2925, 1682, 758, 563
cm’; MS (El) m/z(%) 278 (M + 2, 54), 241 (27), 209 (100), 105 (8), 69 @emental analysis
calcd for GgH1gN,O: C, 78.24; H, 5.84; N, 10.14. Found: C, 78.095H6; N, 10.25.

1-(4-Fluorophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50b):

Following the general procedure (GP-3); 1-(4-flymvenyl)-3-
phenylprop-2-yn-1-ol 38b; 226 mg, 1.0 mmol), pyrazolel4a

4 }‘N
(0] N
136 mg, 2.0 mmol), and cesium carbonate (326 n@gminol) in
F 50b

toluene (2.0 mL) was heated at @ for 1 h. Upon filtration over

Celite and evaporation, the crude mixture was m@daifby silica gel column
chromatography eluting with hexane: ethyl acetté)(to afford50b (241 mg) in 82%
yield as colorless solid.

mp = 42-43 °CR; = 0.38 (9 : 1 hexane—EtOACE NMR (400 MHz, CDCl;) § 8.04—7.94 (m,
2H), 7.53 (s, 1H), 7.50 (d,= 1.6 Hz, 1H), 7.37—-7.25 (m, 5H), 7.08Jt 8.4 Hz, 2H), 6.24 () =
2.0 Hz, 1H), 6.12 (dd] = 5.2, 8.4 Hz, 1H), 4.50 (dd,= 8.8,17.6 Hz, 1H), 3.58 (dd,= 4.8, 17.6
Hz, 1H);"3C NMR (101 MHz, CDCly) § 194.8, 165.6 (dJ = 255 Hz), 140.5, 139.0, 132.7, 130.7
(d,J=10.1 Hz, 2C), 129.6, 128.6 (2C), 127.8, 126.4 (2a5.5 (d,) = 21.2 Hz, 2C), 105.5, 60.6,

34



Chapter 1

43.8;*F NMR (376 MHz, CDCl3) § —104.58 t0-104.66 (m);IR (KBF) vmax 3111, 3034, 2920,
1682, 1599, 1157, 991, 756, 628 &nMIS (EI) m/z(%) 296 (M + 2, 51), 295 (M + 1, 100), 259
(24), 227 (70), 123 (11), 101 (11), 69 (1E)emental analysiscalcd for GgH1sFN,O: C, 73.45;
H, 5.14; N, 9.52. Found: C, 73.35; H, 5.21; N, 9.66

1-(4-Chlorophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50c):

4/_\\ Following the general procedure (GP-3); 1-(4-chbdrenyl)-3-
N

o N phenylprop-2-yn-1-ol 8¢, 243 mg, 1.0 mmol), pyrazolet4a
136 mg, 2.0 mmol), and cesium carbonate (326 nfgirinol) in
Cl 50c

toluene (2.0 mL) was heated at @ for 1 h. Upon filtration over

Celite and evaporation, the crude mixture was m@daifby silica gel column
chromatography eluting with hexane: ethyl acetlté)(to afford50c (246 mg) in 79%

yield as colorless solid.

mp = 74-75 °CR = 0.25 (9 : 1 hexane—EtOAG} NMR (400 MHz, CDCl5) & 7.90 (d,J = 8.0
Hz, 2H), 7.48 (d,J) = 10.8 Hz, 2H), 7.40 (d] = 8.4 Hz, 2H), 7.39-7.23 (m, 5H), 6.22 (s, 1H), 6.08
(dd,J = 4.8, 8.0 Hz, 1H), 4.49 (dd, = 8.8, 17.6 Hz, 1H), 3.57 (dd,= 4.8, 17.2 Hz, 1H)**C
NMR (101 MHz, CDClg) 6 195.5, 140.6, 139.9, 139.3, 134.9, 129.8, 1290),(228.9 (2C),
128.8 (2C), 128.1, 126.6 (2C), 105.7, 60.8, 4RI(KBI) vmax 3042, 2924, 1684, 1087, 750 ¢m
MS (EI) m/z(%) 313 (M + 2, 54), 312 (M + 1, 54), 311 (M, 100), 139 (19), 107 (3Elemental
analysiscalcd for GgH1sCIN,O: C, 69.57; H, 4.86; N, 9.01. Found: C, 69.374181; N, 9.12.

1-(4-Bromophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50d):

4/—\\N Following the general procedure (GP-3); 1-(4-broheapyl)-3-
o v

N phenylprop-2-yn-1-ol 38d; 287 mg, 1.0 mmol), pyrazolel9a
136 mg, 2.0 mmol), and cesium carbonate (326 nfgirinol) in
Br 50d

toluene (2.0 mL) was heated at @ for 1 h. Upon filtration over

Celite and evaporation, the crude mixture was m@aifby silica gel column
chromatography eluting with hexane: ethyl acetaté)(to afford50d (291 mg) in 82%

yield as pale yellow solid.

mp = 81-82 °CR; = 0.40 (9 : 1 hexane—EtOAC NMR (400 MHz, CDCls) & 7.80 (d,J = 8.4
Hz, 2H), 7.54 (dJ = 8.8 Hz, 2H), 7.47 (dd] = 1.6, 12.8 Hz, 2H), 7.36—7.22 (m, 5H), 6.21 (s,,1H)
6.07 (dd,J = 4.8, 8.4 Hz, 1H), 4.45 (dd,= 8.8, 17.6 Hz, 1H), 3.53 (dd,= 4.8, 17.6 Hz, 1H)*C
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NMR (101 MHz, CDCl3) § 195.4, 140.4, 139.0, 135.0, 131.7 (2C), 129.6,3.28C), 128.6 (2C),
128.3, 127.9, 126.4 (2C), 105.5, 60.5, 4B0(KBI) vimax 3108, 1684, 1585, 1070, 752, 702 tm
MS (El) m/z (%) 357 (M + 2, 97), 355 (Nl 100), 287 (32), 209 (30), 101 (20), 69 (16);
Elemental analysiscalcd for GgH:sBrN,O: C, 60.86; H, 4.26; N, 7.89. Found: C, 60.754F81;

N, 7.79.

4-(3-Phenyl-3-(H-pyrazol-1-yl)propanoyl)benzonitrile (50e):

4/—\\ Following the general procedure (GP-3); 4-(1-hyge8x
.N

Q N phenylprop-2-ynyl)benzonitrile 38e 233 mg, 1.0 mmol),
pyrazole 49a 136 mg, 2.0 mmol), and cesium carbonate (326
NC e

mg, 1.0 mmol) in toluene (2.0 mL) was heated atCGor 1 h.

Upon filtration over Celite and evaporation, thed® mixture was purified by silica gel
column chromatography eluting with hexane: ethgtate (3:1) to affor0e (198 mg) in
66% yield as yellow solid.

mp = 117-118 °CR = 0.50 (3 : 1 hexane—EtOACH NMR (400 MHz, CDCl;) & 8.03 (d,J =
8.0 Hz, 2H), 7.72 (d) = 8.4 Hz, 2H), 7.46 (d) = 7.6 Hz, 2H), 7.39-7.22 (m, 5H), 6.22 (s, 1H),
6.07 (dd,J = 4.8, 8.8 Hz, 1H), 4.55 (dd,= 8.8, 17.6 Hz, 1H), 3.53 (dd,= 4.8, 17.6 Hz, 1H)**C
NMR (101 MHz, CDCls) § 195.5, 140.3, 139.4, 139.1, 132.4 (2C), 129.7,828C), 128.5 (2C),
128.1, 126.5 (2C), 117.8, 116.4, 105.8, 60.6, 4R3IKBI) vmax 3074, 2922, 2227, 1687, 754,
696, 625 cnt; MS (El) m/z(%) 303 (M + 2, 41), 302 (100), 130 (5), 69 (1&pmental analysis
calcd for GgH15N3O: C, 75.73; H, 5.02; N, 13.94. Found: C, 75.615H0; N, 13.86.

3-Phenyl-3-(H-pyrazol-1-yl)-1-p-tolylpropan-1-one (50f):

(/—\\ Following the general procedure (GP-3); 3-phenpHblylprop-
.N

T 0 2-yn-1-ol @8f; 222 mg, 1.0 mmol), pyrazol&d%s 136 mg, 2.0
mmol), and cesium carbonate (326 mg, 1.0 mmolpliene (2.0
Me

mL) was heated at 7GC for 1 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (6:1) to aff&@f (244 mg) in 84% yield as colorless solid.

mp = 41-42 °CR; = 0.37 (6 : 1 hexane—EtOAC NMR (400 MHz, CDCls) & 7.83 (d,J = 8.0
Hz, 2H), 7.47 (dJ = 12.8 Hz, 2H), 7.33-7.24 (m, 4H), 7.24-7.19 (m, ,1H}17 (d,J = 8.0 Hz,
2H), 6.18 (s, 1H), 6.10 (dd,= 5.2, 8.0 Hz, 1H), 4.42 (dd,= 8.4, 17.2 Hz, 1H), 3.58 (dd,= 5.2,
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17.6 Hz, 1H), 2.32 (s, 3H)*C NMR (101 MHz, CDCly) & 195.9, 143.9, 140.6, 139.0, 133.8,
129.5, 129.0 (2C), 128.5 (2C), 128.1 (2C), 1272/.9 (2C), 105.3, 60.6, 43.8, 21IR (KBr)
Vmax 3032, 2920, 1682, 1454, 817, 752, 628'cMS (EI) m/z(%) 292 (M + 2, 59), 291 (M+ 1,
100), 255 (14), 223 (59), 119 (14), 91 (B)emental analysiscalcd for GgH;gN,O: C, 78.59; H,
6.25; N, 9.65. Found: C, 78.47; H, 6.32; N, 9.55.

1-(3-Methoxyphenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (509):

4/—\\ Following the general procedure (GP-3); 1-(3-metipdrenyl)-
.N

o QN 3-phenylprop-2-yn-1-ol 38g 238 mg, 1.0 mmol), pyrazole
(49 136 mg, 2.0 mmol), and cesium carbonate (326 Iy,
g

mmol) in toluene (2.0 mL) was heated at “T® for 2 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetété)(to afford50g (251 mg) in 82%
yield as light yellow thick liquid.

R = 0.36 (6 : 1 hexane—EtOAGH NMR (400 MHz, CDCl,) § 7.55 (d,J = 7.6 Hz, 1H), 7.50 (s,
1H), 7.47 (bdJ = 5.6 Hz, 2H), 7.35-7.21 (m, 6H), 7.07 (ddk 2.0, 8.0 Hz, 1H), 6.21 (s, 1H),
6.09 (dd,J = 5.2, 8.0 Hz, 1H), 4.45 (dd,= 8.8, 18.0 Hz, 1H), 3.78 (s, 3H), 3.64 (d&; 5.2, 17.6
Hz, 1H); *C NMR (101 MHz, CDCl;) & 196.0, 159.5, 140.5, 138.9, 137.5, 129.4, 129285
(2C), 127.7, 126.4 (2C), 120.6, 119.7, 111.9, 106085, 55.0, 43.9R (Neat) vmax 3065, 2939,
1682, 1454, 1045, 754, 626 ¢MS (El) m/z(%) 308 (M + 2, 80), 271 (39), 239 (100), 135
(19), 101 (16), 69 (14)Elemental analysiscalcd for GgH1gN-O,: C, 74.49; H, 5.92; N, 9.14.
Found: C, 74.36; H, 5.98; N, 9.25.

1-(3-Phenoxyphenyl)-3-phenyl-3-(#-pyrazol-1-yl)propan-1-one (50h):

F Following the general procedure (GP-3); 1-(3-phegpbenyl)-
,N

oo o L L 3-phenylprop-2-yn-1-ol 38h; 300 mg, 1.0 mmol), pyrazole
(49a 136 mg, 2.0 mmol), and cesium carbonate (326 I,

mmol) in toluene (2.0 mL) was heated at °T® for 2 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetété)(to afford50h (265 mg) in 72%
yield as yellow solid.

R = 0.68 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCl,) & 7.67 (d,J = 7.6 Hz, 1H), 7.58 (s,
1H) 7.49 (s, 1H), 7.46 (s, 1H), 7.41-7.22 (m, 8H}8 (dd,J = 1.6, 8.0 Hz, 1H), 7.11 (§=7.6
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Hz, 1H), 6.98 (dJ = 8.4 Hz, 2H), 6.21 (s, 1H), 6.07 (d#i= 5.2, 8.0 Hz, 1H), 4.44 (dd,= 8.8,
18.0 Hz, 1H), 3.58 (dd] = 5.2, 17.6 Hz, 1H)**C NMR (101 MHz, CDCly)  195.7, 157.5, 156.3,
140.5, 139.0, 138.1, 129.8, 129.7 (2C), 129.5,d238C), 127.8, 126.4 (2C), 123.6, 123.3, 122.8,
118.9 (2C), 117.7, 105.4, 60.5, 441R; (KBr) vmax 3032, 2916, 1687, 1581, 1240, 752, 696'rm
MS (El) m/z(%) 370 (M + 2, 51), 369 (M + 1, 100), 333 (35), 301 (76), 197 (11), 101 (BD),
(8); Elemental analysiscalcd for GJH2oN,O,: C, 78.24; H, 5.47; N, 7.60. Found: C, 78.32; H,
5.43; N, 7.52.

1-(3-Hydroxyphenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50i):

4/—\\ Following the general procedure (GP-3); 3-(1-hygr8x
N

o q N phenylprop-2-ynyl)phenol 38i; 224 mg, 1.0 mmol), pyrazole
(49a 136 mg, 2.0 mmol), and cesium carbonate (326 @,
|

mmol) in toluene (2.0 mL) was heated at °X® for 3 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetaté)(to afford50i (225 mg) in 77%

yield as colorless solid.

mp = 129-130 °CR; = 0.53 (2 : 1 hexane—EtOAZH NMR (400 MHz, CDCl3) § 8.70-8.00 (bs,
—OH, 1H), 7.55 (ddJ = 2.0, 16.4 Hz, 2H), 7.40—7.36 (m, 1H), 7.35 (bt, 2.4 Hz, 1H), 7.31-7.24
(m, 5H), 7.14 (tJ = 8.0 Hz, 1H), 6.91 (dd] = 2.4, 8.0 Hz, 1H), 6.27 (§ = 2.4 Hz, 1H), 6.10 (dd,
J=5.2, 8.4 Hz, 1H), 4.42 (dd,= 8.8, 18.0 Hz, 1H), 3.63 (dd,= 5.2, 18.0 Hz, 1H)*C NMR
(101 MHz, CDCk) & 196.4, 156.7, 140.1, 139.3, 137.5, 130.5, 12928.8. (2C), 128.1, 126.6
(2C), 120.8, 119.9, 115.1, 105.9, 60.9, 4BB(KBr) vmax 3112, 1684, 1587, 1280, 750, 698, 625
cm® MS (El) m/z(%) 294 (M + 2, 100), 257 (5), 225 (27), 121 (11), 101 (89,(27); Anal.
calcd for GgH1gN>O,: C, 73.95; H, 5.52; N, 9.58. Found: C, 73.85; M85 N, 9.68.

1-(3-(ert-Butyldimethylsilyloxy)phenyl)-3-phenyl-3-(1H-pyrazol-1-yl)propan-1-one
(50j)):

FN Following the general procedure (GP-3); 14&df
Q N butyldimethylsilyloxy)phenyl)-3-phenylprop-2-yn-1-o0 (38;;

TBSO
339 mg, 1.0 mmol), pyrazolet9a 136 mg, 2.0 mmol), and
50j

cesium carbonate (326 mg, 1.0 mmol) in toluene (2.9 was

heated at 70C for 3 h. Upon filtration over Celite and evaparat the crude mixture was

purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (9:1) to
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afford 50j (53 mg) in 13% yield as brown color thick liquitbag with 50i (188 mg) in
64% yield.

R = 0.55 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) § 7.58 (d,J = 8.0 Hz, 1H), 7.51 (d,
J=10.8 Hz, 2H), 7.42 (s, 1H), 7.38-7.23 (m, 6H),37(8,J = 8.0 Hz, 1H), 6.24 (bd] = 1.2 Hz,
1H), 6.10 (tJ = 7.6 Hz, 1H), 4.45 (dd] = 8.0, 17.6 Hz, 1H), 6.63 (dd,= 4.8, 17.6 Hz, 1H), 0.99
(s, 9H), 0.21 (s, 6H)}*C NMR (101 MHz, CDCl;) & 196.4, 160.0, 140.7, 139.3, 138.0, 129.7,
129.6, 128.8 (2C), 128.0, 126.7 (2C), 125.2, 12113,4, 105.5, 60.8, 44.3, 25.6 (3C), 184.4
(2C); IR (Neat) vmayx 3065, 2957, 1687, 1581, 1280, 931, 837, 625;dvS (EI) m/z(%) 408 (M

+ 1, 35), 390 (23), 376 (100), 344 (100), 316 @B8 (8), 79 (10), 65 (6Elemental analysis
Calcd for G4HzoN,O.Si: C, 70.90; H, 7.44; N, 6.89. Found: C, 71.217H8; N, 6.75.

1-(2-Bromophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50k):

FN Following the general procedure (GP-3); 1-(2-brohepyl)-3-
Br O N phenylprop-2-yn-1-0l38k; 287 mg, 1.0 mmol), pyrazold9a 136
O ) O mg, 2.0 mmol), and cesium carbonate (326 mg, 1.@Inim toluene
50
(2.0 mL) was heated at AC for 12 h. Upon filtration over Celite

and evaporation, the crude mixture was purifiedsbiga gel column chromatography
eluting with hexane: ethyl acetate (12:1) to afféfik (234 mg) in 66% yield as yellow
thick liquid.

R = 0.31 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCl3) § 7.60-7.54 (m, 2H), 7.47 (d,=

2.0 Hz, 1H), 7.39-7.20 (m, 8H), 6.26Jt= 2.0 Hz, 1H), 6.08 (dd] = 5.2, 9.6 Hz, 1H), 4.38 (dd,
=9.2,17.2 Hz, 1H), 3.63 (dd,= 4.8, 17.2 Hz, 1H)"*C NMR (101 MHz, CDCl;) § 200.1, 140.7,
140.0, 139.0, 133.4, 131.7, 129.6, 129.0 (2C),42B28.0, 127.2, 126.5 (2C), 118.5, 105.6, 60.9,
47.9;IR (Neat) vya 3030, 2918, 1699, 1284, 875 ¢nMS (EI) m/z (%) 358 (M + 3, 30), 357
(M* + 2, 100), 356 (M+ 1, 30), 355 (M, 100), 321 (8), 319 (8), 289 (30), 287 (30), 185)( 183
(14), 101 (8);Elemental analysiscalcd for GgH1sBrN,O: C, 60.86; H, 4.26; N, 7.89. Found: C,
60.75; H, 4.32; N, 7.68.

1-(2,3-Dichlorophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50I):

(/_\\ Following the general procedure (GP-3); 1-(2,3-ichphenyl)-
,N

o o o N 3-phenylprop-2-yn-1-0l38l; 277 mg, 1.0 mmol), pyrazoldga
136 mg, 2.0 mmol), and cesium carbonate (326 n@gmol) in
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toluene (2.0 mL) was heated at € for 2 h. Upon filtration over Celite and evapavat
the crude mixture was purified by silica gel colusimomatography eluting with hexane:

ethyl acetate (9:1) to affofsDI (279 mg) in 81% vyield as pale yellow thick liquid.

R = 0.30 (9 : 1 hexane-EtOACH NMR (400 MHz, CDCl3) § 7.53 (s, 1H), 7.48 (dd,= 1.2, 8.0
Hz, 1H), 7.44 (s, 1H), 7.38-7.22 (m, 6H), 7.17)(t 7.6 Hz, 1H), 6.24 (s, 1H), 6.06 (dii= 4.8,
9.2 Hz, 1H), 4.35 (dd) = 10.0, 17.6 Hz, 1H), 3.57 (dd,= 4.4, 17.2 Hz, 1H)**C NMR (101
MHz, CDCl3) § 198.9, 141.0, 139.8, 138.9, 133.6, 132.0, 12®@8,6.(2C), 128.5, 127.9, 127.4,
126.8, 126.4 (2C), 105.6, 60.9, 48IR; (Neat) vmax 3065, 2924, 1701, 1410, 736, 625 trVS
(El) m/z (%) 347 (M + 2, 84), 346 (M + 1, 38), 345 (M, 100), 277 (14), 173 (22), 69 (11);
Elemental analysiscalcd for GgH14CILN,O: C, 62.62; H, 4.09; N, 8.11. Found: C, 62.484H.}5;
N, 8.25.

1-(2,4-Dichlorophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50m):

Following the general procedure (GP-3); Followihg tgeneral

¢\
o o N procedure (GP-3); 1-(2,4-dichlorophenyl)-3-phengip-yn-1-
ol (38m; 277 mg, 1.0 mmol), pyrazold9a 136 mg, 2.0 mmol),
cl m

and cesium carbonate (326 mg, 1.0 mmol) in tolu@i@ mL)

was heated at 7C for 2 h. Upon filtration over Celite and evapayat the crude mixture
was purified by silica gel column chromatographytiely with hexane: ethyl acetate (9:1)
to afford50m (265 mgq) in 77% yield as yellow thick liquid.

R = 0.33 (9 : 1 hexane—EtOACY! NMR (400 MHz, CDCl) § 7.47 (bd,J = 1.2 Hz, 1H), 7.38
(dd,J = 2.8, 11.6 Hz, 3H), 7.34—7.19 (m, 6H), 6.21J(t 2.0 Hz, 1H), 6.02 (dd] = 4.8, 9.6 Hz,
1H), 4.35 (dd,J = 9.6, 17.2 Hz, 1H), 3.53 (dd, = 4.8, 17.2 Hz, 1H)**C NMR (101 MHz,
CDCl3) 6 198.2, 140.0, 138.9, 137.4, 136.8, 131.9, 13(®86,11 129.6, 128.7 (2C), 128.0, 127.1,
126.4 (2C), 105.7, 61.0, 48.1R (Neat) vmnay 3063, 2926, 1697, 1375, 750, 625 VIS (EI) m/z
(%) 347 (M + 2, 84), 346 (M + 1, 41), 345 (M, 100), 277 (11), 173 (24), 147 (8), 69 (8);
Elemental analysiscalcd for GgH14CIL,N,O: C, 62.62; H, 4.09; N, 8.11. Found: C, 62.714H)3;

N, 8.07.
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3-Phenyl-3-(H-pyrazol-1-yl)-1-o-tolylpropan-1-one (50n):

4/—\\ Following the general procedure (GP-3); 3-phengHblylprop-2-
N
Me O N

yn-1-ol (38n; 222 mg, 1.0 mmol), pyrazole49a 136 mg, 2.0
mmol), and cesium carbonate (326 mg, 1.0 mmolploene (2.0
n

mL) was heated at 78C for 19 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (9:1) to aff@@n (223 mg) in 77% yield as pale yellow thick
liquid.

R = 0.43 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCl3) 6 7.68 (d,J = 7.6 Hz, 1H), 7.51 (s,
1H), 7.46 (s, 1H), 7.37—7.16 (m, 8H), 6.22 (s, 1646 (dd,J = 5.2, 8.8 Hz, 1H), 4.36 (dd,= 9.2,
17.6 Hz, 1H), 3.51 (ddl = 5.2, 17.2 Hz, 1H), 2.34 (s, 3HJC NMR (101 MHz, CDCl,) & 200.2,
140.4, 139.0, 137.9, 137.5, 131.7, 131.3, 129.8,612C), 128.4, 127.8, 126.5 (2C), 125.5, 105.4,
60.9, 46.8, 20.8tR (Neat) vmax 3063, 2966, 1689, 1494, 1089, 750, 625'cMS (El) m/z (%)
292 (M" + 2, 75), 255 (59), 223 (100), 119 (16), 91 (¥6H,(10); Elemental analysiscalcd for
CigHigN>,O: C, 78.59; H, 6.25; N, 9.65. Found: C, 78.66621; N, 9.58.

1-(Naphthalen-1-yl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (500):

4/_\\ Following the general procedure (GP-3); 1-(naplahdl-yl)-3-

O o ~N" phenylprop-2-yn-1-0l380, 258 mg, 1.0 mmol), pyrazoldga 136

O O mg, 2.0 mmol), and cesium carbonate (326 mg, 1.0olnin
500

toluene (2.0 mL) was heated at Q0 for 2 h. Upon filtration over

Celite and evaporation, the crude mixture was matifby silica gel column
chromatography eluting with hexane: ethyl acet8té)(to afford500 (283 mg) in 87%

yield as pale yellow solid.

mp = 77-78 °CR = 0.21 (9 : 1 hexane—EtOACY NMR (400 MHz, CDCls) § 8.39 (d,J = 8.0

Hz, 1H), 7.87 (dJ = 7.2 Hz, 2H), 7.76 (dJ = 7.2 Hz, 1H), 7.49 (s, 1H), 7.48-7.40 (m, 3H), 7.36
(t, J=8.0 Hz, 1H), 7.33-7.17 (m, 5H), 6.19 (s, 1H), 6(d8,J = 5.2, 8.8 Hz, 1H), 4.50 (dd,=
9.2, 17.2 Hz, 1H), 3.61 (dd,= 4.8, 17.2 Hz, 1H)**C NMR (101 MHz, CDCls) & 200.2, 140.4,
139.1, 135.3, 133.6, 132.7, 129.9, 129.6, 128.6,(2£8.2, 127.9, 127.8, 127.7, 126.5 (2C), 126.3,
125.5, 124.2, 105.5, 61.1, 4718 (KBI) vmax3036, 1743, 1682, 1396, 752 ¢nMS (EI) m/z(%)
328 (M + 2, 100), 291 (27), 259 (95), 155 (49), 144 (BH,(3); Elemental analysiscalcd for
CxH1gN>O: C, 80.96; H, 5.56; N, 8.58. Found: C, 80.7551; N, 8.49.
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1-(2,6-Dichlorophenyl)-3-phenyl-3-(H-pyrazol-1-yl)propan-1-one (50p):

Following the general procedure (GP-3); 1-(2,6-ticbphenyl)-3-
phenylprop-2-yn-1-0l38p; 277 mg, 1.0 mmol), pyrazold4a 136

! EN\
Cl O N
mg, 2.0 mmol), and cesium carbonate (326 mg, 1.@lnim toluene
cl 50p

(2.0 mL) was heated at 7A€« for 19 h. Upon filtration over Celite

and evaporation, the crude mixture was purifiedsbiga gel column chromatography
eluting with hexane: ethyl acetate (9:1) to aff&@@p (241 mg) in 70% yield as pale

yellow liquid.

R = 0.33 (9 : 1 hexane—EtOACY NMR (400 MHz, CDCl3) & 7.55 (d,J = 6.8 Hz, 2H), 7.45—
7.36 (M, 3H), 7.36-7.19 (m, 5H), 6.25 (s, 1H), 610 = 7.2 Hz, 1H), 4.27 (dd] = 8.0, 18.8 Hz,
1H), 3.72 (dd,J = 5.2, 18.8 Hz, 1H)**C NMR (101 MHz, CDCl;) & 198.4, 139.6, 139.3, 138.5,
130.6, 130.3, 129.5 (2C), 128.5 (2C), 128.1 (2QY.9, 126.8 (2C), 105.3, 59.8, 48IR; (Neat)
Vmax 3067, 2916, 1712, 1431, 779, 625 £MS (El) m/z (%) 347 (M + 2, 86), 345 (M, 100),
309 (49), 277 (22), 173 (22), 69 (1E&tlemental analysiscalcd for GgH14CILN,O: C, 62.62; H,
4.09; N, 8.11. Found: C, 62.51; H, 4.15; N, 8.21.

1-(Furan-2-yl)-3-phenyl-3-(1H-pyrazol-1-yl)propan-1-one (50Q):

FN Following the general procedure (GP-3); 1-(furapbh23-

o N phenylprop-2-yn-1-0l38qg;, 198 mg, 1.0 mmol), pyrazolel9s 136

\\o 50 mg, 2.0 mmol), and cesium carbonate (326 mg, 1.@Inim toluene
q

(2.0 mL) was heated at 7€ for 1 h. Upon filtration over Celite and
evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (6:1) to aff&@q (187 mg) in 70% yield as light brown solid.

mp = 98-99 °CR; = 0.28 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.58 (s, 1H), 7.50
(d, J=16.8 Hz, 2H), 7.32 (bs, 4H), 7.31-7.25 (m, 1H227(bd,J = 3.2 Hz, 1H), 6.52 (bt} = 1.6

Hz, 1H), 6.22 (s, 1H), 6.07 (dd= 5.6, 8.4 Hz, 1H), 4.30 (dd,= 8.8, 16.8 Hz, 1H), 3.53 (dd,=

5.2, 17.2 Hz, 1H)**C NMR (101 MHz, CDCly) § 185.1, 152.0, 146.6, 140.2, 139.1, 129.5, 128.6
(2C), 127.8, 126.5 (2C), 117.7, 112.2, 105.4, 6026; IR (KBr) vmax 3115, 2922, 1653, 756,
698, 625 crit; MS (El) m/z (%) 268 (M + 2, 86), 231 (7), 199 (100), 157 (9), 101 (3),(6);
Elemental analysiscalcd for GeH14N.O,: C, 72.16; H, 5.30; N, 10.52. Found: C, 72.28536;

N, 10.
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3-Phenyl-3-(H-pyrazol-1-yl)-1-(thiophen-2-yl)propan-1-one (50r):

(/_\\ Following the general procedure (GP-3); 3-phenyiHlephen-2-

o ! yhprop-2-yn-1-ol 88r; 214 mg, 1.0 mmol), pyrazoléda 136 mg,

\\S 5 2.0 mmol), and cesium carbonate (326 mg, 1.0 mmdbluene (2.0
r

mL) was heated at 70C for 1 h. Upon filtration over Celite and
evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (9:1) to aff&@@r (259 mg) in 92% vyield as brown solid.

mp = 42-43 °CR; = 0.18 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCly) 8 7.76 (bdJ = 3.6
Hz, 1H), 7.58 (bdJ = 4.8 Hz, 1H), 7.48 (dd] = 1.2, 17.6 Hz, 2H), 7.35-7.22 (m, 5H), 7.07 (bt,
= 3.6 Hz, 1H), 6.21 (s, 1H), 6.07 (dii= 5.6, 8.4 Hz, 1H), 4.38 (dd,= 8.4, 16.8 Hz, 1H), 3.59
(dd, J = 5.2, 17.2 Hz, 1H)*C NMR (101 MHz, CDCl) & 189.3, 143.5, 140.3, 139.3, 134.1,
132.4, 129.7, 128.7 (2C), 128.1, 127.9, 126.6 (20%.5, 60.6, 44.6R (KBr) vmax 3103, 2924,
1662, 1053, 750, 625 cmMS (EI) m/z(%) 284 (M + 2, 35), 283 (100), 247 (5), 215 (35), 111
(3); Elemental analysisCalcd for G¢H1sN,OS: C, 68.06; H, 5.00; N, 9.92. Found: C, 68.15; H,
5.12; N, 9.86.

1-Phenyl-3-(H-pyrazol-1-yl)undecan-1-one (50s):

4—\\N Following the general procedure (GP-3); 1-phenyamé-yn-1-ol
o N on (38s 244 mg, 1.0 mmol), pyrazoletga 136 mg, 2.0 mmol), and
3
©)k/k% cesium carbonate (326 mg, 1.0 mmol) in toluene f2.) was heated
50s

at 80°C for 32 h. Upon filtration over Celite and evapama, the

crude mixture was purified by silica gel column amnatography eluting with hexane:

ethyl acetate (19:1) to affofiDs(262 mg) in 84% yield as colorless solid.

mp = 43-44 °CR; = 0.52 (19 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.91 (d,J = 8.4
Hz, 2H), 7.54 (bt) = 7.2 Hz, 1H), 7.48 (d] = 13.6 Hz, 2H), 7.42 (1] = 7.6 Hz, 2H), 6.15 (bt =
2.0 Hz, 1H), 4.91-4.79 (m, 1H), 3.80 (dis 7.2, 17.2 Hz, 1H), 3.32 (dd,= 5.2, 17.6 Hz, 1H),
2.12-2.01 (m, 1H), 1.87-1.74 (m, 1H), 1.29-1.18 1 H), 1.12-0.97 (m, 1H), 0.86 (t= 6.8
Hz, 3H); *C NMR (101 MHz, CDCly) & 197.6, 139.5, 136.6, 133.3, 130.0, 128.5 (2C),.128
(2C), 104.2, 58.0, 44.0, 35.3, 31.7, 29.3, 29.10,226.1, 22.6, 14.0R (KBr) vma 3102, 2918,
1674, 1446, 1095, 760, 625 ¢irMS (EI) m/z(%) 314 (M + 2, 49), 313 (M+ 1, 100), 277 (11),
245 (19), 101 (3), 69 (6Elemental analysiscalcd for GoH,gN,O: C, 76.88; H, 9.03; N, 8.97.
Found: C, 76.81; H, 9.08; N, 8.85.
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1-(4-Chlorophenyl)-3-(1H-pyrazol-1-yl)nonan-1-one (50t):

FN Following the general procedure (GP-3); 1-(4-chbidrenyl)non-
o N o 2-yn-1-ol @8t; 251 mg, 1.0 mmol), pyrazolel9a 136 mg, 2.0
3
W mmol), and cesium carbonate (326 mg, 1.0 mmolplunene (2.0
Cl 50t

mL) was heated at 8@ for 50 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (9:1) to aff@@ (290 mg) in 91% vyield as colorless liquid.

R = 0.45 (9 : 1 hexane—EtOAJH NMR (500 MHz, CDCly) § 7.82 (d,J = 8.5 Hz, 2H), 7.46 (dd,
J=1.5, 22 Hz, 2H), 7.37 (dl = 8.5 Hz, 2H), 6.13 (bt) = 2.0 Hz, 1H), 4.84-4.80 (m, 1H), 3.78
(dd,J=7.5, 17.0 Hz, 1H), 3.24 (dd,= 5.0, 17.5 Hz, 1H), 2.13-1.99 (m, 1H), 1.87—1.73 {H),
1.33-1.13 (m, 7H), 1.09-0.98 (m, 1H), 0.84J(t 7.0 Hz, 3H);"*C NMR (125 MHz, CDCl,) &
196.4, 139.7, 139.5, 134.8, 130.0, 129.4 (2C),823C), 104.3, 58.0, 43.8, 35.3, 31.5, 28.6, 25.9,
22.4, 13.91R (Neat) vnay 2926, 1687, 1589, 1091, 831, 750 VIS (EI) m/z(%) 322 (M + 3,
11), 321 (M + 2, 51), 320 (M + 1, 38), 319 (M, 100), 146 (5), 69 (3Elemental analysiscalcd

for CigH»:CIN,O: C, 67.81; H, 7.27; N, 8.79. Found: C, 67.717121; N, 8.68.

3-(1H-Pyrazol-1-yl)-1p-tolylnonan-1-one (50u):

FN Following the general procedure (GP-3)p-telylnon-2-yn-1-ol
o N o (38u; 230 mg, 1.0 mmol), pyrazoldga 136 mg, 2.0 mmol), and
3
W cesium carbonate (326 mg, 1.0 mmol) in toluene (2L was
HsC 50u

heated at 80°C for 77 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (12:1) to aff&@@l (223 mg) in 75% vyield as pale yellow thick
liquid.

R = 0.41 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCly) & 7.82 (d,J = 8.0 Hz, 2H), 7.50
(dd,J=1.2, 15.6 Hz, 2H), 7.22 (d,= 8.0 Hz, 2H), 6.16 (bs, 1H), 4.92-4.78 (m, 1H),73dd,J =
7.6, 17.2 Hz, 1H), 3.32 (dd,= 5.2, 17.2 Hz, 1H), 2.39 (s, 3H), 2.13-2.02 (m, ,1H39-1.78 (m,
1H), 1.35-1.13 (m, 7H), 1.11-0.96 (m, 1H), 0.84J(t 7.2 Hz, 3H);**C NMR (101 MHz,
CDCl3) 6 197.2, 144.1, 139.5, 134.2, 130.0, 129.2 (2C),A23C), 104.2, 58.2, 44.0, 35.4, 31.6,
28.8, 26.1, 22.5, 21.6, 14.IR (Neat) vy 3103, 2928, 1682, 1574, 1043, 812, 748, 625;dvS
(El) m/z(%) 300 (M + 2, 62), 299 (M + 1, 100), 263 (8), 231 (27), 179 (3), 91 @Blemental
analysiscalcd for GgH,6NO: C, 76.47; H, 8.78; N, 9.39. Found: C, 76.588H8; N, 9.21.
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3-(1H-Pyrazol-1-yl)-1-(thiophen-2-yl)nonan-1-one (50v):

I\ Following the general procedure (GP-3); 1-(thiopReyl)non-2-yn-
O/‘OK/NLQCH 1-ol (38v; 222 mg, 1.0 mmol), pyrazolelga 136 mg, 2.0 mmol),
= 3
\_s >

and cesium carbonate (326 mg, 1.0 mmol) in tolu@@ mL) was
50v

heated at 80C for 17 h. Upon filtration over Celite and evapara,
the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (9:1) to affofsDv (223 mg) in 77% yield as pale yellow thick liquid.

R =0.38 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCly) § 7.65 (dtJ = 1.2, 22 Hz, 2H), 7.51
(d, = 1.2 Hz, 1H), 7.44 (dJ = 2.4 Hz, 1H), 7.10-7.06 (m, 1H), 6.14 (ddk 1.6, 3.2 Hz, 1H),
4.87-4.73 (m, 1H), 3.71 (dd,= 7.6, 16.4 Hz, 1H), 3.27 (dd,= 5.2, 16.4 Hz, 1H), 2.15-2.00 (m,
1H), 1.86-1.74 (m, 1H), 1.35-1.08 (m, 7H), 1.083019, 1H), 0.85 (t) = 6.8 Hz, 3H);"*C NMR
(101 MHz, CDCl) 6 190.4, 144.0, 139.6, 134.1, 132.5, 130.1, 1282,3, 58.3, 44.8, 35.3, 31.6,
28.7, 26.0, 22.5, 14.0R (Neat) vmnay 3103, 2926, 1660, 1516, 1047, 748, 625'cMS (EI) m/z
(%) 292 (M + 2, 51), 291 (M + 1, 100), 255 (8), 223 (35), 101 (5), 69 (Blemental analysis
calcd for GgH.-N,OS: C, 66.17; H, 7.64; N, 9.65. Found: C, 66.327181; N, 9.59.

4,4-Dimethyl-1-phenyl-3-(H-pyrazol-1-yl)pentan-1-one (50w):

L/_\\ Following the general procedure (GP-3); 4,4-dimkflraphenylpent-

_N

o N Ve 2-yn-1-ol @8w; 188 mg, 1.0 mmol), pyrazolet9a 136 mg, 2.0

©)\50)\,§,3Me mmol), and cesium carbonate (326 mg, 1.0 mmol)oloene (2.0
W

mL) was heated at 80C for 96 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting

with hexane: ethyl acetate (9:1) to aff&@@w (136 mg) in 53% yield as colorless solid.

mp = 37-38 °CR = 0.43 (9 : 1 hexane—EtOAC} NMR (400 MHz, CDCls) & 7.94 (d,J = 6.4
Hz, 2H), 7.59-7.50 (m, 1H), 7.50-7.40 (m, 4H), 6% J = 1.6 Hz, 1H), 4.68 (dd, 3 2.0, 8.0
Hz, 1H), 4.23 (ddJ = 8.0, 14.0 Hz, 1H), 3.20 (dd,= 2.0, 14.0 Hz, 1H), 1.03 (s, 9HJC NMR
(101 MHz, CDCl) § 197.9, 138.8, 136.9, 133.1, 131.7, 128.5 (2C),1123C), 103.8, 66.0, 38.3,
35.4, 27.2 (3C)IR (KBI) vmax 3109, 2959, 1684, 1402, 754, 626 £WS (EI) m/z(%) 258 (M

+ 2, 43), 257 (M + 1, 100), 221 (16), 189 (43), 101 (11), 69 Bemental analysiscalcd for
Ci6H20N0: C, 74.97; H, 7.86; N, 10.93. Found: C, 74.857195; N, 11.07.
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4,4-Dimethyl-3-(1H-pyrazol-1-yl)-1-o-tolylpentan-1-one (50x):

4—\\ Following the general procedure (GP-3); 4,4-dimkfhg-tolylpent-
N
0] N

Me e 2-yn-1-ol @8x, 202 mg, 1.0 mmol), pyrazoledga 136 mg, 2.0
m“ﬂe mmol), and cesium carbonate (326 mg, 1.0 mmol)oloene (2.0
X

mL) was heated at 80C for 96 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (32:1) to affé&@k (65 mg) in 24% vyield as colorless oil.

R =0.40 (32 : 1 hexane—EtOACcH NMR (500 MHz, CDCl3) 6 7.62 (d,J = 6.0 Hz, 1H), 7.46
(dd,J = 2.0, 11 Hz, 2H), 7.34 (td,= 1.0, 7.5 Hz, 1H), 7.24 (§,= 7.5 Hz, 1H), 7.18 (d] = 7.5 Hz,
1H), 6.16 (btJ = 2.0 Hz, 1H), 4.36 (dd) = 8.0, 11 Hz, 1H), 4.10 (dd,= 11, 17 Hz, 1H), 3.12
(dd,J = 3.0, 17 Hz, 1H), 2.28 (s, 3H), 1.01 (s, 9t} NMR (101 MHz, CDCly) § 202.2, 138.8,
138.3, 137.7, 131.7 (2C), 131.2, 128.3, 125.6,9,086.5, 41.2, 35.3, 27.1 (3C), 20IR (Neat)
Vmax 2962, 1687, 1093, 750, 625 ¢nMS (EI) m/z(%) 272 (M + 2, 22), 271 (M + 1, 100), 228
(3), 186 (11), 141 (5), 109 (11Elemental analysiscalcd for GH2N,O: C, 75.52; H, 8.20; N,
10.36. Found: C, 75.39; H, 8.26; N, 10.45.

1-(3-Methoxyphenyl)-3-(4-methoxyphenyl)-3-(H-pyrazol-1-yl)propan-1-one (50aa):

(/_\\ Following the general procedure (GP-3); 1-(3-
o) N methoxyphenyl)-3-(4-methoxyphenyl)prop-2-yn-1-ol

N
MeO.
(38ag 268 mg, 0.5 mmol), pyrazoled9a 68 mg, 1.0
OMe

50aa mmol), and cesium carbonate (163 mg, 0.5 mmol) in

toluene (1.0 mL) was heated at € for 1 h. Upon filtration over Celite and evapavat
the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (3:1) to affosDaa(278 mg) in 83% vyield as pale yellow solid.

mp = 62-63 °CR; = 0.42 (3 : 1 hexane—EtOAC NMR (400 MHz, CDCls) & 7.56 (d,J= 7.6
Hz, 1H), 7.50 (s, 1H), 7.46 (s, 2H), 7.33J& 8.0 Hz, 1H), 7.30-7.23 (m, 2H), 7.09 (dds 1.6,
8.0 Hz, 1H), 6.85 (d] = 8.4 Hz, 2H), 6.21 (s, 1H), 6.04 (Bt= 7.2 Hz. 1H), 4.40 (dd] = 8.0, 17.6
Hz, 1H), 3.81 (s, 3H), 3.76 (s, 3H), 3.64 (dd; 5.6, 17.6 Hz, 1H)*C NMR (101 MHz, CDCl,)

6 196.5, 159.7, 159.2, 139.2, 137.8, 132.5, 129289.41 128.0 (2C), 120.8, 120.0, 114.0 (2C),
112.1, 105.4, 60.3, 59.3, 55.2, 44R;(KBr) vimax 3057, 2939, 1682, 1612, 739 ¢nMS (EI) m/z
(%) 338 (M + 2, 57), 337 (M + 1, 100);Elemental analysiscalcd for GoH,N,Os: C, 71.41; H,
5.99; N, 8.33. Found: C, 71.56; H, 6.12; N, 8.21.
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1-(4-Fluorophenyl)-3-(1H-pyrazol-1-yl)-3-p-tolylpropan-1-one (50ab):

4—\\N Following the general procedure (GP-3); 1-(4-flymvenyl)-3-
o N p-tolylprop-2-yn-1-ol 88alky 240 mg, 1.0 mmol), pyrazole
/‘)\)\‘\ (498 136 mg, 2.0 mmol), and cesium carbonate (326 Iy,
F 50ab Me

mmol) in toluene (2.0 mL) was heated at°mOfor 1 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetété)(to afford50ab (249 mg) in 81%
yield as yellow thick liquid.

R = 0.52 (6 : 1 hexane—EtOAC NMR (400 MHz, CDCl3) & 7.99 (dd,J = 4.8, 10.4 Hz, 2H),
7.47 (ddJ = 1.6, 12.8 Hz, 2H), 7.17 (dd,= 8.0, 26 Hz, 4H), 7.08 ( = 4.8 Hz, 2H), 6.21 (1) =
2.0 Hz, 1H), 6.05 (dd] = 5.2, 8.4 Hz, 1H), 4.40 (dd,= 8.4, 17.2 Hz, 1H), 3.57 (dd,=5.2, 17.6
Hz, 1H), 2.31 (s, 3H)!*C NMR (101 MHz, CDCl,) § 195.1, 165.8 (d] = 256 Hz), 139.2, 137.8,
137.5, 133.0 (dJ = 3.0 Hz), 130.8 (d] = 9.5 Hz, 2C), 129.6, 129.4 (2C), 126.6 (2C), 118,8 =
22.0 Hz, 2C), 105.5, 60.6, 44.0, 21:% NMR (376 MHz, CDCl;) § ~104.63 to-104.70 (m)IR
(Neat) vinax 3105, 2922, 1684, 1599, 1508, 841, 752'¢MS (El) m/z(%) 311 (M + 3, 89), 309
(M* + 1, 100), 299 (57), 277 (73), 243 (5), 209 (14)3 (3); Elemental analysisCalcd for
CiH:17/FN,O: C, 74.01; H, 5.56; N, 9.08. Found: C, 74.165H9; N, 9.15.

1-(4-Chlorophenyl)-3-(3-fluorophenyl)-3-(H-pyrazol-1-yl)propan-1-one (50ac):

ﬂN Following the general procedure (GP-3); 1-(4-chbtrenyl)-3-
(3-fluorophenyl)prop-2-yn-1-ol 38ag 260 mg, 1.0 mmol),

o N
F
pyrazole 49a 136 mg, 2.0 mmol), and cesium carbonate (326
Cl

>0ac mg, 1.0 mmol) in toluene (2.0 mL) was heated atGor 1 h.

Upon filtration over Celite and evaporation, thed® mixture was purified by silica gel
column chromatography eluting with hexane: ethgtate (6:1) to afforéd0ac (296 mg)

in 90% vyield as colorless solid.

mp = 108-109 °CR; = 0.55 (6 : 1 hexane—EtOAC)H NMR (400 MHz, CDCls) & 7.90 (d,J =
8.4 Hz, 2H), 7.50 (d) = 7.6 Hz, 2H), 7.41 (dJ = 8.4 Hz, 2H), 7.34-7.24 (m, 1H), 7.05 (dds
8.0, 20 Hz, 2H), 6.97 (f= 8.4 Hz, 1H), 6.24 (s, 1H), 6.08 (dii= 5.2, 8.8 Hz, 1H), 4.46 (dd,=
8.8, 17.6 Hz, 1H), 3.55 (dd,= 5.2, 17.6 Hz, 1H)!*C NMR (101 MHz, CDCl,) 5 195.2, 162.9 (d,
J =247 Hz), 143.1 (dJ = 6.1 Hz), 140.0, 139.5, 134.6, 130.3 Jc& 8.1 Hz), 129.9, 129.6 (2C),
128.9 (2C), 122.2, 115.0 (d= 21.2 Hz), 113.7 (d] = 22.2 Hz), 105.9, 60.2, 44.5F NMR (376
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MHz, CDCI3) 6 —111.80 t0-111.86 (m);IR (KBr) vmax 3061, 2968, 1680, 1589, 1400, 758, 522
cm?; MS (El) m/z(%) 332 (M + 3, 41), 331 (M+ 2, 76), 330 (M+ 1, 100), 264 (11), 258 (11);
Elemental analysiscalcd for GgH14CIFN,O: C, 65.76; H, 4.29; N, 8.52. Found: C, 65.814123;

N, 8.45.

1-Phenyl-3-(H-pyrazol-1-yl)propan-1-one (55a)*°

Following the general procedure (GP-3); 1-phenyp2eyn-1-ol 623
132 mg, 1.0 mmol), pyrazolet9a 136 mg, 2.0 mmol), and cesium
carbonate (326 mg, 1.0 mmol) in toluene (2.0 mL} Weated at 70C

for 1 h. Upon filtration over Celite and evaporatidhe crude mixture
was purified by silica gel column chromatographytiely with hexane: ethyl acetate (3:1)
to afford55a (192 mg) in 96% vyield as pale yellow solid.

mp = 45-46 °C*H NMR (400 MHz, CDCl,) § 7.96 (d,J = 7.6 Hz, 2H), 7.59 (t) = 7.2 Hz, 1H),
7.52 (s, 2H), 7.48 (t) = 7.6 Hz, 2H), 6.23 (s, 1H), 4.63 (= 6.4 Hz, 2H), 3.62 (t) = 6.4 Hz,
2H); °C NMR (101 MHz, CDCly) & 197.3, 139.5, 136.3, 133.4, 130.0, 128.6 (2C),d28C),
105.2, 46.5, 38.8R (KBr) vma 3111, 3063, 2953, 1682, 1448, 1217, 750, 619;dvt6 (El) m/z
(%) 202 (M + 2, 8), 201 (48), 157 (100), 143 (6), 69 (8).

3-(1H-Pyrazol-1-yl)-1p-tolylpropan-1-one (55b):

R Following the general procedure (GP-3);p-1elylprop-2-yn-1-ol
.N

Q N (52b; 146 mg, 1.0 mmol), pyrazolel9a 136 mg, 2.0 mmol), and
/©)K/kH cesium carbonate (326 mg, 1.0 mmol) in toluene (@10 was
Me 55b

heated at 70C for 1 h. Upon filtration over Celite and evapaaf

the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (4:1) to affofsbb (199 mg) in 93% vyield as pale yellow thick liquid.

R = 0.23 (4 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) & 7.83 (d,J = 8.0 Hz, 2H), 7.50 (d,
J=2.0 Hz, 2H), 7.23 (d] = 8.0 Hz, 2H), 6.20 (bt) = 2.0 Hz, 1H), 4.58 (1) = 6.4 Hz, 2H), 3.56
(t, J= 6.4 Hz, 2H), 2.39 (s, 3H}?C NMR (101 MHz, CDCly) § 196.9, 144.3, 139.4, 133.8, 130.0,
129.2 (2C), 128.0 (2C), 105.1, 46.6, 38.6, 2IR6(Neat) vy, 3032, 2951, 1682, 1398, 1089, 978,
752 cm*; MS (El) m/z(%) 216 (M + 2, 35), 215 (M + 1, 100), 147 (8), 101 (3), 91 (3), 69 (6);
Elemental analysiscalcd for GsHi4.N,O: C, 72.87; H, 6.59; N, 13.07. Found: C, 72.916p1;

N, 13.15.
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1-(4-Chlorophenyl)-3-(1H-pyrazol-1-yl)propan-1-one (55c):

FN Following the general procedure (GP-3); 1-(4-chbdrenyl)prop-2-

O "N yn-1-ol 52¢ 166 mg, 1.0 mmol), pyrazold%a 136 mg, 2.0 mmol),

/©)QH and cesium carbonate (326 mg, 1.0 mmol) in tolu@n@ mL) was
Cl 55¢c

heated at 70C for 1 h. Upon filtration over Celite and evaparat

the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (6:1) to affofabc (171 mg) in 73% yield as colorless solid.

mp = 76—77°C; R = 0.14 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.87 (d,J = 8.4
Hz, 2H), 7.50 (s, 2H), 7.42 (d,= 8.4 Hz, 2H), 6.21 (s, 1H), 4.59 {t= 6.8 Hz, 2H), 3.56 (1J =
6.4 Hz, 2H);"*C NMR (101 MHz, CDCls) & 196.2, 139.9, 139.6, 134.6, 130.0, 129.4 (2C),428
(2C), 105.2, 46.4, 38.TR (KBr) vmax 3103, 2924, 1689, 1589, 1400, 754, 617'tMS (EI) m/z
(%) 238 (M + 3, 11), 237 (M + 2, 65), 236 (M + 1, 30), 235 (M, 100), 167 (3), 101 (12), 69
(19); Elemental analysiscalcd for G,H1;CIN,O: C, 61.41; H, 4.72; N, 11.94. Found: C, 61.52; H,
4.66; N, 11.85.

1-(Naphthalen-1-yl)-3-(H-pyrazol-1-yl)propan-1-one (55d):

FN Following the general procedure (GP-3); 1-(naplhl-yl)prop-2-

O O N | yn-1-ol 52d; 182 mg, 1.0 mmol), pyrazoldga 136 mg, 2.0 mmol),

O "| and cesium carbonate (326 mg, 1.0 mmol) in tolu@»@ mL) was
55d

heated at 70C for 2 h. Upon filtration over Celite and evapaat

the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (6:1) to affofsbd (171 mg) in 68% vyield as pale yellow thick liquid.

R = 0.14 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCl5)  8.62 (d,J = 8.8 Hz, 1H), 7.99 (d,
J=8.0 Hz, 1H), 7.86 (dd] = 7.6, 12.8 Hz, 2H), 7.60 (dtd,= 1.6, 1.2, 8.2 Hz, 1H), 7.57—7.52 (m,
3H), 7.47 (tJ = 7.2 Hz, 1H), 6.24 (t) = 2.0 Hz, 1H), 4.68 (t) = 6.4 Hz, 2H), 3.68 (tJ = 6.4 Hz,
2H); °C NMR (101 MHz, CDCl) § 201.1, 139.6, 134.8, 133.8, 133.1, 130.0, 1228,4, 128.1,
128.0, 126.4, 125.6, 124.3, 105.2, 46.9, 41IRB{Neat) vnax 3049, 2951, 1678, 1510, 777, 619
cmy; MS (El) m/z (%) 252 (M + 2, 38), 251 (M + 1, 100), 215 (19), 183 (19), 165 (16), 101
(11), 69 (11);Elemental analysiscalcd for GegH14N,O: C, 76.78; H, 5.64; N, 11.19. Found: C,
76.62; H, 5.58; N, 11.25.
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3-(1H-Pyrazol-1-yl)-1p-tolyl-3-(trimethylsilyl)propan-1-one (57a):

4—\\ Following the general procedure (GP-3); p-lelyl-3-
_N

(trimethylsilyl)prop-2-yn-1-ol $6a 218 mg, 1.0 mmol), pyrazole
/OMTMS (49 136 mg, 2.0 mmol), and cesium carbonate (326 @,

mmol) in toluene (2.0 mL) was heated at @@ for 1 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetét#)(to afford57a(11 mg) in 4% yield
as pale yellow liquid along with5b (186 mg) in 87% yield.

R = 0.74 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) 6 7.80 (d,J = 8.4 Hz, 2H), 7.40 (d,
J=12.8 Hz, 2H), 7.21 (d] = 8.0 Hz, 2H), 6.09 (] = 2.0 Hz, 1H), 4.51 (dd] = 3.2, 10.0 Hz, 1H),
3.92 (dd,J = 10.0, 17.6 Hz, 1H), 3.10 (dd,= 3.2, 17.6 Hz, 1H), 2.39 (s, 3H), 0.10 (s, 9H¢
NMR (101 MHz, CDCl3) 6 198.1, 144.1, 138.9, 134.3, 130.5, 129.2 (2C),228C), 104.2, 49.4,
39.2, 21.6;:-2.9 (3C);IR (Neat) vmax 2951, 1684, 1506, 1182, 844, 748'cmlS (El) m/z (%)
288 (M + 2, 51), 287 (M+ 1, 100), 251 (19), 219 (32), 101 (5), 69 Bemental analysiscalcd
for CigH2N,OSi: C, 67.09; H, 7.74; N, 9.78. Found: C, 67.227H9; N, 9.71.

1-(4-Chlorophenyl)-3-(1H-pyrazol-1-yl)-3-(trimethylsilyl)propan-1-one (57b).

L/—\\N Following the general procedure (GP-3); 1-(4-chbtrenyl)-3-
' (trimethylsilyl)prop-2-yn-1-ol $6b; 239 mg, 1.0 mmol), pyrazole
C|/©)5\7b/kms (49a 136 mg, 2.0 mmol), and cesium carbonate (326 iInQ,

mmol) in toluene (2.0 mL) was heated at 4O for 1 h. Upon

filtration over Celite and evaporation, the crudetore was purified by silica gel column
chromatography eluting with hexane: ethyl acetété)(to afford57b (52 mg) in 17%
yield as colorless liquid along wibc (153 mg) in 65% vyield.

R=0.66 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.81 (d,J = 8.4 Hz, 2H), 7.41 (bd,
J=1.6 Hz, 1H), 7.39-7.33 (m, 3H), 6.08 (Bt= 2.2 Hz, 1H), 4.47 (dd] = 2.8, 10.4 Hz, 1H), 3.93
(dd,J = 10.4, 17.2 Hz, 1H), 3.04 (dd,= 2.8, 17.2 Hz, 1H), 0.09 (s, 9HC NMR (101 MHz,
CDCly) § 197.5, 139.6, 139.0, 135.0, 130.5, 129.5 (2C),8.28C), 104.3, 49.5, 39.23.0 (3C);
IR (Neat) vimax 3103, 2955, 1689, 1589, 1091, 845, 696'cMS (El) m/z(%) 310 (M + 3, 24),
309 (M + 2, 76), 308 (M+ 2, 59), 307 (M, 100), 239 (5), 223 (110, 101 (3), 69 (1Ekemental
analysiscalcd for GsH1CIN,OSi: C, 58.71; H, 6.24; N, 9.13. Found: C, 58.626121; N, 9.21.
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1-(Naphthalen-1-yl)-3-(H-pyrazol-1-yl)-3-(trimethylsilyl)propan-1-one (57c)

F\N Following the general procedure (GP-3); 1-(naplahsl-yl)-3-
O o N (trimethylsilyl)prop-2-yn-1-ol $6¢ 254 mg, 1.0 mmol), pyrazole
O 57¢ e (49g 136 mg, 2.0 mmol), and cesium carbonate (326Infigmmol)

in toluene (2.0 mL) was heated at @@ for 1 h. Upon filtration over

Celite and evaporation, the crude mixture was m@difby silica gel column
chromatography eluting with hexane: ethyl acetéig)(to afford57c (23 mg) in 7% yield
as pale yellow liquid along with5d (180 mg) in 72% yield.

R =0.62 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCls) & 8.34 (d,J = 8.0 Hz, 1H), 7.95 (d,
J=8.0 Hz, 1H), 7.84 (d] = 7.2 Hz, 1H), 7.73 (d] = 7.2 Hz, 1H), 7.59-7.42 (m, 4H), 7.40 (13,

= 1.6 Hz, 1H), 6.13 (bt] = 1.6 Hz, 1H), 4.60 (dd] = 3.2, 11.2 Hz, 1H), 4.06 (dd,= 10.8, 16.8
Hz, 1H), 3.14 (dd,) = 3.2, 16.8 Hz, 1H), 0.13 (s, 9HY¥C NMR (101 MHz, CDCly) & 202.8,
139.0, 136.0, 133.8, 132.6, 130.6, 129.9, 128.3,812127.6, 126.4, 125.5, 124.3, 104.3, 50.1,
42.9,-3.0 (3C):IR (Neat) vmnax 3051, 2955, 1682, 1249, 844, 750, 623'cMS (El) m/z(%) 325
(M* + 2, 32), 324 (100), 288 (5), 255 (27), 165 (201 (5), 69 (14)Elemental analysiscalcd

for CigH2:N,OSi: C, 70.77; H, 6.88; N, 8.69. Found: C, 70.656191; N, 8.61.

1,3-Diphenyl-3-(3-phenyl-H-pyrazol-1-yl)propan-1-one (58ab):

Following the general procedure (GP-3); 1,3-diphgmp-2-yn-1-ol
(38a 208 mg, 1.0 mmol), 3-phenyHtpyrazole 49b; 288 mg, 2.0

mmol), and cesium carbonate (326 mg, 1.0 mmol)loene (2.0 mL)

was heated at 78 for 5 h. Upon filtration over Celite and evaparat
the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (6:1) to affofsBab (293 mg) in 83% yield as colorless solid.

mp = 110-111 °CR; = 0.51 (6 : 1 hexane—EtOAC)d NMR (400 MHz, CDCl,) & 8.02 (d,J =
8.0 Hz, 2H), 7.72 (d) = 8.0 Hz, 2H), 7.56 (t) = 7.2 Hz, 1H), 7.49-7.42 (m, 3H), 7.42-7.37 (m,
2H), 7.34 (tdJ = 1.6, 6.4 Hz, 4H), 7.29-7.22 (m, 2H), 6.52 (B 2.0 Hz, 1H), 6.11 (dd] = 5.2,
8.8 Hz, 1H), 4.61 (dd] = 8.4, 17.2 Hz, 1H), 3.56 (dd,= 5.2, 17.6 Hz, 1H)**C NMR (101 MHz,
CDCl3) 6 196.7, 150.8, 140.7, 136.6, 133.7, 133.2, 13028.71(2C), 128.5 (2C), 128.3 (2C),
128.1 (2C), 127.9, 127.3, 126.7 (2C), 125.5 (20R.9, 61.2, 44.2IR (KBI) vpax 3063, 2920,
1684, 1454, 750, 694 cin MS (El) m/z (%) 354 (M + 2, 51), 353 (M + 1, 100), 263 (5);
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Elemental analysiscalcd for G4H,oN,O: C, 81.79; H, 5.72; N, 7.59. Found: C, 81.655H6; N,
7.88. X-Ray crystallographic analysis confirms streicture ob8ab.

3-(3-(3-Bromophenyl)-H-pyrazol-1-yl)-1,3-diphenylpropan-1-one (58ac):

Following the general procedure (GP-3); 1,3-diphgmp-2-yn-1-ol
> (38a 208 mg, 1.0 mmol), 3-(3-bromophenylitdpyrazole 49¢ 446
o /N}N mg, 2.0 mmol), and cesium carbonate (326 mg, 1.@nim toluene
Ph e Ph (2.0 mL) was heated at 7€ for 5 h. Upon filtration over Celite and
ac

evaporation, the crude mixture was purified bycailigel column
chromatography eluting with hexane: ethyl acetété)(to afford58ac (401 mg) in 93%

yield as colorless solid.

mp = 105-106 °CR; = 0.42 (6 : 1 hexane—EtOAC)d NMR (400 MHz, CDCl,) & 8.01 (d,J =
7.6 Hz, 2H), 7.87 (d) = 1.2 Hz, 1H), 1.57 (dd] = 8.0, 17.2 Hz, 2H), 7.51-7.41 (m, 3H), 7.41—
7.25 (m, 6H), 7.17 () = 8.0 Hz, 1H), 6.49 (d] = 2.4 Hz, 1H), 6.10 (dd] = 4.8, 8.8 Hz, 1H), 4.58
(dd,J=8.8, 17.6 Hz, 1H), 3.52 (dd,= 4.8, 17.2 Hz, 1H)*C NMR (101 MHz, CDCl,) & 196.7,
149.3, 140.4, 136.5, 135.7, 133.2, 131.1, 130.9,992128.7 (2C), 128.5 (2C), 128.3, 128.1 (2C),
128.0, 126.6 (2C), 124.0, 122.5, 103.1, 61.3, 4RI1(KBr) vmax 3063, 2918, 1684, 1452, 995,
752, 688 cnt; MS (El) m/z(%) 434 (M + 2, 30), 433 (M+ 1, 100), 431 (M 100), 257 (8), 255
(8), 209 (67), 145 (16)Elemental analysiscalcd for G4H1BrN,O: C, 66.83; H, 4.44; N, 6.49.
Found: C, 66.75; H, 4.51; N, 6.41. X-Ray crystaligghic analysis confirms the structure58fac

1,3-Diphenyl-3-(3-(trifluoromethyl)-1H-pyrazol-1-yl)propan-1-one (58ad):

Following the general procedure (GP-3); 1,3-diphemp-2-yn-1-ol
(38a 208 mg, 1.0 mmol), 3-(trifluoromethyl)Htpyrazole 49d; 272 mg,

2.0 mmol), and cesium carbonate (326 mg, 1.0 mmdbluene (2.0 mL)

was heated at 80C for 5 h. Upon filtration over Celite and evaparat
the crude mixture was purified by silica gel colusimomatography eluting with hexane:

ethyl acetate (6:1) to affofsBad (272 mg) in 79% yield as colorless solid.

mp = 80-81 °CR; = 0.38 (6 : 1 hexane—EtOACH NMR (400 MHz, CDCls)  7.96 (ddJ = 0.8,
6.4 Hz, 2H), 7.56 (ttJ = 1.2, 6.8 Hz, 1H), 7.50 (bd,= 1.6 Hz, 1H), 7.45 (bt) = 8.0 Hz, 2H),
7.36-7.27 (m, 5H), 6.47 (bd,= 2.0, 1H), 6.11 (ddJ = 5.2, 8.4 Hz, 1H), 4.49 (dd,= 8.4, 17.6
Hz, 1H), 3.61 (ddJ = 4.8, 17.6 Hz, 1H)**C NMR (101 MHz, CDCls) 5 196.3, 142.2 (q] = 58.3
Hz), 139.5, 136.3, 133.5, 131.1, 128.9 (2C), 128®), 128.4, 128.1 (2C), 126.7 (2C), 121.3]d,
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=270 Hz), 104.4, 61.8, 44.6FF NMR (376 MHz, CDCls) 3 —66.54;IR (KBr) vmax 3151, 2947,
1693, 1242, 773, 688 crh; MS (EI) m/z(%) 346 (M + 2, 41), 345 (M + 1, 100), 195 (11), 165
(5), 91 (3);Elemental analysiscalcd for GgHisFN,O: C, 66.27; H, 4.39; N, 8.14. Found: C,
66.15; H, 4.46; N, 8.21.

3-(3-Methyl-1H-pyrazol-1-yl)-1,3-diphenylpropan-1-one (58ae):

Following the general procedure (GP-3); 1,3-diptemp-2-yn-1-ol
(38a 208 mg, 1.0 mmol), 3-methylHtpyrazole 49e 164 mg, 2.0
mmol), and cesium carbonate (326 mg, 1.0 mmol)ploenhe (2.0 mL)

was heated at 78C for 5 h. Upon filtration over Celite and evaparat
the crude mixture was purified by flash column chabtography eluting with hexane:
ethyl acetate (12:1) to affosBae(101 mg) in 35% yield an88ae’'(157 mg) in 54% yield

as pale yellow thick liquids.

R =0.35 (12 : 1 hexane—EtOACH NMR (500 MHz, CDCls) 6 7.98 (d,J = 8.0 Hz, 2H), 7.55 (t,
J=7.5 Hz, 1H), 7.44 () = 5.5 Hz, 2H), 7.35 (d] = 2.5 Hz, 1H), 7.31 (d] = 4.5 Hz, 4H), 7.28-
7.24 (m, 1H), 6.02 (dd] = 5.5, 8.0 Hz, 1H), 5.98 (d,= 2.0 Hz, 1H), 4.41 (dd] = 8.0, 17.5 Hz,
1H), 3.65 (ddJ = 5.5, 17.5 Hz, 1H), 2.24 (s, 3H}C NMR (125 MHz, CDCl,) & 196.8, 148.5,
140.9, 136.7, 133.3, 130.4, 128.7 (2C), 128.6 (ARB.3 (2C), 127.9, 126.7 (2C), 105.1, 60.7,
44.3, 13.81R (Neat) vmayx 2926, 1685, 1450, 1203, 752 ¢nMS (EI) m/z(%) 292 (M + 2, 20),
291 (M + 1, 100), 219 (3), 97 (3Elemental analysiscalcd for GgH1gN,O: C, 78.59; H, 6.25; N,
9.65. Found: C, 78.45; H, 6.31; N, 9.58.

3-(5-Methyl-1H-pyrazol-1-yl)-1,3-diphenylpropan-1-one (58ae’):

R = 0.35 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 8.01 (d,J =
7.2 Hz, 2H), 7.57 () = 7.2 Hz, 1H), 7.46 () = 8.0 Hz, 2H), 7.42 (d)= 1.6
Hz, 1H), 7.37-7.31 (m, 2H), 7.31-7.25 (m, 3H), 6(08,J = 4.4, 8.8 Hz, 1H),
6.03 (s, 1H), 4.66 (dd] = 9.2, 17.6 Hz, 1H), 3.57 (dd,= 4.4, 17.6 Hz, 1H),
2.35 (s, 3H)*C NMR (101 MHz, CDCly) 6 196.9, 141.0, 138.8, 138.1, 136.6, 133.2, 128C},(2
128.5 (2C), 128.2 (2C), 127.6, 126.5 (2C), 10550544.7, 11.0|R (Neat) vma 3030, 2922,
1685, 1448, 752, 698 cmMS (El) m/z(%) 292 (M + 2, 35), 291 (M + 1, 100), 241 (22), 209
(81), 115 (22), 83 (22)Elemental analysisCalcd for GgHgN,O: C, 78.59; H, 6.25; N, 9.65.
Found: C, 78.49; H, 6.21; N, 9.76.
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3-(1H-Indazol-1-yl)-1,3-diphenylpropan-1-one (58af):

Following the general procedure (GP-3); 1,3-diphamp-2-yn-1-ol
(38a 208 mg, 1.0 mmol), H-indazole 49f, 236 mg, 2.0 mmol), and

cesium carbonate (326 mg, 1.0 mmol) in toluene 2L) was heated at

70 °C for 5 h. Upon filtration over Celite and evapaai the crude
mixture was purified by silica gel column chromatgghy eluting with hexane: ethyl
acetate (6:1) to afforfi8af (301 mg) in 92% yield as colorless solid.

mp = 92-93 °CR; = 0.42 (6 : 1 hexane—EtOAZH NMR (400 MHz, CDCls) 6 8.00 (s, 1H), 7.98
(s, 2H), 7.68 (dJ = 8.0 Hz, 1H), 7.52 (t) = 7.6 Hz, 2H), 7.43 (t) = 8.0 Hz, 2H), 7.37-7.20 (m,
6H), 7.10 (tJ = 8.0 Hz, 1H), 6.46 (dd] = 5.2, 8.8 Hz, 1H), 4.67 (dd,= 8.8, 18.0 Hz, 1H), 3.74
(dd, J = 4.8, 17.6 Hz, 1H)*C NMR (101 MHz, CDCl;) § 196.4, 140.7, 139.5, 136.4, 133.1,
132.9, 128.6 (2C), 128.4 (2C), 128.0 (2C), 1278.5 (2C), 126.2, 124.1, 120.8, 120.7, 109.4,
57.3, 44.21R (KBr) vmax 3061, 2916, 1682, 1018, 750, 696 trMS (EI) m/z(%) 328 (M + 2,
41), 327 (M + 1, 100), 241 (5), 209 (67), 151 (3), 119 (1B)emental analysiscalcd for
CxH1gN>O: C, 80.96; H, 5.56; N, 8.58. Found: C, 80.855H1; N, 8.65. X-Ray crystallographic

analysis elucidates the structures8hf.

3-(3-Phenyl-H-pyrazol-1-yl)-1-p-tolylnonan-1-one (58ub):

Ph Following the general procedure (GP-3); 1-p-tolyls#zyn-1-ol
o @u (38u; 230 mg, 1.0 mmol), 3-phenyHtpyrazole 49b; 288 mg,

/@)K)\,?SM'& 2.0 mmol), and cesium carbonate (326 mg, 1.0 mmaipluene
Me 58ub (2.0 mL) was heated at 8C for 92 h. Upon filtration over Celite

and evaporation, the crude mixture was purifiedsbiga gel column chromatography

eluting with hexane: ethyl acetate (9:1) to aff&@®ub (120 mg) in 32% yield as pale
yellow thick liquid.

R = 0.63 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCl,) 6 7.82 (d,J = 8.0 Hz, 2H), 7.76 (dd,
J=1.2, 8.4 Hz, 2H), 7.46 (d,= 2.0 Hz, 1H), 7.35 (t) = 7.2 Hz, 2H), 7.24 (tt) = 1.2, 7.2 Hz,
1H), 7.18 (dJ = 8.0 Hz, 2H), 6.42 (d] = 2.0 Hz, 1H), 4.86—4.80 (m, 1H), 3.83 (dds 7.2, 17.2
Hz, 1H), 3.30 (ddJ = 5.2, 17.2 Hz, 1H), 2.34 (s, 3H), 2.18-2.07 (m, 1HB8-1.78 (m, 1H),
1.37-1.18 (m, 7H), 1.17-1.07 (m, 1H), 0.84J(t 6.8 Hz, 3H);"*C NMR (101 MHz, CDCl,) &
197.4, 151.4, 144.0, 134.3, 134.0, 131.1, 129.2,(228.4 (2C), 128.2 (2C), 127.2, 125.6 (2C),
101.6, 58.5, 43.9, 35.2, 31.6, 28.7, 26.1, 22.5,214.0;IR (Neat) vy 3034, 2928, 1682, 16086,
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1458, 750, 694 cy MS (EI) m/z(%) 376 (M + 2, 54), 375 (M + 1, 100), 263 (3), 231 (19), 177
(11), 145 (19), 91 (3)Elemental analysiscalcd for GsHzN,O: C, 80.17; H, 8.07; N, 7.48.
Found: C, 80.06; H, 8.12; N, 7.56.

3-(1H-Indazol-1-yl)-1-p-tolylnonan-1-one (58uf):

/_Q Following the general procedure (GP-3)p-ielylnon-2-yn-1-ol
o Ny (38u; 230 mg, 1.0 mmol), H-indazole 49f, 236 mg, 2.0 mmol),

/©)J\/kﬁsMe and cesium carbonate (326 mg, 1.0 mmol) in tolugi@é mL)
Me 58uf

was heated at 80C for 60 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (9:1) to aff@8uf (226 mg) in 65% vyield as pale yellow thick
liquid.

R = 0.47 (9 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) § 8.01 (s, 1H), 7.81 (dl = 8.4 Hz,
2H), 7.68 (dJ = 8.0 Hz, 1H), 7.61 (d] = 8.8 Hz, 1H), 7.39 (td) = 0.8, 6.8 Hz, 1H), 7.20 (d,=

8.0 Hz, 2H), 7.12 () = 7.6 Hz, 1H), 5.23-5.32 (m, 1H), 3.85 (dd; 7.2, 17.6 Hz, 1H), 3.46 (dd,
J=5.6, 17.2 Hz, 1H), 2.38 (s, 3H), 2.24-2.13 (m, ,1MP0-1.87 (m, 1H), 1.30-1.13 (m, 7H),
1.05-0.93 (m, 1H), 0.82 (§,= 6.8 Hz, 3H);"*C NMR (101 MHz, CDCly) § 197.3, 144.1, 140.2,
134.2, 133.3, 129.2 (2C), 128.2 (2C), 126.1, 12320.8, 120.4, 109.4, 54.1, 43.8, 35.5, 31.5,
28.8, 26.1, 22.5, 21.6, 13.R (Neat) vya 3059, 2928, 1682, 1608, 1014, 740 5MS (EI) m/z
(%) 350 (M + 2, 62), 349 (M + 1, 100), 263 (14), 231 (57), 151 (11), 119 (IBemental
analysiscalcd for G3H,gN,O: C, 79.27; H, 8.10; N, 8.04. Found: C, 79.458H6; N, 8.12.

1,3-Diphenyl-3-(1H-1,2,4-triazol-1-yl)propan-1-one (66)%°

N_\\N Following the general procedure (GP-3); 1,3-diptemp-2-yn-1-ol
o N’ (38a 208 mg, 1.0 mmol),H-1,2,4-triazole %9; 138 mg, 2.0 mmol),

and cesium carbonate (326 mg, 1.0 mmol) in tolugn® mL) +

06 DMF (0.5 mL) was heated at 8@ for 24 h. Upon filtration over

Celite and evaporation, the crude mixture was m@daifby silica gel column
chromatography eluting with hexane: ethyl acetaté:1) to afford66 (162 mg) in 58%

yield as pale yellow solid.

mp = 77-78 °CH NMR (400 MHz, CDCl;) § 8.20 (s, 1H), 7.96 (d] = 8.0 Hz, 2H), 7.92 (s,
1H), 7.56 (tJ = 7.6 Hz, 1H), 7.50-7.32 (m, 7H), 6.20 (dd; 4.8, 9.2 Hz, 1H), 4.44 (dd,= 8.8,
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17.6 Hz, 1H), 3.63 (dd] = 4.4, 17.6 Hz, 1H)**C NMR (101 MHz, CDCly) § 195.8, 151.6, 143.5,
138.7, 136.0, 133.7, 129.0 (2C), 128.7 (2C), 12828.1 (2C), 126.9 (2C), 58.9, 43IR (KBr)
Vmax 2922, 1685, 1502, 1006, 754, 690 £nMS (EI) miz (%) 279 (M + 2, 30), 278 (M + 1,
100), 241 (16), 209 (57), 105 (8), 70 (8).

1,3-Diphenyl-3-(H-1,2,3-triazol-2-yl)propan-1-one (67)"

Following the general procedure (GP-3); 1,3-diptemp-2-yn-1-ol
(38a 208 mg, 1.0 mmol),H-1,2,3-triazole §0; 138 mg, 2.0 mmol),

O O and cesium carbonate (326 mg, 1.0 mmol) in tolug@n® mL) +
DMF (0.5 mL) was heated at 8@ for 60 h. Upon filtration over

Celite and evaporation, the crude mixture was m@difby silica gel column
chromatography eluting with hexane: ethyl acetété)(to afford67 (166 mg) in 60%
yield and67' (31mg) in 11% yields as colorless solids.

mp = 90-91 °C*H NMR (400 MHz, CDCl;) § 7.95 (d,J = 7.6 Hz, 2H), 7.59-7.49 (m, 3H), 7.41
(t, J = 8.0 Hz, 2H), 7.35-7.22 (m, 5H), 6.51 (dds 5.2, 9.2 Hz, 1H), 4.51 (dd,= 9.2, 18.0 Hz,
1H), 3.69 (ddJ = 5.2, 18.0 Hz, 1H)**C NMR (101 MHz, CDCl,) & 195.6, 139.3, 136.2, 134.0
(2C), 133.3, 128.7 (2C), 128.5 (2C), 128.1, 1280)( 126.5 (2C), 63.8, 43.8R (KBI) Vimax
3063, 2908, 1682, 1332, 960, 750, 687'cMS (EI) m/z(%) 279 (M + 2, 15), 278 (M + 1, 52),
241 (6), 209 (100), 79 (5), 68 (5).

1,3-Diphenyl-3-(1H-1,2,3-triazol-1-yl)propan-1-one (67")

r mp = 147-148 °C*H NMR (400 MHz, CDCl)  7.96 (d,J = 8.0 Hz, 2H),
o ~nh 7.68 (s, 1H), 7.61 (s, 1H), 7.57 §t= 7.6 Hz, 1H), 7.45 (t) = 7.6 Hz, 2H),
O O 7.39-7.29 (m, 5H), 6.32 (dd,= 4.8, 8.4 Hz, 1H), 4.65 (dd,= 8.4, 17.6

Hz, 1H), 3.74 (dd) = 5.2, 18.0 Hz, 1H)**C NMR (101 MHz, CDCl;) &
195.7, 139.0, 136.1, 133.8, 133.6, 129.0 (2C), 128C), 128.1 (2C), 127.1, 126.8 (2C), 124.2,
60.3, 44.21R (KBr) vmay 3097, 1682, 1213, 752, 690, 549 &nMS (EI) m/z (%) 280 (M + 3,
14), 279 (M + 2, 35), 278 (M+ 1, 100), 156 (3), 123 (5).
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3-(1H-Benzo[][1,2,3]triazol-1-yl)-1,3-diphenylpropan-1-one (68)

N@ Following the general procedure (GP-3); 1,3-diptemp-2-yn-1-ol
o NZN (38a 208 mg, 1.0 mmol),H-benzotriazoleql; 238 mg, 2.0 mmol),

and cesium carbonate (326 mg, 1.0 mmol) in tolugn® mL) +
68

DMF (0.5 mL) was heated at 8@ for 24 h. Upon filtration over

Celite and evaporation, the crude mixture was m@daifby silica gel column
chromatography eluting with hexane: ethyl acetdté)(to afford68 (147 mg) in 45%
yield as light yellow solid an@i8' (33 mg) in 10% vyield as yellow thick liquid.

mp = 85-86 °C'*H NMR (400 MHz, CDCl3) 5 8.01 (d,J = 8.4 Hz, 1H), 7.97 (d] = 7.2 Hz, 2H),
7.53 (s, 1H), 7.51 (] = 3.6 Hz, 1H), 7.45-7.35 (m, 5H), 7.35-7.22 (m, 464p0 (dd,J = 4.8, 8.8
Hz, 1H), 4.86 (dd, = 8.8, 18 Hz, 1H), 3.89 (dd = 4.8, 17.6 Hz, 1H)**C NMR (101 MHz,
CDCl3) & 195.7, 145.9, 138.9, 135.9, 133.4, 132.8, 128(®),(228.5 (2C), 128.3, 128.0 (2C),
127.1, 126.5 (2C), 123.9, 119.6, 109.8, 58.1, 4R2AKBI) vnax 3061, 2924, 1687, 1267, 920,
746 cm*; MS (El) m/z(%) 228 (M + 1, 100), 196 (46), 183 (14), 100 (6).

3-(2H-Benzo[][1,2,3]triazol-2-yl)-1,3-diphenylpropan-1-one (68:

Q 'H NMR (400 MHz, CDCl3) § 8.02—7.30 (m, 14 H), 6.78 (dd= 5.0, 9.0
/ \

Hz, 1H), 4.73 (dd,) = 9.0, 18.0 Hz, 1H), 3.89 (dd,= 5.0, 18.0 Hz, 1H);
N. .N
N

Q ¥C NMR (101 MHz, CDCly) & 195.5, 144.1 (2C), 138.8, 136.2, 133.5,
130.9, 128.9 (2C), 128.7 (2C), 128.2 (2C), 1268)(2126.2 (2C), 118.2

il (2C), 65.7, 44.1JR (KBF) vmax 3063, 2930, 1582, 1332, 960, 700, 687
cm®; MS (El) m/z(%) 328 (M + 1, 100), 277 (14), 191 (22), 108 (6), 67 (6).

3-(1H-Imidazol-1-yl)-1,3-diphenylpropan-1-one (69)*’

[g Following the general procedure (GP-3); 1,3-diptemp-2-yn-1-ol
O N (38 208 mg, 1.0 mmol), imidazolé?, 136 mg, 2.0 mmol), and
O o O cesium carbonate (326 mg, 1.0 mmol) in toluene (@5 + DMF

(0.5 mL) was heated at 8@ for 48 h. Upon filtration over Celite

and evaporation, the crude mixture was purifiedsbiga gel column chromatography
eluting with hexane: ethyl acetate (1:1) to affé@(28 mg) in 10% vyield as pale yellow

solid.
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mp = 147-148 °C'*H NMR (400 MHz, CDCl3) 8 7.92 (d, J = 7.2 Hz, 2H), 7.52 = 7.2 Hz,
1H), 7.39 (t,J = 8.0 Hz, 3H), 7.35-7.23 (m, 4H), 7.23-7.16 (m, 16490 (s, 2H), 4.84 (= 6.8
Hz, 1H), 4.22 (dd) = 7.6, 18.0 Hz, 1H), 3.58 (dd,= 6.0, 18.0 Hz, 1H)**C NMR (101 MHz,
CDCl3) & 198.2, 149.4, 141.6, 136.6, 133.2 (2C), 128.8 (22B.5 (2C), 128.1 (2C), 128.0 (2C),
127.1 (2C), 44.1, 40.0R (KBr) vmayx 3040, 1682, 1462, 752, 688, 553 VS (EI) m/z(%) 278
(M* + 2, 46), 277 (M+ 1, 100), 209 (3), 157 (5), 69 (2).

1,3-Diphenyl-3-(1H-pyrrol-1-yl)propan-1-one (70):

ﬂ Following the general procedure (GP-3); 1,3-dipthemp-2-yn-1-ol
Q N (384 208 mg, 1.0 mmol), pyrrole68;, 134 mg, 2.0 mmol), and
cesium carbonate (326 mg, 1.0 mmol) in toluene fA.p) was heated
70

at 70°C for 1 h. Upon filtration over Celite and evaparat the
crude mixture was purified by silica gel column amatography eluting with hexane:

ethyl acetate (6:1) to affortD (146 mg) in 53% vyield as pale yellow solid.

mp = 89-90 °CR; = 0.57 (6 : 1 hexane—EtOAC NMR (400 MHz, CDCl;) 6 7.95 (dJ= 7.6
Hz, 2H), 7.59 (tJ = 8.2 Hz, 1H), 7.48 (t) = 7.8 Hz, 2H), 7.37—7.25 (m, 3H), 7.22 (b= 7.2 Hz,
2H), 6.79 (s, 2H), 6.17 (s, 2H), 5.990t 6.8 Hz, 1H), 3.96 (dd] = 7.2, 17.2 Hz, 1H), 3.80 (dd,

= 6.4, 17.2 Hz, 1H)**C NMR (101 MHz, CDCly) & 196.2, 141.1, 136.5, 133.5, 128.8 (2C), 128.7
(2C), 128.0 (2C), 127.8, 126.4 (2C), 119.7 (2CB.4q2C), 58.2, 44.8R (KBr) vmax 3059, 2924,
1680, 1269, 723, 634 cinMS (El) m/z (%) 277 (M + 2, 5), 276 (M + 1, 24), 156 (100), 129
(13), 105 (15), 97 (33)Elemental analysiscalcd for GgH;/NO: C, 82.88; H, 6.22; N, 5.09.
Found: C, 82.75; H, 6.28; N, 5.15.

1-Phenyl-3-(H-pyrrol-1-yl)Jundecan-1-one (71):

Following the general procedure (GP-3); 1-pheny&ma-yn-1-ol
ﬂ (38s 244 mg, 1.0 mmol), pyrrole68, 134 mg, 2.0 mmol), and

WMG cesium carbonate (326 mg, 1.0 mmol) in toluene (BlQ) was
71

heated at 80C for 5 h. Upon filtration over Celite and evapaaf

the crude mixture was purified by silica gel colusimomatography eluting with hexane:

ethyl acetate (19:1) to affoi@ll (180 mg) in 58% yield as brown color solid.

mp = 41-42 °CR; = 0.52 (19 : 1 hexane—EtOAJH NMR (400 MHz, CDCl3) § 7.88 (d,J = 7.2
Hz, 2H), 7.56 (bt] = 7.6 Hz, 1H), 7.44 (bt) = 7.6 Hz, 2H), 6.72 (s, 2H), 6.11 (s, 2H), 4.63 (bt,
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= 7.2 Hz, 1H), 3.46 (dd] = 6.4, 17.2 Hz, 1H), 3.32 (dd,= 6.8, 17.2 Hz, 1H), 1.81 (bd,= 6.4
Hz, 2H), 1.35-1.15 (m, 12 H), 0.86 {t= 6.4 Hz, 3H);**C NMR (101 MHz, CDCl;) § 197.4,
136.7, 133.2, 128.6 (2C), 128.0 (2C), 118.9 (20).8 (2C), 55.7, 45.7, 36.2, 31.8, 29.3, 29.2
(2C), 26.1, 22.6, 14.1R (KBr) vmax 3130, 2922, 1680, 758 cmMS (EI) m/z(%) 312 (M + 1,
49), 311 (100), 269 (8), 210 (Flemental analysiscalcd for GH,NO: C, 80.98; H, 9.38; N,
4.50. Found: C, 80.78; H, 9.41; N, 4.61.

1-Phenyl-3-(H-pyrrol-1-yl)heptan-1-one (72):

R Following the general procedure (GP-3); 1-phenytizpn-1-ol
o N (38y; 188 mg, 1.0 mmol), pyrrole68, 134 mg, 2.0 mmol), and

Me
W cesium carbonate (326 mg, 1.0 mmol) in toluene ifA.) was heated
72

at 80°C for 3 h. Upon filtration over Celite and evapayai the

crude mixture was purified by silica gel column amnatography eluting with hexane:

ethyl acetate (19:1) to affoi®® (99 mg) in 39% yield as brown color solid.

mp = 47-48 °CR; = 0.47 (19 : 1 hexane—EtOA¢}i NMR (400 MHz, CDCls) 6 7.90 (d,J = 7.2
Hz, 2H), 7.57 (tJ = 7.2 Hz, 1H), 7.45 (t) = 7.6 Hz, 2H), 6.75 () = 2.4 Hz, 2H), 6.14 () = 2.0
Hz, 2H), 4.72-4.59 (m, 1H), 3.49 (diiz 6.4, 17.2 Hz, 1H), 3.34 (dd= 6.8, 17.2 Hz, 1H), 1.93-
1.76 (m, 2H), 1.43-1.19 (m, 3H), 1.19-1.05 (m, 16187 (t,J = 6.8 Hz, 3H);"*C NMR (101
MHz, CDCl3) § 197.4, 136.7, 133.3, 128.6 (2C), 127.9 (2C), 1180®), 107.8 (2C), 55.7, 45.7,
35.9, 28.3, 22.2, 13.9R (KBI) vmax3059, 2957, 1682, 1448, 725, 690 tMS (El) m/z(%) 257
(M* + 2, 35), 256 (100), 238 (51), 189 (5), 136 (149, (8); Elemental analysiscalcd for
Ci7HiNO: C, 79.96; H, 8.29; N, 5.49. Found: C, 79.858H2; N, 5.41.

1-Phenyl-3-(H-pyrrol-1-yl)propan-1-one (73):3®

Following the general procedure (GP-3); 1-phenyg2eyn-1-ol 62g
132 mg, 1.0 mmol), pyrrole68; 134 mg, 2.0 mmol), and cesium
carbonate (326 mg, 1.0 mmol) in toluene (2.0 mL}¥ \Wwaated at 70C

for 1.5 h. Upon filtration over Celite and evapaaf the crude mixture
was purified by silica gel column chromatographytiely with hexane: ethyl acetate
(12:1) to afford73 (18 mg) in 9% vyield as brown color semi-solid at&i (39 mg) in 24%
yield as brown thick liquid.
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'H NMR (400 MHz, CDCly) § 7.93 (d,J = 8.0 Hz, 2H), 7.59 (t) = 8.0 Hz, 1H), 7.47 () = 8.0
Hz, 2H), 6.73 (s, 2H), 6.16 (s, 2H), 4.39Jt 6.8 Hz, 2H), 3.46 () = 6.8 Hz, 2H);"*C NMR
(101 MHz, CDCl) & 197.4, 136.4, 133.4, 128.7 (2C), 127.9 (2C), 122@), 108.3 (2C), 44.2,
40.5; IR (Neat) vmnax 3057, 2935, 1678, 1498, 1284, 1089, 748, 621;addS (EI) m/z (%) 201
(M* + 2, 24), 200 (M+ 1, 100), 182 (5), 156 (3), 80 (8).

2-((1H-Pyrrol-1-yl)methyl)-1,5-diphenylpentane-1,5-diong73’):

—@ R = 0.34 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCls) § 7.91-7.82 (m,
o "N"| 4H), 7.54 (tJ = 7.2 Hz, 2H), 7.42 (t) = 7.6 Hz, 4H), 6.63 (tJ = 1.6 Hz, 2H),

O 6.06 (t,J = 2.0 Hz, 2H), 4.38 (gJ = 9.6 Hz, 1H), 4.15-4.04 (m, 2H), 3.01-2.89
(m, 1H), 2.89-2.76 (m, 1H), 2.29-2.18 (m, 1H), 2200 (m, 1H);*C NMR

O ° (101 MHz, CDCk) & 202.2, 199.1, 136.7, 136.5, 133.5, 133.1, 128Q),(2
78 J 1285 (2C), 128.1 (2C), 127.9 (2C), 120.9 (2C),.508C), 51.2, 47.3, 35.0,
25.1;IR (Neat) vnax 3061, 2928, 1680, 1448, 1089, 727, 690'cMS (EI) m/z(%) 332 (M + 1,
50), 314 (100), 265 (40), 212 (16), 200 (20), 128)(Elemental analysiscalcd for G,H,;NO.:
C, 79.73; H, 6.39; N, 4.23. Found: C, 79.65; H]16I8, 4.35.

1-Phenyl-3-(H-pyrrol-1-yl)-3-(trimethylsilyl)propan-1-one (74):

ﬂ Following the general procedure (GP-3); 1-phenyl-3-

(trimethylsilyl)prop-2-yn-1-ol $6a 204 mg, 1.0 mmol), pyrrole6g;
WTMS 134 mg, 2.0 mmol), and cesium carbonate (326 mg,mMmol) in
74

toluene (2.0 mL) was heated at 70 for 1.5 h. Upon filtration over
Celite and evaporation, the crude mixture was m@daifby silica gel column
chromatography eluting with hexane: ethyl aceta@1) to afford74 (47 mg) in 17%
yield as light brown liquid and3 (39 mg) in 19% yield and3' (49 mq) in 29% yield.

R = 0.66 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) § 7.89 (d,J = 3.6 Hz, 2H), 7.56 (t,
J=7.2 Hz, 1H), 7.45 (t) = 7.6 Hz, 2H), 6.63 (s, 2H), 6.08 (s, 2H), 4.34 (#id,4.4, 9.6 Hz, 1H),
3.63 (ddJ=9.6, 17.2 Hz, 1H), 3.21 (dd;= 4.4, 17.2 Hz, 1H), 0.10 (s, 9HJC NMR (101 MHz,

CDCl3) 8 197.9, 136.7, 133.1, 128.6 (2C), 128.0 (2C), 122@), 107.5 (2C), 46.9, 40.43.0

(3C); IR (Neat) vmax 2957, 1687, 1251, 979, 842, 721, 628cmS (EI) m/z (%) 274 (M + 3,

16), 273 (M + 2, 51), 272 (M + 1, 100), 254 (11), 237 (110, 205 (14), 152 (198, (3);

Elemental analysisCalcd for G¢H,;,NOSI: C, 70.80; H, 7.80; N, 5.16. Found: C, 70.H8:7.76;

N, 5.21.
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3-(1H-Indol-1-yl)-1-phenylheptan-1-one (75):

FQ Following the general procedure (GP-3); 1-phenytiepn-1-ol
o /N (38y; 188 mg, 1.0 mmol), indolég; 234 mg, 2.0 mmol), and cesium

©)WM8 carbonate (326 mg, 1.0 mmol) in toluene (2.0 mL}¥ \weated at 80
75

°C for 17 h. Upon filtration over Celite and evapgam, the crude

mixture was purified by silica gel column chromatgghy eluting with hexane: ethyl
acetate (19:1) to afford5 (177 mg) in 58% vyield as pale yellow thick liquadd75' (36

mgq) in 12% yield as brown color thick liquid.

R =0.43 (19 : 1 hexane—EtOA¢H NMR (400 MHz, CDCls) § 7.85 (d.J = 7.6 Hz, 2H), 7.60 (d,
J=8.0 Hz, 1H), 7.54-7.44 (m, 2H), 7.39 (Bt 7.6 Hz, 2H), 7.23-7.16 (m, 2H), 7.08Jt= 7.2

Hz, 1H), 6.52 (dJ = 2.4 Hz, 1H), 5.15-5.05 (m, 1H), 3.55-3.40 (m, 2R{P4—1.90 (m, 2H),
1.36-1.18 (m, 3H), 1.13-1.01 (m, 1H), 0.80J(t 6.4 Hz, 3H);"*C NMR (101 MHz, CDCl,) &
197.3, 136.5, 135.9, 133.3, 128.6 (2C), 128.5,49XC), 124.7, 121.4, 120.9, 119.3, 109.8, 101.9,
52.2, 44.7, 34.9, 28.3, 22.3, 13IR; (Neat) vmax 3055, 2957, 1658, 1460, 1307, 740, 690'ctMS

(El) m/z(%) 307 (M + 2, 46), 306 (M + 1, 100), 236 (5), 209 (8), 91 (1®lemental analysis
calcd for GiH,3NO: C, 82.58; H, 7.59; N, 4.59. Found: C, 82.457H5; N, 4.51.

3-(1H-Indol-3-yl)-1-phenylheptan-1-one (75":

R =0.13 (19 : 1 hexane—EtOACH NMR (400 MHz, CDCl3) § 7.99-7.93
(bs, 1H), 7.90 (dJ = 8.0 Hz, 2H), 7.69 (d] = 8.0 Hz, 1H), 7.51 () = 7.6

Hz, 1H), 7.40 (tJ = 7.6 Hz, 2H), 7.33 (t) = 8.0 Hz, 1H), 7.18 (t) = 7.6

Hz, 1H), 7.10 (tJ = 7.6 Hz, 1H), 7.01 (s, 1H), 3.72-3.61 (m, 1H), 3(da,
J=6.4,16.0 Hz, 1H), 3.34 (dd,= 7.2, 16.4 Hz, 1H), 1.91-1.77 (m, 2H), 1.33-1.234i1), 0.82

(t, J = 6.8 Hz, 3H);”®*C NMR (101 MHz, CDCl;) § 199.9, 137.3, 136.5, 132.8, 128.4 (2C), 128.0
(2C), 126.6, 121.8, 121.2, 119.5, 119.4, 119.1,2,145.3, 35.2, 32.9, 29.9, 22.7, 14R;(Neat)
Vmax 3416, 3057, 2928, 1682, 1454, 740 ¢S (EI) m/z(%) 307 (M + 2, 46), 306 (100), 236
(5), 209 (8), 91 (10)Elemental analysiscalcd for G;H,sNO: C, 82.58; H, 7.59; N, 4.59. Found:
C, 82.71; H, 7.52; N, 4.65.

75'
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3-(2-Methyl-1H-indol-1-yl)-1-phenylheptan-1-one (76):

Me Following the general procedure (GP-3); 1-phenyttiepn-1-ol
o Me
©/“\fN N (38y; 188 mg, 1.0 mmol), 2-methylHtindole @5 262 mg, 2.0
mmol), and cesium carbonate (326 mg, 1.0 mmol)loene (2.0
76

mL) was heated at 80C for 48 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting
with hexane: ethyl acetate (12:1) to affgi6l(132 mg) in 41% yield as brown color thick
liquid.

R = 0.27 (12 : 1 hexane—EtOACH NMR (400 MHz, CDCl5) § 7.99 (bs, 1H), 7.93 (dl = 7.6
Hz, 2H), 7.81-7.73 (m, 1H), 7.53 &= 7.2 Hz, 1H), 7.41 (&) = 8.0 Hz, 2H), 7.31-7.23 (m, 1H),
7.21-7.13 (m, 2H), 3.73-3.60 (m, 2H), 3.46 (d¢,8.8, 18.4 Hz, 1H), 2.37 (s, 3H), 2.15-2.02 (m,
1H), 1.98-1.85 (m, 1H), 1.45-1.20 (m, 4H), 0.89J(& 6.4 Hz, 3H);*C NMR (101 MHz,
CDCl3) 6 200.4, 137.2, 135.5, 132.6, 131.4, 128.3 (2C),422C), 127.0, 120.3, 118.8, 118.6,
113.4, 110.5, 44.6, 34.7, 32.8, 30.2, 22.5, 131%B;1R (Neat) vmax 3055, 2928, 1680, 1462, 742,
690 cm’; MS (El) m/z(%)320 (M + 1, 100), 232 (38), 199 (65), 200 (100), 144 (@32 (5);
Elemental analysiscalcd for G,H,sNO: C, 82.72; H, 7.89; N, 4.38. Found: C, 82.59;7H81; N,
4.43.

1,3-Diphenyl-3-(phenylamino)propan-1-one (77§°

@ Following the general procedure (GP-3); 1,3-diphgmyp-2-yn-1-ol
O HN (38a 208 mg, 1.0 mmol), aniline39; 186 mg, 2.0 mmol), and
O O cesium carbonate (326 mg, 1.0 mmol) in toluene (@10 was

heated at 70C for 12 h. Upon filtration over Celite and evapara,

the crude mixture was purified by silica gel colusimomatography eluting with hexane:
ethyl acetate (9:1) to afford7 (72 mg) in 24% vyield as colorless solid.

mp = 165-166 °C'*H NMR (400 MHz, CDCl3) § 7.96-7.87 (m, 2H), 7.57 (1§, = 1.2, 7.2 Hz,
1H), 7.51-7.41 (m, 4H), 7.34 @,= 8.0 Hz, 2H), 7.29-7.22 (m, 1H), 7.15-7.05 (m, 26{B8 (t,J
= 7.2 Hz, 1H), 6.57 (dd] = 0.8, 8.4 Hz, 2H), 5.02 (dd,= 5.2, 7.6 Hz, 1H), 4.57 (bs, 1H), 3.52
(dd,J = 5.2, 16.0 Hz, 1H), 3.43 (dd,= 7.6, 16.0 Hz, 1H)*C NMR (101 MHz, CDCl;) § 198.2,
147.0, 142.9, 136.7, 133.4, 129.1 (2C), 128.8 (2AQR.7 (2C), 128.2 (2C), 127.3, 126.3 (2C),
117.7, 113.8 (2C), 54.8, 46.8 (KBr) vmax 3385, 3024, 2918, 1670, 1599, 1290, 744, 686;cm

MS (EI) m/z(%) 300 (M — 1, 100), 284 (5).
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1,1'-(1,4-Phenylene)bis(3-phenyl-3-@A-pyrazol-1-yl)propan-1-one) (79):

Following the general procedure (GP-3); 1,1-(1,4-
phenylene)bis(3-phenylprop-2-yn-1-oly& 338 mg, 1.0
mmol), pyrazole 49a 272 mg, 4.0 mmol), and cesium

carbonate (652 mg, 2.0 mmol) in toluene (4.0 mLswa

heated at 70C for 1 h. Upon filtration over Celite and evapavat the crude mixture was
purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (3:1) to
afford 79 (265 mg) in 56% vyield as light brown solid.

mp = 173-174 °CR; = 0.28 (3 : 1 hexane—EtOACH NMR (400 MHz, CDCI;) & 8.01 (s, 4H),
7.47 (ddJ = 1.6, 10.0 Hz, 4H), 7.42—7.30 (m, 10H), 6.22)( 2.0 Hz, 2H), 6.08 (dd] = 4.8, 8.4
Hz, 2H), 4.52 (dd,] = 8.8, 17.6 Hz, 2H), 3.58 (dd,= 5.2, 17.6 Hz, 2H)**C NMR (101 MHz,
CDCly) § 196.2 (2C), 140.4 (2C), 139.8 (2C), 139.2 (2C)9.12(2C), 128.8 (4C), 128.4 (4C),
128.1 (2C), 126.6 (4C), 105.7 (2C), 60.7 (2C), 426); IR (KBr) vmax 3063, 2918, 1687, 1398,
754, 626 cnt; MS (El) m/z(%) 476 (M + 2, 16), 474 (M, 61), 473 (41), 406 (51), 353 (51), 338
(100), 238 (3), 96 (3)Elemental analysiscalcd for GoH.eN4O,: C, 75.93; H, 5.52; N, 11.81.
Found: C, 75.86; H, 5.49; N, 11.68.

1,1'-(1,4-Phenylene)bis(3-@-indazol-1-yl)-3-phenylpropan-1-one) (80):

\

Following the general procedure (GP-3); 1,1'-(1,4-
Qﬁ phenylene)bis(3-phenylprop-2-yn-1-oly& 338 mg, 1.0
N~N N-N

O mmol), H-indazole 49f; 472 mg, 4.0 mmol), and cesium
O 0 0 O carbonate (652 mg, 2.0 mmol) in toluene (4.0 mLswa
80

heated at 70C for 1 h. Upon filtration over Celite and

evaporation, the crude mixture was purified bycailgel column chromatography eluting

with hexane: ethyl acetate (3:1) to aff@@ (276 mg) in 48% vyield as yellow thick liquid.

R = 0.50 (3 : 1 hexane—EtOACH NMR (400 MHz, CDCI;) 6 8.07—8.02 (m, 6H), 7.72 (d,=
8.0 Hz, 2H), 7.53 (dJ = 8.8 Hz, 2H), 7.41-7.25 (m, 12 H), 7.15Jt 7.6 Hz, 2H), 6.49 (dd] =
4.4, 8.8 Hz, 2H), 4.75 (dd,= 8.8, 17.6 Hz, 2H), 3.74 (dd,= 4.4, 17.6 Hz, 2H)**C NMR (101
MHz, CDCl3) 4 196.2 (2C), 140.5 (2C), 139.7 (2C), 139.5 (2C)3.03(2C), 128.7 (4C), 128.3
(4C), 127.8 (2C), 126.5 (4C), 126.3 (2C), 124.2)(2120.9 (2C), 120.8 (2C), 109.4 (2C), 57.4
(2C), 44.6 (2C)IR (Neat) vmay 3061, 2924, 1687, 1498, 1024, 740 5rvMS (El) m/z (%) 576
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(M* + 1, 14), 575 (M, 35), 457 (20), 339 (100), 151 (51), 119 (&Aemental analysiscalcd for
CsgH3oN4O: C, 79.42; H, 5.26; N, 9.75. Found: C, 79.52; 215N, 9.68.

1.5.7. X-Ray Crystallography: Single crystal X-Ray data for the compousthh 58ac
and 58af were collected using the detector systev(Mo-Ka) = 0.71073 A] at 298K,
graphite monochromator with @ scan width of 0.3 crystal-detector distance 60 mm,
collimator 0.5 mm. The SMART softwdfavas used for the intensity data acquisition and
the SAINTPLUS Softwarewas used for the data extraction. In each cassprption
correction was performed with the help of SADAB®gmam?° an empirical absorption
correction using equivalent reflections was perfednwith the program. The structure was
solved using SHELXS-9% and full-matrix least-squares refinement againsStwas
carried out using SHELXL-9% All non-hydrogen atoms were refined anisotropicall
Aromatic and methyl hydrogens were introduced doutated positions and included in

the refinement riding on their respective pareatret.
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Table 1.12. Crystal Data.
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3

Compoundl Compound?2 Compound3
Identification code 58ab 58ac 58af
Formula Ca4H20N20 G4H10BrN2O CooH18N20O
Fw 352.42 431.31 326.38
T (K) 298(2) 298(2) 298(2)
A (A) 0.71073 0.71073 0.71073
Crystal system Monoclinic Triclinic orthorhombic
Space group P21/c P-1 Pca2(1)
a(A) 10.9862(9) 8.4392(16) 19.7487(16)
b (A) 19.4309(13) 9.3575(16) 9.7599(8)
c(A) 9.9118(9) 13.599(3) 18.4670(12)
a (%) 90.00 103.140(16) 90.00
e 115.173(10) 91.434(16) 90.00
y(©) 90.00 104.756(15) 90.00
V (A% 1914.9(3) 1007.4(3) 3559.4(5)
Z 4 2 8
Pealcd (Mg Mi°) 1.222 1.422 1.218
u (mm?) 0.075 2.057 0.076
F (000) 744.0 440.0 1376.0
Crystal Size (mm) 0.20 x 0.18 x 0.16.22 x 0.18 x 0.120.24 x 0.22 x 0.1¢
20 range/deg 3.09/24.68 2.83/28.95 2.93/29.15
Reflections collected | 3254 4434 6639
Unique reflections 2181 1946 3376
Completeness to82A%) | 24.68 (100) 28.95 (100.0) 29.15 (100)
Trmax Tmin 1.00000, 0.91047| 1.00000, 0.66383 0.9865, 0.982
Parameters 248 253 460
GOF (F) 1.068 0.983 1.040
R1, wR2[I>2 o(1)] 0.0962, 0.1026 0.1253, 0.1669 0.0918, 0.117¢
R1, wR2(all data) 0.0371, 0.0620 0.0634, 0.1573 0.0551 86

Largest diff. Peak

0.118and -0.114

0.288 and 4.5

10.097 and -0.104
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Silver(I)-Catalyzed Reaction between
Pyrazole and Propargyl Acetates:
Stereoselective Synthesis of Scorpionate
Ligands E-Allyl-gem-Dipyrazoles (ADPs)

Abstract

chlorobenzene

OAc (/_\\ AgNO;
)
N 80°C

suzuki reaction
in aqueous media
0.1 mol% catalyst

ADPs

- i‘ﬂ 20 examples
|Pd(||)-scorpionate complexl

The reaction between readily accessible pyrazaepaopargyl acetates in the presence of
Ag(l) catalyst yielded a new class Bfallyl-gemdipyrazole scorpionate ligands, 1-aryl-2-
N-pyrazolyl allyl acetates and 1,3-dipyrazolyl-3{gpyopene. The reaction showed broad
substrate scope, and various functional and piotedroups are tolerated under the
reaction conditions. The palladium(ll) scorpionatenplex could thus be easily prepared

and successfully employed in Suzuki-Miyaura crassptings in water.



Chapter 2

Reference:

M. Bhanuchandra, Malleswara Rao Kuram and Akhil&&hoo
(Manuscript Submitted)
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Silver(l)-Catalyzed...

2.1. Introduction

Propargyl alcohols readily undergo nucleophilic sitbtion because of the presence of
hydroxyl and alkyne functionalities and hence canubed for the facile construction of

complex molecular frameworKs.

The Nishibayashi group reported the propargylicssitigion reaction using the thiolate-
bridged diruthenium complexA). The reaction between propargyl alcohab)( and
amide, amine, thiol or diphenylphosphine oxidehia presence of catalyst-A furnishes the

propargylic substitution produdtin good to excellent yields (Scheme 2:).

N 1
A (5 mol%) ! i *Cp, Cp*
0,
\\ +  Nu w» ©)\\\ E /Ru7Ru
1a DCE, 60°C 3 ! Mes/l |\SMe
Nu = Ar-SH, Ar-NH,, EtOH A = [Cp*RuCI(£5-SR);RUCpP*Cl] 5 o] A Cl
PhCONHMe, HP(O)Ph, (Cp*) = 1°-CsMes; R = Me :
[RLIJ]—['TU]
cl Cl
A
1alNH4BF4
+
[RlIJ]—[REI
Ph)\\ Cl
3 AN
H H,0
4 Ph
1a
+
+ [Ru]—[REI
Ru—Rul | L.,
Lot pn
7 H™ Y Ph
5
+
[RLI’]_[RU_]I NuH
Cl
6 H
Ph

Scheme 2.1Propargylic Substitution Reaction Catalyzed by Biemnium Complex.

104



Chapter 2

The reaction initiates with the formation of virddéine complex4 from diruthenium
complexA and propargyl alcohdla in the presence of NfBF,. The elimination of KO
from 4 generatesllenylidene comple¥®. The attack of nucleophile at the jgatom in5
resulted another vinylidene compléx Complex6 is then transformed tg’*-coordinated
propargylic tautomef7. Finally, propargylic substituted produ8tis liberated with the

generation of Ru-complex for the next catalyticley&cheme 2.1).

The copper-catalyzed enantioselective propargyhemation of propargyl acetatéa is
reported by Maarseveen and co-workeéfEhe nitrogen containing chiral tridentate ligand

8 is employed in this strategy.

NHAr | |
Cul-8 : 0 NGO
N DIPEA A NG Phu.<’l \J...ph
- % :
N v ARz TeoR, 20°C N N N—/
2a 9 ' PR 8 Ph
PN \\
9
cu'L,
R 10 iPrzEtN
+
/PrzEtNH3

2Ar

CU Ln 1
A

Cu L
ArNH, 2 ™

/=|=|=Cu L1 "0OAc

Scheme 2.2Enantioselective Copper-Catalyzed Propargylic Artama

In the first step, the ligated copper complex cowtes to the triple bond of propargyl
acetates formingrcomplex 10. The copper coordination lowers the ptalue of the

acetylenic hydrogen atom, allowing facile deprotmraof 10 with base and forms the
copper acetylidd 1. The loss of acetate moiety frad delivers electrophilic intermediate

12. The attack of amine nucleophile 1@ generated 3. The facial blockage of copper-
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Silver(l)-Catalyzed...

pybox complex in12 determines the outcome of the regio- and enamdicihaty.
Protodemetalation df3 produces desired compoufiéind regenerates the catalyst for the

next cycle (Scheme 2.2).

A similar report from the Nishibayashi group dentostes the copper-catalyzed
asymmetric propargylic substitution reaction of gamgylic acetate®a with amines.
Chiral ligand R)-Cl-MeO-biphep {4) is used in this asymmetric reaction (Scheme¥.3).

! Cl
CUOTf (CeHe)o 5 (5 MoI%) NMeAr O
A 14 (10 mol%) s | MeO PPh,
X + Ar-NHMe ~— > X | MeO i PPh,

2a MeOH, 0 °C 15 ol
(R)-Cl-MeO-biphep (10 mol%) 14

Scheme 2.3Copper-Catalyzed Enantioselective Propargylic Artama

In 2004, the Uemura group demonstrated an eleggumbach for the synthesis of a variety
of substituted oxazoles by using Ru- and Au- catdysequential reaction between
propargyl alcoholla and amides16.X” The reaction begins with the Ru-catalyzed
propargylic substitution of acetamidegf with 1ato give propargylic amid&7. Next, the
AuCl; assists in the isomerization @7 to the allene intermediat&8. Finally, gold-
catalyzed intramolecular cyclization @8 furnishes the oxazole derivativ&9 (Scheme
2.4). An alternate pathway involves the intramolacib-exodig cyclization of amide
carbonyl to Au-coordinated triple bond df7 followed by protodemetalation and
tautomerisation to yield9 (path 2; Scheme 2.4).

Z A (2.5 mol%) Ph H
Ph\// HoN path2  Ph N
HBF, (5 mol%) N
+ \n/ . > I\ 5-exo-dig \ﬂ/
0 AuCl3 (20 mol%) o) Au--- |\_/O
1a 16 DCE, 60°C 19 u o
TAUCI3
AN /Cp* H H
- ' Phe N Ph N
Ru /RU ! AuCl
L | A
MeS™™ A\ : O  path o)
cl  Cl SMe. Il
A ! 17 18

Scheme 2.4Synthesis of Substituted Oxazoles from PropargM@ohols and Amides.
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Zhan et al. reported an efficient one-pot stratEgythe synthesis of substituted oxazole
derivatives 23 from propargyl alcohol20 and amides21 with the influence ofp-
toluenesulfonic acid monohydrate as bifunctionalalgat’™ The PTSA successfully
catalyzes the tandem propargylation/cycloisomaasateactions; the reaction proceeds
with the participation of intermedia®? (Scheme 2.5).

)\ HN R2 PTSA, toluene
Ph N 4 M2 reflux 0.5-5h
X \n/ one-| pot )\RZ

20 R 0]
R'=H/TMS 21
)
HN” "R2
Propargylation Ph A Cycloisomerization
' -H,0 = 22 R’ 5-exo-dig
Alkynyl-amide

Scheme 2.5PTSA-Catalyzed Propargylation/ Cycloisomerizati@andem Reaction.

A regioselective propargylamineg6 is obtained from propargyl alcohd?4 and
tosylamine or carbamates under the influence ofaaol moisture stable rhenium-oxo
complex®® Following this strategy, a series of 2-phenyl pier 27) derivatives,
structurely related to Lipoxygenase Inhibitors, amsily synthesizetf. For instance:
rhenium-catalyzed reaction df-allyl methyl carbamate2b) with propargyl alcohok4
furnishes26. The desilylation, reduction of triple bond to foleby Lindlar’s catalyst, and
finally ring-closing metathesis followed by oxidagi aromatization with DDQ allows the

synthesis of the desired pyrrole derivatd#&(Scheme 2.6).

J ANF AF
MeO™ N (dppm)ReOCl; (5 mol%) N
, 25 NH,PFs (5 mol%) . \
MeCN, 65 °C 26
a. K;,CO3, MeOH
\\ b. Pd/BaSQy, quinoline, Hy
TMS | c. Grubbs catalyst, DCM, rt
24
HN
<)  d.DDQ PhMe MeOJLN
e. NaOH, EtOH /
27

Scheme 2.6Re(V)-Catalyzed Propargyl Substitution with Carbtesa
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R
S AgOTf (10 mol%)
RZ\ + J
28 R*” “NH, PhCI reflux )\R“

R3
29
3
.\ JSL AgOTf (10 mol%) Ph’i_
+
Ph)\ R*” TNH; PhCI reflux )\R4 )\R4
R*=H/TMS 32
0 1. FeCls (10 mol%) R!
CH;CN
R + 4Jl\ . > / '\\l
\\ R NH> 2. Lawesson's reagent )\R4
R3 34 toluene R? S
36

R%=Pn/alkyl / TMS S, s
33 7N

Lawesson's reagent 35

Scheme 2.70ne-pot Synthesis of Substituted Thiazoles fronp&mgyl Alcohols.

The silvertriflate catalyzed reaction of propargidohols with thioamide20) offers one-

pot synthesis of various substituted thiazo8-82 and36) (Scheme 2.7)°

HQN“*'\n,R4 R2
1 path A R’

R _— o S} N
RZ/W R ® \ R ! »\R4
g/ 37 )3'(::\ [Aglt S

R2™ K R® | 30
KNH [Agl* g

[Ag]*
- 39 - 40

Scheme 2.8Proposed Mechanism (path A and path B) for thel@gi$ of Thiazole.

The reaction initiates with the formation of proggrcation37 from the corresponding
propargyl alcohol under the influence of cationig(h. In Path A: propargyl catioB7
isomerizes to allenyl catiad8. The attack of sulfur atom of thioami@e to they-position

of 38 followed by the Sexoadig mode cyclization —NKof thioamide gives the thiazoBe.

108



Chapter 2

In path B, the sulfur atom in thioamide attacksedily to the propargyl catiol7.
Subsequently, Bxodig mode cyclization of amido group to the silver ¢jordinated
alkyne complex39 delivers40. Finally, protodemetalation followed by isomeripat of
40 furnishes thiazol82. The reaction of secondary propargyl alcohof$<Rikyl or aryl)
or tertiary propargyl alcohols with Ag-catalyst migi adopts the Path AScheme 2.8).
Because of the involvement of either the non-sizgd allenyl cation intermediag8 (R®
= H) or the hindrance posed due to the steric pabfithe trimethylsilane group at tige
position of intermediat88 (R* = TMS), the secondary propargyl alcohols havirey &=
TMS or H follows the Path B (Scheme 2.8).

The Path C involves the reaction of am8fewith propargyl catior87 giving the alkynyl-
amide 41. In the presence of Lawesson's reagdit,readily converted to alkynyl-
thioamide 42. Subsequently, cycloisomerisation 4P delivers the final producB6

(Scheme 2.9).

s N

R
R*” “NH, 34 HN/&O Lawesson's /& N
( path C reagent HN S 7\
— - . )\R4
RI——=—r"| R~ R "N RO ws O
- R® N
R% 37 41 42 R 36

Scheme 2.9Proposed Mechanism (path C) for the Synthesis aiZte.

0
] 0 -
+ _S<. LOH FeCl3 (5 mol%) - l}j 0
Ph N Ph™ 11N then EtsN (3 equiv) ph/K/)\R3
AN , o H
DCM, reflux, 2 h

R
5 43 44 47
R” = Ar / Alkyl
FeCl; (5 mol%)
DCM, reflux A
PhOé\N,OH . _OH
\ then Et3N (3 equiv) NI
DCM, RT .
Ph ! \\ . t Ph \\
45 R 46 g3

Scheme 2.100ne-pot Synthesis of Isoxazoles from Propargy! Adds.

The base inducefl-elimination of the sulfone moiety of propargyl mggylamines 45)
affords propargyl oximed6, which subsequently undergoefdadig cyclization to give

the isoxazole47 (Scheme 2.10). The compourb obtained through iron-catalyzed
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propargylic substitution of bi-nucleophild-sulfonyl-protected hydroxylamind4 with
propargyl alcoho#i3 (Scheme 2.10%

The isoxazolinest8 are obtained in good yields whel3 and 44 reacted with FeGl
followed by NaAuCl)-2H,O in the presence of pyridine instead ofNEbase (Scheme
2.11).

PhO,S,

0
I FeCls (5 mol%)
+ S, -OH s . N=Q
Ph)\ PRTIN NaAUCl,-2H,0 (5 mol%) ph A ~rs

43 R3 pyridine (10 mol%)
R3 — Ar/AIkyI 44 DCM, reﬂUX, 2h 48
PhOQS\ ,OH NaAuCI4 2H20
FeCls (5 mol%) N pyridine
DCM, reflux )\ DCM, reflux
Ph
AN .
45 R

Scheme 2.110ne-pot Synthesis of Isoxazolines from ProparggioAbls.

Tsuchimoto group reportd the AgOTf or Zn(OJ6atalyzed addition of pyrazolé@) to
terminal-alkyne49 for the synthesis ojemdipyrazolylalkane$1 via double addition of
pyrazole to alkyne€ The mono-addition products2 is also obtained in poor yield
(Scheme 2.12).

R
AgOTf (5 mol%) or Me .
— (l N Zn(OTH), (10 mol%) e \'I'
R=——= + N > 74 ) \ N +
H PhCl, 130 °C =N N= N\N
51 <\__// 52

49 50
Scheme 2.12Lewis Acid Catalyzed Double Addition of PyrazoleAtkynes.

In the presence of AgNQ (terminal alkynes) or AgOTf (internal alkynes),eth
Markovnikov's and anti-Markovnikov’'s hydroaminatioproducts 54 and 55 were
obtained when pyrazole reacted with the correspandikynes, respectively (Scheme
2.13).

1 2
AgNO; (5 mol%) or Ry _R
R—=—=—Rr2 + (I )\N AGOTF (20 mol%) pam 1,—(
N PhCI, 130 °C N R*+ R N
53 H ) I \ Nl \
2_H: AgNO 50 N X
R4 = ) 3
= Alkyl; AGOTf 54 55

Scheme 2.13Lewis Acid Catalyzed Mono Addition of Pyrazole tdkgnes.
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The above reports demonstrate the efficient syrghasfunctionalized heteroarenem
sequential propargyl substitution and cyclizatiomsaade. In principle, the reaction
between propargyl acetate and NH-heteroarenessoffex formation of 1) propargyl
heteroarenes through substitution of the alcoholygrby the NH-heteroarene; 2) 1,2-
disubstituted allyl acetates via hydroaminatiorttef NH moiety with the alkyne; 3) 1,3-
di-substituted allenes via attack of the heter@aaglthe terminal position of the alkyne;
and 4) allylgemdiheteroaryl- and 1,3-diheteroaryl-substitutedpames through attack of
the NH heteroarene on the situ generated allene. Thus, various functionalized
heteroarenes can be practically realized via alesistgp reaction between propargyl

acetates and NH-heteroarenes as sketched in S¢hiéfe
2.1.1. Precedents for Reaction between Propargyl @dhol and NH-Heteroarenes

Recently, Shi and co-workers demonstrated the sgighof propargyl-1,2,3-triazol&§)
using iron-catalyzed €0 bond activation of propargylic alcohd$. *° Furthermore, the
Cu-catalyzed [3+2]-click reaction between the akkynoiety in58 and the azide installs

another triazole skeleton produciég)(Scheme 2.14).

N ’ ~~:\‘
- N\
A )\ . r:’ ‘I]:N\N FeClz (10 mol%) ‘N
r — Ty
X, R~y MeCN, 90 °C
56 R H Ar \\
R = Ar/ Alkyl / TMS 57 58 R’

~

R sodium ascorbate (10 mol%)
+ N3_R f ' Ar N‘\
)\ BuOH-H,0 | °N
Ar N
59

™S 60 61}

R
R L}
N_\S\ CuSO; (5 mol%) RN
N 4
N

Scheme 2.14FeCk-Catalyzed 1,2,3-Triazole Propargylation.

Allene triazole derivatives are successfully systbhed by Shi's group through iron
catalyzed regioselective addition of triazof)(to tertiary propargyl alcohol§82.%° The
di-substitution at the propargylic position increaghe steric hindrance and thus allows
the preferential attack of triazole to the termipasition of alkyne furnishing the desired

allene triazole derivative®3 (Scheme 2.15).
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Silver(l)-Catalyzed...

SSe N Ar2 R3
r, |]: ‘\N FeCls (10 mol%) ',__C
— = ~
Ry~  DCE 60°C R4 N~ Ty
H Ar N\O:[| ,J
57 63 N7 ¥

Scheme 2.15Synthesis of Allene Triazoles from Propargylic Atcds.

2.1.2. Design Plan

Our recent work in the development of novel reaxgiof propargyl alcohols inspired us to

explore the Lewis acid catalyzed reaction betwempargyl acetate and pyrazdlaVe

anticipated the formation of the rarely observedirbgmination compound 1-aryl-2-

pyrazolyl allyl acetat&4 (path 1), 1-aryl-3-pyrazolyl alleneB( path Il), and propargyi-

pyrazole 67, path Ill) (Scheme 2.16). Furthermoceattack of pyrazole on the transiently

formed allene pyrazolB could afford E)-allyl-gemdipyrazoleq65) (ADPs), a new class

of scorpionate-type ligandswhereasy-attack of pyrazole could afforde)l-1,1'-(3-

arylprop-1-ene-1,3-diyl)bis@-pyrazole) 66) (Scheme 2.16).
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Scheme 2.16Reaction between Propargyl Acetate and Pyrazole.
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Chapter 2

2.1.3. Applications of Scorpionate-type Ligands

Interestingly, thegemdipyrazolyl derivatives exhibited analgesic andi-arflammatory
activities? The two adjacent nitrogen atoms@B give strong chelation ability to the metal,
and the complexes are useful in accomplishing uaritalytic organic transformation$.
For example, scorpionate ligand bis-(1-pyrazolyfimee (bpm) coordinated cationic
iridium complex 69) is successfully employed for protecting the hygtogroup with
Et;SiH (Scheme 2.177

OH OSiEt; | <N_N, <O | 5o©
Me _ [Ir] (0.4 mol%) Me | ‘I, 4
+ EtsSiH @ ———— > e . 7N\
©)\ : THF, RT ©)\ N—N" co

68 ° _@ 69 |

BPM = bis-(1-pyrazolyl)methane {[Ir(BPM)(CO)2]+ (BPh4_) }

Scheme 2.17Protection of -OH group with E$iH

Cationic rhodium and iridium complexeg ¢helated by bis-(1-pyrazolyl)methane (bpm),
are efficiently used for the hydroamination. Forstance: the intramolecular
hydroamination of the —Njgroup in 4-pentyn-1-amin&{) with alkyne-moiety under the
cationic complexes [Rh(bpm)(C)BPhy]™ or [Ir(bpm)(CO)] [BPhy] " yielded 2-methyl-
1-pyrroline 3) (Scheme 2.18F

—— 8 [M] (1.5 mol%) Q
p/ N
< THF, 60 °C N~ Me M BPh,
NH, 7N
71

BPM = bis-(1-pyrazolyl)methane
M=Rh/Ir

\
.,

73 N—N" co
| i
| IMBPM)(CO),l (BPhy)}

Scheme 2.18Intramolecular Hydroamination
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Importantly, some of the Pt-coordinated complexesned anticancer activities (Figure
2.1)/

(0]
H3N\Pt _Cl H3N\P 0 HN O O
DLy { Pt :/’/
HsN
3 cl HN % HNT N
. . O
C'SP'at";(”) Carboplatin (75) Nedaplatin(76)
N2 0 0 Ha [0) Il-\llz (0]
o I N_ O e Np/
N Pt 7 N\
”2 0 o) N/ o 5 ) m 0
. . H2 2 O
Oxaliplatin(77) Lobaplatin(78) Heptaplatin(79)

Figure 2.1: Anticancer Platinium (II) Complexes

In 1969, Rosenberg et al discovered the antitumaug ddsplatin (74) [(cis-
dichlorodiamino platinum(ll)]. This anticancer drug widely used against testicular,
ovarian cancers and other human solid tumors. Hewele poor solubility of cisplatin in

water appeals for the development of alternate veatieible platinum complexes.

Carboplatin (75) [cis-diamino(1,1'-cyclobutanedicarboxylato)paltinum)](lis the second

generation cisplatin analogous of antitumor platincompound. Interestingly, the
carboplatin have the better solubility in waterrthasplatin showing strong antitumor
effect.

The nedaplatin (76) [cis-diamino(glycolato)platinum (ll)] is in the precigal studies.
Owing to the high cytotoxicity nature, tlodinically approved nedaplatin is used for the
treatment of non-small cell lung cancer, uterusceanneck, and head cancers etc. The

carboplatinandnedaplatinare the second generation antitumor drugs.

Oxaliplatin (77) [(1,2-diaminecyclohexane)oxalate platinum (18] the third generation
platihnum drug with lower myelo- and nephrotoxicigompared to cisplatin and

carboplatin, however, it is highly neurotoxic.

Lobaplatin (78) [1,2-diaminomethyl-cyclobutane-platinum(ll)-latth shows remarkable
cytotoxicity against animal tumor test systemsisltused for the treatment of chronic

myeloid leukemia and lungs cancers.
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Heptaplatin (79 {cismalonato[¢R5R)-4,5-bis(aminomethyl)-2-isopropyl-1,3-
dioxolane]platinum(ll)} is a newly developed platim derivative, reported to be less

toxic than cisplatin.

Looking into the utility of the various Pt-complexshown in Figure 2.1, it reveals that the
replacement of monodentate ammonia ligand by dlkigged nitrogen bidentate ligands
and chloride anions by aliphatic or alicyclic dizaxylate anions imisplatinenhances the

activity of the platinum anticancer drugs.

As discussed in Scheme 2.16, the synthesis of Bl ©5), 1-aryl-2N-pyrazolyl-allyl
acetate §4), and 1,3-dipyrazolyl-3-aryl propenesq) from propargyl acetates and
pyrazoles in the presence of Aghi® reported herein.

2.2. Results and Discussion
2.2.1. Reaction Optimization:

To start with 1-phenylprop-2-ynyl acetat2al and pyrazole 50) were independently
reacted in the presence of various Lewis acids0at@ for 24 h. The details of the
optimization studies are shown in Table 2.1. Treetien betweerza (1.0 equiv) and0
(5.0 equiv) with 10 mol% AgOTTf in chlorobenzene gwoed E)-allyl-gemdipyrazoles
(ADPs) 65a in 41% vyield, 1-phenyl-N-pyrazolyl allyl acetate64a (18%), and 1,3-
dipyrazolyl-3-phenyl propené6a (20%) with incomplete consumption 8a (entry 1).
Gratifyingly, 65a 64a 66a and unreacte@a were easily isolated through flash column
chromatography in pure form. Incomplete conver®b2a and poor overall yield of the
products 64-66a were noticed, when Cu(OTf) In(OTf);, and CuNQHO were
independently employed (entries4). To our delight, reaction with AgNQlelivered an
improved vyield of65a (58%), though64a and 66a were also isolated in 21% and 11%
yields, respectively (entry 5). A trace amount aiqucts64-66awere noticed in GC-MS,
when the reaction conducted with AgCI (entry 6);evdas AgCO; or AgBF, influenced
moderately (entries 7 and 8). Of various Ag-sakangined, AgNQ@ was found to be
effective (entry 5). Worthy mentioning that, we didt observe even a trace of propargyl-
N-pyrazole67. We next explored the effect of solvents. Incortgnversion ofa with
the formation of moderate amount@Ba was observed, when polar aprotic solvents such

as THF, CHCN and DMF were used (entriesX). The reaction in DCE was poor (entry
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12). The use of different amount of pyrazole waghir investigated. The loading of
lower amount of pyrazole, from 5.0 to 2.0 or 4.Qiggled to65awith slightly decreased
yield (entries 13 and 14An enhanced yield o86a was observed, when 6.0/8.0 equiv of
50 was employed (entries 15 and 16). We thereforel &s@ equiv of pyrazole in this
transformation. The reaction of propargyl-O-pivelatith pyrazole produce@4 (47%),
65a (39%) and66a (6%), on the basis of GC-MS analysis. A reversadrof product
selectivity was observed when O-Boc protected pgppaalcohol reacted with pyrazole;
64 (16%),65a(21%) ands6a (52%).

Table 2.1: Optimization of Reaction Condition8

OAc OAc [=
\\ catalyst (10 mol%) N N
F>h)\\\ * A/:’\N solvent Ph)\ITQ”“ AN + Ph)\é\N'N\
b e " OO
64a a 66a
: AL

entry eggiv catalyst solvent 643 yle|25(a/0' 663
1 5.C AgOTf chlorobenzer 18 41 20
2 5.C Cu(OTf) chlorobenzer <1 <5 <2
3 5.C In(OTf)3 chlorobenzer <1 <6 <3
4 5.C CuNGC3.H0 chlorobenzer <2 <8 <7
5 5.C AgNO3 chlorobenzent 21 58 11
6 5.C AgCl chlorobenzer <2 <9 <6
7 5.C Ag,CQC3 chlorobenzer 13 25 12
8 5.C AgBF, chlorobenzer 17 35 18
9 5.C AgNO; THF 18 36 16
10 5.C AgNO; CH3CN 10 37 29
11 5.C AgNO; DMF 22 38 17
12 5.C AgNO; 1,2-DCE 08 20 12
13 2.C AgNQO3 chlorobenzer 25 43 08
14 4.0 AgNQO3 chlorobenzer 21 55 10
15 6.C AgNO3 chlorobenzer 20 53 18
16 8.C AgNQO3 chlorobenzer 21 51 19

®Reactions were carried out usifg (0.5 mmol), catalyst (10 mol%) in solvent (0.5 ndt)80°C

for 24 h."isolated yields.
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2.2.2.Scope of the Reaction

The optimized catalytic condition shown in entry Tgble 2.1 (10 mol% AgN©Iin
chlorobenzene at 8C) was finally selected in screening the reactietwieen a series of
propargyl acetate) and pyrazole50). The effect opara-substitution on the aryl-moiety
in propargyl acetate on AgNCratalyzed reaction with0 was examined at first. The
results are summarized in Table 2.2. The electertral 1-phenylprop-2-ynyl acetat2aj
reacted withb0 to give 64-66ain overall good yields, with the isolation of 548665a
The electon withdrawing substituents such as Ff@Qligs at the-position on aryl moiety
in 2b/2c reacted effectively wittb0 and the corresponding allyl acetatetb—c and di-
pyrazolyl bearing compound$5b-c and 66b—c) were obtained in good overall yields.
The electron rich 4-methyl-propargyl acetate redetéh 50 under the catalytic condition
to furnish65d in 48% yield.

Table 2.2 AgNO; Catalyzed Reaction betwegara-Substituted Propargyl Acetates and
Pyrazolé”®

OAc F> [/ “N
No % N'

N

64a, 25% 65a, 54% \\> \\>

66a, 9%

N
m \\7 Ww
F
64b, 20% 65b,54% . 66b, 8% =

L

Me

S
64d, 22% Me 65d, 48% — Me 66d, 14%

Reactions were carried out usirgy (1.0 mmol), 50 (5.0 mmol), AgNQ (10 mol%) in
chlorobenzene (1.0 mL) at 8C for 24 hIsolated yield.
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Next, we examined the effect ofetagroups on aryl moiety in propargyl acetate to the
synthesis of desired ADPs products (Table 2.3). rElaetion of propargyl acetates having
electron donating methoxy or phenoxy groups at3#p@sition on aryl ring wittb0 gave

the corresponding ADPs65¢e and 65f in 56%, and 63% yields, respectively. The free

phenol-OH moiety did not affect the reaction outcome, &mel corresponding phenol

products64—-66gwere isolated in 83% overall yield.

Table 2.3 AgNO; Catalyzed Reaction betweemetaSubstituted Propargyl Acetates and
Pyrazolé”®

OAc I5> U }N [/ }N
MeO N< N N
MeO NS N MeO N, N
64e, 24% 65e, 56% — 66e, 6%

OAc F> N
HO N< N'
HO. =
649, 23% 659, 6% =

,N

TBSO TBSO. ., N

N7

64h, 21% \\7 &7
65h, 49% 66h, 10%

MOMO. Q
MOMO. MOMO.
64i, 21% \\7
65i, 58% 66i, trace

OAc F> N,N ,N
/
ACO Ny AcO AcO _N
) o) &
S—
OH 64g, 20%° OH 659, 51%° on 669, 11%°

®Reactions were carried out usir®y (1.0 mmol), 50 (5.0 mmol), AgNQ (10 mol%) in
chlorobenzene (1.0 mL) at 8€ for 24 h."Isolated yield.°Deprotection of acetyl group was

observed.
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Although annulation between phenols and propartpgdhels in the presence of a Lewis
acid is known to furnish benzofurahspt even a trace amount of benzofuran was formed
under the optimized reaction condition. Gratifyyyglhe hydroxyl protected groups O-
TBDMS and O-MOM were survived during the reactiord dhe corresponding products
64-66h and 64-66i were obtained in good yields. Since phenolic sst&e more labile
than the esters obtained from the alcofloke expect cleavage of the phe@hcetate

group in this Ag-catalyzed transformation.

Table 2.4 AgNO; Catalyzed Reaction betweentho-Substituted Propargyl Acetates and

Pyrazolé”®
Me OAc = Z/ }N Z/ \N
I~ Me N Me N’
N _ N ©/K¢\N,N
<) \)
~ S—
64k, 27% 65k, 38% 66k,10%
\ \
Br OAc F> /,N /,N
N‘N/ Br N Br N
\\‘) \\\7
o S
641, 20% 651, 50% 661, trace =
Cl  OAc = !\ {
P rd
1y, cl Cl N
N N N N, N
cl = =
64m, 15% Cl 65m, 66% cl 66m, trace
Cl OAc = [l )N C/ EN
1y, Cl N Ccl N
N _ _N ~. N
) <
cl = =
0,
64n, 12% cl 65n,51% cl 66n, trace
\ \
/ Z/ N
N N

0

640, 23%

650, 48%

660, 16%

®Reactions were carried out usiry (1.0 mmol), 50 (5.0 mmol), AgNQ (10 mol%) in
chlorobenzene (1.0 mL) at 8C for 24 h’Isolated yield.

As anticipated, the acyl group was cleaved underehaction conditions to affo@#-66g

To investigate the effect obrtho-substitution, the optimized reaction condition was
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subsequently applied to a range of propargyl aeetafivingortho-substituted arenes
(Table 2.4). The ADP$5k containing electron donating methyl groups at &{pan of
aryl moiety was obtained albeit in moderate yidlde electron withdrawing-bromo and
o,p-dichloro groups on aryl moiety in the propargyketates were reacted individually
with 50 and the corresponding produ&4-66! and 64-66m were isolated in 70% and
81% overall yields, respectively. Moreover, thectem between sterically demanding 1-
(2,6-dichlorophenyl)-prop-2-ynyl acetaten) and50 enabled64n (12%) and65n (51%)

in overall moderate amount.-xXay crystallographic analysis unambiguously elueida
the structure 065n. The 1-naphthyl substituted ADBSowas obtained in 48% vyield. The
structure o640 and66owas confirmed based on-Ky crystallographic analysis (Figure
2.2).

Figure 2.2 ORTEP Diagrams d@5n, 640and660

Next, the reactions of heteroaryl and labile-fume#l group-substituted propargyl acetates
with 50 under the optimized catalytic conditions are padsand the results are detailed in
Table 2.5. Generally, coordination of tBeheteroatom to the Lewis acid has a negative
impact on the reaction outcortfeGratifyingly, thienyl-2-substituted propargyl aatt2p
reacted with50 under the optimized conditions to affoédp, 65p, and 66p, albeit in
relatively good yieldsl2%, 55%, and 7%, respectively. The formyl groug ot affect
the reaction and the corresponding prodéets65q are obtained in 73% isolated yield.
The optimized condition tolerates the labile 1,8xdlane protecting group, furnishing
64-66r in 77% overall yield. The electron-rich methylereq substituted propargyl
acetate2sreacted sluggishly witB0, delivering 10%, 50%, and 17% 64s 655 and 665
respectively. These experimental results revealttigaelectronic as well as steric effect on

the aryl group in propargyl acetates did not inflcee much to the reaction outcome.
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Table 2.5 AgNO; Catalyzed Reaction between Heteroaryl/ Functigmalp-Substituted
Propargyl Acetates and PyraZtle

m " C,/\)\ @MN'N\
S64p, 12% \\7 \_s \§>

65p, 55% 66p, 07%

N N
N7
0 <
o) 0
64r, 20% o 65r, 43% 66r, 14%

OAc F> / )N / )N
o N % N N
<Om " <O S l\\]’\N\7 <O Z N'N\

64s, 10%° O 65s, 50%° 0 66s, 17%°

®Reactions were carried out usiry (1.0 mmol), 50 (5.0 mmol), AgNQ (10 mol%) in

chlorobenzene (1.0 mL) at 8C for 24 hIsolated yield°Reaction continued for 53 h

However, the reaction of alkyl-propargyl acetatéhvsO gave the Markovnikov’s and anti-

Markovnikov’s hydroamination produc€git and64t’, respectively (scheme 2.1%).

OAc F> IR
N\N/ OAc "N’
=

64t, 19% 64t 25%
Scheme 2.19Reaction with Alkyl Propargyl Acetates
2.2.3.Synthetic Applications

With the isolation of the produc&! and ADP<65, the hydrogenation of the double bond
in 64 and65 is next investigated. For example: hydrogenatibd-naphthalen-1-yl)-2-
(1H-pyrazol-1-yl)allyl acetate64o) with Pd/C, in the presence of; Halloon in MeOH
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furnished a mixture of equal amount of diasteresnod a-heteroarylated alcohdo, a
key skeletons found in various azole bearing amghl agent$' (Eq. 1, Scheme 2.20).
Similarly 65a was hydrogenated under the identical conditiongdycing gem-
dipyrazolyl alkane81 in 98% yield (Eq. 2, Scheme 2.20). The gem-dipytdzalkanes
exhibit anti-inflammatory actiors.

OAc = O OH F>
Ne 2 Ha (ballon), 10% PAIC Nef "
O MeOH, RT O

640 80, 89% yield; (dr 1:1)

4

N

(/ \
N’N
NS H, (ballon), 10% Pd/C »
N,N\ , (ballon), 10% . ,\\1\1\1\7 ¥
\§7 MeOH, RT -~
65a

81, 98% yield

Scheme 2.20Hydrogenation Reactions.

Thus, the reaction between propargyl acetates amdzple offered a wide array of
stereoselective scorpionate ligartesllyl-gemdipyrazoles (ADPs) in moderate to good
yields (Tables 2:22.5). The presence of double bond and two adjadeatbms in ADPs
offers the structural rigidity of these newly syesgized scorpionate ligands. We therefore
envisioned examining the chelation ability of ADi®sthe transition-metal. Gratifyingly,
the reaction of650 with PdC} in CH;CN at room temperature readily delivered the
palladium complex82 as a pale yellow solid, in quantitative yield (8ofe 2.21). The

structure 082 was confirmed based on-Kay crystallographic analysis.

P
X ToHeN it R

\\7 5 h, 89% e e
650

__PdCh,

Scheme 2.21Complexation with PdGl

To demonstrate the utility of the newly synthesizedhplex, we explored examining this
scorpionate-ligand-bearing Pecbmplex 82 to the well known Suzuki-Miyaura biaryl

cross-couplings (Table 2.8). Gratifyingly, the coupling reactions proceeded the
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presence of 0.1 mol% of cataly82 in aqueous KCO; at 80 °C. To investigate the
catalytic activity of complex82 in H,O system, at first the coupling between the
phenylboronic acidg4a) and substituted aryliodide83) is examined. The electron-rich
4-iodoanisole §3a) coupled with 84a to afford the cross-coupled produ8baa in
excellent yield. The electronically poor trifluorethyl group atpara-position on
aryliodide 83b and 84a underwent Suzuki reaction efficiently, and theresponding
product 85ba is isolated in good yield. Interesteingly, theris@ly congested bi-aryl
product 85ca is isolated in excellent yields, when the reactaamried out between 2-
iodotoluene 8309 and84aunder the influence d@2. It is reported that heteroaryl halides
show a slower reaction rate due to the potentiadibg nature of heteroatom to the metal
center resulting in the formation of inactive suait-metal compleX Interestingly, the 2-
iodothiophene §3d) cross-coupled with84a and the corresponding heterobiaryl
compoundd5da afforded in 80% yield. These results show thateleetron-rich, -poor,
sterically hindered, and heteroaryl iodid&swere effectively coupled witB4a under the
reaction condition. We next studied the effect ab&tituents on aromatic ring in
arylboronic acids with 4-iodoanisol83a) (Table 2.6).

Table 2.6 Suzuki Coupling between various Aryliodides andlBoyonic Acids®”

l B(OH), 0 R'; — 2
R1 f \ . pett N catalyst 82 (0.1 mol/o): SEN /R
g g K,COs, H,0, 80 °C — \ //
83a—d 84a—d 85
J O 99
~N
\_s
MeO
85aa, 97% 85ba 72% 85ca, 94% 85da, 80%

A ST U

85ab,95% 85ac, 86% 85ad, 96% a

Reactions were carried out usifg (3.0 mmol),84 (6.0 mmol), catalys82 (0.1 mol%), KCO;
(6.0 mmol) in HO (10.0 mL) at 80 °C for 24 fisolated yield.

Arylboronic acids containing electron withdrawirlgdro and electron donating methyl at
3-position on aryl moiety irB4b and 84c was independently coupled wiBa and

provided the corresponding biaryl products in 9586 86% yields, respectively. The
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reaction of 1-naphthylboranic aci84d) with 83a afforded the desired biaryl in excellent
yield. These results show that the efficiency ofalyst 82 in the Suzuki reaction in

aqueous medium.

On the basis of precedence and the observatiopldhsible reaction pathway is shown in
Scheme 2.163%**Markovnikov’s hydroamination of pyrazole to theviie acid activated
triple bond of propargyl acetate provides the 1-arpyrazolyl allyl acetate (Path 1§°
The attack of pyrazole to terminal side of alkynethe propargyl-acetate generates the
allene intermediatd with the cleavage of the acetate moiety (Pajh Subsequently,
addition of pyrazole atx or y-position of allene delivers ADP85 (major) and 1,3-

dipyrazolyl-3-aryl propené4 (minor) products.

2.3. Conclusion

In conclusion, we have demonstrated the Ag-catdlygaction between propargyl acetate
and pyrazole for the synthesis of novel ADPs. Tdetion also affords 1,2-disubstituted
allyl acetates4 (10-25% vyield) and 1,3-dipyrazolyl-3-aryl proper&&(6—-17% yield).
The reaction condition showed a broad substratpescand tolerates various O-bearing
labile protecting groups. The Pd&@helated complex of ADPs was successfully employed
in Suzuki reactions for biaryl synthesis. As thigthod deliver various functionalized
pyrazoles in a single-step reaction between propacetates and pyrazole, we therefore
believe these molecules and the metal complexesdwima widespread use in synthetic

chemistry.
2.4. Future Work

The scorpionate ligand€-allyl-gemdipyrazoles easily coordinated with PdCh
acetonitrile at room temperature. This result destrated the strong chelating ability of
ADPs to form a complex with Pd€CITherefore, we are interested in the synthesia of
wide variety of ADPs-PdGlcomplexes6 (Eg. 3)

\
14 ’\N 4 ’\\N. Jo
\ N l:>ld\C|
A N _ PdCh _ AN 3)
R_:@/\)\N\Q\) CHACN, 1t R;\ N \7
/ 1) / —
65 86
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In addition, our interest is directed in studyiihg tsynthesis and utility of the other metal
chelated ADPs-complex such as ADPs-Cu, -Ru, -Rh, aid -Pt etc (Eq. 4).

& M
1 \ N’N\
R—— \Q> solvent e ‘ 7
2 Iy
65 M = Cu, Ru, Rh,Ir, Au, Pt etc

After successful preparation of ADPs-metal compdexge would like to examine the
catalytic activity of 86/87 in various organic transformations such as Suzhldck,

Sonagashira, and-El activations.

2.5. Experimental

2.5.1. General Experimental Information for this Chapter is same as mentioned in
Chapter 1.

2.5.2. Materials: Unless otherwise noted, all the reagents and irgdiaes were obtained
commercially and used without purification. Dicldarethane (DCM) and chlorobenzene
were distilled over CaGl THF was freshly distilled over sodium/benzophendmeéyl
under dry nitrogen. Methanol was dried over magmastake. AgNG®, terminal alkynes
and pyrazole were purchased from Sigma Aldrich ktdd used as received. Analytical
and spectral data of all those known compoundsegaetly matching with the reported

values.

2.5.3.General Procedure for the Synthesis of Propargyl Aetate:

=TMS
n-BuLi OH K,CO3 OH Ac,0 OAc
MeOH, rt, 12 h )\ )\
e o RN TRORR T RS o s
1 rt, 30 min T™MS 1 11 2

Scheme 2.22Synthesis of Propargyl Acetates

Preparation of 1 from 1'; General Procedure (GP-1):

A solution of trimethylsilylacetylene (1.2 equiv) THF (50 mL) was stirred in a 100 mL
oven-dried two-necked round bottom flask under egom atmosphere at70 °C. n-
Butyllithium (1.2 equiv, 1.60 M in THF) was introded over 30 minutes a0 °C. After
an additional 1 h stirring, a solution of aldehyde 1.0 g, 1.0 equiv) in THF (5 mL) was
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added at-70 °C. The resulting mixture was stirred for 1 h andrmed to room
temperature slowly and continued for 30 minutese Téaction mixture was quenched
with saturated NELCI| aqueous solution (20 mL) at°C. The organic layer was separated;
the aqueous layer was extracted withCE(2 x 20 mL). The combined extracts were
washed with water (% 20 mL), brine (25 mL) and dried over }0,. Solvent was
filtered and evaporated under the reduced pres3tie.crude residue was subsequently
used for the desilylation reaction.

Methanol (15 mL) and ¥CGO; (2.5 equiv) was introduced to the crude residueiobd in
the above reaction and the heterogeneous mixtusestiraed under an argon atmosphere
at an ambient temperature overnight. The reactipmune was diluted with ethyl acetate
(50 mL) and washed with water £20 mL) and brine (10 mL). The organic layer was
separated, dried over p&0O, filtered, and concentrated under vacuum. Most efdhases
the crude residue was used for the acetylationticmawithout purification, following the
general procedure (GP 2).

Synthesis of 2 from 1 through Acylation of —OH Moigy; General Procedure (GP-2):

To a solution ofl (1.0 equiv) and DMAP (0.1 equiv) in dichloromethgii® mL) was
added EiN (3.0 equiv), acetic anhydride (1.3 equiv) underamgon atmosphere at an
ambient temperature. The resulting reaction mixtwes stirred for 1 h at an ambient
temperature. Water (20 mL) was added to the raactioxture. The organic layer was
separated; the aqueous layer was extracted witpClzH2 x 20 mL). The combined
extracts were washed with water X220 mL), brine (25 mL) and dried over }&D,.
Solvent was filtered and evaporated under the etiygcessure. The crude residue was
purified using column chromatography on silica gel.

Physical characterization data is exactly matchingvith the reported values for the

respective compounds 2a-h, 2iq, 2s-t;* whereas 2+, 2r are new.

2.5.4. Spectral and Analytical Data of the Compourst
1-(3-(Methoxymethoxy)phenyl)prop-2-ynyl acetate (Ji

OAC Following the general procedure (GP-1 and GP-2pctien of 3-
X| (methoxymethoxy)benzaldehyde 1'i¢ 1.0 g, 6.02 mmol),
trimethylsilylacetylene (0.71 g, 7.22 mmol) andBuLi (4.6 mL, 1.6 M in
THF, 7.22 mmol) followed by desilylation gave crugeoduct 1i.

OMOM
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Acetylation of the -OH moiety of the crudeli afforded 1-(3-
(methoxymethoxy)phenyl)prop-2-ynyl acetaf; (775 mg) in overall 55% vyield as pale

yellow liquid.

R = 0.71 (4:1 hexane/EtOAc); [Silica, UV ang; "H NMR (400 MHz, CDClg)  7.31 (t,J = 8.0
Hz, 1H), 7.21 (btJ = 2.0 Hz, 1H), 7.17 (d] = 7.6 Hz, 1H), 7.06 (ddd] = 8.4, 2.4, 0.8 Hz, 1H),
6.42 (bd,J = 2.0 Hz, 1H), 5.20 (bs, 2H), 3.49 (s, 3H), 2.B6,0 = 2.0 Hz, 1H), 2.13 (s, 3H}*C
NMR (101 MHz, CDCl3) 6 169.5, 157.3, 137.8, 129.7, 121.0, 116.6, 115.63,980.0, 75.4,
64.9, 55.9, 20.9R (Neat) Vmay 3287, 2957, 2125, 1743, 1601, 1226, 686*; MS (EI) m/z(%)
235 (M + 1, 100), 220 (3)Elemental analysiscalcd for GsH140,4: C, 66.66; H, 6.02. Found: C,
66.72; H, 6.15.

1-(3-Acetoxyphenyl)prop-2-ynyl acetate (2j):

OAC Following the general procedure (GP-1 and GP-2jctren of 3-fert-

butyldimethylsilyloxy)benzaldehydel'{; 1.0 g, 4.24 mmol), trimethylsilyl
acetylene (498 mg, 5.07 mmol) andulLi (3.2 mL, 1.6 M in THF, 5.08
mmol) gave crude propargylic alcohBlesilylation and acetylation of both

4

OAc 2

the —OH moietiesafforded 1-(3-acetoxyphenyl)prop-2-ynyl acetédg 462 mg) in 47%

overall yield as pale yellow oil.

R = 0.11 (9:1 hexane/EtOAc); [Silica, UV and; "H NMR (400 MHz, CDCls) & 7.43-7.36 (m,
2H), 7.27 (s, 1H), 7.10 (bd,= 2.8 Hz, 1H), 6.44 (s, 1H), 2.67 (bs, 1H), 2.883H), 2.09 (s, 3H);
3C NMR (101 MHz, CDCl,) J 169.4, 169.1, 150.6, 137.8, 129.5, 124.9, 122.0,8,79.6, 75.6,
64.4, 20.9, 20.8tR (Neat) Vimnax 3288, 2935, 1739, 1201, 1016, 808", MS (El) m/z (%) 255
(M* + Na, 100), 232 (M 4), 173 (8);Elemental analysiscalcd for GsH;,04: C, 67.23; H, 5.21.
Found: C, 67.35; H, 5.18.

1-(4-(1,3-Dioxan-2-yl)phenyl)prop-2-ynyl acetate (-

Following the general procedure (GP-1 and GP-Zc¢tien of 4-(1,3-

Y©)\\\ dioxan-2-yl)benzaldehyde 1¢; 10 g, 521  mmol),
C trimethylsilylacetylene (0.61 g, 6.25 mmol) andBuLi (4.0 mL, 1.6

M in THF, 6.25 mmol) followed by desilylation gageude productr.
Acetylation of the —OH moiety of the crudér afforded 1-(4-(1,3-dioxan-2-
yh)phenyl)prop-2-ynyl acetat@(; 840 mg) in 62% overall yield as colorless liquid.
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R = 0.69 (3:1 hexane/EtOAc); [Silica, UV ang; "H NMR (400 MHz, CDCls) & 7.59-7.49 (m,
4H), 6.45 (bd,) = 2.4 Hz, 1H), 5.51 (s, 1H), 4.27 (db= 11.2, 5.2 Hz, 2H), 3.99 (td,= 12.0, 2.4
Hz, 2H), 2.64 (bdJ = 2.0 Hz, 1H), 2.362.15 (m, 1H), 2.09 (s, 3H), 1.46 (d#i= 13.6, 1.2 Hz,
1H): **C NMR (101 MHz, CDCl;) J 169.5, 139.5, 136.8, 127.5, 126.3, 100.9, 80.04, 1.2,
64.9, 25.6, 20.9tR (Neat) Vimnax 3287, 2966, 1741, 1377, 1016, 642°nvIS (El) m/z (%) 261
(M*+ 1, 100), 247 (5), 245 (5Elemental analysiscalcd for GsH1¢04: C, 69.22; H, 6.20Found:
C, 69.06; H, 6.27.

2.5.5. Silver(l)-Catalyzed Reaction between Pyrazel(50) and Propargyl Acetates 2;
General Procedure (GP-3):

R &
OAc AgNO; (10 mol%) OAc ﬁ N N N N
!/ I\ chlorobenzene N..7
—_— .
Ar)\\\ + NN 50 °C Ar N "'Ar/vN N+ Ar)\/\N‘N\
9 H </ -y
50 64 65 66

Propargyl acetat@ (1.0 mmol), pyrazole (5.0 mmol) and Aghi@L6.9 mg, 0.1 mmol)
were taken in an oven-dried Schlenk flask undesrgon atmosphere. Chlorobenzene (1.0
mL) was added to this mixture. The resulting solutivas stirred at 80C for 24 h. Upon
complete consumption 0P, the crude reaction mixture was purified usinguouh

chromatography on silica gel.

(E)-1,1'-(3-Phenylprop-2-ene-1,1-diyl)bis(lH-pyrazole) (65a):

Following the general procedure (GP-3); 1-phenyg2eynyl acetate

F\
,N
Q N . (2a; 174 mg, 1.0 mmol), pyrazolé&s@ 340 mg, 5.0 mmol), and
NI
@?\J

AgNO;3 (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL) Wwaated at

80 °C for 24 h. Finally, the crude mixture was purifiey silica gel
column chromatography eluting with hexane: ethytate (4:1) to afford4a (61 mg) in
25% vyield as pale yellow oig5a (135mg) in 54% yield as colorless solid, aéfla (23

mgq) in 9% yield as yellow oil.

mp = 94-95°C; R = 0.30 (4:1 hexane/EtOAc); [Silica, UV ang; I"H NMR (400 MHz, CDCl5)
d 7.69 (bd,J = 2.4 Hz, 2H), 7.63 (bd] = 1.6 Hz, 2H), 7.43 (d] = 7.6 Hz, 2H), 7.367.27 (m,
3H), 7.23 (dJ = 6.4 Hz, 1H), 6.95 (dd] = 15.6, 6.0 Hz, 1H), 6.60 (d,= 16.0 Hz, 1H), 6.33 (b4,
= 1.6 Hz, 2H):**C NMR (101 MHz, CDCl,;) & 140.3, 135.5, 134.9, 128.6, 128.5, 128.4, 126.9,
122.4, 106.5, 76.0R (KBI) Vnax 3109, 1392, 1296, 970, 754, 628 &nMS (El) m/z (%) 249

128



Chapter 2

(M* -1, 100), 229 (54), 211 (35), 171 (35), 134 (19)3 127); Elemental analysiscalcd for
CisHiaN4: C, 71.98; H, 5.64; N, 22.3&ound: C, 72.05; H, 5.71; N, 22.31.

1-Phenyl-2-(H-pyrazol-1-yl)allyl acetate (64a):

R = 0.53 (4:1 hexane/EtOAc); [Silica, UV angd;I'"H NMR (400 MHz,
CDCly) J 7.60 (dd,J = 5.6, 2.4 Hz, 2H), 7.44 (dd, = 8.0, 1.6 Hz, 2H),
7.37-7.29 (m, 3H), 7.12 (s, 1H), 6.27 {t= 2.0 Hz, 1H), 5.58 (bd] = 0.8 Hz,
1H), 5.11 (s, 1H), 2.14 (s, 3HYC NMR (101 MHz, CDCly) J 169.3, 144.0, 140.5, 136.8, 128.5,
127.8, 127.2, 106.8, 103.3, 73.1, 21R;(Neat) Vnax 3474, 2932, 1745, 1226, 949, 752°5rMS
(El) m/z (%) 243 (M + 1, 100), 159 (3), 137 (3), 81 (3Elemental analysis calcd for
CisH14N>O,: C, 69.41; H, 5.82; N, 11.560und: C, 69.75; H, 6.12; N, 11.15.

(E)-1,1'-(3-Phenylprop-1-ene-1,3-diyl)bis(lH-pyrazole) (66a):

F\ R = 0.23 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,

N CDCl;) J 7.62 (ddJ = 4.8, 1.6 Hz, 2H), 7.56 (d,= 2.4 Hz, 1H), 7.50 (d]
%@ = 2.4 Hz,1H), 7.447.27 (m, 5H), 6.85 (dd] = 14.0, 0.8 Hz, 1H), 6.69 (dd,
J=14.0, 7.2, Hz, 1H), 6.36 (§,= 2.0 Hz, 1H), 6.33 () = 2.0 Hz, 1H),
6.22 (d,J = 7.2 Hz, 1H)*C NMR (101 MHz, CDCl,) J 141.3, 139.7, 138.8, 130.5, 128.9, 128.5,
128.34, 128.31, 127.3, 114.9, 107.4, 105.8, 6/R1(Neat) Vmnax 3433, 3113, 2924, 1680, 1394,
1091, 750 crit; MS (El) m/z(%) 249 (M - 1, 100), 237 (14), 209 (4Elemental analysiscalcd
for CisHi4N4: C, 71.98; H, 5.64; N, 22.38. Found: C, 71.865H1; N, 22.45.

(E)-1,1'-(3-(4-Fluorophenyl)prop-2-ene-1,1-diyl)bis(H-pyrazole) (65b):

Following the general procedure (GP-3); 1-(4-flygrenyl)prop-
2-ynyl acetatedb; 192 mg, 1.0 mmol), pyrazol&g 340 mg, 5.0

U\
N
NN .
- Q mmol), and AgNQ@ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0
F 5

mL) was heated at 8@ for 24 h. Finally, the crude mixture was

purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (3:1) to
afford 64b (52 mg) in 20% yield as pale yellow semi-sol@hb (145mg) in 54% vyield as
pale yellow solid an®6b (21 mg) in 8% yield as yellow oil.

mp = 66-61 °C; R = 0.44 (3:1 hexane/EtOAc); [Silica, UV ang; I'H NMR (400 MHz, CDCl5)
0 7.65 (bdJ = 2.0 Hz, 2H), 7.59 (bdl = 1.6 Hz, 2H), 7.34 (dd] = 8.8, 5.6 Hz, 2H), 7.18 (d,=
6.0, 1H), 6.97 (tJ = 8.8 Hz, 2H), 6.84 (dd] = 16.0, 6.4 Hz, 1H), 6.51 (d,= 16.0 Hz, 1H), 6.29
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(t, J = 2.0 Hz, 2H);*®C NMR (101 MHz, CDCly) & 162.7 (d,J= 250 Hz), 140.3, 134.2, 131.0,
128.6, 128.5, 122.2, 115.4 @z 21.7 Hz), 106.5, 75.9.

1% NMR (376 MHz, CDG)) 0-112.26 t0-112.34 (m):IR (KBr) Unax 3115, 2924, 1678, 1510,
1394, 1226, 752 cth MS (El) m/z(%) 269 (M + 1, 100), 186 (11), 137 (19), 91 (Htemental
analysiscalcd for GsHisFN4: C, 67.15; H, 4.88; N, 20.88ound: C, 67.22; H, 4.81; N, 20.75.

1-(4-Fluorophenyl)-2-(1H-pyrazol-1-yl)allyl acetate (64b):

OAc = R = 0.66 (3:1 hexane/EtOAc); [Silica, UV ang;I*H NMR (400 MHz,
/)
N-N CDCl3) 6 7.58 (d,J = 2.4 Hz, 1H), 7.56 (bd] = 1.2 Hz, 1H), 7.467.37
F 64b (m, 2H), 7.09 (s, 1H), 7.00 (8, = 8.8 Hz, 2H), 6.26 (bt = 2.0 Hz, 1H),

5.52 (s, 1H), 5.11 (s, 1H), 2.13 (s, 33C NMR (101 MHz, CDCly) J 169.3, 162.7 (dJ = 248
Hz), 144.2, 140.7, 132.9, 129.3 (b= 8.4 Hz), 127.8, 115.5 (d,= 21.6 Hz) 107.0, 102.9, 72.4,
21.0;*%F NMR (376 MHz, CDGJ)) d-113.07 to-113.14 (m);IR (Neat) Vinax 3128, 1747, 1510,
1224, 752 cnit; MS (El) m/z (%) 261 (M + 1, 100), 233 (54), 219 (14), 201(16), 113 (9);
Elemental analysiscalcd for G4H1sFN.O,: C, 64.61; H, 5.03; N, 10.76ound: C, 64.48; H, 5.10;
N, 10.85.

(E)-1,1'-(3-(4-Fluorophenyl)prop-1-ene-1,3-diyl)bis(H-pyrazole) (66b):

E\N R = 0.31 (3:1 hexane/EtOAc); [Silica, UV ang; I'"H NMR (400 MHz,
N oy CDCl3) J 7.63 (bdJ = 2.0 Hz, 1H), 7.61 (bdl = 2.0 Hz, 1H), 7.56 (d]
/@NL) = 2.4 Hz, 1H), 7.49 (dJ = 2.4 Hz, 1H), 7.267.17 (m, 2H), 7.167.03
: = (m, 2H), 6.82 (ddJ = 14.0, 0.8 Hz, 1H), 6.66 (dd,= 14.0, 6.8 Hz, 1H),
6.37 (t,J = 2.0 Hz, 1H), 6.33 () = 2.4 Hz, 1H), 6.19 (d] = 6.8 Hz, 1H)*C NMR (101 MHz,
CDCl3) J 162.5 (d,J = 248 Hz), 141.5, 139.9, 134.7 @z 3.2 Hz), 130.6, 129.1 (d,= 8.5 Hz),
128.4 (2c), 115.8 (dJ = 21.9 Hz), 114.7, 107.5, 106.0, 644F NMR (376 MHz, CDCl,)
0-113.53 t0-113.60 (M):IR (Neat) Vyax 2924, 1678, 1510, 1394, 1226, 752°5rvIS (El) m/z

(%) 269 (M + 1, 19), 201 (100), 113 (14Elemental analysiscalcd for GsHisFN,: C, 67.15; H,
4.88; N, 20.88Found: C, 67.06; H, 4.91; N, 20.95.

(E)-1,1'-(3-(4-Chlorophenyl)prop-2-ene-1,1-diyl)bis(H-pyrazole) (65c):

Following the general procedure (GP-3); 1-(4-chpdrenyl)prop-
2-ynyl acetatgd2c, 208 mg, 1.0 mmol), pyrazol&g 340 mg, 5.0

2\
N
X N :
L\) mmol), and AgNQ@ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0
cl 65¢c

mL) was heated at 8T for 24 h. Finally, the crude mixture was
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purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (3:1) to
afford 64c (52 mg) in 19% yield as yellow o0i65c (153mg) in 54% yield as pale yellow
solid and66¢ (17 mg) in 6% yield as yellow oil.

mp = 11+112 °C; R = 0.44 (3:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDCls) J 7.64 (bdJ = 2.4 Hz, 2H), 7.59 (bd = 2.0 Hz, 2H), 7.28 (q] = 8.4 Hz, 4H), 7.18 (dd,
J=6.0, 0.8 Hz, 1H), 6.89 (dd,= 16.0, 6.0 Hz, 1H), 6.49 (d,= 16.0 Hz, 1H), 6.30 (bt] = 2.0
Hz, 2H); **C NMR (101 MHz, CDCl;) & 140.4, 134.3, 134.1, 133.4, 128.7, 128.5, 128.3,212
106.6, 75.99R (KBr) Vimax 3099, 1390, 1089, 750 ¢inMS (EI) m/z(%) 286 (M + 1, 100), 230
(21), 208 (4), 190 (6)Elemental analysiscalcd for GsH1sCINg: C, 63.27; H, 4.60; N, 19.68.
Found: C, 63.41; H, 4.53; N, 19.58.

1-(4-Chlorophenyl)-2-(1H-pyrazol-1-yl)allyl acetate (64c):

OAC @ R = 0.66 (3:1 hexane/EtOAc); [Silica, UV ang;I'H NMR (400 MHz,
N-N"| CDCly) 87.59 (d,J = 2.4 Hz, 1H), 7.57 (d] = 1.6 Hz, 1H), 7.37 (d{] =
cl 64c 8.8, 2.0 Hz, 2H), 7.29 (df = 8.4, 2.0 Hz, 2H), 7.08 (s, 1H), 6.27 (bt
2.4 Hz, 1H), 5.51 (bd) = 1.2 Hz,. 1H), 5.11 (s, 1H), 2.13 (s, 3HjC
NMR (101 MHz, CDCl3) 6169.2, 143.9, 140.6, 135.5, 134.4, 128.8, 128.7,7,2107.0, 102.9,
72.4, 20.9)R (Neat) Vnax 3128, 2928, 1745, 1651, 1228, 752°5mS (El) m/z (%) 277 (M,
94), 249 (49), 217 (100), 183 (29), 149 (Bemental analysiscalcd for G4H1:CIN,O,: C, 60.77;
H, 4.74; N, 10.12Found: C, 60.61; H, 4.71; N, 10.18.

(E)-1,1'-(3-(4-Chlorophenyl)prop-1-ene-1,3-diyl)bis(H-pyrazole) (66c¢):

4—\\N R = 0.31 (3:1 hexane/EtOAc); [Silica, UV and; "H NMR (400 MHz,
N CDCl3) & 7.62 (d,J = 1.6 Hz, 1H), 7.60 (d] = 1.6 Hz, 1H), 7.55 (d] =
/@2\%'\\!\'7 2.4 Hz, 1H), 7.49 (d) = 2.4 Hz, 1H), 7.34 (dd = 8.4, 2.0 Hz, 2H), 7.17
c 8¢ (dt, J = 8.4, 1.6 Hz, 2H), 6.83 (d,= 14.4 Hz, 1H), 6.64 (dd] = 14.0,
7.2 Hz, 1H), 6.36 () = 2.0 Hz, 1H), 6.32 (1) = 2.4 Hz, 1H), 6.17 (d] = 6.8 Hz, 1H)*C NMR
(101 MHz, CDCl) J 141.5, 140.6, 140.0, 137.4, 134.3, 130.8, 129.8,61228.5, 114.4, 107.5,
106.0, 64.5]R (Neat) Vmay 3113, 2924, 1678, 1394, 1091, 752°5mMS (EI) m/z (%) 286 (M
+1, 20), 285 (M, 40), 233 (40), 217 (100), 181 (40), 149 (3B)emental analysiscalcd for
CisH1sCINg: C, 63.27; H, 4.60; N, 19.680ound: C, 63.35; H, 4.65; N, 19.55.
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(E)-1,1'-(3p-Tolylprop-2-ene-1,1-diyl)bis(1H-pyrazole) (65d):

FN Following the general procedure (GP-3);p-telylprop-2-ynyl
“ N’ acetate(2d; 188 mg, 1.0 mmol), pyrazoleés@ 340 mg, 5.0
-N
o5 D mmol), and AgNQ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0

mL) was heated at 8GC for 24 h. Finally, the crude mixture was

Me

purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (4:1) to
afford 64d (56 mg) in 22% yield as pale yellow soli@5d (127 mg) in 48% yield as pale
yellow solid andb6d (37 mg) in 14% vyield as yellow oil.

mp = 79-80 °C; R, = 0.44 (4:1 hexane/EtOAc); [Silica, UV ang; I'H NMR (400 MHz, CDCl,)

& 7.67 (bdJ = 2.4 Hz, 2H), 7.61 (bd] = 2.0 Hz, 2H), 7.32 (d] = 8.0 Hz, 2H), 7.19 (dd] = 6.0,
1.2 Hz, 1H), 7.14 (dJ = 8.0 Hz, 2H), 6.88 (dd] = 16.0, 6.4 Hz, 1H), 6.58 (d,= 16.4 Hz, 1H),
6.31 (bt,d = 2.4 Hz, 2H), 2.34 (s, 3H}’C NMR (101 MHz, CDCl;) J 140.4, 138.7, 135.6,
132.2, 129.3, 128.5, 126.9, 121.4, 106.5, 76.21;2R (KBr) vmax 2916, 1512, 1388, 972, 758
cm; MS (El) m/z (%) 265 (M + 1, 100), 251 (11)Elemental analysiscalcd for GgHigN,: C,
72.70; H, 6.10; N, 21.2Found: C, 72.58; H, 6.15; N, 21.07.

2-(1H-Pyrazol-1-yl)-1p-tolylallyl acetate (64d):

OAc — mp = 66-61°C; R = 0.62 (4:1 hexane/EtOAc); [Silica, UV ardl |
NNl tH NMR (400 MHz, CDCl3) J 7.60-7.56 (m, 2H), 7.31 (d] = 8.0 Hz,
Me 64d 2H), 7.13 (dJ = 8.0 Hz, 2H), 7.04 (s, 1H), 6.26 (Bt 2.4 Hz, 1H), 5.58

(s, 1H), 5.10 (s, 1H), 2.32 (s, 3H), 2.13 (s, 3HEZ NMR (101 MHz, CDCly) & 169.4, 144.1,
140.5, 138.4, 133.8, 129.2, 127.8, 127.3, 106.8,1103.0, 21.1, 21.0R (KBr) Vmax 3026, 2924,
1745, 1228, 1028, 752 clMS (El) m/z(%) 257 (M + 1, 100), 239 (8), 157 (16), 133 (16), 85
(8); Elemental analysiscalcd for GsH1eN.O,: C, 70.29; H, 6.29; N, 10.9%ound: C, 70.38; H,
6.21; N, 10.85.

(E)-1,1'-(3p-Tolylprop-1-ene-1,3-diyl)bis(H-pyrazole) (66d):

L/—}\N R = 0.29 (4:1 hexane/EtOAc); [Silica, UV and; I'H NMR (400 MHz,
N | ©DCl9 5760 (bdJ= 6.4 Hz, 2H), 753 (bl = 2.0 Hz, 1H), 7.45 (bd),
Q)vb J = 2.0 Hz, 1H), 7.16 (bd] = 2.0 Hz, 4H), 6.82 (d] = 14.0 Hz, 1H),
e 66d 6.66 (dd,J = 14.0, 6.8 Hz, 1H), 6.32 (d,= 17.2 Hz, 2H), 6.16 (d] =
6.8 Hz, 1H), 2.34 (s, 3H)*C NMR (101 MHz, CDCly) J 141.2, 139.6, 138.1, 135.7, 130.3,
129.5, 128.4, 128.2, 127.2, 115.1, 107.3, 105.8,64..0;R (Neat) Vna 3111, 2922, 1678, 1514,
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1089, 754 cnit; MS (El) m/z(%) 265 (M + 1, 100), 197 (3), 147 (3Elemental analysiscalcd
for CigHigN4: C, 72.70; H, 6.10; N, 21.260und: C, 72.85; H, 6.03; N, 21.28.

(E)-1,1'-(3-(3-Methoxyphenyl)prop-2-ene-1,1-diyl)bis{H-pyrazole) (65e):

Following the general procedure (GP-3); 1-(3-metipdrenyl)prop-2-
ynyl acetate Ze& 204 mg, 1.0 mmol), pyrazoles@ 340 mg, 5.0

I\
N
NS N’N
\:\7 mmol), and AgNQ@ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL)

OoMme 65e was heated at 80C for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withx&ee: ethyl acetate (4:1) to affdéde
(65mg) in 24% yield agolorless oil 65e (157 mg) in 56% yield as pale yellow solid and
66e(17mg) in 6% yield as yellow oil.

mp = 9798°C; R, = 0.24 (4:1 hexane/EtOAc); [Silica, UV ang; I'"H NMR (400 MHz, CDCls)

& 7.68 (bd,J = 2.4 Hz, 2H), 7.61 (bd] = 1.6 Hz, 2H), 7.297.19 (m, 2H), 7.02 (dJ = 7.6 Hz,
1H), 6.99-6.90 (m, 2H), 6.85 (dd} = 8.4, 2.0 Hz, 1H), 6.58 (d,= 16.0 Hz, 1H), 6.32 (b= 2.4
Hz, 2H), 3.79 (s, 3H)**C NMR (101 MHz, CDCl,) J 159.7, 140.4, 136.3, 135.5, 129.5, 128.6,
122.7, 119.6, 114.5, 112.0, 106.5, 76.0, 581(KBr) vmax 3111, 2957, 1599, 1390, 1043, 754
cm’; MS (El) m/z(%) 281 (M + 1, 100), 265 (14), 163 (4), 137 (1&emental analysiscalcd
for CigH16N4O: C, 68.55; H, 5.75; N, 19.9Bound: C, 68.47; H, 5.82; N, 19.85.

1-(3-Methoxyphenyl)-2-(1H-pyrazol-1-yl)allyl acetae (64e):

R = 0.43 (4:1 hexane/EtOAc); [Silica, UV angd;|'"H NMR (400 MHz,
CDCl;) & 7.62-7.58 (m, 2H), 7.25 (t) = 8.0 Hz, 1H), 7.08 (s, 1H), 7.02 @,

= 7.6 Hz, 1H), 6.97 (bt] = 2.0 Hz, 1H), 6.84 (ddd), = 8.0, 2.4, 0.8 Hz, 1H),
6.27 (t,J = 2.0 Hz, 1H), 5.57 (d] = 0.8 Hz, 1H), 5.11 (s, 1H), 3.78 (s, 3H),
2.15 (s, 3H);**C NMR (101 MHz, CDCly) J 169.3, 159.6, 144.0, 140.5, 138.4, 129.5, 127.8,
119.4, 113.8, 112.9, 106.8, 103.4, 72.9, 55.1,;2R@Neat) v 3130, 2939, 1747, 1602, 1228,
1030, 754 cit; MS (El) m/z (%) 273 (M + 1, 82), 245 (36), 229 (54), 213 (100), 145 (021
(5); Elemental analysiscalcd for GsH1N.Os: C, 66.16; H, 5.92; N, 10.2%ound: C, 66.32; H,
5.86; N, 10.15.
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(E)-1,1'-(3-(3-Methoxyphenyl)prop-1-ene-1,3-diyl)bis{H-pyrazole) (66e):

R = 0.14 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDCl;) & 7.63 (bdJ = 1.2 Hz, 1H), 7.62 (bdl = 1.6 Hz, 1H), 7.57 (d] =
©)\” \\7 2.0 Hz, 1H), 7.51 (dJ = 2.0 Hz, 1H), 7.327.27 (m, 1H), 6.896.84 (m,
. 3H), 6.78 (btJ = 1.6 Hz, 1H), 6.67 (dd] = 11.2, 5.6 Hz, 1H), 6.37 (3,=
1.6 Hz, 1H), 6.33 (t) = 1.6 Hz, 1H), 6.18 (d] = 5.6 Hz, 1H), 3.79 (s, 3H);
¥C NMR (101 MHz, CDCl;) J 160.0, 141.3, 140.4, 139.7, 130.7, 129.9, 128.8,312119.6,
114.8, 113.7, 113.2, 107.4, 105.9, 65.1, 5B3(Neat) Uy 3117, 2932, 1678, 1601, 1261, 1043,

754 cm*; MS (El) m/z (%) 281 (M + 1, 100), 249 (8), 171 (4Elemental analysiscalcd for
CiH16N4O: C, 68.55; H, 5.75; N, 19.9%ound: C, 68.41; H, 5.71; N, 19.85.

(E)-1,1'-(3-(3-Phenoxyphenyl)prop-2-ene-1,1-diyl)bidH-pyrazole) (65f):

F\ Following the general procedure (GP-3); 1-(3-phemptvenyl)prop-2-
N ynyl acetate(2f; 266 mg, 1.0 mmol), pyrazolé&s@ 340 mg, 5.0

X -N
'L\) mmol), and AgNQ@ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL)

OPh  65f was heated at 8UC for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withxaee: ethyl acetate (6:1) to affosdf
(63 mg) in 19% vyield as pale yellow ob5f (215mg) in 63% vyield as pale yellow solid
and66f (21 mg) in 6% vyield as yellow oil.

mp = 7576 °C; R = 0.35 (6:1 hexane/EtOAc); [Silica, UV ang; I"H NMR (400 MHz, CDCl5)
d 7.66 (bdJ = 2.8 Hz, 2H), 7.61 (bdl = 1.2 Hz, 2H), 7.387.25 (m, 3H), 7.19 (dd] = 12.8, 6.0
Hz, 2H), 7.147.08 (m, 2H), 7.02 (d] = 8.8 Hz, 2H), 6.96 (d] = 7.2 Hz, 1H), 6.91 (dd] = 16.0,
6.0 Hz, 1H), 6.54 (d) = 16.0 Hz, 1H), 6.31 (s, 2HYC NMR (101 MHz, CDCl,) J 157.3, 156.8,
140.4, 136.8, 134.8, 129.8, 129.6, 128.5, 123.3,22121.9, 119.1, 118.6, 117.2, 106.6, 75,
(KBr) Vmax 3109, 1577, 1388, 1271, 750 ¢mMS (El) m/z(%) 343 (M + 1, 3), 275 (38), 243
(100), 242 (27), 207 (14), 130 (Blemental analysiscalcd for G;H;gN4O: C, 73.67; H, 5.30; N,
16.36.Found: C, 73.57; H, 5.36; N, 16.25.

1-(3-Phenoxyphenyl)-2-(H-pyrazol-1-yl)allyl acetate (64f):

//> R = 0.56 (6:1 hexane/EtOAc); [Silica, UV ang;I'H NMR (400 MHz,
NN CDCl3) 6 7.61 (d,J = 2.0 Hz, 1H), 7.60 (bd] = 0.8 Hz, 1H), 7.387.33 (m,
2H), 7.30 (tJ = 6.4 Hz, 1H), 7.18 (d] = 6.4 Hz, 1H), 7.157.09 (m, 3H), 6.98
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(bt, J = 0.8 Hz, 1H), 6.97 (bt] = 0.8 Hz, 1H), 6.966.92 (m, 1H), 6.30 (t) = 1.6 Hz, 1H), 5.55
(bd,J = 0.8 Hz, 1H), 5.11 (s, 1H), 2.15 (s, 3HC NMR (101 MHz, CDCly) J 169.3, 157.4,
156.9, 144.1, 140.6, 139.0, 129.9, 129.8, 127.8,4.2122.1, 118.9, 118.7, 117.7, 106.9, 103.5,
72.8, 21.0]R (Neat) Vimax 3065, 2930, 1747, 1585, 1234, 1024, 754'tMS (EI) m/z (%) 336
(M*+ 2, 51), 335 (M+1, 100), 263 (11)Elemental analysiscalcd for GoHigN,Os: C, 71.84; H,
5.43; N, 8.38Found: C, 71.68; H, 5.52; N, 8.31.

(E)-1,1'-(3-(3-Phenoxyphenyl)prop-1-ene-1,3-diyl)bidH-pyrazole) (66f):

FN R = 0.20 (6:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
N’ CDCl3) J 7.62 (bs, 1H), 7.60 (bd, = 1.6 Hz, 1H), 7.56 (bd] = 2.4 Hz,

~ N\:N7 1H), 7.51 (bd,J) = 2.4 Hz, 1H), 7.377.28 (m, 3H), 7.11 (td] = 7.6, 1.6 Hz,

op  66f 1H), 7.026.86 (m, 6H), 6.64 (dd] = 14.0, 7.2 Hz, 1H), 6.36 (bl,= 2.4

Hz, 1H), 6.32 (bt) = 2.4 Hz, 1H), 6.17 (d] = 7.2 Hz, 1H)*C NMR (101
MHz, CDCl;) J 157.8, 156.7, 141.4, 141.0, 139.8, 130.8, 130.3.82128.5, 128.3, 123.6,
121.8, 119.1, 118.2, 117.7, 114.5, 107.5, 105.99;8R (Neat) Vmax 2922, 1678, 1583, 1487,
1248, 752 cnit; MS (El) m/z(%) 343 (M + 1, 100), 209 (6), 135 (3Elemental analysiscalcd
for C,yH1gN4O: C, 73.67; H, 5.30; N, 16.3Bound: C, 73.56; H, 5.38; N, 16.21.

(E)-3-(3,3-Di(IH-pyrazol-1-yl)prop-1-enyl)phenol (659):

F\N Following the general procedure (GP-3); 1-(3-hyguhenyl)prop-2-
“ N’ \ ynyl acetate(2g; 190 mg, 1.0 mmol), pyrazolé&@ 340 mg, 5.0
L\) mmol), and AgNQ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL)

OH 659 was heated at 8TC for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withxaee: ethyl acetate (2:1) to affosdg
(59 mg) in 23% yield as brown color oth5g (122mg) in 46% yield as light brown solid
and66g(37mg) in 14% yield as brown color oil.

mp = 106-101 °C; R, = 0.34 (2:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDCl3) J 7.64 (bdJ = 2.0 Hz, 2H), 7.61 (bd} = 1.2 Hz, 2H), 7.12 (dd} = 5.2, 0.8 Hz, 1H), 7.09
(d, J = 6.4 Hz, 1H), 6.86 (dJ = 6.4 Hz, 1H), 6.836.79 (m, 1H), 6.78 (dJ = 4.8 Hz, 1H),
6.77-6.73 (m, 1H), 6.43 (dJ = 12.8 Hz, 1H), 6.31 (t) = 2.0 Hz, 2H):"*C NMR (101 MHz,
CDCIls) J 156.6, 140.6, 136.4, 136.0, 129.8, 129.0, 122.9,211116.3, 114.0, 106.8, 76.R
(KBI) Vmax 3142, 2729, 1595, 1392, 1089, 756 tm
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MS (EI) m/z(%) 268 (M + 2, 100), 156 (14)Elemental analysiscalcd for GsH14N,O: C, 67.65;
H, 5.30; N, 21.04Found: C, 67.49; H, 5.26; N, 21.15.

1-(3-Hydroxyphenyl)-2-(1H-pyrazol-1-yl)allyl acetate (649):

R = 0.53 (2:1 hexane/EtOAc); [Silica, UV ang:;I'"H NMR (400 MHz,
CDCl3) J 7.59 (bdJ = 2.0 Hz, 1H), 7.58 (bd] = 1.2 Hz, 1H), 7.18 (1) = 6.0
Hz, 1H), 6.98 (s, 1H), 6.95 (d, = 6.4 Hz, 1H), 6.88 (bt) = 1.6 Hz, 1H),
6.79-6.74 (m, 1H), 6.27 (t) = 1.6 Hz, 1H), 5.57 (bd} = 0.8 Hz, 1H), 5.12 (s,
1H), 2.12 (s, 3H), 1.9€1.70 (bs, 1H)**C NMR (101 MHz, CDCl;) J 169.6, 156.1, 143.7, 140.6,
138.3, 129.8, 128.2, 119.2, 115.8, 114.3, 106.9,41073.0, 21.0jR (Neat) Vnax 3333, 2926,
1747, 1593, 1228, 760 ¢ MS (EI) m/z (%) 260 (M + 2, 100), 163 (6)Elemental analysis
calcd for GH14N,Os: C, 65.11; H, 5.46; N, 10.8%0und: C, 65.21; H, 5.41; N, 10.76.

(E)-3-(1,3-Di(IH-pyrazol-1-yl)allyl)phenol (669):

l_\\ R = 0.22 (2:1 hexane/EtOAc); [Silica, UV ang;I'H NMR (400 MHz,
N CDCls) J 9.35-8.35 (bs, 1H), 7.61 (bdl, = 1.6 Hz, 1H), 7.54 (bd] = 1.6
QMLN? Hz, 1H), 7.51 (bdJ = 2.4 Hz, 1H), 7.49 (bd] = 2.4 Hz, 1H), 7.09 (J =
. 8.0 Hz, 1H), 6.79 (dJ = 14.0 Hz, 1H), 6.66 (1] = 8.0 Hz, 2H), 6.57 (dd]
. =14.0, 7.2 Hz, 1H), 6.48 (s, 1H), 6.34 (bt 2.0 Hz, 1H), 6.28 (bt] = 2.0
Hz, 1H), 6.07 (dJ = 7.2 Hz, 1H);*C NMR (101 MHz, CDCl;) J 157.2, 141.3, 139.8, 139.5,
130.8, 129.9, 129.0, 128.7, 118.4, 115.8, 114.8,111107.5, 105.9, 64.8R (Neat) Vmax 3146,
2928, 1678, 1601, 1282, 945, 653 VIS (El) m/z(%) 268 (M + 2, 30), 267 (M+ 1, 100), 235
(81); Elemental analysiscalcd for GsH1.N4O: C, 67.65; H, 5.30; N, 21.0#ound: C, 67.48; H,
5.21; N, 21.15.

(E)-1,1'-(3-(3-tert-Butyldimethylsilyloxy)phenyl)prop-2-ene-1,1-diyl)bis(1H-
pyrazole) (65h):

L/_\\ Following the  general procedure  (GP-3); 1484

_N

g N butyldimethylsilyloxy)phenyl)prop-2-ynyl acetat@h{ 304 mg, 1.0
-N

b mmol), pyrazole §0; 340 mg, 5.0 mmol), and AgN{d16.9 mg, 0.1

OTBS g5 mmol) in chlorobenzene (1.0 mL) was heated at°’@0for 24 h.

Finally, the crude mixture was purified by silical golumn chromatography eluting with
hexane: ethyl acetate (4:1) to aff@4h (78 mg) in 21% vyield as pale yellow oB5h (186
mgq) in 49% yield as colorless solid a®6h (38 mg) in 10% vyield as yellow oil.
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mp = 62-63°C; R = 0.53 (4:1 hexane/EtOAc); [Silica, UV ang; I"H NMR (400 MHz, CDCl5)

d 7.67 (bdJ = 2.4 Hz, 2H), 7.60 (bd} = 1.6 Hz, 2H), 7.19 () = 7.6 Hz, 2H), 7.03 (d] = 7.6 Hz,
1H), 6.946.86 (m, 2H), 6.79 (dd] = 8.0, 2.4 Hz, 1H), 6.54 (d,= 15.6 Hz, 1H), 6.31 (bd,= 1.6
Hz, 2H), 1.00 (s, 9H), 0.20 (s, 6HYC NMR (101 MHz, CDCl;) é 155.7, 140.4, 136.4, 135.4,
129.4, 128.5, 122.5, 120.3, 120.1, 118.6, 106.%), 5.5, 18.074.5; IR (KBr) Vpayx 3109, 1595,
1280, 966, 621 ciy MS (EI) m/z (%) 381 (M + 1, 100), 203 (3), 106 (6Elemental analysis
calcd for GH,gN,OSi: C, 66.28; H, 7.42; N, 14.7Eound: C, 66.42; H, 7.35; N, 14.61.

1-(3-(ert-Butyldimethylsilyloxy)phenyl)-2-(1H-pyrazol-1-yl)allyl acetate (64h):

I/> R = 0.70 (4:1 hexane/EtOAc); [Silica, UV angl;I'"H NMR (400 MHz,
CDCls) d 7.58 (t,J = 2.4 Hz, 2H), 7.18 (t) = 7.6 Hz, 1H), 7.066.99 (m,
2H), 6.88 (btJ = 2.4 Hz, 1H), 6.77 (ddd,= 8.4, 2.4, 0.8 Hz, 1H), 6.26 (t=

2.4 Hz, 1H), 5.56 (bd] = 0.8 Hz, 1H), 5.07 (s, 1H), 2.14 (s, 3H), 0.969(),
0.15 (s, 6H);**C NMR (101 MHz, CDCly) J 169.4, 155.7, 144.0, 140.6, 138.3, 129.5, 127.9,
120.3, 120.1, 119.0, 106.8, 103.5, 72.9, 25.6,,218@,-4.5; IR (Neat) Vmax 2957, 1751, 1602,
1226,750 ct; MS (El) m/z(%) 373 (M + 1, 100), 235 (9), 203 (9), 171 (Btemental analysis
calcd for GgH.gN,OsSi: C, 64.48; H, 7.58; N, 7.5Found: C, 64.32; H, 7.63; N, 7.45.

(E)-1,1'-(3-(3-tert-Butyldimethylsilyloxy)phenyl)prop-1-ene-1,3-diyl)bis(1H-
pyrazole) (66h):

R = 0.38 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,

|\
QN CDCly) J 7.61 (bd,J = 1.6 Hz, 1H), 7.60 (bd] = 1.6 Hz, 1H), 7.54 (d] =
N
'LNy 2.4 Hz, 1H), 7.48 (d] = 2.4 Hz, 1H), 7.22 (1] = 8.0 Hz, 1H), 6.876.82 (m,
Lres ser 2H), 6.82-6.78 (M, 1H), 6.686.61 (M, 2H), 6.35 () = 2.0 Hz, 1H), 6.31 (t,

J = 2.0 Hz, 1H), 6.15 (dJ = 6.8 Hz, 1H), 0.95 (s, 9H), 0.15 (s, 6HiC
NMR (101 MHz, CDCIl3) J 156.1, 141.3, 140.3, 139.7, 130.6, 129.8, 128.8,312120.1, 119.9,
118.9, 114.7, 107.4, 105.8, 64.9, 25.6, 184.5; IR (Neat) Vmax 2929, 1676, 1485, 1278, 748
m™: MS (El) m/z(%) 381 (M + 1, 100), 201 (9), 145 (9), 105 (Btemental analysiscalcd for
CoH2eN4OSi: C, 66.28; H, 7.42; N, 14.72. Found: C, 661327.51; N, 14.86.
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(E)-1,1'-(3-(3-(Methoxymethoxy)phenyl)prop-2-ene-1,thyl)bis(1H-pyrazole) (65i):

4—}\'\‘ Following the general procedure (GP-3); 1-(3-
« N N (methoxymethoxy)phenyl)prop-2-ynyl acetat®i; ( 234 mg, 1.0
D mmol), pyrazole §0; 340 mg, 5.0 mmol), and AgN{16.9 mg, 0.1
oMoM  65i mmol) in chlorobenzene (1.0 mL) was heated at°80for 24 h.

Finally, the crude mixture was purified by silical golumn chromatography eluting with
hexane: ethyl acetatd:() to afford64i (63 mg) in 21% yield ayellow oil and65i (180
mgq) in 58% yield apale yallowsolid.

mp = 5758 °C; R = 0.23 (4:1 hexane/EtOAc); [Silica, UV and;I'"H NMR (400 MHz, CDCl,)

d 7.66 (d,J = 2.4 Hz, 2H), 7.60 (bd] = 1.6 Hz, 2H), 7.25 () = 8.0 Hz, 1H), 7.17 (dd] = 6.4,
1.6 Hz, 1H), 7.10 (bt) = 2.4 Hz, 1H), 7.07 (d] = 7.6 Hz, 1H), 6.98 (ddd] = 8.0, 2.4, 0.8 Hz,
1H), 6.91 (dd,) = 15.6, 6.0 Hz, 1H), 6.56 (dd,= 16.0, 0.8 Hz, 1H), 6.32 (@,= 2.0 Hz, 2H), 5.17
(s, 2H), 3.47 (s, 3H)**C NMR (101 MHz, CDCly) J 157.4, 140.5, 136.5, 135.4, 129.6, 128.6,
123.0, 120.8, 116.7, 114.6, 106.6, 94.3, 76.1,;3R9KBr ) vn.x 2955, 1745, 1585, 1018, 756
cm; MS (El) m/z (%) 311 (M + 1, 100), 269 (6), 227 (3Elemental analysiscalcd for
Ci7/H1sN4O,: C, 65.79; H, 5.85; N, 18.05b0und: C, 65.58; H, 5.76; N, 18.21.

1-(3-(Methoxymethoxy)phenyl)-2-(H-pyrazol-1-yl)allyl acetate (64i):

R = 0.41 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDCl3) J 7.59 (bdJ = 2.4 Hz, 1H), 7.58 (bd] = 1.6 Hz, 1H), 7.287.20 (m,
1H), 7.08 (btJ = 2.0 Hz, 1H), 7.077.03 (m, 2H), 6.98 (ddd] = 8.4, 2.4, 1.2
Hz, 1H), 6.26 (tJ) = 2.0 Hz, 1H), 5.56 (bd] = 1.2 Hz, 1H), 5.13 (s, 2H), 5.09
(s, 1H), 3.45 (s, 3H), 2.13 (s, 3HJC NMR (101 MHz, CDCls) J 169.3, 157.3, 143.9, 140.5,
138.4, 129.5, 127.8, 120.7, 116.0, 115.3, 106.8,61®4.4, 72.8, 55.9, 21.IR (Neat) Vmax 2925,
1747, 1588, 1221, 767 ¢mMS (El) m/z (%) 303 (M + 1, 100), 282 (11), 215 (8), 79 (24);
Elemental analysiscalcd for GeH1gN2O4: C, 63.56; H, 6.00; N, 9.2Found: C, 63.42; H, 6.15; N,
9.31.

1-(3-Hydroxyphenyl)-2-(1H-pyrazol-1-yl)allyl acetate (649):
(E)-3-(3,3-Di(IH-pyrazol-1-yl)prop-1-enyl)phenol (659):
(E)-3-(1,3-Di(1H-pyrazol-1-yl)allyl)phenol (669):

Following the general procedure (GP-3); 1-(3-Acgfhenyl)prop-2-ynyl acetatj; 232
mg, 1.0 mmol), pyrazole5Q; 340 mg, 5.0 mmol), and AgN(d16.9 mg, 0.1 mmol) in
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chlorobenzene (1.0 mL) was heated at°80for 24 h. Finally, the crude mixture was
purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (2:1) to
afford acetyl deprotected compoungiég (52 mg) in 20% yield as brown color o85g
(135 mg) in 51% vyield as light brown solid aéflg (29 mg) in 11% vyield as brown color
oil.

(E)-1,1'-(3-0-Tolylprop-2-ene-1,1-diyl)bis(1H-pyrazole) (65k):

4/_\\ Following the general procedure (GP-3)p-1elylprop-2-ynyl acetate
N

Me N (2k; 188 mg, 1.0 mmol), pyrazoles@ 340 mg, 5.0 mmol), and

Xy -N
65K D AgNO;3 (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL) waated at

80 °C for 24 h. Finally, the crude mixture was purifiey silica gel
column chromatography eluting with hexane: ethgtate 4:1) to afford64k (69 mg) in
27% yield as yellow 0il65k (100mg) in 38% yield as colorless solid aé@k (27 mg) in
10% vyield as yellow oil.

mp = 73-74°C; R = 0.33 (4:1 hexane/EtOAc); [Silica, UV ang;I'H NMR (400 MHz, CDCl5)

d 7.69 (d,J = 2.4 Hz, 2H), 7.62 (bdl = 1.6 Hz, 2H), 7.53 (dd} = 6.8, 2.4 Hz, 1H), 7.25.09 (m,
4H), 6.83 (bd)J = 2.8 Hz, 2H), 6.33 (] = 2.0 Hz, 2H), 2.29 (s, 3H).

¥C NMR (101 MHz, CDCl;) J 140.4, 135.9, 134.0, 133.4, 130.3, 128.5, 126.5,912123.6,
106.5, 76.2, 19.9R (KBr) Unax 3109, 2986, 1510, 1392, 754 ¢nMS (El) m/z(%) 265 (M + 1,

100), 251 (12)Elemental analysiscalcd for GeHigN4: C, 72.70; H, 6.10; N, 21.2Gound: C,
72.59; H, 6.18; N, 21.32.

2-(1H-Pyrazol-1-yl)-1-o-tolylallyl acetate (64k):

R = 0.57 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDCl3) & 7.63 (d,J = 2.4 Hz, 1H), 7.59 (bd] = 1.6 Hz, 1H), 7.42 (dd] =
6.8, 2.0 Hz, 1H), 7.27 (s, 1H), 72416 (m, 3H), 6.31 (tJ = 2.0 Hz, 1H),
5.54 (s, 1H), 4.90 (s, 1H), 2.43 (s, 3H), 2.1((4); *°C NMR (101 MHz, CDCls) & 169.4, 144.0,
140.5, 136.6, 135.0, 130.5, 128.4, 127.4, 126.6,01.2106.8, 104.1, 70.1, 20.8, 19IR; (Neat)
Vimax 3128, 3024, 1745, 1232, 756 ¢MS (EI) m/z(%) 257 (M + 1, 90), 229 (34), 215 (21), 197
(100), 182 (5)Elemental analysiscalcd for GsHigN,O,: C, 70.29; H, 6.29; N, 10.9%ound: C,
70.18; H, 6.21; N, 10.85.

139



Silver(l)-Catalyzed...

(E)-1,1'-(3-0-Tolylprop-1-ene-1,3-diyl)bis(1H-pyrazole) (66k):

4/—\\N R = 0.27 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
Me "N’ CDCly) & 7.61 (bdJ = 1.6 Hz, 1H), 7.60 (bd] = 1.6 Hz, 1H), 7.51 (d] =
d 'LNy 2.4 Hz, 1H), 7.37 (dJ = 2.0 Hz, 1H), 7.297.18 (m, 3H), 7.177.08 (m,
1H), 6.66-6.62 (M, 2H), 6.42 (dJ = 4.8 Hz, 1H), 6.34 () = 2.4 Hz, 1H),
6.29 (t,J = 2.0 Hz, 1H), 2.29 (s, 3H}°C NMR (101 MHz, CDCl3) d 141.3, 139.7, 136.5, 136.3,
130.9, 130.1, 128.6, 128.5, 128.4, 127.2, 126.8,8,1107.3, 105.7, 61.9, 19.IR (Neat) Vpax
3024, 2924, 1678,1394, 960, 752°¢nMS (EI) m/z(%) 265 (M + 1, 100), 243 (4), 219 (12), 163
(12), 145 (8);Elemental analysiscalcd for GegHigN4: C, 72.70; H, 6.10; N, 21.20Found: C,
72.85; H, 6.04; N, 21.13.

66k

(E)-1,1'-(3-(2-Bromophenyl)prop-2-ene-1,1-diyl)bis(lH-pyrazole) (65I):

F\N Following the general procedure (GP-3); 1-(2-broheyyl)prop-2-
N’ ynyl acetate(2l; 253 mg, 1.0 mmol), pyrazole&s@ 340 mg, 5.0
| L\) mmol), and AgNQ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL)

was heated at 8C for 24 h. Finally, the crude mixture was purified
by silica gel column chromatography eluting withxaee: ethyl acetatel(l) to afford64l
(64 mg) in 20% vyield agale yellow semi-solicand 651 (165 mg) in 50% yield as pale
yellow solid.

mp = 7475°C; R = 0.33 (4:1 hexane/EtOAc); [Silica, UV and;I"H NMR (400 MHz, CDCl5)
d 7.68 (bdJ = 2.4 Hz, 2H), 7.60 (bdl = 1.6 Hz, 2H), 7.57 (dd} = 8.0, 1.6 Hz, 1H), 7.51 (dd,=
8.0, 1.2 Hz, 1H), 7.26 (d, = 4.4 Hz, 1H), 7.23 (d] = 6.0 Hz, 1H), 7.10 (td] = 7.6, 1.6 Hz, 1H),
7.00-6.84 (m, 2H), 6.31 (1) = 2.0 Hz, 2H);*C NMR (101 MHz, CDCl,) J 140.4, 134.9, 134.2,
132.8, 129.8, 128.6, 127.4, 127.3, 125.3, 123.8,61075.7;IR (KBr) Vnax 3022, 2968, 1514,
1087, 968, 754 cit MS (El) m/z (%) 331 (M+2, 78), 330 (M + 1, 100), 264 (11), 262 (11);
Elemental analysiscalcd for GsH13BrN4: C, 54.73; H, 3.98; N, 17.0Found: C, 54.85; H, 3.91;
N, 17.15.

1-(2-Bromophenyl)-2-(H-pyrazol-1-yl)allyl acetate (64l):

R = 0.45 (4:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDClg) 0 7.69 (d,J = 2.4 Hz, 1H), 7.60 (bs, 1H), 7.58 @,= 1.2 Hz, 1H),
7.48 (dd,J = 6.8, 1.6 Hz, 1H), 7.35%.29 (m, 2H), 7.21 (td) = 6.8, 1.6 Hz,
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1H), 6.33 (tJ = 2.0 Hz, 1H), 5.65 (bdl = 1.2 Hz, 1H), 4.82 (bt] = 1.2 Hz, 1H), 2.12 (s, 3H}C
NMR (101 MHz, CDCls) J 169.2, 142.8, 140.7, 136.1, 133.1, 130.1, 128.4,6,2127.2, 123.9,
107.0, 104.6, 72.3, 20.TR (Neat) Vnax 3063, 2928, 1747, 1224, 756 ¢S (EI) m/z(%) 323
(M*+ 2, 28), 321 (M, 28), 208 (17), 151 (100), 108 (34), 76 (3B)emental analysiscalcd for
CuH1BrN,O,: C, 52.36; H, 4.08; N, 8.7Found: C, 52.25; H, 4.12; N, 8.65.

(E)-1,1'-(3-(2,4-Dichlorophenyl)prop-2-ene-1,1-diyl)s(1H-pyrazole) (65m):

L_\ Following  the  general procedure (GP-3); 1-(2,4-

cl dichlorophenyl)prop-2-ynyl acetaté€m; 242 mg, 1.0 mmol),

/ \N
N
S N’N
\)| pyrazole 50, 340 mg, 5.0 mmol), and AgNO(16.9 mg, 0.1
da 65m

mmol) in chlorobenzene (1.0 mL) was heated af@Cor 24 h.

Finally, the crude mixture was purified by silical golumn chromatography eluting with
hexane: ethyl acetaté:() to afford64m (47 mg) in 15% yieldas pale yellow solid and
65m (210mg) in 66% yield as colorless solid.

mp = 107108 °C; R = 0.54 (6:1 hexane/EtOAc); [Silica, UV ang;I'*H NMR (400 MHz,
CDCly) 6 7.65 (d,J = 2.4 Hz, 2H), 7.60 (bd] = 1.6 Hz, 2H), 7.50 (ddl = 8.4, 2.8 Hz, 1H), 7.33
(bt, J = 2.4 Hz, 1H), 7.22 (d] = 3.2 Hz, 1H), 7.18 (dt] = 8.4, 2.4 Hz, 1H), 6.946.91 (m, 2H),
6.31 (bt,J = 2.0 Hz, 2H);"*C NMR (101 MHz, CDCly) J 140.5, 134.7, 134.0, 131.8, 130.5,
129.4, 128.6, 127.9, 127.2, 125.8, 106.7, 7RYKBI) Vma 3109, 2962, 1585, 1388, 754 ¢m
MS (El) m/z(%) 320 (M + 1, 8), 290 (13), 251 (100), 215 (21), 183 (11)2 18); Elemental
analysiscalcd for GsH1,ClL,N,: C, 56.44; H, 3.79; N, 17.550und: C, 56.32; H, 3.83; N, 17.41.

1-(2,4-Dichlorophenyl)-2-(H-pyrazol-1-yl)allyl acetate (64m):

. oAc @ mp =57-58°C; R = 0.57 (6:1 hexane/EtOAc); [Silica, UV angl |
N-N"| *H NMR (400 MHz, CDCl;) & 7.68 (d,J = 2.4 Hz, 1H), 7.58 (bd] = 1.6
6am Hz, 1H), 7.41 (dJ = 11.2 Hz, 1H), 7.42 (s, 1H), 7.34 (s, 1H), 7.86,0 =
8.4, 2.0 Hz, 1H), 6.32 (bf, = 2.0 Hz, 1H), 5.60 (bd] = 1.6 Hz, 1H), 4.88
(bt, J = 1.2 Hz, 1H), 2.12 (s, 3H}*C NMR (101 MHz, CDCl;) J 169.1, 142.6, 140.8, 135.1,
134.6, 133.3, 129.7, 129.3, 127.34, 127.28, 10104,2, 69.6, 20.71R (KBr) vnax 3128, 2932,
1751, 1222, 1026, 754 ¢mMS (El) m/z(%) 313 (M + 2, 67), 311 (M, 100), 289 (41), 253 (41),
251 (61), 216 (14), 102 (14Elemental analysiscalcd for G4H1.CIoN,O,: C, 54.04; H, 3.89; N,
9.00.Found: C, 54.15; H, 3.81; N, 8.86.

Cl
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(E)-1,1'-(3-(2,6-Dichlorophenyl)prop-2-ene-1,1-diyl)s(1H-pyrazole) (65n):

Following the general procedure (GP-3); 1-(2,6-tticbphenyl)prop-
2-ynyl acetatg2n; 242 mg, 1.0 mmol), pyrazolé@ 340 mg, 5.0

[ b
Cl N
X N
WD mmol), and AgNQ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL)
cl
65n

was heated at 8UC for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withxaee: ethyl acetat&1(l) to afford64n
(37mg) in 12% vyield asolorless solichnd65n (162mg) in 51% vyield as colorless solid.
mp = 105106 °C; R = 0.64 (4:1 hexane/EtOAc); [Silica, UV angl;I'H NMR (400 MHz,
CDCl3) J 7.73 (s, 2H), 7.60 (s, 2H), 7:38.25 (m, 3H), 7.10 (t) = 7.6 Hz, 1H), 6.96 (dd] =
16.4, 4.4 Hz, 1H), 6.55 (d, = 16.0 Hz, 1H), 6.32 (bd] = 1.2 Hz, 2H);*C NMR (101 MHz,
CDCls) 0 140.6, 134.4, 132.5, 131.2, 129.4, 129.0, 128.8,4,1206.6, 75.8R (KBr) Vmax 3109,
2962, 1582, 1388, 1041, 754 ¢rMIS (EI) m/z(%) 320 (M + 1, 37), 319 (M, 100), 146 (4), 110
(4); Elemental analysiscalcd for GsH1-CIoN4: C, 56.44; H, 3.79; N, 17.5%0und: C, 56.51; H,
3.72; N, 17.41.

1-(2,6-Dichlorophenyl)-2-(H-pyrazol-1-yl)allyl acetate (64n):

mp = 86-87 °C; R = 0.57 (6:1 hexane/EtOAc); [Silica, UV and;I"H NMR
(400 MHz, CDCL) J 7.83 (bdd,) = 8.4, 1.6 Hz, 1H), 7.65 (bs, 1H), 7.60 (bd,
J=2.0 Hz, 1H), 7.30 (s, 1H), 7.28 (s, 1H), 7.13(¢ 8.0 Hz, 1H), 6.88 (d]

= 9.6 Hz, 1H), 6.34 (bt] = 2.0 Hz, 1H), 5.74 (] = 8.8 Hz, 1H), 2.09 (s, 3H);
¥C NMR (101 MHz, CDCl;) & 170.0, 141.6, 135.4, 134.7, 130.5, 129.5, 129.8,012113.3,
106.9, 68.8, 20.9R (KBr) Vimax 2924, 1730, 1244, 761 CmMMS (EI) m/z(%) 313 (M + 2, 20),
311 (M, 35), 289 (17), 251 (100), 203 (100), 183 (41)) {B7), 102 (100)Elemental analysis
calcd for G4H1.CILN,O,: C, 54.04; H, 3.89; N, 9.06ound: C, 53.95; H, 3.94; N, 9.12.

(E)-1,1'-(3-(Naphthalen-1-yl)prop-2-ene-1,1-diyl)bis{H-pyrazole) (650):

(/_\\ Following the general procedure (GP-3); 1-(naptethl-yl)prop-
0 N 2-ynyl acetatg20; 224 mg, 1.0 mmol), pyrazolé@ 340 mg, 5.0
X N
O o5 b mmol), and AgNQ (16.9 mg, 0.1 mmol) in chlorobenzene (1.0
(0]

mL) was heated at 80C for 24 h. Finally, the crude mixture was
purified by silica gel column chromatography elgtiwith hexane: ethyl acetatd:{) to
afford 640 (67 mg) in 23% yield asolorless solid650 (144mg) in 48% vyield as colorless
solid and660(48 mg) in 16% yield as pale yellow solid.
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mp = 85-86 °C; R, = 0.38 (4:1 hexane/EtOAc); [Silica, UV and;I'"H NMR (400 MHz, CDCl,)

& 8.01-7.94 (m, 1H), 7.897.81 (m, 2H), 7.75 (bdl = 2.4 Hz, 2H), 7.727.65 (m, 3H), 7.547.44
(m, 3H), 7.35 (ddJ = 10.4, 4.4 Hz, 2H), 6.97 (dd,= 16.0, 5.6 Hz, 1H), 6.37 (bl,= 2.0 Hz, 2H);
%C NMR (101 MHz, CDCly) J 140.5, 133.4, 132.9, 132.6, 130.9, 129.0, 128.8,5,2126.3,
125.9, 125.6, 125.4, 124.4, 123.3, 106.7, 7TBRL(KBr) vmax 3117, 3057, 1512, 1390, 966, 754
cm; MS (El) m/z (%) 301 (M + 1, 100), 287 (6), 255 (4Elemental analysiscalcd for
CigHigN4: C, 75.98; H, 5.37; N, 18.650und: C, 75.86; H, 5.31; N, 18.56.

1-(Naphthalen-1-yl)-2-(H-pyrazol-1-yl)allyl acetate (640):

oA ﬁ mp = 92-93°C; R = 0.56 (4:1 hexane/EtOAc); [Silica, UV angl |

O N<’| *H NMR (400 MHz, CDCl3) J 8.16 (d,J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.87

O 640 (dd,J = 11.6, 8.4 Hz, 2H), 7.727.64 (m, 2H), 7.62 (bd) = 1.6 Hz, 1H),

7.59-7.49 (m, 2H), 6.47 () = 7.6 Hz,. 1H), 6.31 (bt] = 1.6 Hz,. 1H), 5.62 (bd} = 1.2 Hz, 1H),
4.95 (s, 1H), 2.14 (s, 3H}*C NMR (101 MHz, CDCly) J 169.5, 143.9, 140.7, 133.7, 132.4,
130.9, 129.4, 128.7, 127.4, 126.7, 125.9, 125.8,412107.0, 104.6, 70.0, 20.BR (KBr) Vpax
3065, 2930, 1736, 1224, 773 ¢rMS (El) m/z(%) 293 (M + 1, 100);Elemental analysiscalcd
for CigH16N2O,: C, 73.95; H, 5.52; N, 9.5&0und: C, 74.05; H, 5.48; N, 9.51.

(E)-1,1'-(3-(Naphthalen-1-yl)prop-1-ene-1,3-diyl)bis{H-pyrazole) (660):

mp = 95-96 °C; R = 0.29 (4:1 hexane/EtOAc); [Silica, UV ang;I'H
NMR (400 MHz, CDCl3) J 8.00-7.93 (m, 1H), 7.927.83 (m, 2H), 7.63
\':'7 (d,J = 12.8 Hz, 2H), 7.537.41 (m, 5H), 7.33 (bd} = 2.0 Hz, 1H), 7.02
(d,J = 5.6 Hz, 1H), 6.82 (ddl = 14.0, 6.0 Hz, 1H), 6.63 (d,= 14.0 Hz,
1H), 6.32 (btJ = 2.0 Hz, 1H), 6.26 (bt] = 2.0 Hz, 1H);*C NMR (101 MHz, CDCls) J 141.3,
139.7, 133.9, 133.8, 130.9, 130.2, 129.5, 128.28,717,128.5, 126.9, 126.0, 125.7, 125.2, 122.9,
115.0, 107.2, 105.9, 61.IR (KBI) Vnax3051, 2924, 1678, 1394, 958, 754 &nMS (EI) m/z(%)
301 (M + 1, 100), 282 (11)Elemental analysiscalcd for GgHigN4: C, 75.98; H, 5.37; N, 18.65.
Found: C, 75.85; H, 5.32; N, 18.71.
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(E)-1,1'-(3-(Thiophen-2-yl)prop-2-ene-1,1-diyl)bis(H-pyrazole) (65p):

A/_\\ Following the general procedure (GP-3); 1-(thiopReyl)prop-2-ynyl
N acetatg2p; 180 mg, 1.0 mmol), pyrazol&g 340 mg, 5.0 mmol), and
N\ N .
Wb AgNO; (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL) Wwaated at
65p

80 °C for 24 h. Finally, the crude mixture was purifiey silica gel

column chromatography eluting with hexane: ethgtate 6:1) to afford64p (30 mg) in
12% yield aorown oil, 65p (141 mg) in 55% yield as brown solid asép (18 mg) in 7%

yield as brown oil.

mp = 63-64°C; R = 0.35 (6:1 hexane/EtOAc); [Silica, UV and;I*"H NMR (400 MHz, CDCls)
& 7.64 (bdJ = 2.4 Hz, 2H), 7.59 (bd] = 1.6 Hz, 2H), 7.18 (dd} = 11.2, 4.8 Hz, 2H), 6.99 (d,=
3.6 Hz, 1H), 6.93 (t) = 4.4 Hz, 1H), 6.69 (d] = 5.2 Hz, 1H), 6.67 (s, 1H), 6.29 (Bt= 2.4 Hz,
2H); *C NMR (101 MHz, CDCly) J 140.3, 139.6, 128.5, 128.4, 127.7, 127.3, 125.8,412
106.5, 75.61R (KBI) Vmax 3107, 1649, 1514, 1390, 1087, 960, 754cMS (EI) m/z (%) 257
(M* + 1, 100), 243 (3), 211 (30), 167 (16), 97 (B)emental analysiscalcd for GsH1,N,S: C,
60.91; H, 4.72; N, 21.86-ound: C, 60.75; H, 4.81; N, 21.75.

2-(1H-Pyrazol-1-yl)-1-(thiophen-2-yl)allyl acetate (64p)

R = 0.56 (6:1 hexane/EtOAc); [Silica, UV ang;I'"H NMR (400 MHz,
CDClg) J 7.66 (bd,J = 2.0 Hz, 1H), 7.61 (s, 1H), 7.34 (s, 1H), 7.2@,(b=
3.2 Hz, 1H), 7.09 (bd] = 3.2 Hz, 1H), 6.93 (J = 4.0 Hz, 1H), 6.31 (bs, 1H),
5.57 (s, 1H), 5.27 (s, 1H), 2.15 (s, 3t NMR (101 MHz, CDCL) & 169.2,
143.8, 140.7, 139.9, 128.0, 127.3, 126.8, 126.3,010102.9, 68.8, 21.0R (Neat) Vinax 2926,
1747, 1653, 1224, 1024, 754 CoMS (El) m/z (%) 247 (M - 1, 100), 244 (54), 220 (30), 186
(6), 136 (3);Elemental analysiscalcd for G;H1,N,O,S: C, 58.05; H, 4.87; N, 11.28ound: C,
58.12; H, 4.81; N, 11.35.

(E)-1,1'-(3-(Thiophen-2-yl)prop-1-ene-1,3-diyl)bis(H-pyrazole) (66p):

L/—\\ R = 0.20 (6:1 hexane/EtOAc); [Silica, UV angl;I"H NMR (400 MHz,

N CDCl3) J 7.62 (bdJ = 1.6 Hz, 1H), 7.60 (bdl = 1.6 Hz, 1H), 7.55 (d] =

=
= NN 2.4 Hz, 1H), 7.50 (d) = 2.4 Hz, 1H), 7.32 (dd] = 5.2, 1.2 Hz, 1H), 7.06
\_s 66 \Q)
P (bd,J = 3.6 Hz, 1H), 7.01 (dd] = 5.2, 3.6 Hz, 1H), 6.92 (d, = 13.6 Hz,

1H), 6.67 (dd,J = 14.0, 6.8 Hz, 1H), 6.43 (d,= 7.2 Hz, 1H), 6.36 (bt] = 2.0 Hz, 1H), 6.31 (bt]
= 2.4 Hz, 1H);**C NMR (101 MHz, CDCl;) ¢ 141.7, 141.5, 139.8, 130.3, 128.5, 128.1, 127.0,

144



Chapter 2

126.5, 126.3, 114.7, 107.5, 106.1, 60F;(Neat) Vma 3107, 2924, 1678, 1520, 1394, 1089, 752
cmi; MS (El) m/z(%) 257 (M + 1, 100), 239 (6), 215 (6), 181 (9), 157 (12), {B3); Elemental
analysiscalcd for GsHi,N,S: C, 60.91; H, 4.72; N, 21.860ound: C, 61.06; H, 4.68; N, 21.95.

(E)-4-(3,3-Di(IH-pyrazol-1-yl)prop-1-enyl)benzaldehyde (65q):

Following  the general procedure (GP-3); 1-(4-
formylphenyl)prop-2-ynyl acetaté2g; 202 mg, 1.0 mmol),

I\
»
oA N
WD pyrazole 60; 340 mg, 5.0 mmol), and AgNQ(16.9 mg, 0.1
OHC 654

mmol) in chlorobenzene (1.0 mL) was heated at@dor 24 h.

Finally, the crude mixture was purified by silical golumn chromatography eluting with
hexane: ethyl acetat8:() to afford64q (51 mg) in 19% yield apale yellow oiland65q
(150 mg) in 54% yield as pale yellow solid.

mp = 104105 °C; R = 0.29 (3:1 hexane/EtOAc); [Silica, UV angl;I'"H NMR (400 MHz,
CDCl3) J 9.99 (s, 1H), 7.84 (d] = 8.0 Hz, 2H), 7.65 (d] = 2.4 Hz, 2H), 7.61 (bd] = 1.6 Hz,
2H), 7.57 (dJ = 8.0 Hz, 2H), 7.21 (dd} = 5.6, 1.2 Hz, 1H), 7.06 (dd,= 16.0, 6.0 Hz, 1H), 6.61
(d, J = 16.0 Hz, 1H), 6.34 (bdl = 2.0 Hz, 2H):**C NMR (101 MHz, CDCly) J 191.4, 140.7,
140.5, 136.0, 134.0, 129.9, 128.6, 127.4, 126.5,81075.7;IR (KBr) Vpax 2926, 1691, 1390,
1209, 1089, 765, 625 ¢ MS (El) m/z (%) 279 (M + 1, 100), 233 (3), 212 (5Elemental
analysiscalcd for GeH14N,O: C, 69.05; H, 5.07; N, 20.1Bound: C, 69.18; H, 5.15; N, 20.06.

1-(4-Formylphenyl)-2-(1H-pyrazol-1-yl)allyl acetate (64q):

o = R = 0.61 (3:1 hexane/EtOAc); [Silica, UV and;I*H NMR (400 MHz,
N-N"| CDCly) 8 9.96 (s, 1H), 7.82 (d = 8.0 Hz, 2H), 7.637.55 (m, 4H), 7.17
OHC 64 (s, 1H), 6.26 (bt) = 2.0 Hz, 1H), 5.51 (bd] = 1.2 Hz, 1H), 5.12 (s, 1H),
2.15 (s, 3H)*C NMR (101 MHz, CDCly) J 191.6, 169.1, 143.6, 140.7,
136.2, 129.8, 127.8, 127.7, 107.1, 103.1, 72.%;2R.(Neat) Vmax 2928, 1741, 1608, 1226, 1032,
758 cmi*; MS (El) m/z(%) 271 (M + 1, 100), 240 (5)Elemental analysiscalcd for GsH14N,Os:
C, 66.66; H, 5.22; N, 10.360und: C, 66.48; H, 5.32; N, 10.25.
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(E)-1,1'-(3-(4-(1,3-Dioxan-2-yl)phenyl)prop-2-ene-1;tiyl)bis(1H-pyrazole) (65r):

F Following the general procedure (GP-3); 1-(4-(li@xdn-2-
N yhphenyl)prop-2-ynyl acetate(2s 260 mg, 1.0 mmol),
A N
OYQA)\D pyrazole 50; 340 mg, 5.0 mmol), and AgN(Q16.9 mg, 0.1
E/ 65r
(0]

mmol) in chlorobenzene (1.0 mL) was heated at@for 24 h.

Finally, the crude mixture was purified by silical golumn chromatography eluting with
hexane: ethyl acetat8:() to afford64r (66 mg) in 20% yield asolorless soligd65r (145
mgq) in 43% yield as colorless solid a®@r (47 mg) in 14% yield as pale yellow solid.

mp = 126-121 °C; R = 0.25 (3:1 hexane/EtOAc); [Silica, UV angl;I'H NMR (400 MHz,
CDCl3) J 7.65 (bdJ = 1.6 Hz, 2H), 7.59 (bs, 2H), 7.46 (ki 6.8 Hz, 2H), 7.41 (bd] = 6.4 Hz,
2H), 7.20 (dd,J = 5.2, 1.2 Hz, 1H), 6.91 (dd,= 12.8, 4.8 Hz, 1H), 6.56 (d,= 12.8 Hz, 1H), 6.29
(bd,J = 1.6 Hz, 2H), 5.47 (s, 1H), 4.23 (bdii= 8.8, 3.6 Hz, 2H), 3.94 (fl = 10.0 Hz, 2H),
2.25-2.12 (m, 1H), 1.40 (bd) = 10.0 Hz, 1H);**C NMR (101 MHz, CDCl;) & 140.2, 139.0,
135.2,135.0, 128.5, 126.7, 126.1, 122.7, 106.8,8,05.8, 67.0, 25.4R (KBr) Vmax 3101, 2962,
1392, 1105, 758 cthy MS (El) m/z(%) 337 (M + 1, 100), 323 (3)Elemental analysiscalcd for
CigH20N4O,: C, 67.84; H, 5.99; N, 16.660und: C, 67.71; H, 5.91; N, 16.58.

1-(4-(1,3-Dioxan-2-yl)phenyl)-2-(H-pyrazol-1-yl)allyl acetate (64r):

O = mp = 119-120°C; R = 0.44 (3:1 hexane/EtOAc); [Silica, UV ang;I
Q 'H NMR (400 MHz, CDCly) J 7.56 (bt,d = 2.0 Hz, 2H), 7.497.42
C sar (m, 4H), 7.11 (s, 1H), 6.24 (8 = 2.0 Hz, 1H), 5.56 (s, 1H), 5.48 (s,
° 1H), 5.09 (s, 1H), 4.25 (dd,= 8.8, 4.0 Hz, 2H), 3.97 (td,= 9.6, 1.6
Hz, 2H), 2.262.16 (m, 1H), 2.12 (s, 3H), 1.44 (@= 10.8 Hz, 1H)**C NMR (125 MHz, CDCl,)
0 169.2, 143.9, 140.5, 138.9, 137.4, 127.8, 127.8,212106.8, 103.3, 101.0, 72.8, 67.3, 25.6,
20.9;IR (KBF) Vnax 3130, 2974, 1738, 1244, 763 ¢nMS (EI) m/z(%) 329 (M + 1, 100), 223
(11), 121 (3);Elemental analysiscalcd for GgH2oN.O4: C, 65.84; H, 6.14; N, 8.53ound: C,
65.72; H, 6.21; N, 8.65.
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(E)-1,1'-(3-(4-(1,3-Dioxan-2-yl)phenyl)prop-1-ene-1;8iyl)bis(1H-pyrazole) (66r):

N mp = 105106 °C; R = 0.17 (3:1 hexane/EtOAc); [Silica, UV and
l,]; *H NMR (400 MHz, CDClg) J 7.61 (bd,J = 1.2 Hz, 1H), 7.59
D (bd,J = 1.2 Hz, 1H), 7.537.48 (m, 3H), 7.43 (d) = 1.6 Hz, 1H),
&O 561 7.25 (d,J = 6.4 Hz, 2H), 6.77 (dd] = 11.2, 0.4 Hz, 1H), 6.68 (dd,

- =11.2, 5.2 Hz, 1H), 6.34 (bi,= 2.0 Hz, 1H), 6.29 (bt] = 1.6 Hz,
1H)., 6.23 (dJ = 5.6 Hz, 1H), 5.51 (s, 1H), 4.26 (dHz= 8.4, 3.6 Hz, 2H), 3.99 (td,= 10.0, 2.0
Hz, 2H), 2.282.16 (m, 1H), 1.45 (dJ = 10.8 Hz, 1H);*C NMR (125 MHz, CDCl3) J 141.3,
139.6, 139.1, 138.9, 130.5, 128.5, 128.4, 127.8,51214.8, 107.3, 105.8, 100.9, 67.3, 64.8, 25.6;
IR (KBr) Vmax 3111, 2924, 1676, 1392, 1103, 7485rvIS (El) m/z(%) 337 (M + 1, 100), 323
(3); Elemental analysiscalcd for GoH2oN4O,: C, 67.84; H, 5.99; N, 16.66ound: C, 67.92; H,
6.08; N, 16.75.
(E)-1,1'-(3-(Benzof][1,3]dioxol-5-yl)prop-2-ene-1,1-diyl)bis(H-pyrazole) (65s):

Following the general procedure (GP-3); 1-(bed}a[3]dioxol-
5-yl)prop-2-ynyl acetatg?r; 218 mg, 1.0 mmol), pyrazol&Q

! t\N

N
O \ N’N .
4 @ 340 mg, 5.0 mmol), and AgNO(16.9 mg, 0.1 mmol) in
e} 65s

chlorobenzene (1.0 mL) was heated at@dor 53 h. Finally, the

crude mixture was purified by silica gel column amatography eluting with hexane:
ethyl acetateq:1) to afford64s(29 mg) in 10% yield avrown oil, 65s(147mg) in 50%
yield as light brown solid an@6s(50mg) in 17% yield as brown oil.

mp = 115116 °C; R = 0.43 (6:1 hexane/EtOAc); [Silica, UV ang:I'"H NMR (400 MHz,
CDCl3) o 7.64 (bdJ = 2.0 Hz, 2H), 7.59 (bd] = 1.6 Hz, 2H), 7.13 (d] = 6.0 Hz, 1H), 6.98 (bd,
J=1.2 Hz, 1H), 6.84 (d] = 8.0 Hz, 1H), 6.786.70 (m, 2H), 6.50 (d] = 16.0 Hz, 1H), 6.31 (b8

= 2.0 Hz, 2H), 5.95 (s, 2H}*C NMR (101 MHz, CDCl) & 148.2, 148.1, 140.4, 135.3, 129.5,
128.5, 122.3, 120.7, 108.3, 106.6, 106.1, 101.23;18 (KBr) vmax 3103, 2901, 1651, 1448,
1255, 1037, 761, 625 cmMS (El) m/z(%) 294 (M, 24), 293 (M - 1, 100);Elemental analysis
calcd for GeH14N4O2: C, 65.30; H, 4.79; N, 19.0&ound: C, 65.21; H, 4.71; N, 19.15.

1-(Benzof][1,3]dioxol-5-yl)-2-(1H-pyrazol-1-yl)allyl acetate (64s):

OAC ﬁ R = 0.64 (6:1 hexane/EtOAc); [Silica, UV ang;I"H NMR (400 MHz,
N\ CDCl3) 6 7.58 (bd,J = 2.8 Hz, 1H), 7.57 (bd] = 1.6 Hz, 1H), 6.99 (s,
64s 1H), 6.96-6.90 (m, 2H), 6.73 (dJ = 8.4 Hz, 1H), 6.26 (bt) = 2.0 Hz,
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1H), 5.92 (s, 2H), 5.53 (s, 1H), 5.12 (s, 1H), 2(423H);**C NMR (101 MHz, CDCls) J 169.3,
147, 77, 147.76, 144.1, 140.5, 130.6, 127.7, 12108,2, 107.8, 106.8, 102.8, 101.2, 72.8, 21.0;
IR (Neat) Vmax 2924, 1743, 1228, 756, 696 TrMS (EI) m/z(%) 287 (M + 1, 100), 269 (6), 241
(9), 229 (14), 197 (8)Elemental analysiscalcd for GsH14N,O4: C, 62.93; H, 4.93; N, 9.79.
Found: C, 62.85; H, 4.88; N, 9.65.

(E)-1,1'-(3-(Benzof][1,3]dioxol-5-yl)prop-1-ene-1,3-diyl)bis(H-pyrazole) (66s):

a) R = 0.18 (6:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz,

N’ CDCl3) 6 7.62 (bdJ = 1.6 Hz, 1H), 7.60 (bdl = 1.2 Hz, 1H), 7.56 (bd,
<Z:©/;?“Q7 J = 2.0 Hz, 1H), 7.48 (bd] = 2.0 Hz, 1H), 6.83 (d] = 11.6 Hz, 1H),
6.81-6.75 (m, 2H), 6.74 (bd] = 1.2 Hz, 1H), 6.64 (dd} = 11.2, 5.6 Hz,
1H), 6.36 (btJ = 1.6 Hz, 1H), 6.31 (bt] = 1.6 Hz, 1H), 6.12 (d] = 5.6 Hz, 1H), 5.975.95 (m,
2H); *C NMR (101 MHz, CDCly) J 148.1, 147.6, 141.3, 139.7, 132.6, 130.4, 128.8.312
120.9, 115.0, 108.4, 107.8, 107.4, 105.8, 101.3B;6R (Neat) Vmax 2924, 1678, 1248, 1039, 754
cm™; MS (El) m/z (%) 295 (M + 1, 100), 252 (41), 204 (14Elemental analysiscalcd for
Ci6H14aN4O: C, 65.30; H, 4.79; N, 19.04. Found: C, 65.484185; N, 18.89.

1-Phenyl-3-(H-pyrazol-1-yl)but-3-en-2-yl acetate (64t):

ohe = Following the general procedure (GP-3); 1-pheny®wyn-2-yl
‘ N-/| acetateZt; 188 mg, 1.0 mmol), pyrazol&@ 340 mg, 5.0 mmol), and
bat AgNO; (16.9 mg, 0.1 mmol) in chlorobenzene (1.0 mL) Wweated at

80 °C for 24 h. Finally, the crude mixture was purifidd/ silica gel column
chromatography eluting with hexane: ethyl aceta®&1j to afford 64t (49 mg) in 19%
yield ascolorless oil 64t (65mg) in 25% yield as colorless oil.

R = 0.57 (19:1 hexane/EtOAc); [Silica, UV and; 'H NMR (400 MHz, CDCl,) J 7.73 (s, 1H),
7.67 (s, 1H), 7.487.12 (m, 5H), 6.38 (s, 1H), 6.22 (s, 1H), 5.331(d), 4.95 (s, 1H), 3.238.13
(m, 1H), 3.062.90 (m, 1H), 2.06 (s, 3H}*C NMR (101 MHz, CDCl;) J 169.6, 144.2, 140.8,
136.7, 129.5, 128.2, 127.8, 126.7, 107.0, 102.3,3.0;IR (Neat) Vnax 3030, 2926, 1747, 1651,
1232, 1045, 754 cth MS (El) m/z(%) 257 (M + 1, 100), 199 (8), 167 (14), 139 (Blemental
analysiscalcd for GsH;gN,Oz: C, 70.29; H, 6.29; N, 10.980ound: C, 70.18; H, 6.22; N, 10.88.
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(2)-1-Phenyl-4-(H-pyrazol-1-yl)but-3-en-2-yl acetate (64t):

R = 0.45 (19:1 hexane/EtOAc); [Silica, UV ang;I"H NMR (400 MHz,

CDClg) d 7.69 (s, 1H), 7.50 (s, 1H), 7:36.18 (m, 5H), 6.74 (d] = 9.6 Hz,
1H), 6.56 (s, 1H), 6.34 (s, 1H), 5.14 Jt= 8.8 Hz, 1H), 3.243.15 (m, 1H),
3.05-2.98 (m, 1H), 1.99 (s, 3H)*C NMR (101 MHz, CDCl;) J 170.1,
141.4, 137.2, 130.3, 129.6, 128.1, 126.4, 125.7,21106.6, 71.5, 40.4, 21.1.

IR (Neat) Vmax 3028, 2924, 1736, 1521, 1236, 738 tS (EI) m/z(%) 257 (M + 1, 100), 223
(14), 211 (27), 167 (14), 97 (11), 91 (1E)emental analysiscalcd for GsHigN,O,: C, 70.29; H,
6.29; N, 10.93Found: C, 70.35; H, 6.23; N, 10.99.

1-(Naphthalen-1-yl)-2-(HH-pyrazol-1-yl)propan-1-ol (80):

O on —.) [nanoven dried RB340(50 mg, 0.2 mmol) and 10% Pd/C in MeOH
O N-\"| was taken. The reaction mixture was stirred at rdemperature
80

under B (balloon) atmosphere for 1 h. The crude residug aviaited

with CH,CI, and filtered through a small pad of Celifhe filtrate was concentrated
under the reduced pressure. The crude residue was purified by column
chromatography on silica gel eluting with hexane: ethyl acetated4:() to afford
inseperable mixture of two diastereomers80f(1:1, 45 mg) in 89% yield as pale yellow

oil.

R = 0.61 (4:1 hexane/EtOAc); [Silica, UV ang;I"H NMR (400 MHz, CDCl3) J 8.02 (d,J =

8.4 Hz, 2H), 7.87 (dJ = 8.4 Hz, 2H), 7.74 (d) = 8.0 Hz, 2H), 7.59 (bd) = 1.6 Hz, 2H),
7.57-7.47 (m, 4H), 7.32 (tJ = 8.0 Hz, 2H), 7.137.06 (m, 4H), 6.12 (tJ = 2.4 Hz, 2H),
4.77-4.67 (m, 2H), 3.70 (dd] = 14.0, 7.2 Hz, 2H), 3.46 (dd,= 13.6, 6.8 Hz, 2H), 1.62 (s, 3H),
1.61 (s, 3H);*C NMR (101 MHz, CDCl;) J 139.1, 134.0, 133.8, 131.8, 128.8, 127.8, 127.5,
127.4, 126.1, 125.5, 125.3, 123.4, 104.5, 58.6,400.6;IR (Neat) V. 3059, 2934, 1745, 1396,
1045, 750, 623 cify MS (El) m/z (%) 253 (M + 1, 100), 207 (3), 184 (3), 168 (FHlemental
analysiscalcd for GeH1gN,O: C, 76.16; H, 6.39; N, 11.1B8ound: C, 76.28; H, 6.31; N, 11.25.

1,1'-(3-Phenylpropane-1,1-diyl)bis(H-pyrazole) (81):

In an oven dried RB65a (100 mg, 0.4 mmol) and 10% Pd/C in

MeOH was taken. The reaction mixture was stirred r@am

U\
N
N
WD temperature underHballoon) atmosphere for 1 h. The crude residue
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was diluted with CHCl, and filtered through a small pad of Celihe filtrate was
concentrated under the reduced pressure. The crude residue was purified by column
chromatography on silica gel eluting with hexane: ethyl acetatd:() to afford 81 (99

mgq) in 98% yield asolorless solid.

mp = 69-70 °C; R, = 0.35 (4:1 hexane/EtOAc); [Silica, UV and;I*"H NMR (400 MHz, CDCls)

0 7.63 (bd,J = 2.4 Hz, 2H), 7.56 (bd] = 1.6 Hz, 2H), 7.31 (bt] = 7.6 Hz, 2H), 7.267.19 (m,
1H), 7.15 (bdJ = 1.6 Hz, 1H), 7.14 (s, 1H), 6.33 (&= 7.6 Hz, 1H), 6.28 (bt) = 2.0 Hz, 2H),
2.95 (g,J = 7.2 Hz, 2H), 2.58 (t) = 7.6 Hz, 2H):*C NMR (101 MHz, CDCl;) J 140.0, 139.6,
128.6, 128.5, 128.4, 126.4, 106.4, 74.5, 35.1,.3R.IKBr) vnax 3109, 2928, 1514, 1390, 1091,
752, 623 cril; MS (El) m/z(%) 253 (M + 1, 100), 209 (3), 146 (3Elemental analysiscalcd for
CisHigNa: C, 71.40; H, 6.39; N, 22.2Found: C, 71.56; H, 6.31; N, 22.15.

Synthesis of Pd-Complex 82 from 650:

In an oven dried schlenk tub&50 (90 mg, 0.3 mmol) and
PdC}L (53 mg, 0.3 mmol) in CECN (6.0 mL) was taken. The

reaction mixture was stirred at room temperature5fd. The

yellow precipitate was filtered off to affo&P (127mg) in 89%

yield aspale yellow solid

mp = 275276°C (decomposed)H NMR (400 MHz, DMSO-D6) J 8.46 (bd,J = 2.4 Hz, 2H),
8.25 (bd,J = 4.0 Hz, 1H), 8.22 (d] = 8.8 Hz, 1H), 8.08 (bd] = 1.2 Hz, 2H), 8.037.89 (m, 3H),
7.67-7.45 (m, 4H), 7.10 (bs, 1H), 6.68 (s, 2fC NMR (101 MHz, DMSO-D6) J 144.4, 135.3,
133.6, 132.1, 131.1, 130.0, 129.0, 127.3, 126.8,212125.3, 124.2, 108.1, 73R (KBr) Vmax
3145, 3123, 2931, 1408, 1282, 1205, 1086, 947, BBB, 613 cnt; Elemental analysiscalcd for
CioH16CILN4JPd: C, 47.77; H, 3.38; N, 11.7Bound: C, 47.86; H, 3.32; N, 11.65.

2.5.6: General Procedure for Suzuki-Miyaura Cross Gupling Reaction (GP-4):

A 25 mL Schlenk tube was charged with aryliodi@8; (1.0 equiv), arylboronic84; 2.0
equiv), KCO; (2.0 equiv) and palladium compléd2 (0.1 mol%) in HO. The reaction
micture was stirred at 80C for 24 h. After being cooled to room temperatuteyas
diluted with water, and extracted with EtOAc. Thganic layer was separated, dried over

NaSO, and concentrated under vacuum. The crude residgepwafied using column
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chromatography on silica gel. Analytical and spedctiata of cross-coupled produ@s

are exactly matching with the reported values.

4-Methoxybiphenyl (85aa)*®

Following the general procedure (GP-4); 4-iododri$83a 702 mg,

3.0 mmol), phenylboronic acid4a 732 mg, 6.0 mmol), gCO; (828
MeO mg, 6.0 mmol) and comple82 (1.5 mg, 0.3 mol%) in O (10 mL)

85aa

was heated at 80C for 24 h. After usual workup, the crude mixture
was purified by silica gel column chromatographytialg with hexane to affori5aa (536
mg) in 97% yield. Analytical datdH and**C NMR are concurrently matching with the

reported values.

4-(Trifluoromethyl)biphenyl (85ba): 1°

O Following the general procedure (GP-4); 4-iodobérthaooride (83b;
816 mg, 3.0 mmol), phenylboronic aci84g 732 mg, 6.0 mmol),
FC 85ba K>CO; (828 mg, 6.0 mmol) and compl&2 (1.5 mg, 0.3 mol%) in

H,O (10 mL) was heated at 8C for 24 h. After usual workup, the crude mixturasv

purified by silica gel column chromatography elgtimith hexane to affor85ba (480mg)
in 72% vyield. Analytical datdH and **C NMR are concurrently matching with the

reported values.
2-Methylbiphenyl! (85ca)?’

Ve Following the general procedure (GP-4); 4-iodotoki@3¢ 654 mg, 3.0
O O mmol), phenylboronic acidBéa 732 mg, 6.0 mmol), ¥CO; (828 mg, 6.0

85ca mmol) and complex2 (1.5 mg, 0.3 mol%) in kO (10 mL) was heated at
80 °C for 24 h. After usual workup, the crude mixturasapurified by silica gel column
chromatography eluting with hexane to aff@8ca (473 mg) in 94% yield. Analytical
dataH and™C NMR are concurrently matching with the reportetlres.
2-Phenylthiophene (85da)->
Following the general procedure (GP-4); 4-iodothiepe 83d; 630 mg,

A\
@_Q 3.0 mmol), phenylboronic aci@4s 732 mg, 6.0 mmol), KCO; (828 mg,
85da
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6.0 mmol) and compleg2 (1.5 mg, 0.3 mol%) in O (10 mL) was heated at 8C for
24 h. After usual workup, the crude mixture was ifped by silica gel column
chromatography eluting with hexane to aff@®fda (385 mg) in 80% vyield. Analytical
data'H and™C NMR are concurrently matching with the reportetlres.

4-Fluoro-4'-methoxybiphenyl (85ab)*®

) Following the general procedure (GP-4); 4-iododeigq83a 702
mg, 3.0 mmol), 4-fluorophenylboronic aci®4p; 840 mg, 6.0
MeO 85ab mmol), KxCO; (828 mg, 6.0 mmol) and compl&2 (1.5 mg, 0.3

mol%) in O (10 mL) was heated at 8C for 24 h. After usual

workup, the crude mixture was purified by silicd gglumn chromatography eluting with
hexane to affordB5ab (577 mg) in 95% vyield. Analytical dataH and **C NMR are
concurrently matching with the reported values.

4'-Methoxy-3-methylbiphenyl (85ac)*®

ve\ Following the general procedure (GP-4); 4-iododei$83a 702 mg,
O 3.0 mmol),m-tolylboronic acid 84c 816 mg, 6.0 mmol), ¥COs (828
O mg, 6.0 mmol) and comple82 (1.5 mg, 0.3 mol%) in O (10 mL)
MeO

85ac was heated at 8%C for 24 h. After usual workup, the crude mixture

was purified by silica gel column chromatographytiely with hexane to affor@5ac(511
mg) in 86% yield. Analytical datdH and**C NMR are concurrently matching with the

reported values.

1-(4-Methoxyphenyl)naphthalene (85ad}?

Following the general procedure (GP-4); 4-iodoaeig®3a 702 mg,
% 3.0 mmol), naphthalene-1-boronic aci@4¢;, 1.0 g, 6.0 mmol),
K>CO; (828 mg, 6.0 mmol) and compl&2 (1.5 mg, 0.3 mol%) in

MeO 85ad H,O (10 mL) was heated at 8C for 24 h. After usual workup, the

crude mixture was purified by silica gel column aiatography eluting with hexane to
afford 85ad (674 mg) in 96% vyield. Analytical datdH and**C NMR are concurrently

matching with the reported values.
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2.5.7: X-Ray Crystallography: Single crystal X-ray data for the compour@tn, 640,

630 and 82.

Table 2.7. Crystal Data

Compound 65n 640 660 82
formula Ci1sH12CIoNg CigH1eN20, CigH16N4 CigH16CIoN4Pd
My 319.19 292.33 300.02 477.66
Crystal system Triclinic orthorhombic Monoclinic Monoclinic
Space group P P212:2; P21/n C2/c
TIK] 293 293 293 298
a[A] 8.4052(9) 7.6054(14) 16.904(4) 21.2570(19
b [A] 9.2279(9) 11.951(4) 17.000(4) 14.0225(13)
CIA] 19.988(2) 17.019(6) 17.259(6) 13.2352(12)
al’] 88.001(8) 90 90 90
B[] 88.103(9) 90 109.76(3) 101.593(2)
v [°] 81.877(9) 90 90 920
z 4 4 4 8
VAT 1533.2(3) 1546.9(8) 4668(2) 3864.6(6)
Deac[g cn 1.383 1.255 1.281 1.642
W [mm 0.421 0.083 0.079 1.247
total reflns 8459 3168 12487 3415
unique reflns 6947 2973 10588 3412
Observed refins 2011 1027 1088 2935
R [l > 25(1)] 0.0794 0.0813 0.0937 0.0281
WR [all] 0.1851 0.1049 0.2510 0.0708
GOF 0.951 0.986 0.830 0.975
SMART SMART SMART SMART
Diffractometer APEX APEX APEX APEX
CCD CCD CCD CCD
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Ru(II)-Catalyzed Intermolecular ortho-C-H
Amidation of Aromatic Ketones with
Sulfonyl Azides

Abstract

weakly coordinating
keto DG ortho-C—H amidation

R @ N;-SO,R! R

0 [RuCl,(p-cymene)], o)
AgSbFg/ Cu(OAc),-H,0
H DCE, 100 °C NHSOQR1
— Eee

no external <Np 33 examples
DG installation R, R' = alkyl / aryl yield up to 97%

The Ru(ll)-catalyzed intermoleculaortho-C-H amidation of weakly coordinating
aromatic ketones with sulfonyl azides is demonsttaThe developed reaction conditions
comprising of [{RuCj(p-cymene)}p, AgSbF, Cu(OAc)-H,O in dichloroethane at 100
°C] can be extended to various substituted aronkatiocnes to afford wide range of the
desired GN bond formation products in good yields. A widega of sulfonyl azides

were successfully installed on arylketones.
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Reference:

M. Bhanuchandra, M. Ramu Yadav, Raja K. Rit, Mallasa Rao Kuram and Akhila K.
SahooChem. Commun2013,49, 5225.
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Chapter 3

3.1. Introduction

Particular attention has been paid to C—N bond d&bion because of the broad synthetic
potential of nitrogen-bearing compourfd®harmaceutically important nitrogen-bearing
drugs could be synthesized fravamidated arenes. Some of the representative metecu
accessed fromm-amino ketones are shown in Figure 3.1.

NH,
NH,
o)

HO. )
\ A\ serotonin
N )
N' neurotransmitter
» 4

N
\ N / \
5 benzydamine Bn ™. 4 H CO,H
pain relief/anti-inflammatory ™ ’
OEt
Me o)
EtoN H
2 \/\)\N/
| - NH
NN U
o0 O
Cl N
chloroquine 6 prandin 3
antimalarial agents 1 blood glucose-lowering drug

NH, NH,
carbamazepine oxcarbazepine
drug for epilepsy 2

Figure 3.1 Synthetic Potential afrtho-Amidated Aryl Ketones
3.1.1 Synthetic Strategies of Pharmaceutically Imgtant Nitrogen-bearing Drugs

Carbamazepinel( Figure 3.1) is an anticonvulsant and mood-stabidy drug used
primarily in the treatment of epilepsy and bipalissorder. Carbamazepine may cause life-
threatening allergic reactions called Stevens-Jamrsyndrome (SJS) or toxic epidermal
necrolysis (TEN). These allergic reactions may eassvere damage to the skin and
internal organs. Interestingly, the oxcarbazepidenfarked as trileptal; Figure 3.1) a
synthetic analogue of carbamazepidg ghowed better efficiency in treating the mood
disorders; as a result trileptal is the widely pridsed drug for the treatment of epilepsy
both in adults and children.
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Oxcarbazepine2) was readily prepared fromramidated acetophenoBa. a-Arylation of
acetophenone enolate with 1,2-dibromobenz&nhén(the presence of Pd(OA®rovided
the a-arylated acetophenorid. Palladium catalyzed intramoleculdrarylation followed
by carbamoylation with chlorosulfonyl isocyanaternished the target molecule

oxcarbazeping (Scheme 3.13.

Pd(OAC), 1. Pd(OAC),, BINAP, K4PO,
@6( j@ Xantphos PhMe, H20 130 °C @
Cs,CO3, PhMe NH Br 2. CISO,NCO, CHCly, rt \ O
o

H,0, 120 °C 3. HO, rt
8a 9 R= TS 10
( R=H 11 2 oxacarbazepine

Scheme 3.1Synthetic Strategy to Oxcarbazepine

Prandin 8; Figure 3.1) is an oral blood glucose-loweringglaf the meglitinide class and
effectively used in the management of non-insulepehdent diabetes (type 2 diabetes)

mellitus.

Liu and co-workers synthesized a key intermediatepfandin using palladium catalyzed
ortho-C-H amidation of isovalerophenoné&2j with tosylamine 13) followed by NH-
detosylation and coupling with 1,5-dibromopentaR&ductive amination of carbonyl
group with HCONH/HCOONH, and acylamination sequences yielded the prandig 2ir
(Scheme 3.2j.

COoH
1. Pd(OTf)2 Ref. 4b .
2 equiv [F*], DCE 1. redyctlye >—j
+ TsNH 2. HySOy, rt N< > amination
e Br(ChHp)sBr 2. acylamination
NaHCO3;

12 13 14
3 Prandin

Scheme 3.2Synthetic Strategy to Prandin

Serotonin 4; Figure 3.1) is an 3,5-disubstituted-indole deixewith free -NH and -OH
functional groups. It is primarily found in the gadntestinal tract, platelets and in the

central nervous system of animals and human. Serofanctions as a neurotransmitter
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and responsible for the growth of wound healindscélryptamine, psilocybin, arbidol,

ajmalicine etc are few examples of the indole-twegring biologically active molecules.

The reaction betweenracyl-N-tosylaniline 8a), trimethylsilyldiazomethane (TMSCHN
15) and lithium diisopropylamide (LDA) in THF allowane pot synthesis of 3-substituted
N-tosylindole 17.°> The reaction begins with the in-situ formation li#hium salt of
trimethylsilyldiazomethane (TMSC(Li) from TMSCHN and LDA. The attack of
TMSC(Li)N, to the carbonyl moiety generates the alkylideneberaes 16. Finally
intramolecular insertion of N—H to alkylidene camnbadeliversl7 (Scheme 3.3).

Me ! Me

Me LDA i
CEL +  MeSICHN, _(22equv) @(\g i @
NH (1.2 equiv) THF N NH
g8a |° 15 17 % 16 5

Scheme 3.3Synthetic Strategy to Indole Derivatives

The H-indazole19 containing molecules are useful as anti-cancel;igftammatory,
anti-HIV, and anti-microbial drugs. For instancenbydamine §; Figure 3.1) is highly
effective drug that relieves pain and inflammatassociated with a sore throat or mouth
sores caused by radiation therapy; these moleanéesold with a brand name of tantum

verde or difflam.

The 3-methyl-H-indazoles 19) is readily obtained froro-amidated ketone8a. Reaction
of 8a with hydroxylamine hydrochloride furnishes ketoxisn (L8); intramolecular
condensation ofi8 in the presence of g and methanesulphonyl chloride delivE®
(Scheme 3.45.

Me | NI,OH
Me 1. NH0H HCI, NaOAc @f‘)“ g @ﬁ\Me
N |
NH |
by 2. EtsN, MsCl of NHTS
8a ' 18

Scheme 3.4Synthetic Strategy toH-Indazole Derivatives

Malaria is one of the world’s most devastating atifeus diseases. The quinoline motifs

containing molecules quinine, chloroquir®, (mefloquine and premaquine are some of
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the effective anti-malarial agents. In particulgrloroquine ¢, Figure 3.1) discovered by

Hans Andersag and coworkers at the Bayer laboestanil 934is found to be effective.

The Nakagawa group synthesized 4-hydroxy quinol@® from 8a using ring closing
metathesis (RCM) as key step. Thallylation, and base assisted formation of silyble
ether of8a followed by RCM o0f22 under the influence of Grubb’s catalyst provi@&s
Finally, global deprotection of the O-silyl ethendaN-tosyl groups in23 affords 24

(Scheme 3.5)which is a key intermediate for the synthesis df-aralaria agents.

=
Br” " 20 TBSCI, Nal, EtsN
Me  NaH, DMF Me CH3CN. reflux
NH 0°C, 1h NTNZ  Cs;COs PhMe AF
! )
Ts

H,0, 120 °C ';l
Ts 2 T

AV
N A (5 mol%)

/
YN Ph
o) _/  DCM,50°C
C|\\“‘|

PCys A
©\)ﬁ NaOH, MeOH @(ﬁ
N/ reflux, 12 h N
]
24 23 Is

Scheme 3.5Synthetic Strategy to Quinolines Derivatives

The precursoo-amidated arylketone®a has successfully beemployed for the synthesis
of pharmaceutically important molecules. The conmab® can be obtained from the aryl
ketones through conventional electrophilic nitratreduction processes involving harsh
reaction conditions. The Ullmann coupling or Bucldx#lartwig amination onpre-
functionalizedb-haloarylketones also led &

Therefore, the development of novel methods foealiformation of C(aryl)-N bonds
through the activation of C(aryl)-H bonds is higtbsirable. This would enable accessing

wide scope of substrates owing to the ready auéilabf the precursors.
3.1.2. Precedents and Strategies for C—H AminatioAfmidation of Arenes

Buchwald—Hartwig amination, for instance, allows ihduction of C—N bond in arenes

from readily available pre-functionalized haloares (Scheme 3.6J.However, multiple
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steps are required to install the functional grobpigens or pseudo-halogens in the

molecule that are subsequently used for the falmitaf complex molecule synthesis.

R! R!
\'/\':\>—x +OHNR, M RN \g,

Base
=, OTf, Br, Cl

X
25 M = Pd, Ni, Cu 26

Scheme 3.6Buchwald—Hartwig Coupling

Interestingly, direct amination of the C—H bond arenes presents the advantages of
accessing broad scenario of substrate generalityramimal waste productiohHowever,
this process requires a strongly coordinating, ngrogen-bearing, directing group (DG),
which can be obtained from arene carbonyls/carbioxadids through multiple synthetic
manipulations? Representative examples of DG assisige-H amidation is shown in
Scheme 3.73.23112

3.1.2.1. Palladium Catalyzeartho-C—H Amidation

The intermolecular amidation of unactivated® smd sp C-H bondsvia palladium-
catalyzed GH activation was demonstrated by the Che grdtiffhe chelation ability of
N-atom in oxime 27 to transition-metal triggers activating theeC-H bond in the
formation of cyclopalladation compoui28. The nitrene insertion to the Fd bond 0f28
delivers the o-amidated product29 (Scheme 3.7). The carbamate, acetamide, and

sulfonamide nucleophiles are successfully emplaogebis reaction.

R R | 7
y, ~OMe PA(OAC), (6 mol%)  R! | |
N OAdz G mol)  RL S ome’ S
R _|/ + HgNRz K2S,0g (5 equiv) I N i \
H DCE, 80 °C Z | ho—Fd

s NHR? , |
R=H/Me R4 =CO,Me / COCF3;/ SO,Me 29 et Y 28
27 / ~OMe MeO« 1. cyclopalladation
#\ \/\)\/\ ‘NCOR? 2. nitrine insertion
N(SO,A Nitrene in to Pd-C bond or
NHCOCF, (SO2AN): Pd (Il) nitrene

Scheme 3.7 Pd-Catalyzed Oxime Directed Amidation of Unadtiachsp and sp C-H

Bonds
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0] OBz O
| Bz Pd(OAc); (10 mol%)

N o )
R1—: NHAr E j ,lll\ AgOAc (1 equiv) R1—'\ NHAr
= R?” TR®  CsF (2 equiv) =z N/\I

DCE, 130 °C
30 R2, R® = alkyl 31 32 K/O
; AN, @
ArNI@ C(:Ds © Cs
- R'R?NOBz 0
o M UTTTE -
r oxidative P/ v
33 Pdla addition / Ln
: R'R®°N" 0Bz
electrophilic | RTR2NOBz 34
amination | -Pd(ll)
e ’:
reductive i
NHAr elimination E
U bl
NR1R2 _Pd(”)
35

Scheme 3.8Pd-Catalyzed €H Amination ofN-Aryl Benzamides with Alkylamines

A notable strategy for thertho-C—H amination reaction oN-aryl benzamideS0 with

electrophilic O-benzoyl hydroxylamin&1) is reported by the Yu group® The reaction
proceeds through the oxidative addition of O-behiygroxylamine31 to the Pd(ll) in
palladacycle33 in the generation of Pd(IV) intermedi&@d. Reductive elimination 034

furnishes the desired-amino benzamide85. The electrophilic substitution &3 with

aminating reagent is the other possible mechamswived for the €N bond formations
(Scheme 3.8).

v
[PA(OTs)2(MeCN),] N : Q Ts
0,
R'—- TT +NsO”~ \n’ “Et (?0 mol%) Tl’ /O\
1,4-dioxane, 80 °C : HN Pd<
22 )
36 39 1. cyclopalladation

2. nitrine insertion
in to Pd-C bond or
Pd (Il) nitrene

Scheme 3.9Pd-Catalyzedrtho-C-H Amidation of Anilides byN-Nosyloxycarbamate

An interesting and facile approach to 2-aminoasilderivatives39 is reported from the
Pd-catalyzed intermolecularortho-C-H amidation of anilides 36) by N-

nosyloxycarbamate3{).*'® Nitrene generated frorhl-nosyloxycarbamat&7 undergoes
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formal nitrene insertion to the cyclopalladated pter 38 via metal-nitrene pathway to

furnish theo-aminoanilides39 (Scheme 3.9).

The Zhang group demonstrated a highly selectivernmblecularo-C—-H amination of
anilides 36 with non-nitrene based nitrogen souigdluorobenzenesulfonamidel@).**
Interestingly, the presence of —OR group catho-position on arene moiety 136
selectively provided theara-amidation producéd3 in good yields; whereapara-OR-

substituted36 furnishes thertho-amidation producdl (Scheme 3.10/ 3.11).

H R2

|

N\n/RZ O\\SP Pd(OAC), (10 mol%) I_l

S—Ph NaHCO5 (2 equiv)
1 + F—N
R H \—pn DCE, 80 °C 1
2 o R N(SO,Ph),
R2=tBu/Me/Ph &0
36 40 41

Scheme 3.10 Pd-Catalyzed orthooC-H Amidation of Anilides by N-

Fluorobenzenesulfonimide

In mechanism, oxidative addition of Pd(0) to theANbond of NFSI40 furnishes

FPAN(SQPh), at first. Electrophilic palladation of anilid86 with in situ-generated
FPAN(SQPh), forms dearomatized spiro-palladacycle intermedid® which could

undergo nucleophilic amination with benzenesulfadanfollowed by elimination of

hydrogen providesrtho-amination41 or paraamination43 products depending on the
electronic and steric effect of the arene subsiit¢®cheme 3.11).

s

— — 1= -
o R'=4-0R R Ny

N(SO,Ph), path |

path I(H
\N_<R2
ath 11
p/- @( \ HF R30
S pa/ R' = 2.0R3 ? R®
N(SO,Ph) [ =2- ~  (PhO,S),N NH

R' path Il
42 43

41 N(SOzPh),

Scheme 3.11Proposed Mechanism for Nucleophilic Amidation

An elegant approach for Pd-catalyzed carbonyl-grduected amidation of arene C—H
bonds with sulfonamide45 reported by the Liu group (Scheme 3.1%)N-Fluoro-2,4,6-
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trimethyl-pyridinum triflate 46) was used as oxidant. The sulfonamide coordin@td)
complex47 was isolated and characterized by X-ray crystaflpgic analysis. Addition of
oxidants such as [Flor N;S;0g converted47 to Pd(IV) imido complex48. Finally,
reductive elimination ofl8 produces the-amidated aromatic ketond$s.

R2 R2 \
0.0 Pd(OTf), (10 mol%) :
+ Y/ [F]@equiv) _ F1= [
HN™"Ar DCE, 80 °C i N
H NHSOAr | |~
45 49 ; g OTf
44 46
R? R?
N [O] N
/ - > /
Pd_ pal
| OTf “|
HoNSO,Ar HNSO,Ar
47 48

Scheme 3.12Pd-Catalyzed Direct€H Amidation of Aromatic Ketones
3.1.2.2. Rhodium Catalyzeartho-C—H Amidation/Amination

The Rh(lll)-catalyzed pyridyl50), pyrazole $1), and/or oxime %2)-directed amidation

of arene CH bonds with sulfonyl azide$38a) has recently been reported by the Chang
12a

group;
2-phenylpyridine $0) with cationic Rh(lll) species affords a five-meenbed rhodacycle

this process produces the benigndds byproduct. The-€H bond activation of

intermediate54. Coordination of azide t64 and subsequent insertion of a sulfonamido
moiety into the rhodacycle provides Rh(lll) amidoplex55. Finally, protonolysis 065
delivers the desired produst (Scheme 3.13).

: Me
= 0, ,0 N _
< | \\S// [RhCp*Cly]2 (4 mol%) i D ~ OMe
Nz~ \@ AgSbFg (16 mol%) @[
+ 5 ’ |
DCE, 80°C, 12 h ,
H me DCF80°C H’TS | H H
50 53a 56 51 52
| - | > SbFe
7 + SbFs ZN. +
h(ll—cp*  TSNs R (ll—Cp*
N<
Ts
54 55

Scheme 3.13Rh-Catalyzeartho-C—H Amidation of Arenes with Sulfonyl Azides

196



Chapter 3

\ SbFg
[RhCp*Cl], (2.5 mol%) ; ot .
@[ + N—Ar  _AGSbFs (10mol%) @E ! Rh(l)—Cp
° DCE, 85 °C A N
H N H Ar
57 \ :
H :
59 { XY =0, NHfBu

58

0] Me
be= >’;,/U\NHtBu “‘S,)\\ ~OMe
56 52

Scheme 3.14Rh-Catalyzed Direct €H Amination of Benzamides with Aryl Azides

Furthermore, the Chang group disclosed the rhodiatalyzed direct €H amination of
benzamides 56) and aromatic ketoxime5p) with aryl azides(57).}?° This reaction
proceeds via Rh(lll) amido intermedidi8 and produces the unsymmetrical diarylamines
59 (Scheme 3.14).

\ SbFg
[RhCp*Cly], (2.5 mol%) X .
©i + N NAr AgSbFs (10 mol%) ©: ! Rh(Ih—Cp
DCE, 85 °C ~, | N
H 61 E Ar | \/lx
Me Me i r
o= o JL s ome i%,g 63 i X,Y =0, NHBu
%z, H{Bu 7‘9 '
56 52 60a 62

Scheme 3.15Rh-Catalyzed Direct €H Amination of Benzamides with Alkyl Azides

Benzamide %6), ketoximes %2) and aryl ketones6Qa) directed Rh-catalyzed-C-H
amination of arenewith alkyl azideg61), recently been published by the Chang group
(Scheme 3.15Y° As shown previously in Scheme 3.14, the reacti@mtgeds involving
the Rh(lll) amido intermediat@2.

Me . Me
.\ \) g s (1. equw)=
N CsOAc (30 mol%) N
H THF, 40 °C /\|
52 X=0/CH, 64 68\
- - - 1"
(')Me (l)Me (l)Me
Me Cp* Me s Me .
@ ( CINR'R? Z h/ , |AcO _AgSbFe _ g \Rh/—OAC SbFs.
OAc A& ~AgCl l
N=<cl | ~R?
R1 \4 R1
65 - 66 N - o7 )

Scheme 3.16Rh-Catalyzed Direct €H Amination of Ketoxime witiN-Chloroamines
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The typical method for the synthesis@imino ketoximes8 involves Rh(lll)-catalyzed
amination of aromatic €H bonds withN-chloroamine$4 (Scheme 3.16 ?d The reaction
is likely to go through the cyclometalated aryl-Rfy(complex 65. Coordination of theé\-
chloroamine to rhodacyclé5 produces66. The silver promoted chloride abstraction
allows the migration of the aryl group to nitrogdmally, reductive removal of Rh-

catalyst delivers the-N bond forming produd8 (Scheme 3.16).

OPi [RhCp*Cly], (5 mol%) opi
AN N I/\X CsOAc (2 equiv) . AN
.y C,/N\) PivOH (0.5 equiv) N/\|

MeOH, RT, 16 h
69 X=0/CH, 64 72 K_x
QPiv QPiv
Cp* \
ol CINR'R? RhCp*Cl
electrophilic N2
amination | R
R1

70 71

Scheme 3.17Rh-Catalyzedrtho-C-H Amination ofN-pivaloyloxy Benzamides withl-

Chloroamines at Room Temperature

Recently, the Glorius group demonstrated an efiicend room temperature directi@
amination ofN-pivaloyloxy benzamides6@) with N-chloroamines &4).¢ Electrophilic
amination of rhodacycle7O with N-chloroamine gives amide nitrogen coordinated
rhodium specie3§ 1, which upon protodemetalation affords the desasdnation product
72 and Rh(lll)-catalyst for next cycle (Scheme 3.17).

OEt [RhCp*Cl,], (2.5 mol%)
AgSbFg (10 mol%) N\
+ N3Ts ° > @
H Cu(OAc), (25 mol%) N‘
4A° M.S, O, (1 atm) Ts
73 53a DCE, 110 °C, 24 h 74

Scheme 3.18Rh/Cu-Cocatalyzed Synthesis df-Indazoles through C-H Amidation

An attractive strategy for the synthesis éf-ihdazole 74) was reported by Glorius and
coworkers-* Rh(Ill)/Cu(ll) Co-catalyzed cascade-C-H amidation and NN bond
formation of ethyl phenylimidaté3 with tosyl azide $3a) afforded the H-indazole74.
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The 0-C-H amidation of 2-phenylpyridinés() and O-methylhydroxamic acid3%) with
electrophilic amidation partner aryloxycarbamaf) (s reported by the Glorius grotf.
The nitrogen atom in aroyloxycarbamate coordin&tethe rhodacycle to afford7. The
1,2-aryl migration to the amide nitrogen with comiant N-O cleavage delivers the
complex 78. Alternatively, reductive elimination of Rh(V) nénoid species¥9 could
generate/8. Finally, proto-demetallation of8 affords the desired produBD (Scheme
3.19).

¢ 9 [RhCp*Cl,], (2.5 mol%)
S T e O
H cl Cl KOACc (1.5 equiv) NHBoc
76

MeCN, 60 °C, 16 h 80
DG = .
‘a)L HOMe . 2-Pyridyl

S N N o)
I I p* via concerted I f P
Z <
2 N\ /\(/)C?:Ai N\ ﬁ 1,2-aryl migration 2 I?h\O»‘Ar
\— P \ or Rh(V) nitrenoid N
\ N, Boc
N Bod OCOAr
Boc 79
77 78

Scheme 3.19Rh-Catalyzedartho-C—H Amidation of Arenes with Aroyloxycarbamates
3.1.2.3. Ruthenium Catalyzeartho-C-H Amidation

Ruthenium complexes have been widely employed a&s ainthe most efficient and
selective catalysts for the-8& bond activation. Following Murai’'s pioneering gfuon
Ru-catalyzed C—H activation of arylketorléshere has been significant interest in the
development of transition-metal-catalyzed carbatiggcted aryl ortho-C(sp)—H
functionalization for C—C and C—X (X = halogen, ©r N) bond formation. The
ruthenium-catalyzed €H bond activation strategy has been practiced dlmodusively
for the introduction of alkyl, vinyl, or aryl grosp* However, to the best of our
knowledge, the use of Ru-catalysts for the C-H atmd of arylketones is
unprecedentetf. Recently, our group demonstrated Ru-catalyzedat®#assulfoximine
(81) assisted C(aryl)-N bond formation with sulfongides 63) to produce anthranilic
acid derivatives §3).'° The preliminary results inspired us to examine thigect
intermolecular o-C(aryl)-H amidation of weakly coordinating arylkaes 60) with
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tosylazides §3a). In this study, we focus on the use of inexpesseasy-to-prepare and

air-stable Ru(ll) catalysts for direct intermoleanud-C—H amidation.

0
fe) (0] Me
0} g Me 0 0 [RuClx(p-cymene)], (10 mol%) ’/\é,\Ph i
Z°~pPn \\S// AgSbFg (40 mol%) o Hydrolysis
+ NR KOAc (0.5 equiv) o >
y NHSO,R NHSO,R

DCE, 120 °C, 24 h
81 R=Anyl/alkyl 53 82 83

Scheme 3.20Ru-Catalyze-C-H Amidation of Arenes iN-Benzoylated Sulfoximine
with Sulfonyl Azides

A seminal report by the Chang group demonstrate®-{B—H amidation of arenes under
the influence of the benzamidést), pyridine 60), pyrazole $1), aromatic ketoximesQ),

and aryl-ketoness() directing groupd’® The reaction between 2-phenylpyridif®) and
stoichiometric amounts of [Rugfp-cymene)} in the presence of KOAc in MeOH gave a
ruthenacycle specie¥ (Scheme 3.21). The structure & was characterized by X-ray
crystallographic analysis. Interestingly, the amidsertion ruthenium specieB5 was
detected by mass spectroscopy, wBdrand tosyl azide were reacted in the presence of
AgSbFs; (Scheme 3.21). Finally, protonolysis&B gave desired amidation product.

O 0 [RuCly(p-cymene)], (4 mol%)
@[ + \\S// silver salt (16 mol%) @[
7O 0
H N R KOACc (20 mol%) NHSO,R

DCE, 80°C, 12 h

Ne
50

R = Aryl / alkyl

DG = 72)1\ i ;{g w{@ ;77)\\ .OMe

56 AgNTf;  60a AgSbFs 51 52
SbFe

| N (p-cymene) | : _~(p-cymene)
N/ Ts-N; Ru
u S N
\ AgSbFg |
Cl Ts

detected by MS

84 L 85 ]

Scheme 3.21Ru-Catalyzed Direct €H Amidation of Arenes with Sulfonyl Azides

After our publication on Ru-catalyzemtho-amidation of aromatic ketones, Jiao group
reported the Ru(ll)-catalyzed intermolecular ammlatof weakly coordinating ketones

(60) with sulfonyl azide %3) via C-H bond activation (Scheme 3.295.
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R2 R2
O 0 [RuCly(p-cymene)], (2.5 mol%)
@ + W AgSbFe (10mol%) @
H N R Cu(OAc), (30 mol%) NHSO.R
60 R=Aryl/akyl 53 DCE, 80 °C, 24-48 h 8 ?

Scheme 3.22 Ru-Catalyzedo-C-H Amidation of Weakly Coordinating Ketones with
Sulfonyl Azides

A recent report of Ackermann group demonstratesrtiteenium-catalyzed heteroaryl-

directedo-C-H amidation of arene&{) with sulfonylazides%3) (Scheme 3.23)'°

DG O 0 [RuCly(p-cymene)], (5 mol%) DG
@[ + Y/ AgSbFe 20 mol%) @[
H N7 R base (50 mol%) NHSO,R

R=Aryl/akyl 53 solvent, 100 °C, 24 h 86
— N
DG = P No base /Ej NaOAc
= »{N~ THF ¢ 2 DCE
51 50

Scheme 3.23Ru-Catalyzed-C-H Amidation of Heteroaryl Arenes with Sulfonyl Azd
3.2. Results and Discussion

3.2.1. Reaction Optimization:

To find general conditions for thertho-C(spf)-H amidation on aryl-ketones, reaction of
acetophenoneQa) with tosylazide $3a) was conducted in the presence of the previously
established catalytic conditions [Ru@cymene)} (5 mol%), AgSbE (20 mol%) and
bases in 1,2-dichloroethane (1,2-DCE) at 100for 24 h used for the-C—-H amidations
on aryl-sulfoximines. The details of the optimipatistudies are shown in Table 3.1. The
reaction did not proceed in the absence of badey(&h Interestingly, a trace amount of
desired ortho-amidation product8a was noticed, when KOAc was employed in the
reaction (entry 2). However, use of Cu(OA&)LO enhanced the product formation,
affording 8a in 65% vyield (entry 3). The other acetate soure®A&c was ineffective,
whereas LIOAc and AgOAc furnished moderate yiel@aflentries 4-6). Other solvents
such as chlorobenzene yielded poor amoun8a{entry 7), whereas CHgI CH;CN,
toluene and THF failed to produce even 10%Baf(entries 8-11). The less amount of
Cu(OAc)-H;0 (0.5 equiv) improved the yield 8ato 74% (entry 12).
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Table 3.1 Optimization of the Reaction Conditiofis.

CH, CH,

Naw ,9 [RuCly(p-cymene)],
» AgSbFg (20 mol%)
+ 0 >
H base, solvent NHTs

CH o
60a 53a 3 100°C, 24 h, -N, 8a
entry base solvent yield (%)
1 CICH,CH.CI NR
2 KOACc CICH,CH.CI <5
3 Cu(OAc)- H,O CICH,CH.CI 65
4 LIOAC CICH,CH.CI 42
5 CsOAc CICHCH.CI 08
6 AgOAc CICHCH.CI 56
7 Cu(OAc) H0O chlorobenzene 28
8 Cu(OAc) H0 CHCk <5
9 Cu(OAc)- H,O CH;CN <5
10 Cu(OAc)-H.O toluene <5
11 Cu(OAc)-H,O THF 08
12 Cu(OAC),- H,0¢ CICH ,CH,CI 74

®Reaction conditionss0a (0.5 mmol),53a (0.75 mmol), [RuGAp-cymene)} (5 mol%), base (0.5
mmol),’Isolated yields°Cu(OAc)- H,O (50 mol%). NR= no reaction.

3.2.2. Scope of the Reaction

The optimized conditions in entry 12, Table 3.1yavecreened examining the scope and
functional group tolerance of this transformatidable 3.2 summarizes the resultoat—

H amidation on arylmethyl ketones wi8a The o-C—H amidation producBa was
isolated in 72% vyield from the acetopheno®d. The para-substituted arylmethyl
ketones possessing electron-donating methyl, mgthdutyl substituents delivered the
correspondingortho-amidation product8b—d in good to excellent yields. Interestingly,
the OTBS protecting group was well tolerated, yregd73% of8e Next we examined the
effect of electron withdrawing groups @arra-position of arylketones. Halo groups (F, Cl,
Br and I) were inert under the present reactiordt@ms, furnishing the desired products
8f— in good yields. The tolerance of iodo groups urntercatalytic conditions is notable.
The optimized conditions did not affect the esteryy, producingj in 58% vyield. The
amidations ometasubstituted arylketones were found to be infefidFhe regioisomeric
products8k and 8k' were obtained in 8% and 21% yields, respectivietyn the m-
methoxyacetophenon@k. Similarly, the othemetasubstituted compounds such as 3-

methylacetophenones(l) and 3-chloroacetophenongd) gave the corresponding less-
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hinderedo-C—H amidation product8! in 30% and8m in 25% vyield, respectively. The
reaction of 2-acetonaphthon@0f) with 53afurnished a highly regioselective prodé&ct

in good vyield. Notably, the hinderedo-C-H was amidated, when 3'4'-
(methylenedioxy)acetophenon80) reacted with53g the 2-NHTs substitute@o was
produced albeit in poor yiefd" The highly electron rich 2,4-dimethoxy substituted
acetophenonesQp) afforded8p in 39% vyield. Pleasingly, the reaction betweerootone
(60g) and53agave good amount &g, leaving the conjugated double bond unaffected.

Table 3.2 Substrate Scope of Aromatic Ketorfes.

Me Me Me Me Me
@* Q* J@ﬁ b@ﬁ J@ﬁ
NHTs Me NHTs MeO NHTs Me NHTs TBSO NHTs

8a, 72% 8b, 84% 8c, 94% 8d, 83% 8e, 73%
Me Me Me Me Me
F” : :NHTS cl” : :NHTS Br/@liﬁs |mm MeO,C” : :NHTs
8f, 64% 89, 81% 8h, 70% 8i, 65% 8j, 58%
[ TsHN  Me Me | Me Me
MeO MeO Me Cl
+
NHTs NHTs NHTs
8k, 8% 8k', 21% 81, 30% 8m, 25%
Me Me MeO Me TsHN
@ @(ﬁ
NHTs o NHTs MeO NHTs 0
8n, 88% 0 g0, 28% 8p, 39% 8q, 63%

®Reaction conditions: Aryl ketone5@ (1.0 mmol),53a (1.5 mmol), [RuCip-cymene)] (5
mol%), AgSbk (20 mol%), Cu(OAg H,O (50 mol%), 1,2-DCE2.0 mL) at 100°C for 24 h.

®|solated yields.

Next, we studied thertho-amidation of various alkyl-aryl ketones and ary-&etones
with tosyl azides and the results are shown in d&b8. Propyl anah-butyl substituted
ketonesp0r and60s independently reacted wiBato deliver8r and8sin 85% and 73%

yield, respectively. Aryl-aryl ketone amidation g@gust 8t was obtained from
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benzophenone6Qt) in good yield. Similarly, electron-rich symmetilc4,4'-dimethyl-
benzophenone6Qu) gave 70% oBu; whereas electron deficient Cl-beari6@v yielded
8v in moderate yield. We next investigated the reactf unsymmetrical diarylketones
bearing an electron donating (—-M&pP{) and electron-withdrawing (—Br) groupqx) at
the para-position in one of the arylmoieties with3a The inseparable regioisomeric
mixtures of the corresponding amidation prodw#8'w and8x/8'x (1.8:1) are obtained
in moderate vyields. Interestingly, electron poarrbo-substituted phenyl ring B0x was
participated effectively in the-C-H amidation to give8x as a major product. Thed
NMR analysis indicates that the prod@w was formed in excess amount; in which

electron rich aryl moiety ddOw involved in the €N bond formation effectively.

Table 3.3 Substrate Scope of Aryl/Alkyl and Aryl/Aryl Ketes 2°

Me Me
)2 )3 ! TsHN
NHTs Me NHTs NHTs MeMe
8r, 85% 8s, 73% 8t, 67% 8u, 70%
TsHN TsHN NHTs
8v, 50% R = Me, 69%, 8w: 8w(1 8:1)¢
B R = Br, 68%, 8x:8'x (1.8:1)¢ i

®Reaction conditions: Aryl ketones@ (1.0 mmol), 53a (1.5 mmol), [RuCl(p-cymene)} (5
mol%), AgSbk (20 mol %), Cu(OAg) H,O (50 mol %), 1,2-DCK2.0 mL) at 100°C for 24 h.

Y|solated yields“Mixture of two regioisomers.

We next turned our attention to the scope of differsulfonyl azides in thertho-
amidation on acetophenone (Table 3.4). Electrohdsétwing arene-sulfonyl azides3p—
e), having NQ, CF, F or Cl groups, successfully underwent amidatwith 60g
producing the correspondingrtho-C—N bearing product87a-d in good to excellent
yields. The structure d7awas characterized by X-ray crystallographic analyBigure
3.2). Aliphatic sulfonyl azide§3f— are also viable, delivering the desir@émido aryl
ketones87e-h in moderate yields. The thienyl-sulfonyl amido g product87i was
obtained in 63% yield, when 5-chlorothiophene-Zeswl azide 63)) reacted witl60a
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Table 3.4 Sulfonyl Azide Scopé®

N3OS Qg?
R1

R? = n-Bu (53f) R? = Bn (53i)
R'=NO,, (63b) R'=F, (53d) R? = Cy (539) R? = 5-Cl-2-thienyl (53j)
R'=CF;, (53c) R'=Cl, (53e)  R2=-propyl (53h)

Me Me Me Me
NH : NH : I;IH : NH

1 ) )

0 _I§ 0 _I§ O —I§ O —I§

(0] (0] (e} (0]
NO, CF; F Cl

87a,61% 87b, 97% 87c¢, 95% 87d, 72%
I Me Me
NH : NH : NH : NH : NH
0=$ o=$ 0=S. s
II -B II Si-propyl / U
™n-Bu o U ~i-propy 4 4 \||:/)—C|
87e, 56% 87f, 44% 879, 46% 87h, 50% 87i, 63%

®Reaction conditions50a (1.0 mmol),53 (1.5 mmol), [RuGk(p-cymene)] (5 mol%), AgSbk (20
mol%), Cu(OAc)- H,O (50 mol%), 1,2-DCE2.0 mL)."Isolated yields.

I - :
o
2 ".I,“. d.r e --_:.- j!

g W T :
el Wt
. ._","' F - 1 ol
F s &

87a ol

Figure 3.2 ORTEP Diagram o87a

The intermolecular competitive amidation among tetec rich 4'-methoxyacetophenone
(6009 and electron poor 4'-bromoacetophenoB@h), also 60c and highly electron
deficient methyl 4-acetylbenzoatéQf) with 53a was independently performed under the
optimized conditions (Scheme 3.24). The ratiosrofipcts8c¢/8h and8c/8j were found to
be 1.5/1.0 and 2.5/1.0, respectively, indicatingdvereactivity of the electron-rich over

electron-poor arenes.
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Me
optimized
conditions
—_—
Br [8¢c:8h =1.5:1 MeO NHTs NHTs
optimized
conditions
—_—
EtOzC NHTs EtO.C NHTs

[8c:8h = 2.5:1] MeO
60c

Scheme 3.24Competitive Experiments

3.2.3. Mechanistic Studies

Although the detailed mechanism of Ru(ll)-catalyZzeH amidation of arenes is yet to be
established, the proposed mechanism is outlineficieeme 3.2%° The combination of
[RuCl(p-cymene)}, base, and AgSkigenerates the active Ru(ll)-catalyst.

Me
NHTs )\©
[RU(”)(OAC)L] AcOH
O ;j \
Me
ar <@
I H
,irRu(II)—OAc Me Fleu(u)
89 TS By /N 88 OAC
\‘ + //
Ru(ll )
S W7 A<
_ lil TsNj
N AcO Ts

Scheme 3.25Proposed Mechanistic Cycle

The coordination of carbonyl oxygen to the coortduey unsaturated Ru-catalyst triggers
activation of theo-C—H bond and delivers the metallacycle intermeds,'% the
deuterium scrambling experiment supports the réversleavage of C—H bonds (Scheme
3.26). Coordination of azide t88 followed by migratory insertion of sulfonamido
moieties with evolution of pgas leads to the intermedi&@ Finally, protonolysis 089
provides the desired product and generates thgeaatithenium-complex for the next

catalytic cycle.
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o GHs [RuCly(p-cymene)], D GDs
@ AgSbFg @
-
AgOAc, CD;COOD
H 100 °C, 24 h D
60a 20

Scheme 3.26Deuterium Experiment
3.3. Conclusion

In summary, we have developed a ruthenium-catalgmedt arylo-C—H amidation on the
readily available aryl-alkyl and aryl-aryl ketonesth sulfonyl azides. The reaction
proceeds with the broad scope of arylketones indggields. The reaction condition
tolerates O-bearing labile protecting group —OTBS aster functionality. A wide range

of sulfonyl azides were successfully installed oyiketones.

3.4. Future Work

The presence of halo-groups, mainly the fluoro fiumality enhances the solubility of the
molecules in biological system. Therefore, the ftubearing compounds showed better
pharmacological properties compare to the non-fluanalogs. Therefore, the
development of novel methods for the direct foromatof carbon-fluorine (€F) and

carbon-trifluoromethyl (ECF;) bonds is essential.

To the best of our knowledge, the transition metatalyzedo-C-H fluorination and
trifluoromethylation on arenes in the weakly coasating aromatic ketones remains
elusive.We therefore envisioned investigating the transiieetal catalyzed fluorination
and trifluoromethylation ofo-C-H aromatic ketones using the readily available

fluorinating/trifluoromethylating reagents (Schef&7 and Figure 3.3).

CH3 CH3
Tranition Metal Catalyst
r
LT i LA,
60a rifluoromethylating agents 91

Scheme 3.27C-H Fluorination / Trifluoromethylation
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Figure 3. 3 Fluorinating / Trifluoromethylating Reagents

3.5. Experimetal

3.5.1. General Experimental Information for this Chapter is same as mentioned in
Chapter 1.

3.5.2. Materials:Unless otherwise noted, all the reagents were médatommercially and
used without purification. 1,2-Dichloroethane (DCRje distilled over Ca@l Aryl
ketones, [RuGl[p-cymene)}, Cu(OAc)-H,O and AgSbk were purchased from Sigma
Aldrich Ltd. and used as received. Analytical anmbdral data of all those known

compounds are exactly matching with the reportédesa

3.5.3. General Procedure for the Synthesis of AziddGP-1):*°

The azides are prepared following the known procedu

To a solution of sodium azide (1.99 g, 30 mmoNvater (10 mL) was added a solution of
p-toluenesulfonyl chloride (3.85 g, 20 mmol) in awet (20 mL) dropwise at 8C. The
reaction was warmed up to room temperature ancedtior overnight, the acetone was
removed under reduced pressure and the reactiolunamiwas extracted with EtOAc (20
mL) for three times. The combined organic layersemgashed with water and saturated
Na&CQO; solution, dried over N®O, and the solvent was removed under the reduced
pressure. The crude product is subsequently usbawtifurther purification.
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3.5.4.0rtho-C-H Amidation of Ketones with Sulfonyl Azides General Procedure
(GP-2):

R’ R

[RuCly(p-cymene)],

Z 0 AgSbF, 0 N
R_\ l + R2028N3 4’ l /—R
H Cu(OAc)yH0 HN

53 1,2-DCE, 24 h S0
60 100 °C RN 8187

Aryl ketones 60; 1.0 mmol), sulfonyl azides 58; 1.5 mmol), [RuCi(p-cymene)} (5

mol%), Cu(OAc)-H,O (50 mol%) and AgSkH20 mol%) were taken in an oven-dried
Schlenk flask under an argon atmosphere. 1,2-Dichtbane (DCE) (2.0 mL) was added
to this mixture. The resulting solution was stiradl00°C for 24 h. The crude reaction
mixture was diluted with dichloromethane and pagskeaugh a small pad of Celite. After
evaporation of the solvent, the crude reaction wnextwas purified using column

chromatography on silica gel.
3.5.5.Spectral and Analytical Data of the Compounds:
N-(2-Acetylphenyl)-4-methylbenzenesulfonamide (8&)’

Following the general procedure (GP-2); acetopher®f@a 120 mg, 1.0

e
(:(10 mmol), tosyl azideF3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg,
NHTS 5 mol%), Cu(OAc)-HO (100 mg, 50 mol%) and AgSHK69 mg, 20
a
mol%) in 1,2-DCE (2.0 mL) was heated at 1@ for 24 h. Finally, the
crude mixture was purified by silica gel column amatography eluting with hexane:

ethyl acetate (6:1) to affoi®h (209mg) in 72% yield as colorless solid.

mp = 156-151 °C; *H NMR (400 MHz, CDCJ) & 11.48 (s, 1H), 7.79 (dd, = 8.0, 1.2 Hz, 1H),
7.71 (d,J = 8.4 Hz, 2H), 7.66 (d) = 8.4 Hz, 1H), 7.43 () = 7.2 Hz, 1H), 7.20 (d] = 8.0 Hz,
2H), 7.05 (t,J = 8.0 Hz, 1H), 2.54 (s, 3H), 2.34 (s, 3HJC NMR (101 MHz, CDCJ) J 202.4,
143.8, 139.8, 136.3, 134.8, 131.9, 129.5, 127.2,5,422.1, 118.8, 28.0, 21.4.

N-(2-Acetyl-5-methylphenyl)-4-methylbenzenesulfonandie (8b):

Me Following the general procedure (GP-2); 4'-methglaphenonegQb;

mo 134 mg, 1.0 mmol), tosyl azid®&3a 296 mg, 1.5 mmol), [Ru@p-
Mé NHTs| cymene)} (31 mg, 5 mcdh), Cu(OAc)-H,O (100 mg, 50 mék) and

8b

209



Ruthenium(ll)-Catalyzed...

AgSbFs (69 mg, 20 mdl) in 1,2-DCE (2.0 mL) was heated at 10D for 24 h. Finally,
the crude mixture was purified by silica gel colusimomatography eluting with hexane:

ethyl acetate (4:1) to affoi®b (255mg) in 84% yield as colorless solid.

mp = 133-134°C; R = 0.36 (4:1 hexane/EtOAc); [Silica, UV and I'H NMR (400 MHz, CDC))

d 11.54 (s, 1H), 7.74 (dl = 8.0 Hz, 2H), 7.67 (d] = 8.0 Hz, 1H), 7.50 (s, 1H), 7.23 @= 8.0
Hz, 2H), 6.86 (dJ = 8.0 Hz, 1H), 2.53 (s, 3H), 2.37 (s, 3H), 2.343). °*C NMR (101 MHz,
CDCly) d 201.9, 146.4, 143.8, 140.2, 136.6, 131.9, 129.8,31223.5, 119.9, 119.3, 28.0, 22.1,
21.6; IR (KBI) Vinax 2926, 1649, 1567, 1161, 657, 536 EnHRMS—ESI(m/2): [M+Na]" Calcd for
C16H17NO3SNa, 326.0827; found, 326.0831.

N-(2-Acetyl-5-methoxyphenyl)-4-methylbenzenesulfonarme (8c):
5 Following the general procedure (GP-2); 4'-methogy@phenone
J@('LO (60c 150 mg, 1.0 mmol), tosyl azidd3a 296 mg, 1.5 mmol),
MeOr NHTs| [RuChk(p-cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50

8c
mol%) and AgSbk (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was

heated at 100C for 24 h. Finally, the crude mixture was purifieg silica gel column

chromatography eluting with hexane: ethyl acetdté)(to afford8c (299 mg) in 94%
yield as colorless solid.

mp = 139-140°C; R = 0.29 (4:1 hexane/EtOAc); [Silica, UV and; I'H NMR (400 MHz, CDCJ))

0 11.92 (s, 1H), 7.857.66 (m, 3H), 7.21 (d] = 8.0 Hz, 2H), 7.14 (d] = 2.0 Hz, 1H), 6.51 (dd]

= 9.2, 2.4 Hz, 1H), 3.79 (s, 3H), 2.39 (s, 3H),42(8, 3H);**C NMR (101 MHz, CDGJ) J 200.8,
164.3, 143.9, 142.5, 136.3, 134.0, 129.6, 127.8,311108.8, 102.6, 55.5, 27.7, 21.4; IR (KBr)
Vnax 2947, 1632, 1265, 1161, 887, 663, 548 'cnHRMS—ESI (m/2: [M+Na]" Calcd for
Ci6H17NO,SNa, 342.0776; found, 342.0777.

N-(2-Acetyl-54s0-butylphenyl)-4-methylbenzenesulfonamide (8d):

R Following the general procedure (GP-2); 1-(4-
Ji/C(’LO isobutylphenyl)ethanone6Qd; 120 mg, 1.0 mmol), tosyl azide
Me NHTs| (538 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5 mol%),
8d

Cu(OAc)k-HO (100 mg, 50 mol%) and AgSHKE9 mg, 20
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mol%) in 1,2-DCE (2.0 mL) was heated at T@for 24 h. Finally, the crude mixture was
purified by silica gel column chromatography elgtiwith hexane: ethyl acetate (4:1) to

afford 8d (286 mg) in 83% yield as brown color solid.

mp = 9+92°C; R = 0.50 (4:1 hexane/EtOAc); [Silica, UV and; 'H NMR (400 MHz, CDC})) &
11.53 (s, 1H), 7.69 (1] = 8.4 Hz, 3H), 7.46 (bd] = 1.6 Hz, 1H), 7.19 (d] = 8.0 Hz, 2H), 6.82
(dd,J = 8.0, 1.6 Hz, 1H), 2.52 (s, 3H), 2.44 (d= 7.2 Hz, 2H), 2.34 (s, 3H), 1.89.75 (m, 1H),
0.82 (d,J = 6.8 Hz, 6H);**C NMR (101 MHz, CDGJ) J 201.9, 149.9, 143.7, 139.9, 136.3, 131.8,
129.5, 127.2, 123.5, 120.0, 119.3, 45.4, 29.9,,2291, 21.4; IR (KBr)Vnax 2964, 1643, 1429,
1160, 651 cit; HRMS-ESI (m/2: [M+Na]" Calcd for GgH,sNO;SNa, 368.1296; found,
368.1297.

N-(2-Acetyl-5-(tert-butyldimethylsilyloxy)phenyl)-4-methylbenzenesulfonamide (8e):

Following the general procedure (GP-2); 14@Hf
o | butyldimethylsilyloxy)phenyl)ethanones@g 250 mg, 1.0 mmol),
TBS NHTs| tosyl azide §3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5
= mol%), Cu(OAc)- H,O (100 mg, 50 mol%) and AgSHB9 mg, 20
mol%) in 1,2-DCE (2.0 mL) was heated at T@for 24 h. Finally, the crude mixture was

purified by silica gel column chromatography elgtivith hexane: ethyl acetate (15:1) to

afford 8e (304mg) in 73% vyield as brown color semi-solid.

R = 0.28 (15:1 hexane/EtOAc); [Silica, UV and '*H NMR (400 MHz, CDCJ) J 11.84 (s, 1H),
7.71 (d,J = 8.0 Hz, 2H), 7.68 (d] = 8.4 Hz, 1H), 7.21 (d] = 8.4 Hz, 2H), 7.08 (bd] = 2.0 Hz,
1H), 6.46 (dd)) = 8.0, 1.2 Hz, 1H), 2.49 (s, 3H), 2.34 (s, 3HR40(s, 9H), 0.91 (s, 6HF’C NMR
(101 MHz, CDC}) d 200.9, 161.3, 143.8, 142.3, 136.4, 134.0, 129.53,112115.9, 114.5, 109.0,
27.7, 25.4, 21.4, 18.14.6; IR (Neat)Vna, 2964, 1632, 1599, 1342, 1255, 1161, 915, 641;cm
HRMS-ESI(m/2: [M+H]" Calcd for G;H3NO,SSi, 420.1665; found, 420.1664.

N-(2-Acetyl-5-fluorophenyl)-4-methylbenzenesulfonande (8f):

" Following the general procedure (GP-2); 4'-fluoetaphenone 60f;
/@(Lo 138 mg, 1.0 mmol), tosyl azid®3a 296 mg, 1.5 mmol), [Ru€lp-
F o NHTs| cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and

AgSDbF (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@2°C

for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography
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eluting with hexane: ethyl acetate (4:1) to aff@d(197 mg) in 64% vyield as colorless

solid.

mp = 156-151°C; R = 0.30 (4:1 hexane/EtOAc); [Silica, UV ang; 'H NMR (400 MHz, CDC})
d 11.81 (s, 1H), 7.84 (bf,= 4.0 Hz, 1H), 7.77 (bd} = 1.6 Hz, 2H), 7.42 (d] = 8.8 Hz, 1H), 7.27
(bd,J = 6.0 Hz, 2H), 6.74 (bt] = 6.0 Hz, 1H), 2.57 (s, 3H), 2.39 (s, 3HjC NMR (101 MHz,
CDCly) & 201.1, 165.97 (d] = 205.9 Hz), 144.2, 142.84 (@= 9.4 Hz), 136.2, 134.55 (d,= 8.4
Hz), 129.8, 127.2, 118.3, 109.65 (U= 17.8 Hz), 105.46 (d] = 21.6 Hz), 28.1, 21.5°F NMR
(376 MHz, CDC}) §-99.27 (quin); IR (KBr)Vmax 3090, 1659, 1593, 1429, 1171, 892, 662"cm
HRMS—-ESI(m/2: [M+Na]" Calcd for GsH,4FNO;SNa, 330.0576; found, 330.0570.

N-(2-Acetyl-5-chlorophenyl)-4-methylbenzenesulfonandie (8g)%*

S Following the general procedure (GP-2); 4'-chloetaphenone60g
@:’LO 155 mg, 1.0 mmol), tosyl azid&3a 296 mg, 1.5 mmol), [Ru@p-

cl nHTs| cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and
= AgSbFs (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@2°C

for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography

eluting with hexane: ethyl acetate (4:1) to aff@gl(262 mg) in 81% vyield as colorless

solid.

mp = 162-163°C; ‘H NMR (400 MHz, CDC)) & 11.60 (s, 1H), 7.76 (dd,= 8.4, 2.0 Hz, 2H),
7.73 (d,J = 4.0 Hz, 1H), 7.71 (d] = 2.4 Hz, 1H), 7.27 (d] = 8.4 Hz, 2H), 7.00 (dd] = 8.8, 2.0
Hz, 1H), 2.55 (s, 3H), 2.38 (s, 3HJC NMR (101 MHz, CDGJ) & 201.5, 144.2, 141.2, 141.1,
136.1, 133.0, 129.8, 127.2, 122.6, 120.1, 118.4,,Z8..5.

N-(2-Acetyl-5-bromophenyl)-4-methylbenzenesulfonamie (8h):
. Following the general procedure (GP-2); 4'-bromt@meenone 0h;
@:’Lo 198 mg, 1.0 mmol), tosyl azid®3a 296 mg, 1.5 mmol), [Ru@p-
Br nHTs|  cymene)} (31 mg, 0.5 mol%), Cu(OAg)HO (100 mg, 50 mol%) and
AgSDbF (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@2°C
for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography

eluting with hexane: ethyl acetate (4:1) to aff8hd(257mg) in 70% yield as light brown

color solid.
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mp = 17+172°C; R = 0.47 (4:1 hexane/EtOAc); [Silica, UV andi; "H NMR (400 MHz, CDC))
d 11.56 (s, 1H), 7.85 (s, 1H), 7.72 (= 8.0 Hz, 2H), 7.64 (d] = 8.4 Hz, 1H), 7.24 (d] = 8.0
Hz, 2H), 7.16 (dJ = 8.8 Hz, 1H), 2.54 (s, 3H), 2.36 (s, 3HJC NMR (101 MHz, CDG)
0 201.7, 144.2, 140.9, 136.0, 133.0, 129.7, 127.5,612121.4, 120.4, 28.1, 21.5; IR (KB¥}ax
3063, 1649, 1561, 1161, 926, 657, 569 GHRMS—ESI(m/2: [M+H]* Calcd for GsH1sBrNOsS,
367.9956; found, 367.9954.

N-(2-Acetyl-5-iodophenyl)-4-methylbenzenesulfonamidsi):

Following the general procedure (GP-2); 4'-iodoagkénone §0i; 246
mg, 1.0 mmol), tosyl azide58a 296 mg, 1.5 mmol), [Ru€lp-
cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and
AgSbFs (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated @@ °C

for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography

eluting with hexane: ethyl acetate (4:1) to aff@id(269 mg) in 65% vyield as colorless
solid.

mp = 167168°C; R = 0.38 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))
& 11.45 (s, 1H), 8.08 (bd,= 0.8 Hz, 1H), 7.75 (d] = 8.0 Hz, 2H), 7.497.37 (m, 2H).7.27 (d,J
= 8.0 Hz, 2H), 2.53 (s, 3H), 2.38 (s, 3HJC NMR (101 MHz, CDG)) J 201.9, 144.2, 140.6,
136.2, 132.6, 131.7, 129.8, 127.7, 127.3, 121.2,71®8.0, 21.5; IR (KBrymax 2925, 1659, 1588,
1484, 1160, 930, 662 cM HRMS—-ESI(m/2: [M+H]" Calcd for GsH1sINOsS, 415.9817; found,
415.98109.

Methyl 4-acetyl-3-(4-methylphenylsulfonamido)benzog (8j):

Vi Following the general procedure (GP-2); methyl dtgdbenzoate
mo (60j; 178 mg, 1.0 mmol), tosyl azidé3a 296 mg, 1.5 mmol),
MeO,C NHTs | [RUClk(p-cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50

8
mol%) and AgSbE (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was

heated at 100C for 24 h. Finally, the crude mixture was purifieg silica gel column
chromatography eluting with hexane: ethyl acetdtd)(to afford8j (201 mg) in 58%
yield as colorless solid.

mp = 152153°C; R = 0.25 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))
0 11.32 (s, 1H), 8.31 (bd,= 0.8 Hz, 1H), 7.85 (d] = 8.4 Hz, 1H), 7.76 (d] = 8.4 Hz, 2H), 7.68
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(dd,J = 8.4, 1.6 Hz, 1H), 7.24 (d, = 8.0 Hz, 2H), 3.94 (s, 3H), 2.59 (s, 3H), 2.363H); *C
NMR (101 MHz, CDC}) J 202.0, 165.4, 144.1, 140.0, 136.2, 135.3, 131.8,712127.4, 124.7,
123.1, 119.9, 52.7, 28.4, 21.5; IR (KBr)a 2953, 1720, 1649, 1419, 1156, 926, 663, 536 cm
HRMS-ESI(m/2: [M+H]" Calcd for G;H1gNOsS, 348.0906; found, 348.0907.

N-(2-Acetyl-6-methoxyphenyl)-4-methylbenzenesulfoname (8k):

Mo Following the general procedure (GP-2); 3'-metharyaphenone6Qk;
o) 150 mg, 1.0 mmol), tosyl azided3a 296 mg, 1.5 mmol), [Ru@p-

NHTs| cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and
OMgek AgSbF (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@@°C for

24 h. Finally, the crude mixture was purified byicsi gel column

chromatography eluting with hexane: ethyl acetdt#)(to afford8k (27 mg) in 8% yield

as ash color solid ar@k’ (68 mg) in 21% vyield as colorless solid.

mp = 175176°C; R = 0.13 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))

0 8.02 (bd,J = 1.6 Hz, 1H), 7.80 (d] = 1.6 Hz, 2H), 7.29 (d] = 8.0 Hz, 2H), 7.27 (s, 1H), 7.19
(bd, J = 2.0 Hz, 1H), 3.90 (s, 3H), 2.62 (s, 3H), 2.40 3sl); **C NMR (101 MHz, CDG))

0 200.1, 147.2, 145.2, 143.6, 139.6, 129.8, 127.8,812124.8, 115.7, 109.4, 56.1, 28.0, 21.5; IR
(KBI) Vmax 3430, 3314, 2932, 1654, 1604, 1144, 668, 585;dARMS—ESI(m/2): [M+H]" Calcd
for CigH1gNO,S, 320.0957; found, 320.0955.

N-(2-Acetyl-4-methoxyphenyl)-4-methylbenzenesulfonaide (8k’):*
mp = 119-120°C; *H NMR (400 MHz, CDC}) J 10.67 (s, 1H), 7.63 (d}
MeO | = 9.2 Hz, 1H), 7.57 (d] = 8.4 Hz, 2H), 7.19 (d] = 2.8 Hz, 1H), 7.16 (d]
= 8.4 Hz, 2H), 7.02 (ddl = 9.2, 3.2 Hz, 1H), 3.77 (s, 3H), 2.41 (s, 3HR.
NHTs
8K’ (s, 3H);*C NMR (101 MHz, CDCJ) § 201.9, 155.2, 143.6, 136.0, 132.3,

129.4,127.1, 124.7, 122.5, 119.8, 116.5, 55.6),28. 4.

N-(2-Acetyl-4-methylphenyl)-4-methylbenzenesulfonandie (8l):

Following the general procedure (GP-2); 3'-methgtaphenoned(;

Me\@o 134 mg, 1.0 mmol), tosyl azid&3g 296 mg, 1.5 mmol), [Ru@p-
nHTsl cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and

AgSDbF (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@Gi°C

for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography
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eluting with hexane: ethyl acetate (4:1) to aff&d(90 mg) in 30% yield as colorless

solid.

mp = 134135°C; R, = 0.44 (4:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))

J 11.23 (s, 1H), 7.69 (dl = 8.0 Hz, 2H), 7.59 (d] = 8.4 Hz, 1H), 7.56 (s, 1H), 7.30.24 (m,
1H), 7.20 (dJ = 8.4 Hz, 2H), 2.52 (s, 3H), 2.35 (s, 3H), 2.308(d); 1°C NMR (101 MHz, CDG))

5 202.4, 143.7, 137.4, 136.5, 135.6, 132.3, 132.0,512127.2, 122.6, 119.5, 28.1, 21.5, 20.6; IR
(KBr) Vmax 3057, 1660, 1484, 1095, 646 ¢mHRMS-ESI (m/2: [M+Na]’ Calcd for
CiH17NO:SNa, 326.0827; found, 326.0828.

N-(2-Acetyl-4-chlorophenyl)-4-methylbenzenesulfonandie (8m):

= Following the general procedure (GP-2); 3'-chloetaphenoneg0m;

C'\@o 154 mg, 1.0 mmol), tosyl azid®3a 296 mg, 1.5 mmol), [Rugp-
nHTsl cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and

AgSbFs (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated@2°C
for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography
eluting with hexane: ethyl acetate (6:1) to afférd (81 mg) in 25% yield as brown color

solid.

mp = 135136°C; R = 0.48 (6:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))

& 11.27 (s, 1H), 7.73 (d,= 2.4 Hz, 1H), 7.70 (d] = 8.4 Hz, 2H), 7.66 (d] = 8.8 Hz, 1H), 7.39
(dd,J = 8.8, 2.4 Hz, 1H), 7.22 (d,= 8.0 Hz, 2H), 2.54 (s, 3H), 2.36 (s, 3LC NMR (101 MHz,
CDCly) 0 201.3, 144.1, 138.4, 136.1, 134.6, 131.3, 129.7,812127.2, 123.2, 120.6, 28.1, 21.5;
IR (KBr) Vinax 3073, 2931, 1649, 1588, 1249, 926, 657 c#dRMS—ESI(m/2: [M+H]* Calcd for
C1sH1sCINOsS, 324.0461; found, 324.0464.

N-(3-Acetylnaphthalen-2-yl)-4-methylbenzenesulfonande (8n):

— Following the general procedure (GP-2); 2-acetottapte 60n; 170
o mg, 1.0 mmol), tosyl azide58a 296 mg, 1.5 mmol), [Rugp-
nuTs| cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O (100 mg, 50 mol%)

il and AgSbk (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated at

100 °C for 24 h. Finally, the crude mixture was purifidr silica gel column
chromatography eluting with hexane: ethyl acet&té)(to afford8n (299 mg) in 88%
yield as pale yellow solid.
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mp = 154155°C; R, = 0.48 (3:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))

J 11.05 (s, 1H), 8.32 (s, 1H), 8.00 (s, 1H), 7.79)(d 8.4 Hz, 1H), 7.71 (bt] = 7.6 Hz, 3H), 7.55
(t, J= 7.2 Hz, 1H), 7.41 (] = 7.2 Hz, 1H), 7.14 (d] = 8.0 Hz, 2H), 2.63 (s, 3H), 2.29 (s, 3HC
NMR (101 MHz, CDC})) & 202.4, 143.6, 136.2, 135.8, 134.8, 134.4, 129.8,412129.0, 128.4,
127.1, 127.0, 125.8, 123.1, 116.9, 28.0, 21.3;KBIr] Vs 3095, 2926, 1649, 1506, 1160, 897,
673, 541 crit; HRMS—ESI(m/2: [M+Na]" Calcd for GoH;-NO;SNa, 362.0827; found, 362.0827.

N-(6-Acetylbenzof][1,3]dioxol-5-yl)-4-methylbenzenesulfonamide (80):

Following the general procedure (GP-2); 3.4
(methylenedioxy)acetophenoné0g 164 mg, 1.0 mmol), tosyl azide
(53a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5.0 mol%),
Cu(OAc)-H,0O (100 mg, 50 mol%) and AgSk69 mg, 20 mol%) in
1,2-DCE (2.0 mL) was heated at 100 for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withxaee: ethyl acetate (3:1) to affoBd
(95mg) in 28% vyield as pale yellow solid.

mp = 107108°C; R, = 0.47 (3:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))

5 10.15 (s, 1H), 7.64 (d, = 8.4 Hz, 2H), 7.34 (d] = 8.4 Hz, 1H), 7.22 (d] = 8.0 Hz, 2H), 6.65
(d,J = 8.4 Hz, 1H), 6.05 (s, 2H), 2.39 (s, 3H), 2.273d); *C NMR (101 MHz, CDCJ) & 200.5,
153.0, 143.6, 142.2, 136.4, 129.1, 127.5, 127.8,212121.7, 104.8, 102.4, 27.8, 21.5; IR (KBr)
Vinax 2915, 1644, 1463, 1320, 1156, 909, 663, 542 CRIRMS—ESI(m/2: [M+H]" Calcd for
CiH1NOsS, 334.0749; found, 334.0752.

N-(2-Acetyl-3,5-dimethoxyphenyl)-4-methylbenzenesuwhamide (8p):

ONe Mo Following the general procedure (GP-2), 2'4'-
o | dimethoxyacetophenoné(p; 180 mg, 1.0 mmol), tosyl azidé3g
MeO NHTs| 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5.0 mol%),
& Cu(OAc):- HO (100 mg, 50 mol%) and AgSkF69 mg, 20 mol%) in
1,2-DCE (2.0 mL) was heated at 100 for 24 h. Finally, the crude mixture was purified

by silica gel column chromatography eluting withxéee: ethyl acetate (4:1) to affoBg
(137mg) in 39% vyield as pale yellow solid.

mp = 144145°C; R = 0.27 (4:1 hexane/EtOAc); [Silica, UV andl;I'H NMR (400 MHz, CDC))
0 11.64 (s, 1H), 7.67 (d,= 8.4 Hz, 2H), 7.21 (d] = 8.0 Hz, 2H), 6.80 (bd] = 2.4 Hz, 1H), 6.10
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(bd, J = 2.0 Hz, 1H), 3.80 (s, 6H), 2.38 (s, 3H), 2.36 3sl); **C NMR (101 MHz, CDG))

0 201.9, 164.1, 162.6, 143.7, 142.5, 136.3, 129.5,212109.3, 96.3, 94.0, 55.5, 33.5, 21.4; IR
(KBF) Vmax 3260, 2931, 1605, 1277, 1161, 674, 548 ciHHRMS-ESI(m/2: [M+H]" Calcd for
C17H20NOsS, 350.1062; found, 350.1062.

4-Methyl-N-(4-oxo-4H-chromen-5-yl)benzenesulfonamide (8q):

Following the general procedure (GP-2); chromoé@qg( 146 mg, 1.0
mmol), tosyl azideF3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg,
5 mol%), Cu(OAc)-H,O (100 mg, 50 mol%) and AgSkK69 mg, 20
mol%) in 1,2-DCE (2.0 mL) was heated at 1@ for 24 h. Finally, the

crude mixture was purified by silica gel column amhatography eluting with hexane:
ethyl acetate (3:1) to affoi@l] (200mg) in 63% vyield as colorless solid.

mp = 176-177°C; R = 0.37 (3:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))

5 12.34 (s, 1H), 7.80 (d,= 8.4 Hz, 2H), 7.76 (d] = 5.6 Hz, 1H), 7.547.47 (m, 2H), 7.23 (d] =
8.4 Hz, 2H), 7.02 (dd] = 7.2, 6.4 Hz, 1H), 6.26 (d,= 6.0 Hz, 1H), 2.35 (s, 3H}°C NMR (101
MHz, CDCk) & 181.2, 157.3, 155.2, 144.0, 140.1, 136.5, 134.9,71227.4, 112.9, 112.5, 112.4,
111.6, 21.6; IR (KBr)Umax 2915, 1633, 1484, 1150, 1008, 657, 542 'craAlRMS—ESI (m/2):
[M+Na]* Calcd for GeH1sNO,SNa, 338.0463; found, 338.0467.

N-(2-Butyrylphenyl)-4-methylbenzenesulfonamide (8r):

Following the general procedure (GP-2); butyropmen@Or; 148 mg, 1.0

Me
’ mmol), tosyl azideg3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg,
0
T 5.0 mol%), Cu(OAcy H,O (100 mg, 50 mol%) and AgSb69 mg, 20
S
8r mol%) in 1,2-DCE (2.0 mL) was heated at 1@ for 24 h. Finally, the

crude mixture was purified by silica gel column amhatography eluting with hexane:
ethyl acetate (4:1) to affol@ (270mg) in 85% vyield as colorless solid.

mp = 112-113°C; R = 0.51 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))

d 11.46 (s, 1H), 7.80 (dd,= 8.0, 1.2 Hz, 1H), 7.7.65 (m, 3H), 7.43 (t) = 7.8 Hz, 1H), 7.20
(d, J = 8.0 Hz, 2H), 7.06 (1) = 7.8 Hz, 1H), 2.85 (] = 7.4 Hz, 2H), 2.35 (s, 3H), 1.72.59 (m,
2H), 0.93 (t,J = 7.4 Hz, 3H);"*C NMR (101 MHz, CDCJ) J 204.6, 143.8, 139.8, 136.5, 134.5,
130.9, 129.5, 127.1, 122.7, 122.4, 119.5, 41.44,2117.8, 13.6; IR (KBr)Wmax 2964, 2876, 1649,
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1501, 1161, 931, 569 cm HRMS-ESI(m/2: [M+Na]" Calcd for G;H;gNO;SNa, 340.0983;
found, 340.0988.

4-Methyl-N-(5-methyl-2-pentanoylphenyl)benzenesulfonamide (8s

Following the general procedure (GP-2); 4'-methigk@henoneq0s
176 mg, 1.0 mmol), tosyl azid&3a 296 mg, 1.5 mmol), [Rulp-
> T cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O (100 mg, 50 mol%) and
8s AgSbFs (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated @ °C
for 24 h. Finally, the crude mixture was purifieg silica gel column chromatography
eluting with hexane: ethyl acetate (15:1) to affdsf253mg) in 73% yield as pale yellow
semi-solid.
R = 0.37 (15:1 hexane/EtOAc); [Silica, UV and; *'H NMR (400 MHz, CDC}) & 11.52 (s, 1H),
7.67 (d,J = 8.0 Hz, 3H), 7.48 (s, 1H), 7.18 (@= 8.0 Hz, 2H), 6.84 (d] = 8.0 Hz, 1H), 2.81 (1)
= 7.4 Hz, 2H), 2.32 (s, 3H), 2.30 (s, 3H), 1.6291(rh, 2H), 1.381.23 (m, 2H), 0.89 (tJ = 7.2
Hz, 3H): *C NMR (101 MHz, CDGJ) J 204.3, 145.8, 143.6, 139.8, 136.4, 131.0, 129.7,01.2
123.7,119.9, 119.7, 39.1, 26.5, 22.1, 21.8, 2133; IR (Neat)V.x 2953, 1649, 1566, 1155, 662,
569 cm™; HRMS—-ESI(m/2: [M+H]" Calcd for GgH2,NO;S, 346.1477; found, 346.1482.

N-(2-Benzoylphenyl)-4-methylbenzenesulfonamide (8tf

Following the general procedure (GP-2); benzopher@dt; 182 mg, 1.0
@o mmol), tosyl azide§3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg,
nuTts|  5-0 mol%), Cu(OAgy HO (100 mg, 50 mol%) and AgShi69 mg, 20
mol%) in 1,2-DCE (2.0 mL) was heated at 1D for 24 h. Finally, the

crude mixture was purified by silica gel column amhatography eluting with hexane:

ethyl acetate (9:1) to affoi@t (236mg) in 67% yield as colorless solid.

mp = 125126 °C; *H NMR (400 MHz, CDC)) & 9.99 (s, 1H), 7.78 (d] = 8.0 Hz, 1H), 7.63—
7.46 (M, 4H), 7.447.29 (m, 5H), 7.10 (td] = 7.7, 0.8 Hz, 1H), 7.02 (d,= 8.0 Hz, 2H), 2.21 (s,
3H); **C NMR (101 MHz, CDGJ) J 198.4, 143.7, 138.7, 137.3, 135.6, 133.7, 133.2,6,329.7,
129.5,128.0, 127.1, 126.2, 123.5, 123.1, 21.3.

218



Chapter 3

4-Methyl-N-(5-methyl-2-(4-methylbenzoyl)phenyl)benzenesulfomaide (8u):

o NHTS Following the general procedure (GP-2); 4,4'-
dimethylbenzophenoneésQu; 210 mg, 1.0 mmol), tosyl azide
MeMe (53 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5.0
mol%), Cu(OAc)-H,O (100 mg, 50 mol%) and AgSkK69
mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated at 1Q0for 24 h. Finally, the crude

mixture was purified by silica gel column chromatgghy eluting with hexane: ethyl

acetate (6:1) to affor8u (265mg) in 70% yield as colorless solid.

mp = 162162°C; R = 0.61 (6:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))

& 10.09 (s, 1H), 7.59 (s, 1H), 7.55 (= 7.6 Hz, 2H), 7.367.23 (m, 3H), 7.18 (d] = 7.6 Hz,
2H), 7.02 (d,J = 8.0 Hz, 2H), 6.89 (d] = 8.0 Hz, 1H), 2.42 (s, 3H), 2.40 (s, 3H), 2.223); °C
NMR (101 MHz, CDC}) & 198.0, 144.8, 143.5, 143.3, 138.9, 135.8, 135.8,013.29.9, 129.4,
128.6, 127.1, 124.3, 123.9, 123.4, 21.9, 21.6,;2RIKBI) Vinax 3249, 2920, 1648, 1604, 1374,
1171, 541 crit; HRMS-ESIm/2): [M+H]" Calcd for G,H,,NO,S, 380.1320; found, 380.1319.

N-(5-Chloro-2-(4-chlorobenzoyl)phenyl)-4-methylbenzeesulfonamide (8v):

Following  the general procedure (GP-2); 4,4'-

Q NHTs
’/u\‘ dichlorobenzophenones@v; 251 mg, 1.0 mmol), tosyl azide
cl © 8y O cal (B3a 296 mg, 1.5 mmol), [Ru@lp-cymene)} (31 mg, 5.0
mol%), Cu(OAc)- H,O (100 mg, 50 mol%) and AgSHB9 mg,
20 mol%) in 1,2-DCE (2.0 mL) was heated at 2Q0for 24 h. Finally, the crude mixture

was purified by silica gel column chromatographutialy with hexane: ethyl acetate
(16:1) to affordBv (210mg) in 50% vyield as colorless solid.

mp = 11+112 °C; R = 0.37 (16:1 hexane/EtOAc); [Silica, UV ang:I'"H NMR (400 MHz,
CDCl;) & 10.08 (s, 1H), 7.80 (bd,= 2.0 Hz, 1H), 7.60 (d] = 8.4 Hz, 2H), 7.447.29 (m, 5H),
7.11 (d,J = 8.4 Hz, 2H), 7.07 (dd] = 8.4, 1.6 Hz, 1H), 2.28 (s, 3HC NMR (101 MHz, CDG))

0 196.4, 144.1, 140.3, 139.4, 135.6, 133.8, 131.9,712128.6, 127.2, 123.5, 123.4, 122.3, 21.4;
IR (KBr) Vmax 3243, 1649, 1588, 1166, 952 ¢mHRMS-ESI (m/2: [M+H]" Calcd for
CaoH16ClL.NO;S, 420.0228; found, 420.0223.
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N-(2-Benzoyl-5-methylphenyl)-4-methylbenzenesulfonaite (8w):
4-Methyl-N-(2-(4-methylbenzoyl)phenyl)benzenesulfonamide (8’

Following the general procedure (GP-2);

TsHN @] 0 NHTs
/‘,U\‘ 4-methylbenzophenone6@w, 196 mg,
and
o O 8w O Me O O 1.0 mmol), tosyl azide53a 296 mg, 1.5
mmol), [RuCh(p-cymene)} (31 mg, 5.0
mol%), Cu(OAc)- H,O (100 mg, 50 mol%) and AgSHKF69 mg, 20 mol%) in 1,2-DCE
(2.0 mL) was heated at 10C for 24 h. Finally, the crude mixture was purified silica

aw'

gel column chromatography eluting with hexane: etttgtate (15:1) to afford inseparable
mixture 8w and8w’ (64:36; 25Img) in 69% yield as yellow thick liquid.

R = 0.32 (15:1 hexane/EtOAc); [Silica, UV andt 'H NMR (400 MHz, CDC}) J 10.18 (s, 1H),
9.88 (s, 0.56H), 7.77 (d,= 8.4 Hz, 0.64H), 7.647.47 (m, 6H), 7.427.32 (m, 5H), 7.297.24 (m,
2H), 7.18 (dJ = 8.0 Hz, 1H), 7.10 (J = 7.6 Hz, 1H), 7.04 (d] = 8.0 Hz, 2H), 6.99 (d] = 8.0

Hz, 1H), 6.89 (dJ = 7.6 Hz, 1H), 2.42 (s, 1.8H), 2.39 (s, 3H), 2(833H), 2.20 (s, 1.7H);’C
NMR (101 MHz, CDC)) 0 198.4, 197.9, 145.1, 143.6, 139.1, 138.5, 137.8,7.3.35.6, 134.6,
133.4, 133.3, 132.7, 132.3, 130.0, 129.6, 129.8,712127.9, 127.1, 126.8, 124.3, 123.5, 123.4,
123.3, 123.2, 21.9, 21.6, 21.3; IR (KBr).x 3243, 2915, 1627, 1386, 1265, 1156, 1095, 909, 701
cm'®: HRMS—-ESI(m/2: [M+H]" Calcd for G;H,NOsS, 366.1164; found, 366.1164.

N-(2-Benzoyl-5-bromophenyl)-4-methylbenzenesulfonarae (8x):
N-(2-(4-Bromobenzoyl)phenyl)-4-methylbenzenesulfonaite (8x'):

Following the general procedure (GP-2);

TsHN O NHTs
4-bromobenzophenon&@x, 261 mg, 1.0

0
O and ), tosyl azide 533 296 15
8x B 6 mmol), tosyl azide %3a mg, 1.

mmol), [RuCh(p-cymene)} (31 mg, 5.0
mol%), Cu(OAc)-H,O (100 mg, 50 mol%) and AgSHF69 mg, 20 mol%) in 1,2-DCE
(2.0 mL) was heated at 10C for 24 h. Finally, the crude mixture was purified silica

Br

gel column chromatography eluting with hexane: e#fogtate (15:1) to afford inseparable
mixture 8x and8x’ (64:36; 29Img) in 68% yield as yellow thik liquid.

R = 0.32 (15:1 hexane/EtOAc); [Silica, UV angt 'H NMR (400 MHz, CDC)) & 10.14 (s, 1H),
9.83 (s, 0.56H), 7.97 (bd,= 1.6 Hz, 1H), 7.77 (d] = 8.4 Hz, 1H), 7.59 (dJ = 8.0 Hz, 3H),
7.57-7.50 (m, 3H), 7.457.31 (m, 5H), 7.297.19 (m, 3H), 7.08 (d] = 8.0 Hz, 3H), 7.08 (d] =
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8.0 Hz, 2H), 7.03 (dJ = 8.0 Hz, 1H), 2.26 (s, 3H), 2.24 (s, 2Kjc NMR (101 MHz, CDCJ)

0 197.8, 197.1, 144.0, 143.8, 140.2, 138.7, 137.8,11335.6, 135.5, 134.2, 133.9, 132.8, 132.5,
131.3, 131.2, 129.7, 129.6, 129.5, 128.5, 128.2,902127.8, 127.1, 126.4, 126.0, 125.2, 124.2,
123.6, 123.4, 21.4; IR (KBnmax 3249, 2931, 1632, 1589, 1484, 1380, 1167, 109D, G83 cri;
HRMS-ESI(m/2: [M+Na]" Calcd for GoH16BrNO;SNa, 451.9932; found, 451.9935.

N-(2-Acetylphenyl)-4-nitrobenzenesulfonamide (87a):

r R N Following the general procedure (GP-2); acetopher6dg 120
@Lo mg, 1.0 mmol), 4-nitrobenzenesulfonyl azidslf, 342 mg, 1.5
\H mmol), [RuCh(p-cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O
ozgs\@ (100 mg, 50 mol%) and AgSbK69 mg, 20 mol%) in 1,2-DCE
87a NO2| (2.0 mL) was heated at 10Q for 24 h. Finally, the crude mixture
. J

was purified by silica gel column chromatographytiely with

hexane: ethyl acetate (4:1) to aff@da (196mg) in 61% yield as colorless solid.

mp = 149-150°C; R = 0.33 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDC))

J 12.04 (s, 1H), 8.61 (d}, = 8.8 Hz, 2H), 8.37 (d] = 8.4 Hz, 2H), 8.18 (d] = 7.6 Hz, 1H), 8.06
(d,J = 8.4 Hz, 1H), 7.85 (1) = 7.6 Hz, 1H), 7.48 (1) = 7.6 Hz, 1H), 2.93 (s, 3H}*C NMR (101
MHz, CDCL) J 202.8, 150.2, 145.2, 139.2, 135.3, 132.3, 128.8,312123.6, 122.4, 119.2, 28.2;
IR (KBr) Vnax 3106, 1643, 1539, 1353, 1161, 931, 608 "ciHRMS—ESI(m/2: [M+Na]" Calcd
for CuH1.N,OsSNa, 343.0365; found, 343.0364.

N-(2-Acetylphenyl)-4-(trifluoromethyl)benzenesulfonamide (87b):

r . N\ Following the general procedure (GP-2); acetopher(60a 120
@:'Lo mg, 1.0 mmol), 4-(trifluoromethyl)benzenesulfonytide 63¢
NH 376 mg, 1.5 mmol), [Ru@p-cymene)} (31 mg, 5.0 mol%),

i
0’6?\©\ Cu(OAck-H,0O (100 mg, 50 mol%) and AgSHR69 mg, 20
CF

87b 3| mol%) in 1,2-DCE (2.0 mL) was heated at 180 for 24 h.
. J

Finally, the crude mixture was purified by silical gcolumn
chromatography eluting with hexane: ethyl acetdté&)(to afford87b (334 mg) in 97%
yield as colorless solid.

mp = 133-134°C; R, = 0.48 (4:1 hexane/EtOAc); [Silica, UV ang;"H NMR (400 MHz, CDC))
J 11.63 (s, 1H), 7.97 (d = 8.0 Hz, 2H), 7.83 (dd] = 8.0, 1.2 Hz, 1H), 7.73.67 (m, 3H), 7.49
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(td,J=7.9, 1.2 Hz, 1H), 7.12 (td,= 7.6, 1.2 Hz, 1H), 2.57 (s, 3HYC NMR (101 MHz, CDG))
0 202.6, 143.0, 139.3, 135.1, 134.520q; 33.3 Hz), 132.1, 127.7, 126.2, 126.1, 123.3,821q,
J=91.9 Hz), 119.1, 28.8°%F NMR (376 MHz, CDGJ) 5-63.21; IR (KBr) Vinax 3057, 1638, 1578,
1408, 1320, 1161, 1139, 608 ¢mHRMS-ESI (m/2: [M+Na]" Calcd for GsH;,FsNOs;SNa,
366.0388; found, 366.0388.

N-(2-Acetylphenyl)-4-fluorobenzenesulfonamide (87c):

- " ~ Following the general procedure (GP-2); acetophen@fa 120
5 mg, 1.0 mmol), 4-fluorobenzenesulfonyl azide8¢, 302 mg, 1.5
@iﬁ, mmol), [RuChk(p-cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O
O’(’,)?\@\ (200 mg, 50 mol%) and AgSkF69 mg, 20 mol%) in 1,2-DCE (2.0
. 87c FJ mL) was heated at 10GC for 24 h. Finally, the crude mixture was

purified by silica gel column chromatography elgtiwith hexane:

ethyl acetate (4:1) to affol@l7c(278mg) in 95% yield as colorless solid.

mp = 158159°C; R = 0.39 (4:1 hexane/EtOAc); [Silica, UV andl;I'H NMR (400 MHz, CDC))
0 11.50 (s, 1H), 7.967.84 (m, 2H), 7.82 (dd] = 8.2, 1.4 Hz, 1H), 7.69 (dd,= 8.2, 0.6 Hz, 1H),
7.48 (td,J = 7.9, 1.3 Hz, 1H), 7.15.06 (m, 3H), 2.57 (s, 3H}’C NMR (101 MHz, CDGJ)
0 202.5,165.17 (d] = 256 Hz), 139.7, 135.5, 135.0, 132.0, 129.9919.09 Hz), 123.0, 122.4,
119.2, 116.27 (d] = 22.2 Hz), 28.1*°F NMR (376 MHz, CDGJ) 5-104.48; IR (KBr)Vmax 3101,
1649, 1490, 1172, 931, 558 SmHRMS-ESI (m/2: [M+Na]" Calcd for G4H:.FNO;SNa,
316.0420; found, 316.0416.

N-(2-Acetylphenyl)-4-chlorobenzenesulfonamide (87d):

- S ~ Following the general procedure (GP-2); acetophen6fs 120
N mg, 1.0 mmol), 4-chlorobenzenesulfonyl azi®d€ 326 mg, 1.5
@fﬁ, mmol), [RuCh(p-cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O
O‘-'é?\@\ (100 mg, 50 mol%) and AgSbF69 mg, 20 mol%) in 1,2-DCE (2.0
s 87d CIJ mL) was heated at 100 for 24 h. Finally, the crude mixture was

purified by silica gel column chromatography elgtwith hexane:

ethyl acetate (4:1) to affol@l7d (224 mg) in 72% yield as colorless solid.

mp = 135136°C; R = 0.46 (4:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDCJ))
0 11.54 (s, 1H), 7.82 (dd,= 7.8, 1.4 Hz, 1H), 7.79.73 (m, 2H), 7.67 (bd] =8.0 Hz, 1H), 7.46
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(td,J = 8.4, 1.2 Hz, 1H), 7.38 (di,= 8.8, 2.0 Hz, 2H), 7.09 (td,= 8.0, 1.0 Hz, 1H), 2.57 (s, 3H);
¥C NMR (101 MHz, CDGJ)) & 202.6, 139.5, 139.4, 137.8, 135.0, 132.0, 129.8,6,2123.0,
122.2, 119.0, 28.1; IR (KBrVmax 3090, 2926, 1649, 1495, 1249, 1167, 920, 756, GES;
HRMS-ESI(m/2: [M+Na]" Calcd for G4H:,CINO;SNa, 332.0124; found, 332.0125.

N-(2-Acetylphenyl)butane-1-sulfonamide (87e):

— .\ Following the general procedure (GP-2); acetophen6fa 120 mg,

e
@’Lo 1.0 mmol), butane-1-sulfonyl azide3f; 244 mg, 1.5 mmol), [Rugp-
NH cymene)} (31 mg, 5.0 mol%), Cu(OAg)H.O (100 mg, 50 mol%) and

)
0‘%§\n-su AgSbR; (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated @@ °C
8% J for 24 h. Finally, the crude mixture was purifieg &ilica gel column

chromatography eluting with hexane: ethyl aceta&l() to afford87e (143 mg) in 56%

yield as pale yellow oll.

R = 0.19 (16:1 hexane/EtOAc); [Silica, UV andt 'H NMR (400 MHz, CDCY)) J 11.29 (s, 1H),
7.91 (dd,J = 8.0, 1.6 Hz, 1H), 7.72 (dd,= 8.0, 1.2 Hz, 1H), 7.51 (td,= 8.0, 1.2 Hz, 1H), 7.11
(td, J = 8.4, 1.2 Hz, 1H), 3.268.03 (m, 2H), 2.64 (s, 3H), 1.81.63 (m, 2H), 1.421.31 (m, 2H),
0.84 (t,J = 7.6 Hz, 3H);°C NMR (101 MHz, CDG)) § 202.6, 140.6, 135.4, 132.5, 122.4, 121.4,
117.6, 51.9, 28.3, 25.3, 21.3, 13.5; IR (Naaf) 3095, 2964, 1654, 1601, 1577, 1248, 1150, 930,
749, 629 cnt; HRMS—-ESI(m/2: [M+Na]" Calcd for G,H;;NO3;SNa, 278.0827; found, 278.0827.

N-(2-Acetylphenyl)cyclohexanesulfonamide (87f):

- ~N Following the general procedure (GP-2); acetopher@dg 120 mg,

e
@’LO 1.0 mmol), cyclohexanesulfonyl azidé3g 284 mg, 1.5 mmol),
NH [RuCly(p-cymene)} (31 mg, 5.0 mol%), Cu(OAg)H,O (100 mg, 50
|
0=S 0 on) i )
6’% mol%) and AgSbk (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was
\ 87f J heated at 100C for 24 h. Finally, the crude mixture was purifieg

silica gel column chromatography eluting with hexaathyl acetate (16:1) to affoB¥f

(124 mgq) in 44% yield as brown color semi-solid.

R = 0.19 (16:1 hexane/EtOAc); [Silica, UV angt 'H NMR (400 MHz, CDC)) & 11.25 (s, 1H),
7.91 (ddJ = 8.0, 1.6 Hz, 1H), 7.79 (d,= 8.0 Hz, 1H), 7.50 (td] = 8.8, 1.6 Hz, 1H), 7.09 (td,=
8.0, 1.0 Hz, 1H), 3.12.99 (m, 1H), 2.64 (s, 3H), 2.4R.05 (m, 2H), 1.86-1.80 (m, 2H),
1.65-1.48 (m, 3H), 1.241.10 (m, 3H)3C NMR (101 MHz, CDGJ) & 202.7, 141.2, 135.3, 132.4,
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122.1, 121.1, 117.7, 61.0, 28.3, 26.2, 25.04, 24R§Neat) Vnax 3068, 2931, 2854, 1649, 1489,
1249, 925, 766, 634 cm HRMS—ESI(m/2: [M+H]" Calcd for G4H,0NOsS, 282.1164; found,
282.1164.

N-(2-Acetylphenyl)propane-2-sulfonamide (879):
— we ) Following the general procedure (GP-2); acetopher@dga 120 mg, 1.0
@Lo mmol), propane-2-sulfonyl azidé3h;, 223 mg, 1.5 mmol), [Ru@p-
NH cymene)} (31 mg, 5.0 mol%), Cu(OAg)H,O (100 mg, 50 mol%) and
07
o

AgSbFs (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated @@ °C

—379__J for 24 h. Finally, the crude mixture was purifiegl &ilica gel column
chromatography eluting with hexane: ethyl acetatel() to afford87g (110mg) in 46%

yield as pink color oil.

R = 0.19 (16:1 hexane/EtOAc); [Silica, UV angt 'H NMR (400 MHz, CDCJ) & 11.26 (s, 1H),
7.92 (bdJ = 7.2 Hz, 1H), 7.81 (bdl = 8.4 Hz, 1H), 7.51 (bt] = 7.0 Hz, 1H), 7.11 (bt] = 7.4 Hz,
1H), 3.33 (btJ = 6.8 Hz, 1H), 2.66 (s, 3H), 1.36 (@l= 6.8 Hz, 6H):*C NMR (101 MHz, CDCJ)
5 202.5, 141.0, 135.2, 132.3, 122.1, 121.2, 117.8),5%8.2, 16.3; IR (Neatyna 3112, 2980,
1649, 1489, 1330, 1249, 1144, 925, 761 'cnHRMS-ESI (m/2: [M+Na]’ Calcd for
CuH1sNO;SNa, 264.0671fpund, 264.0673.

N-(2-Acetylphenyl)-1-phenylmethanesulfonamide (87h):

— wve ) Following the general procedure (GP-2); acetophen60a 120 mg,

@’Lo 1.0 mmol), phenylmethanesulfonyl azid&3f 296 mg, 1.5 mmol),
\H [RuCl(p-cymene)} (31 mg, 5 mol%), Cu(OAg)H,O (100 mg, 50

OFF~~-Ph mol%) and AgSbk (69 mg, 20 mol%) in 1,2-DCE (2.0 mL) was heated

(0]

8™/ at 100°C for 24 h. Finally, the crude mixture was purifiey silica gel

column chromatography eluting with hexane: ethgtate (9:1) to affor@7h (146mg) in
50% vyield as brown color solid.

mp = 119-120°C; R, = 0.44 (9:1 hexane/EtOAc); [Silica, UV and;I'H NMR (400 MHz, CDCJ))
d 11.22 (s, 1H), 7.87 (d] = 7.6 Hz, 1H), 7.68 (d) = 8.4 Hz, 1H), 7.49 (tJ = 7.6 Hz, 1H),
7.35-7.23 (m, 3H), 7.247.09 (m, 3H), 4.40 (s, 2H), 2.58 (s, 3K} NMR (101 MHz, CDGJ)
0 202.0, 140.7, 135.1, 132.1, 130.5, 128.8, 128.8,01222.4, 121.4, 117.8, 58.4, 28.1; IR (KBr)
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Vinax 3041, 2936, 1654, 1495, 1254, 1134, 936, 6011;CHRMS—ES|(m/Z)Z [M+Na]" Calcd for
C15H15N03SN3., 312067]I'Dund, 312.0671.

N-(2-Acetylphenyl)-5-chlorothiophene-2-sulfonamide&7i):

N\ Following the general procedure (GP-2); acetopher(6da 120 mg,

( e
@:Lo 1.0 mmol), 5-chlorothiophene-2-sulfonyl azidé3f 335 mg, 1.5
\H mmol), [RuCh(p-cymene)} (31 mg, 5.0 mol%), Cu(OAg)H,O (100

o’(-s?\Q mg, 50 mol%) and AgSBR69 mg, 20 mol%) in 1,2-DCE (2.0 mL)
S

87i v, | was heated at 10T for 24 h. Finally, the crude mixture was purified
J

.

by silica gel column chromatography eluting withxéee: ethyl
acetate (6:1) to affor@7i (200mg) in 63% vyield as light brown color solid.

mp = 107108°C; R, = 0.28 (6:1 hexane/EtOAc); [Silica, UV and;*H NMR (400 MHz, CDC))

d 11.65 (s, 1H), 7.88 (d, = 8.0 Hz, 1H), 7.75 (d] = 8.4 Hz, 1H), 7.53 (bt] = 7.6 Hz, 1H), 7.39
(d,J = 4.0 Hz, 1H), 7.16 (bt] = 7.6 Hz, 1H), 6.83 (dl = 4.0 Hz, 1H), 2.62 (s, 3H}J°C NMR (101
MHz, CDCk) ¢ 202.7, 139.3, 138.0, 137.8, 135.2, 132.24, 132198,7, 123.4, 122.4, 119.1,
28.2; IR (KBr) Vnax 3101, 1649, 1578, 1249, 1161, 920, 602 'ciHRMS-ESI(m/2: [M+Na]*
Calcd for G,H1.CINOs;S,Na, 337.9688; found, 337.9689.

3.5.6. Deuterium Experiment:

Deuterium experiment was carried out in a 10 mLI&dhtube with high pressure valve
and side arm. The tube was charged with acetopleer@®a, 30 mg, 0.25 mmol),
[RuCly(p-cymene)} (8.0 mg, 5 mol%), AgOAc (42.0 mg, 0.25mmol). Suhsntly,
AgSbFs (17 mg, 20 mol %) was introduced to the flask giavzebox. CRCO.D (0.5 mL)
was added to the mixture and the resulting mixivae stirred at 100C for 24 h.

o GHs [RuCly(p-cymene)], D GDs
@ AgSbFg @
-
AgOAc, CD;COOD
H 100 °C, 24 h D
60a 20

The reaction mixture was cooled to ambient tempeeafiltered through a small plug of
Celite and then washed with dichloromethane (3 xLl(). The solvents were evaporated
under the reduced pressure. TheNMR showed the 100% deuterium insertion on the

ortho-C-H bonds of60a This preliminary deuterium scrambling data sutgmebe
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reversible cyclo-ruthenation step in the Ru(ll)atggedo-C—-H bond functionalization of

acetophenone.

3.5.7. General Procedure for Deprotection of Tosytgup (GP-3): 1*®

R1 R1

Z 0 H,SO, RT o S
R{/\IE§ 22 h " ant l /—R
, qu
NHTs 9 HoN
92 93

The ortho-amidated aromatic ketone (1.0 mmol) was addedhéo dold concentrated
H,SO, (6.0 mL) at 0°C. The mixture was stirred at RT for 2 h. Upon ctetipn, the
reaction mixture was quenched with NaHCS€blution and the resulting mixture was
extracted with EtOAc (2 x 10 mL). The organic lasyavere dried over N&Q,, and

concentrated in vacuum to gieetho-amino aromatic ketones.
2'-Aminoacetophenong94):

o Following the general procedure (GP-3)N-(2-acetylphenyl)-4-
o | methylbenzenesulfonamide acetophend®® L00 mg, 0.35 mmol) was
NH, | added to cold concentrated3F0O, (1.0 mL). The mixture was stirred at
o4 RT for 2 h. After usal work-up, the organic layeaswdried over N&O,,
and concentrated in vacuum to give 2-amino acetopie 04) in quantitative yield as

light brown liquid.

'H NMR (400 MHz, CDCJ) J 7.71 (dd,J = 8.4, 1.2Hz, 1H), 7.26 (dfl = 8.0, 0.8 Hz, 1H),
6.72-6.58 (m, 2H), 6.586.07 (bs, 1H), 2.57 (s, 3HYC NMR (101 MHz, CDGCJ) 4 200.7, 150.2,
134.3,132.0, 118.1, 117.1, 115.6, 27.8.
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3.5.8. X-Ray crystallography:Single crystal X-ray data for the compou@da

Table 3.5.Crystallographic Data and Structural Refinemen8fa.

Compound 87a
formula C14H1:N,0sS
Mw 320.33
Crystal system| Triclinic
Space group Py
TIK] 293(2)
a[A] 7.7099(16)
b [A] 8.2501(17)
c[A] 11.659(2)
al] 99.961(3)
FiG 101.130(3)
) [°] 92.491(3)
Z 2
V[AY 714.4(2)
Deac[g cNi] 1.489

W [mm 0.253
total refins 2777
unique refins 2750
Observed reflng 2750
Ru[l > 25(1)] 0.0424
wR [all] 0.1146
GOF 1.053
Diffractometer | SHELXL-97
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