Development of Organocatalytic
[3+2]— and [4+2]—-Cycloadditions:
Scope and Applications

A
THESIS

SUBMITTED FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY
BY

JAGJEET GUJRAL

School of Chemistry
University of Hyderabad
Hyderabad-500046, India

August 2020







Pedicated to

My Pargnts and my brother Manmegt







[|My Ph.®. Resegarch Mantral|

OO

EXPERIMENT!
FAIL!
LEARN!
REPEAT!







DECLARATION

| hereby declare that the matter embodied in the thesis entitled “Development of
Organocatalytic |3+2|- and [4+2]-cycloadditions: Scope and Applications” is the result of
investigation carried out by me in the School of Chemistry, University of Hyderabad, Hyderabad.

L)
India. under the supervision of Prof. Dhevalapally B. Ramachary

In keeping with the general practice of reporting scientific observations, due
acknowledgements have been made on the basis of the findings of other investigators. Any
omission. which might have occurred by oversight or error, is regretted. This research work is free
from Plagiarism. [ hereby agree that my thesis can be deposited in Shodhganga/INFLIBNET. A

report on plagiarism statistics from the University Librarian is enclosed.

3‘6&”‘5@% /% [RORXE

University of Hyderabad Jagjeet Gujral
August 2020 (14CHPH22)

Prof. Dhevdlapaly B. Ramachary
(Supervisor)

1 of Chamisir)

ity of Hyderabad



5

CERTIFICATE

iii

Certified that the work contained in the thesis entitled “Development of

Organocatalytic [3+2]- and [4+2]-cycloadditions: Scope and Applications™ has

been carried out by Mr. Jagjeet Gujral under my supervision and the same has not

been submitted elsewhere for a degree. This thesis is free from plagiarism and has not

been submitted previously in part or in full to this or any other University or Institution

for award of any degree or diploma.

A. Parts of the thesis have been published in following publications:

1. D. B. Ramachary, Jagjeet Gujral, S. Peraka, G. S. Reddy, Eur. J. Org. Chem.

2017, 459-464.

o

ChemistrySelect 2018 . 3 ., 7900-7905.

(U5 )

equally and manuscript under preparation].

t
B. Presented in the following conferences:

1. J-NOST -XIV-2018; 2. ChemFest-2019;

Jagjeet Gujral, T. P. Reddy, B. Gorachand, D. B. Ramachary,

. T.P. Re\'ddy,‘ Jagjeet. Gujral,* P. Roy, D. B. Ramachary. [#both contributed

Further the student has passed the following courses towards fulfilment of course work

requirement for Ph.D.
Course work Name

CY-801 Research proposal

CY-806 Instrumental Methods-B

CY-571 » Organometallic Chemistry

CY-573 Stereoselective Organic Synthesis

CY-580 Natural Products and Medicinal
»Chemistry

HornI0

Dean
(School of Chemistry)

N W W

|8

Credits

Prof. Dhevatapally B. Ram:

Pass/Fail

Pass
Pass
Pass
Pass

(Thesis Supervisor)



CONTENTS

ACKNOWLEDGEMENTS ... ..o oottt et e e et e e e e e e e eV
LIST OF ABBREVIATIONS ... ... oo it e e ettt et et e e et e e e e X

Development of Organocatalytic [3+2]- and [4+2]-Cycloadditions: Scope and Applications

Y o1 { = o SO OO UPR R UORTRTRR |
2. INEFOAUCTION ... et et e et e e e e e e e e e e e e e e et e e e e e a1

3. Triazabicyclodecene as an Organocatalyst for Regiospecific
Synthesis of 1,4,5-Trisubstituted N-Vinyl-1,2,3-Triazoles...............cc.ceocee e evnnn 15

4. An Aldehyde-Azomethine Imine [3+2]-Cycloaddition: High-yielding
Regioselective Synthesis of Substituted N,N-Bicyclic Pyrazolidinones..................... 50

5. Catalytic Ynone-Amidine Formal [4+2]-Cycloaddition for the
Regioselective Synthesis of Tricyclic Heterocycles.............ccceevveveiie veiieee . 76

6. Experimental SECtiON... ... ..ot iie oot e et e e e e e e e e e e 103
T REfOrenCeS ... ... ..e ittt et it et et e e e e e e et e et e e e e D9

ABOUT THE AUTHOR ... ..ottt ettt e et et e et et et e e e e e ennennene e X



ACKNOWLEDGEMENTS

| am deeply indebted to Prof. Dhevalapally B. Ramachary, my research supervisor, for his

inspiring guidance, support and constant encouragement throughout the course of the present
investigations. Most importantly, | would like to thank him for his extreme patience in times of
disagreements giving way to a healthy two-way discussion as opposed to a one-way lecture.
Such an approach has been really instrumental in nurturing positive growth in me, both
personally and professionally. Empathetic behavior shown by him in times of the numerous
critical health challenges faced by me during my entire research tenure has been the standalone
reason for me being able to complete this work. Thus, his supervision is incomparable and it has
been a great privilege and honour to be associated with him.

| take this opportunity to thank Prof. T.P.Radhakrishnan, Former Dean, School of Chemistry
for his constant advice and appreciation of my verbal presentations during his period. I am also
thankful to present Dean Prof. Anunay Samanta for providing all the facilities needed for our
research and regular maintenance of all the instruments. | extend my sincere thanks to former
Deans Prof. M. Durga Prasad and Prof. M. Periasamy. | express a deep sense of gratitude to my
doctoral committee members Prof. R. Balamurugana and Prof. A. K. Sahoo for the constant
positive encouragement and smile on their faces in all our cabin or corridor meets.

| consider it an honour to show my gratitude to my teachers all of whom have laid down the
stepping stones for my success. Namely, Mrs. Rashmi Bhasin for instilling the seed of interest in
chemistry in me in VIII™ Standard, Mrs. Shefali Shukla and Mrs. Sharda Pasricha for nurturing
that seed into a firm tree of interest in Organic Chemistry at BSc. level. My sincere thanks also
goes to Prof. Akhilesh Kumar Verma, Prof. Vibha Tondon, Prof. M. Nath and Dr. Komal
Aggarwal my Master’s teachers for pushing me into this area of research. My special thanks to
Dr. Subhas Chandra Pan for introducing me to Organocatalysis during summer project at 11T
Guwahati and Dr. Krishanu Show for teaching me my first basics of experimental techniques at
CSIR-NCL, Pune.

I am thankful to all my seniors including Dr. M. Kishor, Dr. M. Shiva Prasad, Dr. A. B.

Shashank, Dr. P. Srinivasa Reddy, Dr. R. Madhavachary. | render a special thanks to Dr. P.
Murali Krishna and Dr. K. S. Shruthi for not only being my mentors but also friends both inside

and outside the laboratory. The presence of experienced scholars like Dr. P. Swamy, Dr. G.



vi

Thirupathi, Dr. S. Rehana Anjum and Dr. A. Suresh Kumar has been a great asset for their
always being open to discussions on problems both of professional and personal nature, so a
heartfelt thanks to them as well. A special thanks to Dr. T. Prabhakar Reddy and Mr. Pritam
Roy for steering me clear of the ordeals of PhD. life and being friends in the true sense at
workplace. A special mention to Mr. G. Surendra Reddy for his help in my first research project
and being cordial with me throughout, in spite of our differences. I am also grateful to Mr. M.
Anif Pasha for imparting valuable life lessons that helped me to grow stronger as a person. |
would also take an opportunity to thank Mr. Gorachand Badaraita and Mr. Akram Hussain for
their lively and loud discussions in lab thus, breaking the monotony of research life. Mr. A.
Vamshi Krishna and Mr. E. Ashok are also worthy of praise for their co-operation and help. |
would also like to thank the newly joined Ms. P. Rajya Lakshmi for being a nostalgic view of me
when | was in my freshmen year of Ph.D.

| acknowledge the help and support provided by the technical and non-teaching staff of the
School of Chemistry., Mr. Thurabauddin, Mr. Durgesh Singh and Mr. G. Mahender (for their
help in recording NMR immediately whenever | am in need) Bhaskara Rao, Mrs. Asia Perwej, G.
S. Maruthi (for helping me in doing HRMS experiments) V. M. Shetty, A. R. Shetty, Deelip,
Venkatesh, Aleem (Late), Geetha, Kumar Reddy, Anand, and sathyam for their timely help and
support.

My special thanks to Prof. M. Periasamy’s research group, Prof. Balamurugan’s research
group and Prof. Y. Srinivasarao’s research group for their generous help and useful discussions.
| also thank Anil, Ankit and Junaid for their great help in solving my all crystal data. It gives me
immense pleasure to thank my friends of School of Chemistry Showkat, Chandrahas, Ramesh,
Nagamaiah, Surya, Rangu Prasad, Umamahesh, Ishfaq, Ali, Isha, Mamina, Daradi, Prachi,
Subhabrata, Sneha Paul, Sabari, Sathish, Jyothi, Ranjini dee, Amala dee, Mohan anna, Ramana
anna, Saktivelu anna for lending their unconditional help at the needful times.

I would like to express my thanks to my close friends of all times Himanshu Aggarwal,
Anurag Sharma (from MSc.), Eishaan, Anuj, Sarang, Parul (from BSc.), Hrishita, Surojit, Moon,
Shibendu and Akshay Rastogi (during PhD.) for supporting and encouraging me through the
endless conversations and also for being with me at all tough and happy moments.

The word thanks becomes meaningless when it comes to my Family, without their support

coming to this stage would have been merely a dream. They are the reason for what | am today



Vil

in society. | become wordless to express their support, guidance, service and love towards me. In
that my Mother Narinder, Brother Manmeet and Father Amarjeet have been instrumental in
setting a solid foundation of moral values that I still carry with me even after a morally
degrading PhD. journey. My sister-in-law Maninder and niece Samreen have been a more recent
addition to our family but their support and love is now a major part of my life. Therefore, I find
that dedicating this thesis to them is a minor recognition of their relentless efforts and
unconditional care.

National Single Crystal X-ray Facility, funded by DST (New Delhi) in School of Chemistry
is highly acknowledged. I am thankful to the IGM library for providing excellent books and

journals. Financial assistance by CSIR (New Delhi) is gratefully acknowledged.

Finally, I am deeply indebted to me for still believing in me, even after failing 95% of the
times in my research work with just 5% success, which is embodied in this thesis. | have truly
grown as a person in which this research journey has served as a means and also without which

the end of it would not have been possible.

Jagjeet Gujral



viii

PREFACE

Generating molecular complexities in a single step is a unique property of cycloaddition
reactions. Such reactions, if done organocatalytically, far exceed their metal mediated reaction
counterparts in selectivity, efficiency and operational simplicity. The present thesis entitled
“Development of Organocatalytic [3+2]- and [4+2]-cycloadditions: Scope and Applications”
is an honest attempt to apply the enolate mediated organocatalytic click strategies to [3+2]-
cycloadditions and formal cycloaddition of amidines to ynones in [4+2] manner. A large library
of monocyclic, bicyclic and tricyclic heterocycles have been synthesized using these protocols
which opens up large prospects for their further biological or material studies. In all these
sections, a brief introduction is provided to keep the present work in proper perspective, the
compounds are sequentially numbered (bold), and references are marked sequentially as
superscript and listed at the end of the thesis. All the figures included in the thesis were obtained
by DIRECT PHOTOCOPY OF THE ORIGINAL SPECTRA and in some of them uninformative

areas have been cut to save the space.

The first chapter illustrates an 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) catalyzed
enolate-mediated regiospecific synthesis of 1,4,5-trisubstituted N-vinyl-1,2,3-triazoles from
simple activated carbonyl compounds and N-vinyl azides through a [3+2]-cycloaddition.
Further hydrogenation of these vinyl triazoles led to facile synthesis of, 1,4,5-trisubstituted N-
alkyl-1,2,3-triazoles. This work expands the application of such strategies to vinyl azides and
not just aryl azides as previously done by many groups. Not only this, it presents a facile method

of synthesizing alkyl azide [3+2]-cycloadducts through reduction of final products.

The second chapter describes an enolate mediated click strategy for the synthesis of N,N-
bicyclic pyrazolidinones by a [3+2]-cycloaddition between a-enolizable aldehydes and cyclic
azomethine imines. All the reactions were carried out under DBU or tBuOK catalysis. This
chapter expands the scope of enolate mediate click reactions beyond azides to other 1,3-dipoles
like azomethine imines. A large number of bicyclic heterocycles were synthesized using this

strategy whose core skeleton has a presence in a number of biologically active compounds.



The third chapter is an attempt to look at amidine bases like 1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU), 1,5-Diazabicyclo(4.3.0)non-5-ene (DBN) and some others in
new light not just as a catalysts, as used extensively in organocatalytic click chemistry but as
substrates in a catalytic formal [4+2]-cycloaddition with ynones. Theses cycloadditions result
in the formation of tricylic heterocycles which may have potential biological or material

applications.
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Development of Organocatalytic [3+2]- and [4+2]-
Cycloadditions: Scope and Applications

1. ABSTRACT

Chapter 1 deals with an 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) catalyzed enolate-
mediated regiospecific synthesis of 1,4,5-trisubstituted N-vinyl-1,2,3-triazoles from simple
activated carbonyl compounds and N-vinyl azides through a [3+2]-cycloaddition. Further
hydrogenation of these N-vinyl-1,2,3-triazoles led to facile synthesis of 1,4,5-trisubstituted N-
alkyl-1,2,3-triazoles.

Chapter 2 presents an enolate mediated strategy for the synthesis of N,N-bicyclic
pyrazolidinones by a [3+2]-cycloaddition between a-enolizable aldehydes and cyclic azomethine
imines. All the reactions were carried out under DBU or tBuOK catalysis. This chapter expands
the scope of enolate mediate click reactions beyond azides to other 1,3-dipoles like azomethine

imines.

Chapter 3 is an attempt to look at amidines like 1,8-diaza-bicyclo[5.4.0]undec-7-ene
(DBU), 1,5-Diazabicyclo(4.3.0)non-5-ene (DBN) and some others in new light not just as catalysts
as used extensively in organocatalytic click chemistry, but as substrates in a Lewis acid or self-

catalysed amidine-ynone formal [4+2]-cycloaddition.
<. INTRODUCTION

Since time immemorial organic chemists have continuously made an effort to mimic nature
and develop tools to synthesize compounds with efficacy as orchestrated by nature. Cycloadditions
namely [3+2] and [4+2] are a class of useful reactions that help us in creating moieties of varied
complexity in minimum steps. Metal catalysis and organocatalysis both have paved way for facile
cycloadditions of such manner. This thesis is a further exploration in this field mainly focusing on

an organocatalytic [3+2]- and [4+2]-cycloaddition approach.

The research work presented in this thesis comprises of following parts:

1) Azide-Activated Carbonyl [3+2]-Cycloadditions for N-Vinyl-1,2,3-Triazole Synthesis.
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2) Aldehyde-Azomethine imine [3+2]-Cycloaddition: N,N- Bicyclic Pyrazolidinones Synthesis.
3) Ynone-Amidine [4+2]-Cycloaddition.

A brief introduction of previous works on similar strategies is described further.

2.1 Previous synthetic methods towards N-vinyl-1,2,3-triazole synthesis:

N-vinyl-1,2,3-triazoles have attracted a lot of attention owing to certain peculiar properties
(Figure 1.) like olefinic appendage for polymer synthesis, free lone pair for hydrogen bonding and a
6-7 electron aromatic system rendering both stability and z-z stacking interaction possible. These
qualities have attracted chemists to develop methods for their facile synthesis.

olefinic bond .
canactas N\, --. .. N._
polymeric linkage { /TN~

free lone pair for H-bonding

67 e aromatic system
R' (1 lone pair+ 2z bond pairs)

R2

Figure-1: N-Vinyl-1,2,3-triazoles as functionally rich moieties.

Few of such strategies have been described here.

Initially, in 1970, L’abbe” et al. devised a method using f-haloalkyl azides or vinyl azides
which on treatment with various active methylene compounds in a stoichiometric amount of base
NaOMe 3 lead to the formation of N-vinyl-1,2,3-triazoles in 62 to 82 % yields. The carbanion
generated by base leads to 1,3-dipolar cycloaddition to the azide followed by aromatization to give

final products. Both a- and S-vinyl azides were employed in this reaction (Eq.1. and 2.).

NaOMe 3 (1 equiv.)

[

(0]

Bu(t) Bu(t
R1JK/R2 + — —< u(t)
N3 [Or] N

3

25 °C or reflux

N=N
N
R4/§< \\\—Bu(t)
R3
4

1 2 2 30 min to 1 day
R', R? = Ph, COOEt RS, R*= Ph, COOH, 74 and 72% yield
R', R?= Me, COOEt R3, R*= Me, COOH, 84 and 69% yield
R!, R?= NH,, CN R3, R*= NH,, CONH,, 62 and 72% vyield
R', R?=OMe, CN R3, R*= NH,, COOMe, 38 and 31% yield
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(0] NaOMe 3 (1 equiv.) N

Ph Ph I
LR sz ol —( - y &(N\ﬁ 2

N3 H 25 °C or reflux
30 min to 12 days

1 2 2' 4
1 2 —
R1, R2 = Ph, COOEt R3, R*= Ph, COOH, 69 and 79% vyield
R1, R2 = Me, COOEt R3, R*= Me, COOH, 72 and 74% vyield
R', R“=NH,, CN R3, R* = NH,, CONH,, 35 and 44% yield

Further, in 1972, Smets et al. utilized reactive a-keto phosphorus ylides in reaction with g-vinyl
azides yielding final N-vinyl-1,2,3-triazoles 6 just at room temperature in 15-98% yields as shown

in Eq.3.2 This reaction was driven forward by the release of triphenylphosphene oxide.

R5
RS:[Rz RS o R CH,Cl, R‘Hé( R
+ >—< ® > N + O=PPh; 3
Ny~ R O PPh, rt N=N «ﬁRZ ®)
1.5 h to 7.5 month R3
5 5'
6
15203 _ _ _ 15 examples
R',R4,R® = Ph, H, H; H, PhCO, H; PhCO, H, Ph; 15-98% yields

PhCO, H,m-NO,CgH,; PhCO, H, Ph
R* R® = Me, Me; H, Me; H, Ph; H, p-NO,C¢H,

Gilchrist and Rees et al. in the year 1975 made a successful attempt of synthesizing N-vinyl-1,2,3-
triazoles 9 from phenylacetaldehyde 7a and S-azido styrene 8a in 60% yield by treating with 1.25
equiv. of tBUOK in dry THF as depicted in Eq. 4.3

‘BUOK
H J\ (1.25 equiv.) N=N @)
+ Ph" Ny, T > <N
o dry THF
12'h, 60%
7a 8a 9

In 1981, Nomura et al. reported a procedure for the synthesis of a-substituted N-vinyl-
1,2,3-triazoles from preformed enamines. Under the present protocol a-and f-azido styrenes on

reaction with various preformed enamines in neat condition at 0 °C yielded 4-aminovinyl triazoline
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intermediates (14 and 16) via [3+2]-Huisgen cycloaddition in 40-86% yields (Step 1). These
intermediates on acidification via acetic acid or column silica gel gave vinyl triazoles 14 and 15 in

40-62% yields (Step 2). Equations 5 and 6 describe the aforementioned procedure.

NR?
HO R
" N/,N\N//z/ or S0,
— > R
RT

AcOH .
B _ R
S O
R_ _H .
I 0°C Step 1 13 Step 2 14
1 Neat
TR NR?
H H
={ R R
12 Ph R //Z/ AcOH R //2/ (6)
— N~ N 1 e —— N~ N 1
R RT \__: R
Ph; NR? Ph
15 16

Reaction with 11

)

R,R'=H, Ph NR, = N O Step 1: 40% yield; Step 2: 40% yield with SiO, elimination

Step 1: 86% vyield; Step 2: 40% yield with SiO, elimination &
Step 1: 86% vyield; Step 2: 46% yield with AcOH elimination

L C

R, R'=H, Ph NR,= N

)

R,R'=Ph, H NR;= N O Step 1: 62% yield; Step 2: 54% yield with AcOH elimination

(

Reaction with 12 I\
R, R'=Ph, H NR;=N O Step 1: 63% yield; Step 2: 62% yield with AcOH elimination

In 2008, Larock et al. generated benzyne intermediate in situ from o-(trimethylsilyl) phenyl
triflate by treating with 2.0 equiv. of CsF in MeCN which was made to undergo [3+2]-
cycloaddition with a-azidostyrene at room temperature for synthesis of 1-styrenyl benzotriazole
18 in 20% yield (Eq.7).°

TMS N CsF (2.0 equiv.) N/N\‘N
—>
@[ + ®  MeCN, 18h
oTf rt, 20%

17 8a 18



Introduction

In 2010, Hawker et al. developed a strategy where 2-azidoethyl methanesulfonate or
azidoethy methylbenzenesulfonate 20 was reacted with varied terminal alkynes in a copper
catalysed [3+2]-cycloaddition followed by elimination of the protecting group (mesyl/tosyl ) by
Nal and DBU generating N-vinyl triazoles 22 in 50-70% overall yields (Eq.8.).%

=R
N MsCI/TsCl
HO 2 > Ts/MsO/\/NS
19 Et;N 20 Cu/C, EtsN,
30°C, 24 h
1,4-dioxane (8)
— Nal
R=H, Ph, Bn, "Pr "Oct, = DBU [ OMs/Ts
TMS, CH,OTHP, CH,NHBoc | N\N - | N\N
8 examples, 50-70% overall yields N DME N’
Reflux R
22 21

In 2011, Chiba et al. synthesized a variety of N-vinyl-1,2,3-triazoles 24 via enolate-
mediated [3+2]-cycloaddition of 1,3-dicarbonyl compounds with a-azidostyrenes 10 in the

presence of KoCO3 (20 mol%) in DMF at 40 °C in 82-96% yields (Eq.9).’

K,COs R
o o . 0 | H (20 mol%) \ Ny
S ] 8
R 24 9
RZMRS R1 N3 DMF, 40 °C 2>:»R3 ( )
R
23 3-5h
10 4
R2, R3 = Me, Me R, R = aryl,
R?,R3®=Ph, Ph heteroaryl, 16 ex::lmples
R2, R3 = Me, OEt alkyl,cyclic 82-96% yields

In 2015, Das et al. developed a unique polystyrene resin supported palladium(0) (Pd@PR)
nanocomposite mediated reaction between terminal alkynes and sodium azide in dichloromethane
leading to regioselective synthesis of 4-aryl-1-alkyl/(2-haloalkyl)-1H-1,2,3-triazoles 26 which on
elimination of HCI by 2 equiv. of KoCOs generated their N-vinyl triazoles 27 in 77-86% yields
(Eq. 10).8



Pd@PR (3 mol% Pd)

“ = (CH,),Cl, (8 equiv.)
R + NaN3 >
- DMF, 100 °C
8-12h

25

R' = p-Me, m-Me, 0-Me,
p-CN, p-CF3, p-F, 0-NH, etc.

Introduction

N//\Cl
I N 10 examples
Rl S N 56-78% yields
%
26
K>CO3 (2 equiv.)
DMF, 110 °C
3h (10)
/_:—‘
N\
| N
\ i X N
R _— 27
9 examples

77-86% yields

2.2 Azomethine imine mediated [3+2]-cycloadditions:

In 2003, Fu et al. reported 1,3-dipolar cycloaddition of modified azomethine imines and
terminal alkynes in the presence of a chiral Cul/ligand catalyst, which proceeded in a highly
enantioselective manner to produce nitrogen fused heterocyclic compounds 30 via an in situ generated
Cu(l)-acetylide. Reaction proceeded smoothly in DCM solvent at room temperature to furnish

products 30 in 63-100% vyields and with good to excellent enantioselectivities (74-96% ee) as

elucidated in Equation 11.°

o)
— R . 4—{\1 o 5% Cul/5.5% Ligind
NG >
)k 0.5 equiv. Cy,NMe
H R2 CH2C|2, rt
28 29

R!, RZ2= CO,Et, Ph; CO,Et, 0-FCgH,; CO,Et, m-BrCgHy;
CO,Et, n-pentyl; CO,Et, Cy; CO,Et, Ph; COMe, Ph;
CONMePh, Ph; p-EtO,CCgHy4, Ph; p-CF5CgHy4, Ph;
Ph, Ph;

17 examples

yields: 63-100%
ee: 74-96%
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In 2007, Chen and co-workers exploited bifunctional organocatalyst 33 in presence of
2,4,6-triisopropylbenzenesulfonic acid (TIPBA) in an enantioslective [3+2]-cycloaddition
between cyclic enones 31 azomethine imines 29 furnishing tricyclic fused heterocycles 32. The
products were obtained in excellent enantioselectivities (87-95% ee) and yields (76-99%).
Rationale for this selectivity was presented in the TS-34 where the ketone is activated through
ketiminium ion formation by the primary amine part of 33. Hydroxyl group on the aromatic ring
of 33 brings 29 in close proximity for reaction via hydrogen bonding to amide carbonyl of 29.
Further, ion pair formation between the protonated tertiary amine part and the acid X = TIPBA

enhances steric shielding of the Si face making Re face attack feasible (Eq. 12).%°

o) 0
[—(@ Amine 33 (10 r?ol% 16 examples
+ ﬁ/N TIPBA (20 mol%) . Yields: 67-99%|  (12)
0,
n § THF, 4-& M.S., 40 °C ee: 8795/"
R

n=1,0and 2

31 29

R = Ph, p-CICgH,4, m-CICgH,4, 0-CICgHy,
p-BrCgHy, p-FCgH5, p-MeOCgH,, Z
3,4-(MeQ),CgH3, 2-furanyl, iPr,
cyclohexyl and nPr.

TIPBA Amine 33

~O
Re-face attack
Proposed TS-34

In 2011, Kwon et al. formulated a [3+2] annulation between cyclic azomethine imines 29
and allenoates 35 through organophosphine catalysis for the synthesis of different N,N-fused
bicyclic products 36. Just 20 mol% of trialkylphosphine catalyst like PBus was sufficient to drive
a [3+2]-cycloaddition between 29 and 35 at room temperature furnishing products 36 with a
maximum yield of 99% as shown in eq. 13.** Other phosphine catalysts like PMes also worked

well in this protocol.
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[~ NG O CO.Et > N 4-CF4CgHq, 2-NO,CqHa,
2 CHCly, RT 2-naphthyl.

29 35 R

36
20 examples
up to 99% yield T PBuUs

o)
Me . 4‘/( Me R = Ph, 4-MeCgH,,
N® + = PBu3 (20 mol %) N 4-OMeCgHj, 4-FCgH,,
CO,Et

In 2014, Guo and co-workers achieved the synthesis of five N,N-fused heterocyclic
compounds 38 from azomethine imines 29 and (2)-1,2-bis(phenylsulfonyl)ethylene 37 catalysed
by MePPh; organophosphinecatalyst in DCM at 25 °C. The reaction proceeded by formation of
zwitterionic species 39 to afford [3+2]-cycloadducts with excellent yield (up to 93%) as shown in
eq. 14.1?

0 0 SO,Ph R = Ph, 4-MeCgHy,
SO,Ph °

o 2 MePPh, (20 mol %) N 4-OMeCgH,, 2-CICgH,,
® N + | - | SO,Ph _
N CH.Cl.. 25°C 48 h N 2 4C|C6H4, 2 N02C6H4,
I SO,Ph 2Ll ' S m-NO,CgH,, 2-naphthyl.

R
29 37 38
22 examples
MePPh, up to 93% vield PPh-Me
2
(14)
R
® - - ®_\ ~s0,Ph
MePh,P~ >SO,Ph MePhzP- 2

Ramachary and co-workers in 2016,'% discovered an organocatalytic azomethine imine-
olefin [3+2]-cycloaddition synthesizing spiroindane-1,3-dione-pyrazolidinones 43 from the
indane-1,3-dione 41, aldehydes 42 and N,N-cyclic azomethine imine 29. The reaction proceeds

initially through a Knoevenagel condensation followed by si-face attack of azomethine imine 29

8
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on the the initial adduct via transition state TS-44. This protocol generated the final products up to

89% and de up to >99%. Equation 15 elucidates the aforementioned procedure.

COZH
: : [—( (5 mol%)
Ar! CH;CN
29 50°C, 0.7-1.5h
Ar?-CHO
42 Si-face approach 31 examples
TS-44 Yields: up to 89%

Ar' = Ph; Ar2 = 4-CICgHj, 2-CICqHj, 4-MeCgHy, de: up to >99%

3-OMGC6H4, 4-N02C6H4, iPr.
Ar? = Ph, Ar! = 4-CICgH,, 2-CICgHy4, 4-MeCgHy,
4-N02C6H4, 4-OMeCGH4.

In 2016, Su et al. reported an enantioselective 1,3-dipolar cycloaddition between C,N-
cyclic azomethine imines 46 and azalactones 45 catalysed by thiourea derived amine 50 (Eq. 16.).1*

Ts
0 N/N o) 14 examples

OJ&, 1 @ Amine 50 (5 mol%) . R2 | VYields: 92-99%
JQN RO+ _N_ _Ts > W W’N& ee: up to 98%
T H O

xylene, -20 °C R dr: up to > 20:1

T rearrangement

LL/TS
(
Y
2

\

TS-48

R2 = Ph; R = jBu, nPr,
4'OMeC6H4, 4-C|CSH4,

Re-Re face approach

Ar = 3,5-di-CF3-CgH3 2-CICgH,.
Amine 50 R?, R" = 2-naphthyl, iBu;
2-furyl, iBu.

Asymmetric induction was achieved through double activation hydrogen bonding between
protonated amine 50, azomethine imine 46 and enolated azalactone 45 resulting in a re-re-face

9
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approach as evident in transition state 48. The species 49 formed from the cycloaddition, being
unstable rearranges to the final products 47 in excellent yields ranging from 92 to 99% and ee upto
99% with dr up to > 20:1.

Ren and Xu et al. in 2017 devised a methodology to react N,N-cyclic azomethine imines
29 with a-enolizable aldehydes 7 in an asymmetric [3+2]-cycloaddition utilizing chiral N-
heterocyclic carbene catalysis under oxidative conditions (Eq. 17.).1° The cycloadducts 51/52 were
produced in moderate to excellent enantioselectivities (66-98% ee) and moderate to good yields
(61-84%).

o NHC 53 (20 mol%)
o 4_/( DBU (120 mol%) ?
’ + o oxidant 54 (120 mol%) 19 examples
RQkH N > &N yields: 61-84%
,KR CHCly (1mL) ee: 66-98%
2 4 A MS (100mg) dr: >20:1
7 29 40°C,N,, 72 h
R2, R' = Ph, Ph; Ph, nBu; 4-OMeCgH,4, Ph; (17)

4-CF3CgH,, Ph; 2-BrCgH,, Ph; 2-naphthyl, Ph.

O\\ i
(0] o —N Cl
\>>N ; 2 IN—H
i, oS =)
o “Ar RN
BF, N ’9
TON=

Ar = 2,4,6-C6H2C|3

NHC 53 Oxidant 54 TS-55

The reaction was proposed to proceed via the transition state TS-55 where the NHC-aldehyde
intermediate is blocked from one side by bulky groups and the two Ph groups of both reactants
point in opposite directions yielding trans diastereoselectivity. Finally, the oxidant 54 was used to

regenerate the catalyst 53 releasing the products 51/52.
2.3 Ynone mediated [4+2]-cycloadditions:

Ynones acting as C-4 synthons in [4+2]-cycloadditions go through a general mechanism as

described in equation 18.

10
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EY 61
o HO 03 \\ﬁu 0
2
= == RE———> %RZ
1 [ =z (Lo =
R4 R E\ R1( E 58
56
57 o o
Nu Nu/
l (18)

60 59

Abstraction of a- acidic proton from 56 forms ynolate 57 which is intercepted by the electrophilic end
of 61 followed by a Michael attack at C-4 by the nucleophilic end leading to the formation of anionic
intermediate 59. This anion is neutralized by a proton from the system leading to the formation of the
final cyclic product 60. The protocols that would be described herein largely follow this mechanism

with little variations from one work to another.

In 2012, Shi and co-workers, synthesized 2,3-dihydropyran-4-ones 65 from activated ketones
62 and but-3-yn-2-one 61a on treatment with 1 equiv. of DABCO (Eq. 19).® The reaction was
proposed to occur through an initial attack of the ynolate on the carbonyl carbon followed by Michael
attack by tertiary amine at C-4 in turn activating the intermediate 63 towards an intramolecular
Michael reaction displacing the base in the process. This strategy furnished the final products 65 in
60-80% vyields.

®
o o) DABCO (100 mol%) RN _0O
:—/< + 1JJ\ 5 > L = 63
R "R 90
THF o
61a 62 R?2
R = Ar, alkyl ¢ (19)
R2 = CO,Et, CF4
o)
® o
11 examples @W ~_ -NR3 (DABCO) RsND_ A O 64
60-80% yields o <r \®/
o)
65

11
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In 2012, Ramachary et al. demonstrated a procedure where 2-arylidene-indan-1,3-diones
produced in situ from 1,3-indanedione 41 and aldehydes 42 by a Knoevenagel condensation reacts
with enamine formed from 66 and 68 as depicted in structure 67a of equation 20.Y7

1 0 Ar'o
Ar Amine 68 (20 mol%) 22 examples
. Acid 69b (30 mol%) o 6. 40-80% yields
| | Toluene . de: >99%
H ee: upto > 99%
R - E
o fe} rt, 24-36 h R Arzo
66 41 67
Ar?-CHO
42
OMe A
CO,H
Knoevenagel F Intramolecular (20)
Condensation Michael Reaction
Amine 68 Acid 69b
Ar'
o o -
¥a) >
H‘N N Michael Reaction
| H” “Ph
A%V R
67a B 67b -

The reaction is proposed to proceed through an initial Michael reaction intermolecularly as shown
in 67a and then intramoleculary from 67b to yield the spiro products 67 in 40-80% yields and up

to > 99% ee.

The same research group, in the consecutive year, applied a similar strategy to a new set of
reactants namely alkynones 70 and 2-(2-oxoindolin-3-ylidene)malononitriles 71 as depicted in
Equation 21.'8 The same catalyst 68 and acid 69b were employed in rendering the reaction
enantioselective through the transition state 72. An asymmetric Reflexive Michael reaction was
instrumental in furnishing the final products containing spirooxindole skeletons 73 up to 70%
yield and up to >96% enantiomeric excess. This protocol’s success establishes the generality of

the strategy developed in Eq. 20.

12
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R%<
O
70 Amine 68/Acid 69b Reflexive-Michael © R
+ (20/30 mol%) Reaction CN
—_—
NC N Toluene, rt | N é)N
p 12-72 h AN
N Fg \
| 0 pPg
N 73
Pg Si- face approach 21 examples
7 Favourable TS-72 Yields: up to 70%

— - ee: up to >96%

R= Ph, 4-MeC6H4, 4-MeOCBH4, 4-MeOCH2006H4,
4-FCgHy, 4-CICgH4, 2-Thiophenyl and Me3Si.
(21)
Fg = 5-F, 5-Cl, 5-Br, 5-1, 5-NO, and 5,7-Me,
Pg =H, Me, CHzoMe, COCH3

Shi and Xu et al. in july 2013, reported [4+2]-annulations of isatins with but-3-yn-2-one

61 catalyzed by the Cinchona alkaloids-derived organocatalyst (DHQD)PHAL 76 in the presence

3.0 equivalents of D-Diethyl tartrate 77 in a mixed solvent (diphenyl ether:diethyl ether = 1:1),
oducing substituted spiro[indoline-3,2’-pyran]-2,4’- (3’H)-diones 75 in good to excellent yields
2-99%) and high enantioselectivities (up to 94% ee) as shown in Eq. 22.%°
o
5 4 3 -
N {jf&o . o) (DHQD);PHAL 76 (20 mol%) o ' 23 examples
| — 2 - | i . _ 00
6 7/ N Ph,O/Et,0 = 1:1,0°C, 5 h \ iﬁlﬁ,’ ﬁ,zgi%/o/
R2 D-Diethyl tartrate 77 (3 equiv.)
74 61a

R'=H, 4-Me, 4-Cl, 5-F, 5-Cl, 5-Br, 5-Me,
5-OMe, 6-Cl, 6-Me, 6-OMe, 7-F and 7-Cl.

R? = Bn, Me, CH,CH=CH,, MOM, CPhj,
CH,CgH3(3,5-2CHs), (CH,)3CgHs, Ph
and (CH,),Ph.

Re-face attack
EtO

Proposed TS-78

(DHQD),PHAL 76

13
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The reaction was proposed to occur via the transition state 78 where the attack on re-face of isatin
is favoured due to steric interactions between 77 bound to isatin with H-bonding and the catalyst
76.

Activation of ynones with trialkyl/triaryl phosphines was utilized recently, by Guo and co-
workers in [4+2]-annulation of ynone 79 and barbiturate derived alkenes 80 in presence of 20
mol% of MePPh; and K>COs at 80 °C. This strategy yielded the [4+2]-adduct 83 in 72% vyield
along with a small amount [3+2]-adduct 84. This method is illustrated by Equation 23.2°

o)
Q MePPh, (20 mol%) o PhoO
e 2 mol% __ Ph
O \NJ\N/ K,CO3 (20 mol%) Ph N~ Ph
+ > | | /g + 0 0
Il o)\ﬁo toluene, 80 °C, 16 h o) N o) _N \[f -
Ph 83 84 O (23)
79 80 72% yield 15% yield
PR3T
PR;
i Ph@ i o A Proton
~ PR
80 Ph C | N — » Ph & N~ shift
o Ph 7o N/go Ph Ll
Phw _—7 RO | ®PR T N
3
PR; O 81 81a
®
84 \ Ph. P R3P AH
2 80
Ph \
Z >
@W N ©) J 4>
PR; O o=(
N
79b / - ~
O Ph 4, E o

Interaction of 80 with intermediate 79a led to the desired product 83 through intermediates 81
and 81a. However, interaction with 79b intermediate resulted in formation of minor product 84.

14



3. Triazabicyclodecene as an Organocatalyst
for Regiospecific Synthesis of 1,4,5—-
Trisubstituted #N-Vinyl—1,2,3—Triazoles

3.1 Introduction

1,2,3-Triazoles have emerged as a core of considerable interest for chemists/biologists in
the past few decades. This interest stems from their wide applicability in the fields of medicinal,
organic, polymer and material chemistry.?! 1,2,3-Triazoles are also capable of playing an
important role as “amide isosteres” due to their bio-similarity with amide bonds in properties like
relative planarity, dipole moment and amphihydrogen-bonding capability.??> Considering these
applications, high-yielding selective synthesis of variety of functionalized 1,2,3-triazoles

becomes a challenge for synthetic chemists.

With the advent of the concept of “click chemistry” there has been an explosion in the
number of reactions leading to the synthesis of functionalized 1,2,3-triazoles beginning from the
copper-catalysed click reaction reported by Sharpless.? Amino acid- or amine-catalysed [3+2]-
cycloaddition entering into this field has given rise to an “organocatalytic click strategy” for the
synthesis of substituted 1,2,3-triazoles,?*?6 which has proved itself at par and in many cases
ahead of similar metal mediated transformations in terms of atom-economy and selectivity (eq. a,
Scheme 1).24%

The realm of organocatalytic 1,2,3-triazole synthesis initiated by our group in 2008 was
further enriched by the groups of Pons-Bressy, Wang, Dehaen, Paix&o, Alves, Li and many other
groups. In early years, this field witnessed a surge in enamine-mediated 1,2,3-triazole formation
from different carbonyl compounds like enones, f-ketoesters, ketones and enals with tosyl/aryl
azides.?* In the year 2014, an approach complimentary to the enamine based strategy, an enolate-

mediated functionally rich 1,2,3-triazole formation was reported by our group (eq. b, Scheme
1).25a,b,g,h,l
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Triazabicyclodecene catalysed 1,4,5-trisubstituted N-vinyl-1,2,3-triazole synthesis

Scheme 1: Previous and Present Reaction design.

a) Enamine-mediated click reaction with aryl azides: Ramachary-Bressy-Wang

o)
RNH, N=N

HJ\R'I + N3_Ar —_— ~ N—Ar
(or) R,NH  R2

RZ R1
b) Enolate-mediated click reaction with aryl azides: Ramachary
O
DBU N=N,
HJ\R1 + N3—Ar — NAr
RT R2
R2 R1

c) Enamine/Enolate-mediated click reaction with alkyl azides: Not known

O _N
RNH, (or) R,NH N=N
—R3 - N-R
R? * N3-R - J%(
2 (or) DBU R2
R R‘l

d) Enolate-mediated click reaction with vinyl azides: This work

o} _N R* _N R*
Vi R4 RN N= N / N= \NI
HLR‘I + N3 oo =~ 3 - S 3
R3 RT R2 R R2 R
R? R! R

Reactivity order of azides

In all the previous organocatalytic reports, though a wide range of activated carbonyls
substrates have been employed for the 1,2,3-triazole synthesis, the variability of the reacting

partner azide has been limited to simple aryl azides and tosyl azide.

Till now these organocatalytic [3+2]-cycloadditions have been limited to thermally
stable aryl azides [decomposition temperature 140-170 °C]. Moving towards the thermally less
stable azides, the observance of the interplay between reactivity and stability is a worthy goal to

pursue. Step towards our vision was initiated by choosing substituted vinyl azides as the click
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Triazabicyclodecene catalysed 1,4,5-trisubstituted N-vinyl-1,2,3-triazole synthesis

partners (eq. d, Scheme 1).272 Rationale for this choice has been the fact that vinyl azides are of
medium thermal stability [decomposition temperature 60-70 °C] and are more reactive towards
such transformations than tosyl, aryl or alkyl azides as shown in Scheme 1. Respective vinyl
substituted 1,2,3-triazoles could also occupy major role in medicinal to material chemistry.
According to the earlier reports,?’®¢?4" the physicochemical or electronic factors which need to
be considered for reactivity were the existence of more number of dipolar mesomeric or
resonance structures from the azido moiety with attached group and it has been shown that more
the number of dipolar mesomeric or resonance structures more is the reactivity of the azide
partner. Due to this double-bond character between N-N? in R-N!-N?=N?® is decreased by
introducing an acyl, ester or sulfonyl group in conjugation with the triazo group. Therefore acyl
or sulfonyl azides are less stable than alkyl/aryl azides. This factor renders aliphatic azides
though thermally highly stable, less reactive in these [3+2]-cycloaddition reactions. A fine
balance of electronic and thermal factors is achieved in choosing vinyl azides as click partners. If
such a transformation could be achieved this would be a very simple way of introducing an
olefinic functionality directly into the 1,2,3-triazole moiety of which previous reports have been

scarce. 1328

3.2 Results and Discussion

3.2.1 Reaction preliminary optimization:

We optimized the designed organo-click reaction by screening simple organocatalysts for
the [3+2]-cycloaddition of ethyl acetoacetate la with 1.5 equiv. of a-azidostyrene 8a under
ambient conditions (Table 1). The reaction of 1a with 1.5 equiv. of a-azidostyrene 8a in DMSO
under 10-mol% of proline 3a-catalysis did not furnished the expected product 9aa even after 24
h at 25 °C (Table 1, entry 1). The same reaction under 10-mol% of diethyl amine 3b-catalysis
furnished the 1-vinyl-1H-1,2,3-triazole 9aa in only 35% yield with complete consumption of
starting materials (Table 1, entry 2). The click reaction of 1a with 1.5 equiv. of 8a in DMSO
under 10-mol% of pyrrolidine 3c-catalysis did not furnished the expected product 9aa; but ethyl
acetoacetate 1a is consumed totally (Table 1, entry 3). After obtaining discouraging results with
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the catalysts 3a-c through enamine-mediated reaction,?* we thought of investigating the click
reaction through the in situ enolate formation,?® for which we tested some tert-amines 3d-f and
base 3g-h as the catalysts for the organo-click reaction. Organo-click reaction of la with 8a
under 1,4-diazabicyclo[2.2.2]octane (DABCO) 3d-catalysis didn’t furnish the expected product
9aa (Table 1, entry 4). Intriguingly, the reaction of 1a with 1.5 equiv. of 8a in DMSO under 10-
mol% of 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) 3e-catalysis at 25 °C for 3.0 h furnished 9aa
in 88% yield (Table 1, entry 5).

Table 1: Reaction Preliminary Optimization.?

0] Catalyst 3
%CHS . )L (10mol%) )\(
N3 Ph Solvent (0.5 M) EtO,C
COzEt 4, 8a RT, 0.5-3 h *” 9aa CHs
[ Pmoon L) () @ Q@ C Q
3a 3b 3c

Entry Catalyst 3 Solvent t[h] Yield 9aa [%][b]
1 3a DMSO 24 -

2 3b DMSO 3.0 35

3 3c DMSO 3.0 -

4 3d DMSO 3.0 -

5 3e DMSO 3.0 88

6 3e DMF 3.0 85

7 3e CHCl3 3.0 11

8 3e CHsCN 3.0 37

9 3f DMSO 3.0 98

10 K>CO3 3j DMSO 1.5 83

11 tBuOK 3k DMSO 1.5 84

12 - DMSO 24 -

@ Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 8a
relative to the 1a (0.5 mmol) in the presence of 10-mol% of catalyst
3. b Yield refers to the column-purified product. ¢ EAA 1a was

consumed totally. 18
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Deviating from this condition, by switching the solvent to DMF, CHCIs or CH3CN by using 10-
mol% of DBU 3e as the catalyst was not so successful in promoting the high-yielding click
reaction (Table 1, entries 6, 7, and 8).2%' These solvent studies clearly support our hypothesis of
involvement of reactive enolate formation and their stability. With these moderate results, we
thought of using a strong organic base, the commercially available guanidine 1,5,7-triazabicyclo-
[4.4.0]dec-5-ene (TBD) 3f as the catalyst for [3+2]-cycloaddition. Because, the pKa value of the
conjugate acid of TBD 3f in acetonitrile is close to 26 and also TBD 3f has been applied as a
suitable catalyst for a variety of reactions, including Michael, Wittig, Henry, Strecker,
transesterification and acyl transfer reactions.?® Fascinatingly, the click reaction of 1a with 1.5
equiv. of 2a in DMSO under 10-mol% of TBD 3f-catalysis at 25 °C for 3.0 h furnished the 1-
vinyl-1H-1,2,3-triazole 4aa in 98% vyield (Table 1, entry 9). Relatively less basic tert-amines like
DABCO [pKa 8.8] 3d, and DBU [pKa 12.0] 3e catalysts furnished the 1-vinyl-1H-1,2,3-triazole
9aa with poor to good yields compared to TBD [pKa 26.0] 3f (Table 1, entries 4 to 9), also no
reaction was observed without the catalyst in DMSO for 24 h at 25 °C (Table 1, entry 12). The
same click reaction under 10-mol% of non-amine bases K>CO3s [pKa 10.33] 3j and tBuOK [pKa
29.4] 3k-catalysis also furnished the 1-vinyl-1H-1,2,3-triazole 9aa in good yields within 1.5 h at
25 °C; but which is inferior to TBD 3f-catalysis (Table 1, entries 10-11). We finally envisioned
the optimized condition to be 25 °C in DMSO under 10-mol% of TBD 3f-catalysis which
furnished the 1-vinyl-1H-1,2,3-triazole 9aa in 98% yield from 1a and 8a (Table 1,entry 9).
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N=N.
N
MeO© Ph
o CHs
9aa
. 1 N
' 10 s 8 7 5 1 3 2 1 o ppm

L I

T T T T T T T T T T T T T T T T T
20 200 190 160 170 160 150 140 130 120 110 100 S0 BH0 T &0 S50 40 0 20 10 0 ppm

Figure-2: *H NMR and *C NMR spectrum of product 9aa.
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3.2.2 Substrate Scope of the Organocatalysed Click Reaction:

With the best conditions in hand, the wider scope and the generality of the novel TBD-
catalysed click reactions were investigated. A variety of functionalized activated carbonyls such
as alkyl acetoacetates 1b-e, ethyl 3-oxo-3-alkyl/aryl-propanoates 1f-k, alkyl/aryl substituted 1,3-
diketones  1l-o,  3-oxo-3-alkyl/aryl-propanenitriles  1p-r,  chiral  N-alkyl-3-oxo0-3-
phenylpropanamide 1s and chiral alkyl 3-oxo0-3-phenylpropanoate 1t were reacted with
substituted a-azidostyrenes 8a-g, or ((2-azidoallyl)oxy)benzenes 8h-i catalysed by 10-mol% of
TBD 3f at 25 °C in DMSO for 0.5-48 h as shown in Table 2. Interestingly, the click reaction of
alkyl acetoacetates 1b-e containing different alkyl groups like methyl, allyl, propargyl, and
benzyl with «a-azidostyrene 8a under 3f-catalysis furnished the expected 1-vinyl-1H-1,2,3-
triazoles 9ba-ea in excellent to good yields within 1.0-3.0 h (Table 2). In a similar manner, the
TBD 3f-catalyzed click reaction of 8a with ethyl 3-oxo-3-alkyl/aryl-propanoates 1f-k containing
ethyl, n-propyl, trifluoromethyl, phenyl, 4-nitrophenyl and 4-methoxyphenyl furnished the
expected functionalized 1-vinyl-1H-1,2,3-triazoles 9fa-ka in excellent to moderate yields from
2.5-48.0 h (Table 2). Yields of the 1-vinyl-1H-1,2,3-triazole products 9fa-ga were sustained with
93-94%, but the yields slightly decreased by increasing the reaction time with electron
withdrawing groups such as trifluoromethyl, phenyl, 4-nitrophenyl and 4-methoxyphenyl
compared to methyl group (Table 2). For example, instead of 10 mol% of TBD 3f, 1.2 equiv. of
DBU-catalysed click reaction of the ethyl 4,4,4-trifluoro-3-oxobutanoate 1h with 8a in DMSO at
25 °C for 48 h furnished the 1,2,3-triazole 9ha in only 50% vyield (Table 2). Click reaction of
symmetric 1,3-diketones like pentane-2,4-dione 1l and 1,3-diphenylpropane-1,3-dione 1m with
8a under 10-mol% of 3f-catalysis furnished the selective products 9la in 77% yield in 2.0 h and

9ma in 70% yield in 7.0 h, respectively (Table 2).
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Table 2: Substrate Scope.?

0

HJ\R2 +

R1

TBD 3f NN
(10 mol%) N%
— " =~
Ny~ “Ar DMSO (0.5 M) R1J\( Ar
8 RT, 0.5-48.0 h 9 R?

1
N
N="%
N

=
Rozc)\( Ph
3

CH

9ba: R = Me (2.5 h; 92%)

9ca: R = allyl (3.0 h; 82%)

9da: R = propargyl (1.5 h; 97%)
9ea: R = benzyl (1.0 h; 92%)

9fa: R = CH3CH, (2.5 h; 94%)
9ga: R = CH3CH,CH, (3.0 h; 93%)
9ha: R = CF5 (48 h; 50%)®!

9ia: R = Ph (7.0 h; 82%)

9ja: R = 4-NO,CgH, (16.0 h; 90%)
9ka: R = 4-OMeCgH, (8.0 h; 70%)

9la: R' = Ac, R? = Me (2.0 h; 77%)

9ma: R' = Bz, R? = Ph (7.0 h; 70%)

9na: R' = Ac, R? = Ph (32%) +

9'na: R' = Bz, R? = Me (21%); t (7.0 h)

90a: R' = 3,4,5-(0OMe)3C¢H,CO, R? = Ph (21%) +
9'0a: R' = Bz, R? = 3,4,5-(OMe);C¢H, (21%); t (5.5 h)

9pa: R = Ph (7.0 h; 82%)
9qa: R = 4-MeCgH,4 (7.0 h; 87%)
9ra: R = t-Bu (7.5 h; 70%)

9eb: Ar = 4-FCgH, (1.0 h; 96%)
9ec: Ar = 4-CICgH,4 (1.5 h; 90%)

9ed: Ar = 4-MeCgH, (4.0 h; 80%)(°!

9ee: Ar = 2-MeCgH, (2.0 h; 82%)

9ef: Ar = 4-OMeCgH, (5.0 h; 30%)!

9eg: Ar = 2-naphthyl (4.0 h; 80%)

9eh: Ar = 4-PhCgH,OCH, (0.85 h; 85%)
9ai: Ar = 4-NO,CgH,OCH, (0.75 h; 90%)

9lb: Ar = 4-FCgH, (0.5 h; 91%)
9lc: Ar = 4-CICgH, (0.5 h; 90%)

9pb: Ar = 4-FCgH, (4.0 h; 90%)
9pc: Ar = 4-CICgH, (4.0 h; 85%)

Ph
(+)-9sa: t (12 h); 87%

(-)-9ta: t (3 h); 80%

@ Reactions were carried out in DMSO (0.5 M) with 1.5 equiv. of 8 relative to the 1 (0.5 mmol) in the presence of 10-
mol% of 3f and yield refers to the column-purified product. ? 1.2 equiv. of DBU 3e was used as catalyst. ¢ Reaction
performed in neat with 30 mol% of 3f. ¢ Ethyl acetoacetate 1a was used.
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Figure-3: 'H NMR and **C NMR spectrum of product 9da.
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Figure-4: 'H NMR and 3C NMR spectrum of product 9ea.
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Figure-5: 'H NMR and **C NMR spectrum of product 9ha.
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Figure-6: *H NMR and **C NMR spectrum of product 9ia.
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Figure-7: *H NMR and *C NMR spectrum of product 9ja.
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Figure-8: *H NMR and **C NMR spectrum of product 9ma.
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Figure-9: 'H NMR and **C NMR spectrum of product 9pa.
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Figure-10: *H NMR and *C NMR spectrum of product 9eb.

30



Triazabicyclodecene catalysed 1,4,5-trisubstituted N-vinyl-1,2,3-triazole synthesis

b~
Me

9eh

T T T T T T T T T
1@ 2 a T 6 3 4 3 2 1 Q ppm

b~
Me

9eh

T T T T T T T T T T T T T
210 200 190 180 170 160 160 140 130 13 110 100 S0 8D T &0 B 40 3D 20 10 0 ppm

Figure-11: *H NMR and *C NMR spectrum of product 9eh.
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Figure-12: 'H NMR and *3C NMR spectrum of product (+)-9sa.
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Figure-13: *H NMR and **C NMR spectrum of product (-)-9ta.
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After clear understanding of the electronic factors of activated carbonyls 1 in the [3+2]-
cycloaddition reaction, we investigated the reaction scope with different a-azidostyrenes and a-
azido olefins 8b-i with 1e or 1a in the presence of catalytic amount of TBD 3f at 25 °C (Table 2).
In this reaction, a-azidostyrenes 8b-f containing different functional groups of 4-F, 4-Cl, 4-CHzg,
2-CHz and 4-OCHs were used as substrates along with 1e for the organocatalytic click synthesis
of the single isomer of 1,2,3-triazoles 9eb-ef in excellent to good yields within 1.0-5.0 h (Table
2). Surprisingly, click reaction of a-azidostyrenes 8d-f containing 4-CHs, 2-CHs and 4-OCHs3
with 1e under the standard conditions [10-mol% 3f in DMSO at 25 °C] furnished the products
9ed-ef in moderate to poor yields, but the same reaction under 30-mol% of 3f in neat furnished
the expected products 9ed-ef in good yields (Table 2). Organo-click reaction of le with 2-(1-
azidovinyl)naphthalene 8g under 3f-catalysis at 25 °C for 4.0 h furnished the expected product
9eg in 80% vyield. With applications in mind, we performed the organo-click reaction of 1a or le
with simple aliphatic a-azido olefins 8h-i to furnish the expected click products in very good
yields within 0.85 h as shown in Table 2. To test the generality of this methodology, we
performed few more click reactions by using a-azidostyrenes 8b-c containing 4-F and 4-Cl with
activated carbonyls of pentane-2,4-dione 1l and 3-oxo-3-phenylpropanenitrile 1p to furnish the
click products 9lb, 9lc, 9pb and 9pc in very good yields as shown in Table 2. With preparation
of chiral functionalized 1-vinyl-1H-1,2,3-triazoles in mind, we performed the click reaction of
(S)-methyl 2-(3-oxo-3-phenylpropanamido)-3-phenylpropanoate 1s and (1R,2S,5R)-2-isopropyl-
5-methylcyclohexyl 3-oxo0-3-phenylpropanoate 1t with 8a under 3f-catalysis to furnish the chiral
click products (+)-9sa in 87% and (-)-9ta in 80% yield, respectively (Table 2). The results
furnished in the Table 2 demonstrate the broad scope of this novel methodology covering a
structurally diverse group of activated carbonyls 1la-t and « -azidostyrenes/ a-azido-olefins 8a-i.
The structure and regiochemistry of the click products 9 were established through NMR analysis
and also finally confirmed by the X-ray structure analysis on 9ia (Figure 14).%°
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Figure-14: Crystal structure of ethyl 5-phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-
carboxylate (9ia).

To further understand the electronic nature of azidostyrenes in the organo-click reaction,
we have chosen simple (E)-f-azidostyrene 85a, which is having linear conjugation (Table 3).
Surprisingly, the click reaction of ethyl acetoacetate 1a with (E)-S-azidostyrene 85a under TBD
3f-catalysis at 25 °C within 0.1 h furnished the expected 1-styryl-1H-1,2,3-triazole 6aa in 80%
yield (Table 3, entry 1). Likewise, the click reaction of propargyl acetoacetate 1d and benzyl
acetoacetate le with (E)-fS-azidostyrene 85a under TBD 3f-catalysis furnished the 1-styryl-1H-
1,2,3-triazoles 86da and 86ea in 85% yield within 0.75 h, respectively (Table 3, entries 2 and 3).
We have also tested six more examples of functionalized activated carbonyls 1h-r for the
organo-click reaction with (E)-g-azidostyrene 85a, which furnished the expected substituted 1-
styryl-1H-1,2,3-triazoles 86ha-86ra in good to excellent yields (Table 3, entries 4-9). Key point
to mention here in all the above nine click reactions is that the reaction rates are very high with
shorter times compared to a-azidostyrene 8a. The observed high reactivity of 85a compared to
8a in the [3+2]-cycloaddition is mainly due to their differences in conjugation like linear versus
cross; because polarizability in 85a is more compared to 8a, which is inducing the quick reaction

with in situ generated enolates.
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Table 3: Azide Scope.?

o) TBD 3f N Ph
N =N,
HL 31 (10 mol%) N N—//_
R2 + | — =" J§(
1 by, DMSO (05M) R!
R' 4 85a RT, 0.1-24.0 h 86 R?
_ Ph
N /N\Nf 86aa: R = Et (0.1 h; 80%)
)§< 86da: R = propargyl (0.75 h; 85%)
RO,C by 86ea: R = benzyl (0.75 h; 85%)

_N Ph
N="
)Q(N—//_ 86ha: R = CF5 (24 h; 50%)M!
EtO,C

86ia: R = Ph (0.6 h; 80%)

_N Ph .R1= 2 _ . 970
N \N_//_ 86la: R' = Ac, R2 = Me (0.13 h; 97%)

1 J§( 86na: R' = Ac, R2 = Ph (45%) +
R R2 86'na: R' = Bz, R? = Me (45%); t (0.5 h)

_N Ph
N="N
&Nf 86pa: R = Ph (0.5 h; 95%)
NC

86ra: R = t-Bu (0.9 h; 70%)

@ Reactions were carried out in DMSO (0.5 M) with 1.5 equiv. of 85a relative to the 1 (0.5 mmol) in the

presence of 10-mol% of 3f and yield refers to the column-purified product. ® 1.2 equiv. of DBU 3e was used as
catalyst.
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Figure-15: *H NMR and *C NMR spectrum of product 86ea.
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Figure-16: *H NMR and 3C NMR spectrum of product 86ha.
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Figure-17: *H NMR and *C NMR spectrum of product 86la.
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Figure-18: *H NMR and *C NMR spectrum of product 86pa.
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3.2.3 Synthetic applications of click products:

The versatility of the organo-click reaction was further exemplified by synthesizing a few
useful compounds 87la, 88aa, 89aa, 90ea and 90la (Scheme 2). We explored the utilization of 9
bearing 1,2,3-triazole-Ac in the synthesis of aldol product 87 via enolate-mediated aldol reaction
(Scheme 2). Direct DBU-catalysed aldol reaction of 1-(5-methyl-1-(1-phenylvinyl)-1H-1,2,3-
triazol-4-yl)ethanone 9la with 0.7 equiv. of 4-nitrobenzaldehyde in DMSO at 80 °C for 12 h
furnished the aldol product 871a in 50% yield (Scheme 2). Aldol products containing the 1,2,3-
triazole ring will be promising probes to study the medicinal and material properties.?? As shown
in Scheme 2, ethyl 1-(1,2-dibromo-1-phenylethyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate
88aa was synthesized in good yield from the treatment of 1.2 equiv. of bromine with 1-vinyl-1H-
1,2,3-triazole 89aa in DCM at 0-25 °C for 2 h; which on further treatment with 1.0 equiv. of
triethylamine in CHCI3z at 0-25 °C for 21 h furnished the synthetically useful triazole-based
vinylbromide 89aa in 40% vyield along with fully debrominated product 9aa in 40% yield
through elimination of bromine (Scheme 2). Further, we synthesized the N-alkyl substituted
1,2,3-triazoles 90ea and 90la through hydrogenation reaction of fully substituted 1-vinyl-1H-
1,2,3-triazole 9ea and 1-styryl-1H-1,2,3-triazole 86la using hydrogen balloon under 10-mol% of
Pd/C in methanol at 25 °C for 1 h. In a single step, compound of 5-methyl-1-(1-phenylethyl)-1H-
1,2,3-triazole-4-carboxylic acid 90ea was isolated in 90% vyield and 1-(5-methyl-1-phenethyl-
1H-1,2,3-triazol-4-yl)ethanone 90la was isolated in 85% vyield (Scheme 2). These results
highlights advantages of the organo-click reactions, which enables a quick synthesis of N-alkyl

substituted 1,2,3-triazoles.
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Scheme 2: Synthetic Applications.

N:N 4-N0206H4CHO N:N N02
DBU (20 mol%)
Ph 0 Ph
CHs DMSO (0.5 M) CH; O OH
9la 80°C, 12 h 87la (50%)
Br Br
N=N ~ .
[\j P Br, (1.2 equiv.) /N\N EtsN (1.0 equiv.) & /N\N
N/ COEt —————— N, b e N,
Ph CH DCM (0.5M) o/ 'Br CO2Et CHCI; (0.13 M) ! CO,Et
3 0 OC, 1 h CH3 0 OC, 1 h CH3
9aa 25°C, 1h 88aa (70%)  25°C,20h 89aa (40%)
N=N H, (balloon)
N ‘/ Pd/C (10 mol% 3C N=
CO,Bn
P\/\h/ W)\ 220 MeOH (0.1M) })\COQH
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Figure-19: *H NMR and *C NMR spectrum of product 87la.
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Figure-20: *H NMR and **C NMR spectrum of product 88aa.
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Figure-21: *H NMR and **C NMR spectrum of product 89aa.
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Figure-22: *H NMR and **C NMR spectrum of product 90ea.
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Figure-23: *H NMR and *C NMR spectrum of product 90la.
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3.2.4 Controlled experiments:

In order to further extend the understanding of catalytic power of TBD 3f and also
electronic nature of vinyl-azides 8/85, we have done a few controlled experiments as shown in
Scheme 3. Surprisingly, there is no triazole 92 formation from the reaction of ethyl acetoacetate
1a with benzyl azide 91 under TBD 3f-catalysis at 25 to 60 °C even after 12 h (Scheme 3). At
the same time, the click reaction of ethyl acetoacetate 1a with phenyl azide 93 under TBD 3f-
catalysis in DMSO at 25 °C within 1.0 h furnished the single isomer of 1,2,3-triazole 94 in 99%
yield (Scheme 3). The same product 94 was synthesised by Wang et al. in 91% yield under
enamine-catalysis by using 20 mol% of diethyl amine 3b in DMSO at 70 °C in 24 h,? which is
rationally inferior to the present enolate-catalysis. Many of the products 9/86 yields/selectivity
obtained were excellent through enolate-intermediate compared to the previous methods and

vinyl-azides reactivity towards enolates was similar to the aryl azides than aliphatic azides.

Scheme 3: Controlled Experiments.

0] TBD 3f n=N
10 mol% N
CH, * N3/\Ph ( o) - )y —\Ph
CO.Et DMSO or Neat EtO,C
2 1a 91 RT,6h CH3
60°C. 6 h 92 (no reaction)
) TBD 3f N=N
(10 mol%) N—Ph
CHy * Ny—Ph - 0
CO.Et DMSO (0.5 M) EtO,C
£t 12 o3 RT, 1h 94 CHs
99% vyield
‘ J. Wang conditions T

DEA 3b (20 mol%)
DMSO, 70 °C, 24 h
91% yield
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3.2.5 Mechanistic rationale:

The mechanism for the selective synthesis of 9/86 through the reaction of 1, 8/85 and 3f
is illustrated in Scheme 4.%! Reaction of the catalyst TBD 3f (pKa = 26.03 in CH3CN) with
activated carbonyls 1 generates the enolate 95, which on in situ treatment with reactive vinyl-N3
8/85 furnishes selectively the functionalized 1,2,3-triazolines 96 via concerted [3+2]-
cycloaddition or stepwise amination-cyclization reaction, which further transforms into the stable

1,2,3-triazole 9/86 through rapid elimination of water induced by the basic nature of 3f.

Scheme 4: Reaction Mechanism.
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3.3  Conclusions:

In summary, for the first time we have developed the TBD-catalyzed regiospecific
synthesis of 1,4,5-trisubstituted N-vinyl-1,2,3-triazoles 9/86 from simple activated carbonyls 1
and N-vinyl azides 8/85via [3+2]-cycloaddition reaction. The click reaction proceeds in excellent
yields with high rate and selectivity using TBD 3f as the organocatalyst within a few hours at 25
°C. Further work is in progress to develop the application of these products in medicinal to
material chemistry.
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4.1

4. An Aldehyde—Azomethine Imine [3+2]-
Cycloaddition: High—vielding Regioselective
Synthesis of Substituted N, N—Bicyclic

Pyrazolidinones

Introduction

Click chemistry since its inception, has established new paradigms in terms of reaction
atom economy, sustainability, modularity and operational simplicity.3! Before 2014, the realm of
click chemistry was confined to metal mediated, strain promoted or amine catalyzed enamine
mediated reactions.? In 2014, our group introduced catalytic enolate mediated click chemistry
strategies and established it as a relevant, efficient and complimentary mechanistic approach
towards click reactions.2>*®9nm \We explored the scope of azides as 1,3-dipole click partners,
until 2016, then we envisioned to bring other dipoles under the ambit of catalytic enolate-
mediated click chemistry. Our search for 1,3-dipoles led us to N,N'-cyclic azomethine imines
which are conceptually 1,3-dipoles of aza-allyl type. Azomethine imines are stable, easily
accessible and are a key player in numerous 1,3-dipolar cycloaddition reactions leading to a

diverse array of N,N-bicyclic hetrocycles.®?

In 2013, Wang et. al. utilized an in situ generated mercaptoacetaldehyde in a [3+3]-
cycloaddition with azomethine imines under the assistance of DABCO with sulfur acting as
nucleophile instead of carbon (Scheme 5a).3® Later, in 2014, Briére group also reported a
cyclocondensation reaction of Meldrum’s acid acting as ketene equivalent to azomethine imines
giving pyrazolidinones as products (Scheme 5b).* Recently, we developed a three component
[3+2]-cycloaddition reaction between azomethine imine, indane-1,3-dione and an aldehyde
catalyzed by L-proline (Scheme 5d).% In continuation of our quest, we planned to develop an
enolate-mediated azomethine imine click reaction in contrast to the amine mediated click

reaction developed by us earlier.
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Scheme 5: Previous and present reaction design.
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To execute our vision, aldehydes with a-hydrogens were chosen as the click partners,
which would give a pyrazolidinone skeleton on cycloaddition and further reductive
dehydroxylation (Scheme 5e). Molecules encompassing pyrazolidine motifs have been known to
have biological activities making them useful as pesticides, herbicides, antibacterial, anti-
trypanosomal and anti-alzheimer’s drugs to mention a few (Figure 14).3¢ This gave us further
impetus to develop this strategy. Recently, Xu and Ren et. al., reported an NHC catalysed
cycloaddition of aldehydes to azomethine imines, however, their approach suffers from use of
excess base and oxidant (Scheme 5c¢).® Ready et. al. reported a novel [3+2]-cycloaddition
between azomethine imines and highly reactive lithium ynolates to synthesize bicyclic
pyrazolidinones.®”® In contrast, our enolate based approach is simple, catalytic and atom

economic, which are some of the qualities highly desirable in a click reaction.?

Figure-24: Biologically active pyrazolidinones.
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4.2 Results and Discussion

4.2.1 Reaction optimization:

Our journey to optimize azomethine imine-aldehyde click reaction commenced with
performing the reaction of phenylacetaldehyde 7a and azomethine imine 29a in a variety of
solvents under DBU catalysis (Table 4).25 Initially, the reaction was carried out in aprotic polar
solvents such as DMSO, DMF, CH3CN, and THF to furnish the desired click products 97aa and
98aa in 55%, 34%, 37% and 16% yield with 2:1 to 1:1.5 dr, respectively (entries 1-4, Table 4).

The reaction in DMSO solvent yielded the maximum 55% of the desired click product with 2:1
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dr of 97aa/98aa. This high yield can be partly attributed to the high solubility of 7a in DMSO. A
non-polar solvent like toluene afforded the desired product 97aa/98aa in poor yield of 37%
(entry 6, Table 4). For further improvement in yield, we shifted to use of chlorinated solvents
like DCE and chloroform (entries 5, 7 and 8, Table 4). To our delight, the reaction when
performed in chloroform furnished the click products 97aa and 98aa in very good yield of 71%
but with no diastereoslectivity (entry 7). To achieve selectivity, the reaction temperature was
lowered to 0 °C which lead to a little excess of the trans-isomer 97aa/98aa (1:1.6 dr) but at the
cost of decreased yield of 47% (entry 8). This observation hints towards the fact that the
formation of trans-isomer 98aa is more favourable at low temperature with a lower transition
state energy.

Table 4: Solvent optimization.?

H (99:1) (99:1)
Ph DBU 3e o (on o (on
0 (20 mol%)
7a + - N ph t N\ Ph
© 5 N N
Ph N Solvent (0.5 M) 2
\:N'@j RT Ph Bh
29a 97aa 98aa
Entry Solvent Time Yield® dr®
(min) (%) (4aa:5aa)
1 DMSO 5 55 2:1
2 DMF 5 34 1:1
3 CH,CN 5 37 1:1
4 THF 10 16 1:1.5
5 DCE 10 58 11
6 Toluene 60 37 1:1.2
7 CHCI; 5 71 1:1
gd CHCl3 18 47 1:1.6

@ Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 29a

relative to 7a (0.5 mmol) in the presence of 20 mol-% of catalyst 3e; and 53
completion of reaction was monitored by TLC. P Yield refers to the column

purified product. ¢ dr determined by NMR analysis.? Reaction performed at

0°cC.
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From our previous experience in enolate chemistry,® various tertiary amines 3e-j and
inorganic bases 3I-n were tested to deliver high-yielding [3+2]-cycloadducts 97aa/98aa from 7a
and 29a using chloroform as solvent at 25 °C (Table 5). To our dismay, all acyclic aliphatic
tertiary amines 3e-i afforded our desired click products 97aa/98aa in very poor yields (7-8%,
entries 3-5). Thereafter, we shifted our focus towards testing cyclic tertiary amines like DABCO
3d, TBD 3f and quinine 3j (entries 1, 2 and 6). Surprisingly, catalyst 3h and 3i also produced
click products 97aa/98aa in low to moderate yields with 1:1 dr, but catalyst 3j in a period of 96
h furnished the product formation of 97aa/98aa in 64% yield with 2.4:1 dr and poor ee’s
(27/14% ee’s for major and minor isomers). Click reaction under the hydrogen bonding catalysis
with 3k showed no product formation until DBU 3e was added to the reaction mixture to yield
41% of the click reaction products 97aa/98aa in 30 minutes (entry 7). Prompted by these
discouraging results, inorganic bases like cesium carbonate 3l, potassium carbonate 3m and
potassium tertiary butoxide 3n were utilized as catalysts for the click reaction. Two of the
carbonates 3l and 3m as catalysts afforded the products 97aa/98aa in at least 50% yield with 1:1
dr (entries 8-9, Table 5). Fascinatingly potassium tertiary butoxide 3n outshined all other
catalysts in providing the final click products 97aa/98aa in very good yield of 80% with 1:1 dr
in just 3 minutes (entry 10, Table 2). A decrease in catalyst loading to 10 mol-% and 5 mol-%
was concomitant with a decrease in product yields (entries 11 and 12). Aforementioned results
unequivocally made us to establish catalyst 3n (20 mol-%) in chloroform (0.5 M) at 25 °C as the

optimized condition.
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Table 5: Reaction Catalyst Optimization.?

(99:1) (99:1)
Ph/ﬁfH Catalyst 3 0] (OH o) OH
(0] (20 mol%)
7a + - %N ph * &'T‘ Ph
S 0 CHCI; (0.5 M) N N~
Ph N 3 2
\:N’@j RT Ph Ph
29a 97aa 98aa
N N N N\, /N HN
- [H] )\\ /N—QN Y j/
N N ” N Et;N
3e 3d 3f 3g 3h 3i
K,CO4
@\ i /@ Cs,CO; 4
N” N
H H 3l tBUOK
3j 3k 3n
Entry Catalyst Time Yield® dr¢
3 (h) (%) (97aa:98aa)
1 3d 14 12 1:1
2 3f 0.083 42 1:1
3 3g 17 8.3 1.2:1
4 3h 6 7 1:1
5 3i 6 8 1:1
6 3j 96 64 2.4:1
7¢ 3k+3e 0.5 41 1:1.2
8 3l 0.7 57 1:1
9 3m 35 52 1:1
10 3n 0.05 80 1:1
11¢ 3n 0.42 26 1:1
12f 3n 24 19 1:1

@ Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 29a relative to
7a (0.5 mmol) in the presence of 20 mol-% of catalyst 3; and completion of
reaction was monitored by TLC. bYield refers to the column purified product. ©
dr determined by NMR analysis. ¢ Reaction performed in presence of 10 mol-%
each of 3k and 3e. © Catalyst loading decreased to 10 mol-%. f Reaction carried

out in presence of 5 mol-% of catalyst.
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Figure-25: *H NMR and *C NMR spectrum of products 97aa and 98aa.
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4.2.2 Scope of Aldehyde-Azomethine imine click reaction:

Under the optimal conditions, the substrate scope of the reaction was probed by reacting
phenylacetaldehyde 7a with different azomethine imines 29a-r (Table 6). Characterization of the
cycloaddition products selectivity was made feasible through reductive dehydroxylation of 97
and 98 with triethylsilane and boron trifluoride etherate to furnish the N,N-bicyclic
pyrazolidinone 99 and 100 respectively in very good yields at 25 °C. Notably, the number of
isomers formed in first and second step were found to be the same, means formation of hydroxyl
group is stereoselective. This observation sheds light on the fact that, stereochemistry at the
hydroxyl carbon is fixed in both the diastereoisomers 97/98. This gives us the conclusion that
both the stereoisomers differs stereochemically only at C-5 and C-6 positions. N,N'-Cyclic
azomethine imines 29 bearing different functional groups on the benzene ring participated in the
[3+2]-cycloaddition reaction with 7a to give tetrahydro-5H-pyrazolo[1,2-a]pyrazol-1-one
derivatives 97/98 in very good yields within shorter reaction times followed by dehydroxylation
furnished the pyrazolidinones 99/100 in excellent yields. Halogenated, electron donating and
electron withdrawing substituents were well tolerated under the present protocol with slight
fluctuations in the diastereomeric ratios of 99/100 from 1:1. Exceptions among them were p-CF3
and p-OMe derivatives with 9:1 and 1:2.5 dr (entry 12 and 14). Surprisingly, the shift towards
trans-selectivity began when benzene ring was replaced with a furan ring (1:3.5 dr) and then
becomes fully visible in entries 17 and 18 (1:12 and 1:11 dr) with the attachment of aliphatic
groups. This clearly indicates that steric and electronic factors are controlling the outcome of

stereochemistry, which will be discussed in the next section.
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Table 6: Azomethine imine substrate scope.?

Aldehyde-Azomethine imine [3+2]-cycloaddition

o) e o)
PhﬁfH & N Ph &N Ph
0] Step 1 N Step 2 N
Catalyst 3n R , , R
7a (20 mol%) 97aa -ar Et;SiH (6 equiv.) 99aa-ar
OH(© o)
o CHCI; (0.5 M) \_/4 BF3;0Et, (4 equiv.)
N RT & | j_Ph DCM (0.4 M) &N}_ph
=N® N
4 A
29a-r 98aa-ar 100aa-ar
Entry 29 (R) Time (h) Yield (%)° dre
Step 1 Step2  97+98 (%) 99+100 (%) (99:100)

1 29a (CgHs) 0.05 24 97aa+98aa (80) 99aa+100aa (75) 1:1
2 29b (2-FCgHy) 1 12 97ab+98ab (67) 99ab+100ab (89) 1:1
3 29c (4-CICgH,) 1 15 97ac+98ac (70) 99ac+100ac (89)  1.3:1
4 29d (2-CICgHy) 2 2 97ad+98ad (83) 99ad+100ad (83)  1.3:1
5 29e (4-BrCqgHy) 0.5 25 97ae+98ae (78) 99ae+100ae (62) 1:1.4
6 29f (2-BrCgH,) 1 2 97af+98af (70)  99af+100af (78) 1.4:1
7 299 (2,4-Cl,CqHs) 2 2 97ag+98ag (60) 99ag+100ag (68)  1.3:1
8 29h (4-MeCgH,) 2 3 97ah+98ah (81) 99ah+100ah (84) 1:1
9 29i (2-MeCgHy) 1 3 97ai+98ai (70)  99ai+100ai (74) 1.3:1
10 29j (4-NO,CgHy) 2 3 97aj+98aj (86)  99aj+100aj (87) 115
11 29k (4-CNCgH,) 3 13 97ak+98ak (76)  99ak+100ak (83) 1:1
12 291 (4-CF3CgHy) 1 12 97al+98al (75)  99al+100al (95) 9:1
13 29m (3-NO,CgHy) 12 13 97am+98am (77) 99am+100am (84) 1.2:1
14 29n (4-OMeCgH,) 15 2 97an+98an (75) 99an+100an (97) 1:2.5
15 290 (2-OMeCgH,) 1.5 3 97a0+98a0 (66) 99ao+100ao (62) 1.8:1
16 29p (Furan-2-yl) 3 5 97ap+98ap (62) 99ap+100ap (52) 1:3.5
17 29q ((E)-CH=CHCgH,) 0.5 12 97aq+98aq (57) 99aq+100aq (70)  1:12
18 29r ( CH,CH(CH3),) 3 12 97ar+98ar (47)  99ar+100ar (57) 1:11

@ Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 29a relative to 7a (0.5 mmol) in the presence of
20 mol-% of catalyst 3n; and completion of reaction was monitored by TLC. ° Yield refers to the column purified

product. ¢ dr determined by NMR analysis.
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Figure-26: *H NMR and **C NMR spectrum of products 99aa.
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Figure-27: *H NMR and **C NMR spectrum of products 100aa.
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Figure-28: *H NMR and **C NMR spectrum of products 99ad and 100ad.
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Figure-29: *H NMR and *C NMR spectrum of product 99am.
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Figure-30: *H NMR and *C NMR spectrum of product 100am.
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Figure-31: *H NMR and *C NMR spectrum of product 100ar.
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The aldehyde scope of the [3+2]-cycloaddition click reaction was explored by varying
the substituents on the benzene ring of the aryl acetaldehydes 7 (Table 7). All halogenated aryl
acetaldehydes 7b-e (4-F, 4-Br, 2-Cl and 3-Cl; entries 1-4) gave the click products 97ba-ea/98ba-
ea in moderate to good yields (42-66%) in shorter reaction times, which on dehydroxylation
furnished the pyrazolidinones 99ba-ea/100ba-ea in excellent yields. At the same time electron
withdrawing (2-NO.), electron donating (4-OMe) and alkyl substituents (4-Me and 2-Me) on
aryl acetaldehyde 7f-i also furnished the expected click products 97fa-ia/98fa-ia in 54-83%
yields with slight influence on diastereomeric ratios, which on further dehydroxylation furnished
the pyrazolidinones 99fa-ia/100fa-ia in excellent yields (entries 5-8, Table 4). On substituting
the benzene ring with naphthyl group the click product 97ka/98ka yield decreased to 40% with
1.2:1 dr, but dehydroxylation gave the pyrazolidinone 99ka/100ka in excellent yield (entry 9,
Table 7).

65



Table 7: Aldehyde scope.?

Aldehyde-Azomethine imine [3+2]-cycloaddition

H N — 3
Ar/\[( | Ar {i’\ll Ar
o) Step 1 N Step 2 N
) Catalyst 3n . . Ph
7b-j (20 mol%) 97ba-ja Et3SiH (6 equiv. ) 99ba-ja
+
OH(99:1)
o CHCI3 (0.5 M) BF3;OEt, (4 equiv.)
Ph N_O RT &l}m DCM (04 W) {\: }_Ar
\:Ng
29a 98ba-ja 100ba-ja
Entry 7 (Ar) Time (h) Yield (%)b dr¢
Step 1 Step 2 97+98 (%) 99+100 (%) (99:100)
1 b (4-FCgHy) 0.25 12 97ba+98ba (42) 99ba+100ba (92)  1.4:1
2 C (4-BrCgHy) 0.17 12 97ca+98ca (45) 99ca+100ca (94) 1:1
3 d (2-CICgH,) 0.17 12 97da+98da (66) 99da+100da (92) 1:1
4 e (3-CICgHy) 0.17 12 97ea+98ea (40) 99ea+100ea (95) 1.2:1
5 f (2-NO,CgHy) 0.5 3 97fa+98fa (73)  99fa+100fa (68) 1.4:1
6 g (4-OMeCgHy) 0.2 12 97ga+98ga (54) 99ga+100ga (79)  1.3:1
7 7h (4-MeCgH,) 0.3 12 97ha+98ha (61) 99ha+100ha (98)  1.4:1
8 7i (2-MeCgHy) 0.42 12 97ia+98ia (83)  99ia+100ia (94) 2:1
9 7j (2-Naphthyl) 0.5 12 97ja+98ja (40) 99ja+100ja (97) 1.2:1

@ Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 29a relative to 7a (0.5 mmol) in the presence of
20 mol% of catalyst 3n; and completion of reaction was monitored by TLC. ® Yield refers to the column purified
product. ¢ dr determined by NMR analysis.

66



Aldehyde-Azomethine imine [3+2]-cycloaddition

o NO,
S0
N
Ph
99fa
W
A L s
[ETEFM B EE [ ke
W 7R A
0 NO,
@}_@
N
Ph
99fa

T T T T T T T T T T T T T T T
0 190 180 170 180 150 140 130 120 110 100 90 80 FO 60 50 40 M M 10 0O ppm

Figure-32: *H NMR and **C NMR spectrum of product 99fa.
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Figure-33: *H NMR and **C NMR spectrum of product 100fa.
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Figure-34: TH NMR and *C NMR spectrum of products 99ga and 100ga.
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The structure and relative stereochemistry of the click products 97-100 were assigned by
NMR analysis and also finally confirmed by X-ray structure analysis on 99fa and 100fa as

shown in Figure 35 and Figure 36.38

f

99fa

Figure-35: Crystal structure of cis-6-(2-nitrophenyl)-5-phenyltetrahydropyrazolo [1,2-a]pyrazol-
1(5H)-one (99fa).

f
go

Figure-36: Crystal structure of trans-6-(2-nitrophenyl)-5-phenyltetrahydropyrazolo[1,2-
a]pyrazol-1(5H)-one (100fa).
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4-2.3 Mechanistic Rationale:

Based on the aforementioned results and single crystal x-ray analysis of click products
99fa and 100fa, we proposed a plausible mechanism as illustrated in Scheme 6. According to
previous literature reports,® in gas phase and also in polar solvents like acetonitrile
phenylacetaldehyde leading to formation of cis-enolate as more stable form than trans-enolate.
In contrast, in non-polar solvents like CCls and cyclohexane both conformers were found to be
energetically equivalent. Stability of the cis-conformer increases with increasing solvent polarity
since it has a higher dipole moment than trans-conformer. Moving towards chloroform it seems
probable that cis-conformer will have lower energy, which would lead to the formation of cis-
enolate preferentially in the reaction mixture. As a result, the reaction may proceeds with the
addition of cis-enolate on the azomethine imine via envelope shaped transition states I and Il to
provide the final products 97aa and 98aa respectively. Since, we did not observe formation of an
intermediate during the course of the reaction, even though a concerted or stepwise pathway is

possible, a concerted addition is more probable.

Scheme 6: Proposed reaction mechanism.

Outcome of poor to moderate diastereoselectivity from the reaction of aryl substituted 7 and 29
can be explained through competition between equally possible m-r interactions and steric

hindrance between two aryl groups as shown in TS I and 1. When alkyl groups are attached to
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azomethine imines 29, trans-isomer 98 formed as major product through TS 11 to avoid the steric

hindrance between alkyl and aryl groups as shown in Scheme 6.
4-.2.4 Synthetic applications of click products:

The synthetic utility of our click strategy was demonstrated by synthesizing 8-membered
cyclic amide 101laa from 99aa through Birch reduction conditions in 30% yield (Scheme 3).
Such dinitrogen cyclic compounds 101 are known as precursors to compounds acting as acrolein
biomarkers and biofunctional modulators. In another application, the amide bond of the final
dehydroxylated products 99aa/100aa was cleaved and oxidized to acid 102aa which on
esterification with ethereal diazomethane yielded the product 103aa. Analogues of compound
103aa are known to act as inhibitor of ADP-induced human platelet aggregation and highlighting

the importance of this click reaction in medicinal chemistry.*°

Scheme 6: Synthetic applications.
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f{l Ph »
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Figure-37: *H NMR and *3C NMR spectrum of product 101aa.
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Figure-38: *H NMR and *C NMR spectrum of product 103aa.
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4.3 Conclusions

In conclusion, we presented herein an interesting example of transition metal-free amine
or base-catalysed [3+2]-cycloaddition of commercially available aryl acetaldehydes with bench
stable azomethine imines for the click synthesis of N,N-bicyclic pyrazolidinone derivatives. The
key highlights of present protocol are operational simplicity, high reaction rate, low catalyst cost

and ambient temperature operation.
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5. Catalytic Ynone—Amidine Formal [4+2]-
Cycloaddition for the Regioselective

Synthesis of Tricyclic Heterocycles

5.1 Introduction

Ynones have recently surfaced as Michael acceptors with versatile reactivity, giving way
to the construction of varied hetero/carbocyclic systems.*® In this field, pioneering work has
been done by Tomita and Fu groups exploiting ynones in trialkylphosphine-catalyzed
intramolecular zipper cyclizations (Scheme 7a).** Influenced by their work, we developed a
complimentary triphenylphosphine-catalyzed intermolecular Tomita zipper cyclization of ynones
with olefins (Scheme 7b).%" Meticulous analysis of aforementioned reaction mechanisms brings
to light some salient features of trialkylphosphine which rationalizes their excellent catalytic
activity in such reactions. Primarily, the free lone pair on phosphorus renders the nucleophilic
attack on C-4 carbon of ynones, resulting in a zwitterion. Finally, in the absence of alternative
neutralization pathways, stabilization of this zwitterion drives the detachment of the catalyst
from the substrate through novel zipper cyclization, hence regenerating it. These catalytic
features that make trialkylphosphine exceptional catalysts prevent them from becoming good
substrates capable of permanently bonding to its reacting partner.

Such dual behaviour, of a catalyst and a substrate, has been known to be displayed by
amidine bases like DBU.* This is as a consequence of the fact, that following the nucleophilic
attack by N-8 of DBU on ynones, the resultant zwitterion can be neutralized by proton loss from
C-6 or by nucleophilic attack on the iminium ion carbon (Scheme 7e). These alternative
stabilization routes, impart amidine (DBU) unparalleled nucleophilic capabilities leading to its
incorporation into several acetylenic moieties like alkynoates*®*d and electron deficient

propargylic alcohols to give fused tricyclic derivatives (Scheme 7¢).4%¢"

Even though, such diverse modes of reactivity of DBU with triple bond exist,
stoichiometric addition to ynones has seldom been explored. An attempt was made in this
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direction recently, by Miiller’s group,*® where DBU’s binucleophilic nature was exploited in
annulation to ynones yielding tricyclic aminopyridinium salts (Scheme 7d). This protocol’s
major drawback lies in its use of ynones bearing only aromatic substituents. The absence of a-
acidic hydrogens largely restricts the ynones to behave only as bielectrophiles (at C-2 and C-4).
In contrast, nucleophilic capabilities of ynones with an enolizable methylene next to the carbonyl
(C-1) have been demonstrated earlier by our group.*>*® Hence, our present experimental quest is
focused on reacting a-enolizable ynones with an ambiphilic DBU as a substrate, in turn taping
into the complete reactivity competence of ynones with DBU (Scheme 7e). Achieving
exclusively a ynone-DBU addition poses a grave challenge since this addition is in direct
competition with ynone self-addition.*®® Such an insertion of DBU to ynones is further
complicated by possibility of diverse cyclization modes from intermediates 104a, 104b, 104c
and 104d (Scheme 7e).
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Ynone-Amidine formal [4+2]-cycloaddition
Scheme 7: Previous and present reaction design for the annulation of ynones with olefins.
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Ynone-Amidine formal [4+2]-cycloaddition

5.2 Results and Discussion

5.2.1 Reaction optimization:

The preliminary reaction was tested under the self-catalysis between ynone 56a and 1.3
equiv. of DBU 3e at 60 °C in DCE. To our astonishment, from a plethora of possible products
(Scheme 7e) a single cyclized product 105ae was obtained in 65% yield with 99:1 dr within 1.5
h (Table 8, entry 1). Product 105ae turned out to be quite different from that obtained by
Miller’s work (Scheme 7d). For increasing the product 105ae yields, an extensive solvent
screening was carried out (Table 8). To begin with, non-polar aprotic solvents like DCM,
chloroform, and toluene furnished 105ae in poor yields (Table 8, entries 2-4) and no reaction
was observed in 1,1,2,2-terachloroethane (Table 8, entry 5). These disappointing results directed
our investigation towards more polar solvents like EtOH (61% yield, entry 6) and other solvents
like THF, DMF, and DMSO gave just above average yields of 38%, 65% and 62% respectively
(Table 8, entries 7-9). Self-catalyzed cyclization reaction of 56a and 1.3 equiv. of 3e in MeCN
(0.2 M) at 60 °C for within 24 minutes furnished the product 105ae in a very good yield (78%,
entry 10). Further all attempts to improve the yield either by increasing the 3e equiv. to 1.5 or
decreasing to 1.1, carrying out the reaction at a lower temperature (30 °C) or lower concentration
(0.15 M) went in vain (Table 8, entries 11-14). Thus MeCN (0.2 M) at 60 °C was fixed as the
best condition for the self-catalyzed cyclization protocol.
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Ynone-Amidine formal [4+2]-cycloaddition

Table 8: Reaction solvent optimization.?

O
/J\/\COZEt
Ph
56a
Solvent (0.2 M)
+ -
(o]
Q/j 60 °C
NS
N
3e 105ae (99:1 dr)
. ; o/ \b
Entry (3e) Solvent Time Yield (%)
equiv. (0.2 M) (h) 105ae
1 1.3 DCE 1.5 65
2 1.3 DCM 1 35
3 1.3 CHCI; 2.5 44
4 1.3 Toluene 1 13
5 1.3 Cl,CHCHCI, 48 NR
6 1.3 EtOH 2.5 61
7 1.3 THF 1.5 38
8 1.3 DMF 0.7 65
9 1.3 DMSO 0.5 62
10 1.3 MeCN 0.4 78.2
11 1.5 MeCN 0.5 73
12 1.1 MeCN 0.6 61
13¢ 1.3 MeCN 0.5 65
144 1.3 MeCN 25 73

@ Reactions were carried out in solvent (0.2 M) with 3e relative to 56a
(0.3 mmol). ?Yield refers to the column purified product.® Reaction
performed in solvent (0.15 M). 9 Reaction performed at 30 °C.
Note: Complete consumption of 56a was observed in all reactions.
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Figure-39: *H NMR and *C NMR spectrum of products 105ae.
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Ynone-Amidine formal [4+2]-cycloaddition

Surprisingly, subjecting the methyl ester 56b to the optimized self-catalyzed condition
with 3e resulted in a moderate yield of 45% of 105be (Table 9, entry 1). Even reversal of
reactant equivalents by taking 1.3 equiv. of 56b with respect to 3e caused a further reduction in
yield to 23% (Table 9, entry 2). Such dismal results compelled us to reanalyze the optimized
condition with 56b in the presence of various additives 69 at 40 °C (Table 9). By addition of
catalytic amount of Bregnsted acids 69a-e like CH3:CO;H, 0-FCsHsCO2H, PhCO2H, p-
MeOCsH4CO2H and 2-naphthoic acid were initially employed with the aim of slightly activating
the ynone carbonyl without deactivating DBU. However, all of the aforementioned additives
69a-e had detrimental effect on the product yields furnishing just 19-64% of 105be (Table 9,
entries 3-7). As a consequence, the reaction was again performed in the presence of a mild base
like DMAP 69f and (x)-BINOL 69g both of which gave poor yields of 32% and 41%
respectively (Table 9, entries 8 and 9). Such, discouraging results shifted our focus towards
testing Lewis acids like metal triflates 69h-n for promoting the formation of 105be in higher
yields. Out of all the metal triflates 69h-n screened, AgOTf 69h and Ca(OTf), 69n proved
promising as additives by furnishing the 105be in 66% and 70% yields respectively (Table 9,
entries 10-16). Hence, we narrowed down on 1.3 equiv. of 3e with 56b in the presence of 10
mol% of Ca(OTf), 69n at 40 °C in MeCN (0.2 M) as the final optimized condition (Table 9,
entry 16).
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Ynone-Amidine formal [4+2]-cycloaddition

Table 9: Reaction additive optimization.?

o
/vcozlvle
o 56b
Additive 69 ﬁ
+ S

. MeCN (0.2 M)  MeOxC
Cry e L,
NS

105be (99:1 dr)

3e
Entry Additive 69 (mol %) T(irr:])e Yi;e(l)d5 (t:/;)b
1° _ 0.3 45
2d B 0.25 23
3 69a: CH3;CO,H (20 mol%) 25 19
4 69b: 0-FCzH,CO,H (20 mol%)  21.0 50
5 69c: PhCO,H (20 mol%) 5.5 64
6 69d: p-MeOCgH,CO,H (20 mol%) 4.5 53
7 69e: 2-Naphthoic acid (20 mol%) 4.5 51
8 69f: DMAP (20 mol%) 2.0 32
9 69g: ()-BINOL (10 mol%) 3.0 41
10 69h: AgOTf (10 mol%) 4.0 66
11 69i: Cu(OTf), (10 mol%) 1.0 36
12 69j: Zn(OTf), (10 mol%) 2.5 36
13 69k: In(OTf); (10 mol%) 4.0 48
14 691: Sc(OTf); (10 mol%) 2.5 51
15 69m: Mg(OTf), (10 mol%) 3.0 46
16 69n: Ca(OTf), (10 mol%) 3.0 70

@ Unless otherwise mentioned, reactions were carried out in solvent
(0.2 M) with 1.3 equiv. of 3e relative to 56b (0.3 mmol) in presence
of additive 5. ? Yield refers to the column purified product.® Reaction
performed at 60 °C.9 Reaction was carried out in solvent (0.2 M)
with 1.3 equiv. of 56b relatve to 3e (0.3 mmol).
Note: Complete consumption of 56b was observed in all reactions.
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Figure-40: *H NMR and *C NMR spectrum of products 105be.
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Ynone-Amidine formal [4+2]-cycloaddition

5.2.2 Scope of Ynone-Amidine formal [4+2]-cycloaddition reaction:

Having established the optimum conditions, a variety of a-enolizable ynones 56 and
amidine bases 3 were tested under the catalytic protocol to explore the formal [4+2]-
cycloaddition scope. Initially, just extending the aliphatic chain as R? substituent from methyl to
ethyl by utilizing 56¢-d had negligible effect on reaction outcome with 3e yielding the products
105ce-105de in very good yields of 84-83% (Table 10, entries 1-2). Hence, our substrate
variation was guided towards varying the R* group as differently substituted aromatics with R?
fixed as Me. Phenyl groups bearing halogens F and Cl at para positions (Table 10, entries 3 and
4) and electron donating substituents like p-Me and p-OMe (Table 10 entries 5 and 6) delivered
good yields of the desired products 105ge-105he (68-80% yields). Exceptionally, electron
withdrawing groups like p-NO2 substituted phenyl rings provided an inseparable mixture of
compounds within a short span of 12 minutes (Table 10, entry 7). Hetero-aromatics like 3-
thiophenyl were also well tolerated under the present catalytic protocol (Table 10, entry 8).
However, the ynone 56k when made completely aromatic by substituting both R and R? as Ph
groups gave complete decomposition of the starting material during the reaction (entry 9). This
indicates that an increased reactivity on account of stabilization of the a-anion (Scheme 7e,
104b) via electron withdrawing or delocalizing groups, both lead to occurrence of multiple side
reactions. Therefore, a fine balance of ynone reactivity was found to be crucial for success of this
strategy. On similar lines, due to —I effect of OCH2Ph group as R? the product 105le yield
diminished to 38% (Table 10, entry 10). Subsequently, locking R as Ph or p-FCsH4 group in
conjunction with substituting R? as methylene esters like ethyl, benzyl and isopropyl generated
the desired products 105ae-1050e in good to excellent yields of 72-87% (Table 10, entries 11-
14). Even complex chiral substituents like methylene ester of (-)-menthyl as R? also fared well
under this reaction strategy furnishing 105pe in excellent 88% yield with 1:1 dr (entry 15). Fully
aliphatic ynone 56q also produced the final product 105qe in 42% yield (Table 10, entry 16).
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Ynone-Amidine formal [4+2]-cycloaddition

Table 10: Reaction substrate scope.?

@] N Ca(0Tf), 69n
2 n o,
/K/R + ng (10 mol%) -
P

R N MeCN (0.2 M)
40 °C
56a-q 3 105 (99:1 dr)

Entry Ynone (56) Amidine (n, 3)  Time (h) Yield 105 (%)
1 56¢: R', R? = Ph, Me 3, 3e 5.0 4 (105ce)
2 56d: R', R? = Ph, CH,Me 3, 3e 5.0 3 (105de)
3 56e: R', R? = p-FCgH,, Me 3, 3e 5.0 76 (105ee)
4 56f: R', R? = p-CICgH,4, Me 3, 3e 5.0 0 (105fe)
5 56g: R', R? = p-MeCgH,4, Me 3, 3e 5.0 8 (105ge)
6 56h: R', R? = p-MeOCgH,, Me 3, 3e 6.0 78 (105he)
7b 56i: R', R = p-NO,CgH,, Me 3, 3e 0.2 - (105ie)

8 56j: R', R2 = 3-Thiophenyl, Me 3, 3e 5.0 75 (105je)
9° 56k: R', R2 = Ph, Ph 3, 3e 0.5 - (105ke)
10 56l: R', R? = Ph, OCH,Ph 3, 3e 1.0 38 (105le)
11 56a: R', R? = Ph, CH,CO,Et 3, 3e 3.0 87 (105ae)
12 56m: R', R? = Ph, CH,CO,CH(Me), 3, 3e 3.0 74 (105me)
13 56n: R', R? = Ph, CH,CO,CH,Ph 3, 3e 3.0 72 (105ne)
14 560: R', R? = p-FC4H,, CH,CO,Et 3, 3e 3.0 81 (1050e)
15¢ 56p: R, R? = Ph, CH,CO,R® 3, 3e 1.5 88 (105pe)
16 56q: R', R? = CH,(CH,),CH3, Me 3, 3e 6.0 42 (105qge)
17 56a: R', R? = Ph, CH,CO,Et 1, 30 1.0 70 (105a0)
18 56¢: R', R? = Ph, Me 1, 30 2.0 50 (105co0)
19 56e: R, R? = p-FCgH,, Me 1, 30 3.0 40 (105e0)
20 560: R', R? = p-FCgH,, CH,CO,Et 1, 30 1.0 56 (10500)
21 56b: R', R2 = Ph, CH,CO,Me 2,3p 1.0 20 (105bp)

2Yield refers to the column purified product.? Complete decomposition of 56 was accompanied with
formation of multiple spots on TLC. ¢ R3 = (-)-Menthyl and distereomeric product mixture with 1:1 dr
(105pe:105'pe) obtained.

Note: Complete consumption of 56 was observed in all reactions.
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Figure-41: *H NMR and **C NMR spectrum of products 105ce.
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Figure-42: 'TH NMR and *C NMR spectrum of products 1050e.
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Ynone-Amidine formal [4+2]-cycloaddition

This protocol’s scope was further broadened by utilizing other amidine bases like DBN 30
in reaction with a handful of ynones 56a-0 delivering the respective products 105a0-10500 in 40-
70% vyields (Table 10, entries 17-20). Further some unanticipated results were obtained with
other amidine bases like 3p where reaction with 56b gave a very poor yield (20%) of the product
105bp (Table 10, entry 21). However, utilizing the same amidine 3p in reaction with ynone 56¢
proceeded to give a unique open ring product 107cp via the intermediate 106cp with
incorporation of a molecule of water from the solvent (Scheme 8, Eq. 24). Another peculiar
reactivity was observed in the interaction of amidine 3q with ynone 56b, where a molecule of
pyrrolidine was eliminated from the expected product 108bq to yield stable compound 109bq in
28% yield (Scheme 8, Eq. 25).

Scheme 8: Unexpected reactivity of ynones with amidine bases.

Ca(OTf),, 69n /j
NH
/Jvme Qﬁ e O Ph
MeCN (0.2 M) 74 (24)

40°C, 7 h Mo /=0
3p
106¢cp 107cp: 22% vyield
Ca(OTf), 69n CO,Me
(\/L (10 mol%)
co,Me + —» (25)
Q MeCN (0.2 M)
3q 40°C, 48 h 0
108bq 109bq: 28% yield
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Figure-43: *H NMR and *C NMR spectrum of products 105a0.
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Figure-44: *H NMR and *C NMR spectrum of products 105bp.
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Figure-45: *H NMR and **C NMR spectrum of products 107cp.
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Figure-46: *H NMR and *C NMR spectrum of products 109bq.
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The structure and relative stereochemistry of the products 105 were assigned by NMR

analysis and also finally confirmed by X-ray structure analysis on 1050e as shown in Figure 47
47

f

1050e

Figure-47: Crystal structure of ethyl-2-(cis-4-(4-fluorophenyl)-2-oxo-1,2,6,7,8,10,11,12,13,14-
decahydropyrido[2',1":2,3] pyrimido[1,2-a]azepin-1-yl)acetate (1050e).
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5.2.3 Mechanistic rationale:

Taking cognizance of the crystal structure of 560a and activation of the carbonyl 56 by

calcium salts,*®

a mechanism was hypothesized as elucidated in Scheme 9. In the present
mechanism, oxophilicity of calcium drives the coordination of Ca(OTf)2 69n to ynone carbonyl
56, in turn activating the ynone towards Michael addition at C-4 by DBU’s N-8. The zwitterion
intermediate 104a thus formed, undergoes a [1,3]-hydrogen shift to yield resonance hybrid
intermediates 104b and 104c. Such, intermediates could be neutralized through a myriad of
reaction pathways. Loss of an adjacent proton at DBU’s C-6 followed by a nucleophilic attack on
ynone C-2 could lead to addition product 111 similar to as obtained by Miiller’s group (Scheme
7d) via path-A. The path-B dictates a selective nucleophilic enolate attack by the carbon a to the
carbonyl moiety on iminium C-7 furnishing cyclized products 105. Same intermediate 104b
could also yield cyclized products 112 through path-C. Finally, this reaction sequence could also
be truncated intermolecularly with addition of water from solvent at C-7 giving entities like 114
through path-D. Amidst such manifold reaction possibilities, present reaction design yields
singularly products 105 via route-B. Reaction pathway-D even elucidates the formation of
product 107cp via 106¢cp. Isolation of 107cp additionally, is a testament to the existence of
intermediates 104a, 104b, 104c and 104d along with initial regiochemistry of interaction
between DBU 3e and ynone 56. In the zwitterionic intermediate 104c for reaction with ester
ynones, a larger 'R' group of ester functionality sterically locks the ester carbonyl in a
conformation favouring stabilizing interactions between the ester carbonyl's 'O' and the
positively charged iminium nitrogen. Thus, rationalizing the decrease in yield on moving from

ethyl ynone ester 56a to methyl ynone ester 56b.
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Scheme 9: Proposed reaction mechanism.
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5.2.4 Synthetic applications of click products:

The final cyclized products 105 were further scrutinized for their chemical reactivity,
paving way for their synthetic applications (Scheme 10). Hence, intentionally library of
compounds 105 were made to undergo facile bromination succeeded by bromination addition
followed by dehydrohalogenation to yield mono-brominated products 116 in good vyields. In
addition, compound 105ce underwent C-N bond cleavage on treatment with agueous NaOH (6.0
N) in methanol via formation of enolate 117ce to generate an eleven-membered fused
heterocycle 118ce in excellent yield.

Scheme 10: Synthetic applications.

DCM (0.16 M) -HBr
—_—
0°C
115
105ce: R', R = Ph, Me 116¢ce: 1.0 h, 48% vyield
105ee: R', R? = p-FCgH,4, Me 116ee: 0.5 h, 44% vyield
105ae: R', R? = Ph, CH,CO,Et 116ae: 0.75 h, 50% yield
105be: R', R? = Ph, CH,CO,Me 116be: 0.5 h, 64% yield
/j NH
MeOH
NT F NaOH(BN) —————— e
(3.4 equiv) 4d Z N
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35°C
07 " pp
105ce 118ce: 95% vyield
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Figure-48: *H NMR and *C NMR spectrum of products 116ce.
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Figure-49: *H NMR and *C NMR spectrum of products 118ce.
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The structure and relative stereochemistry of the products 116 were assigned by NMR

analysis and also finally confirmed by X-ray structure analysis on 116ce as shown in Figure 50
47

f

Figure-50:  Crystal  structure of  cis-3-bromo-1-methyl-4-phenyl-6,7,8,10,11,12,13,14-
octahydropyrido[2',1":2,3]pyrimido [1,2-a]azepin-2(1H)-one (116ce).
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5.3 Conclusions

In essence, an unprecedented ambiphilic addition of ynones across a carbon nitrogen bond
of amidines has been achieved in a formal [4+2]-cycloaddition fashion under self- or calcium-
catalysis. Furthermore, a single ynone-amidine adduct was obtained among many possibilities,
highlighting the unique regioselectivity of the present reaction strategy. Our future efforts would
be directed towards applying the profitable insights gained about reactivity of amidines and

ynones from the present study to new reactions and substrate designs.
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General Methods:

The 'H NMR and 3C NMR spectra were recorded at 400 MHz and 100 MHz,
respectively. The chemical shifts are reported in ppm downfield to TMS (5 = 0) for *H NMR and
relative to the central CDCl3 resonance (& = 77.0) for 3C NMR. In the *C NMR spectra, the
nature of the carbons (C, CH, CHz or CHs) was determined by recording the DEPT-135
experiment, and is given in parentheses. The coupling constants J are given in Hz. Column
chromatography was performed using Acme’s silica gel (particle size 0.063-0.200 mm). High-
resolution mass spectra (HRMS) were recorded on ESI-TOF maXis. IR spectra were recorded on
JASCO FT/IR-5300 and Thermo Nicolet FT/IR-5700. Mass spectra were recorded on either
VG7070H mass spectrometer using EI technique or Shimadzu-LCMS-2010 A mass
spectrometer. The X-ray diffraction measurements were carried out at 298 K on an automated
Enraf-Nonious MACH 3 diffractometer using graphite monochromated, Mo-Ka (A = 0.71073 A)
radiation with CAD4 software or the X-ray intensity data were measured at 298 K on a Bruker
SMART APEX CCD area detector system equipped with a graphite monochromator and a Mo-
Ka fine-focus sealed tube (A = 0.71073 A). For thin-layer chromatography (TLC), silica gel
plates Merck 60 F254 were used and compounds were visualized by irradiation with UV light
and/or and/or by treatment with a solution of 1.5 g KMnQ4, 10 g K2COs, and 1.25 mL 10%
NaOH in 200 mL water.

1. General experimental procedures for Triazabicyclodecene as an Organocatalyst
for Regiospecific Synthesis of 1,4,5-Trisubstituted N-Vinyl-1,2,3-Triazoles

Procedure A: General procedure for the TBD-catalyzed [3+2]-cycloaddition reactions in
DMSO: In an ordinary glass vial equipped with a magnetic stirring bar, containing a solution of
0.75 mmol of vinyl azide 8/85 and 0.5 mmol of active methylene compound 1 in DMSO (1.0
mL), 0.05 mmol of catalyst TBD 3f was added. The reaction mixture was stirred at 25 °C and the
reaction progress was monitored by TLC. After completion of the reaction, the crude reaction
mixture was worked up with aqueous NH4ClI solution and the aqueous layer was extracted with

dichloromethane (2 x 20 mL). The combined organic layers were dried (Na2SOa), filtered and
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concentrated. Pure organo-click products 9/86 were obtained by column chromatography (silica

gel, mixture of hexane/ethyl acetate).

Procedure B: General procedure for the TBD-catalyzed [3+2]-cycloaddition reactions in
solvent-free conditions: In an ordinary glass vial equipped with a magnetic stirring bar,
containing a solution of 0.75 mmol of vinyl azide 8/85 and 0.5 mmol of active methylene
compound 1, 0.05 mmol of catalyst TBD 3f was added. The reaction mixture was stirred at 25
°C in solvent-free conditions. The progress of the reaction was monitored by TLC. After
completion of the reaction, the crude reaction mixture was worked up with aqueous NH4CI
solution and the aqueous layer was extracted with dichloromethane (2 x 20 mL). The combined
organic layers were dried (Na2SOg), filtered and concentrated. Pure organo-click products 9/86

were obtained by column chromatography (silica gel, mixture of hexane/ethyl acetate).

Procedure C: General procedure for the DBU-catalyzed [3+2]-cycloaddition reactions: In
an ordinary glass vial equipped with a magnetic stirring bar, containing a solution of 0.75 mmol
of vinyl azide 8/85 and 0.5 mmol of active methylene compound 1 in DMSO (1.0 mL), 0.6 mmol
of catalyst DBU 3e was added. The reaction mixture was stirred at 25 °C and the reaction
progress was monitored by TLC. After completion of the reaction, the crude reaction mixture
was worked up with aqueous NH4Cl solution and the aqueous layer was extracted with
dichloromethane (2 x 20 mL). The combined organic layers were dried over anhydrous Na>SOa,
filtered and concentrated. Pure click products 9/86 were obtained by column chromatography

(silica gel, mixture of hexane/ethyl acetate).

Procedure D: General procedure for the DBU-catalyzed Aldol reaction: In an ordinary glass
vial equipped with a magnetic stirring bar, containing a solution of 0.57 mmol of 9la and 0.38
mmol of p-nitrobenzaldehyde in DMSO (0.76 mL), 0.076 mmol of catalyst DBU 3e was added.
The reaction mixture was stirred at 80 °C for 12 h followed by work up with aqueous NH4ClI
solution and extraction of the aqueous layer with dichloromethane (2 x 20 mL). The combined
organic layers were dried over anhydrous Na>SOs, filtered and concentrated. Pure aldol product
87la was obtained by column chromatography (silica gel, mixture of hexane/ethyl acetate).
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Procedure E: Procedure for dibromination of product 9aa: In an ordinary glass vial equipped
with a magnetic stirring bar, a solution of 0.19 mmol of 9aa in dichloromethane (0.37 mL) was
taken. The stirred reaction mixture was cooled to 0 °C followed by dropwise addition of 0.011
mL of bromine. The reaction mixture was stirred at 0 °C for 1 h and at 25 °C for an additional 1
h. The reaction mixture was quenched with saturated sodium thiosulfate solution followed by
extraction of the aqueous layer with dichloromethane (2 x 20 mL). The combined organic layers
were dried over anhydrous Na>SOg, filtered and concentrated. Pure product 88aa was obtained

by column chromatography (silica gel, mixture of hexane/ethyl acetate).

Procedure F: Procedure for debromohydrogenation of 88aa: In an ordinary glass vial
equipped with a magnetic stirring bar, a solution of 0.13 mmol of 88aa in chloroform (1.0 mL)
was taken. The stirred reaction mixture was cooled to 0 °C followed by dropwise addition of
0.018 mL (0.13 mmol) of triethylamine. The reaction mixture was allowed to warm to 25 °C and
was stirred at the same temperature for 20 h. The reaction mixture was quenched with saturated
ammonium chloride solution followed by extraction of the aqueous layer with dichloromethane
(2 x 20 mL). The combined organic layers were dried over anhydrous Na>SOs, filtered and
concentrated. Pure product 89aa was obtained by column chromatography (silica gel, mixture of

hexane/ethyl acetate).

Procedure G: Procedure for reduction of products 9ea and 86la: In an 10 mL round
bottomed flask, a solution of 0.3 mmol of 9ea or 86la in dry methanol (3 mL) was taken
followed by addition of 30 mg Pd/C (10 mol%). The reaction mixture was purged with nitrogen
gas followed by hydrogen gas. The reaction mixture was allowed to stir at 25 °C under the
pressure of a hydrogen gas filled balloon for 1 h. The crude reaction mixture was filtered through
a pad of celite and the filtrate was concentrated under reduced pressure. The concentrate was
subjected to column chromatography (silica gel, mixture of hexane/ethyl acetate) to obtain the

pure compounds 90ea and 90la, respectively.
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Ethyl  5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate ~ (9aa):*®*  Prepared

following the procedure A and purified by column chromatography

Me\\ N/’N\N using EtOAc/hexane and was isolated as a yellow viscous oil; IR
Oﬁ (Neat): vmax 2986, 2931, 1715, 1649, 1572, 1452, 1260, 1172, 1107,

o Me 1014, 915, 844 and 772 cm™; 'H NMR (CDCls, 500 MHz) § 7.40-

9aa 7.34 (3H, m), 7.15-7.13 (2H, m), 6.02 (1H, d, J = 1.0 Hz, olefinic-

H), 5.59 (1H, d, J = 1.0 Hz, olefinic-H), 4.44 (2H, q, J = 7.0 Hz, OCH,CH3), 2.34 (3H, s), 1.43
(3H, t, J = 7.5 Hz, OCH2CHs); *C NMR (CDCls, DEPT-135) § 161.6 (C, O=C-0), 141.7 (C),
139.3 (C), 136.4 (C), 134.0 (C), 129.9 (CH), 129.0 (2 x CH), 125.5 (2 x CH), 115.2 (CHz), 61.0
(CH2), 14.3 (CHs), 9.5 (CHs); HRMS m/z 280.1060 (M + Na*), calcd for Ci4HisNsO2Na
280.1062.

Methyl  5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate ~ (9ba):  Prepared

following the procedure A and purified by column chromatography

Vo N:N‘N using EtOAc/hexane and was isolated as a pale yellow liquid; IR (Neat):
b\(g( vmax 2848, 1718, 1637, 1578, 1444, 1267, 1246, 1214, 1166, 1112, 1026,
o Me 914, 828, 780 and 748 cm™; IH NMR (CDCls, 400 MHz) & 7.38-7.32

9ba (3H, m), 7.13-7.11 (2H, m), 6.02 (1H, d, J = 1.2 Hz, olefinic-H), 5.59

(1H, d, J = 1.2 Hz, olefinic-H), 3.96 (3H, s), 2.33 (3H, s); :*C NMR (CDCls, DEPT-135) & 162.0

(C, 0=C-0), 141.7 (C), 139.4 (C), 136.2 (C), 134.0 (C), 129.9 (CH), 129.0 (2 x CH), 125.5 (2 x

CH), 115.2 (CHz), 51.9 (CHs), 9.5 (CHs); HRMS m/z 266.0907 (M + Na¥), calcd for
C13H13N3O2Na 266.0905.

Allyl 5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9ca): Prepared following

the procedure A and purified by column chromatography using

\\\\ N é_:—} EtOAc/hexane and was isolated as a pale yellow liquid; IR (Neat)

N vmax 2931, 1720, 1644, 1567, 1496, 1441, 1425, 1260, 1238, 1205,

Oﬁe 1167, 1101, 1057, 1025, 981, 920, 844, 778 and 696 cm™; 'H NMR

9ca (500 MHz, CDClz) 6 7.37-7.30 (3H, m), 7.11-7.09 (2H, m ), 6.10-

5.99 (1H, m), 6.00 (1H, d, J = 1.0 Hz, olefinic-H), 5.57 (1H, d, J = 1.0 Hz, olefinic-H), 5.40 (1H,

dd, J = 17.0, 1.5 Hz, olefinic-H), 5.26 (1H, dd, J = 10.5, 1.0 Hz, olefinic-H), 4.85 (2H, dd, J =

5.5, 1.0 Hz, olefinic-H), 2.31 (3H, s); *C NMR (CDCls, DEPT-135) § 161.2 (C, O=C-0), 141.5
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(C), 139.4 (C), 136.1 (C), 133.8 (C), 131.7 (CH), 129.8 (CH), 128.9 (2 x CH), 125.4 (2 x CH),
118.9 (CHy), 115.2 (CHy), 65.5 (CH), 9.5 (CHs3); HRMS m/z 292.1062 (M + Na*), calcd for
Ci15H15N302 Na 292.1062.

Prop-2-yn-1-yl 5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9da): Prepared
following the procedure A and purified by column chromatography

using EtOAc/hexane and isolated as a light yellow liquid; IR

Q\\ N’N\N
S ~ (Neat): vmax 3282, 3266, 1722, 1640, 1567, 1443, 1345, 1257,
o) Me 1237, 1154, 1102, 1051, 973, 916, 834, 782 and 694 cm'l; IH NMR
9da (CDCls, 500 MHz) § 7.34-7.31 (3H, m), 7.10 (2H, d, J = 8.0 Hz),

6.01 (1H, s, olefinic-H), 5.57 (1H, s, olefinic-H), 4.93 (2H, d, J = 2.0 Hz), 2.49 (1H,t,J =25
Hz), 2.32 (3H, s); ®*C NMR (CDCls, DEPT-135) § 160.6 (C, O=C-0), 141.5 (C), 139.8 (C),
135.5 (C), 133.8 (C), 129.9 (CH), 128.9 (2 x CH), 125.4 (2 x CH), 115.3 (CH), 77.2 (C), 75.2
(CH), 52.2 (CH), 9.5 (CHz); HRMS m/z 290.0913 (M + Na"), calcd for CisH13N3O2Na
290.0905.

Benzyl 5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9ea): Prepared following

the procedure A and purified by column chromatography using

©\\ =N, EtOAc/hexane and was isolated as a pale yellow liquid; IR
o \Y(‘%(N (Neat): vmax 3034, 1727, 1660, 1593, 1459, 1314, 1262, 1232,

o Me 1175, 1118, 1035, 989, 953 and 911 cm™; *H NMR (CDCls3, 500

9ea MHz) & 7.48 (2H, d, J = 7.0 Hz), 7.36-7.30 (6H, m), 7.12 (2H,

dd, J = 8.0, 1.5 Hz), 6.01 (1H, d, J = 1.0 Hz, olefinic-H), 5.56 (1H, d, J = 1.0 Hz, olefinic-H),
5.42 (2H, s), 2.32 (3H, s); 3C NMR (CDCls, DEPT-135) § 161.2 (C, O=C-0), 141.4 (C), 139.3
(C), 136.0 (C), 135.5 (C), 133.8 (C), 129.7 (CH), 128.8 (2 x CH), 128.3 (2 x CH), 128.2 (2 x
CH), 128.1 (CH), 125.3 (2 x CH), 115.1 (CHz), 66.3 (CHz2), 9.4 (CHas); HRMS m/z 320.1406 (M
+ H"), calcd for C19H17N302H 320.1399.
Ethyl 5-ethyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9fa): Prepared following the
procedure A and purified by column chromatography using
Ve N, EtOAc/hexane and was isolated as a pale yellow liquid; IR (Neat):
N H 2981, 2915, 2844, 1715, 1644, 1556, 1446, 1381, 1293, 1244, 1167,
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1112, 1025, 920, 773 and 751 cm™*; *H NMR (CDCls, 400 MHz) § 7.37-7.29 (3H, m), 7.13-7.10
(2H, m), 6.02 (1H, d, J = 1.2 Hz, olefinic-H), 5.56 (1H, d, J = 0.8 Hz, olefinic-H), 4.42 (2H, q, J
=7.2 Hz, OCH2CH3), 2.78 (2H, q, J = 7.6 Hz), 1.40 (3H, t, J = 7.2 Hz, OCH>CH3s), 1.00 (3H, t, J
= 7.6 Hz); 3C NMR (CDCls, DEPT-135) § 161.4 (C, O=C-0), 144.6 (C), 141.8 (C), 135.9 (C),
134.2 (C), 129.8 (CH), 128.9 (2 x CH), 125.5 (2 x CH), 115.3 (CH>), 60.9 (CH2), 16.9 (CH>),
14.2 (CHa), 12.7 (CH3); HRMS m/z 272.1399 (M + H*), calcd for C1sH17N302H 272.1399.

Ethyl 1-(1-phenylvinyl)-5-propyl-1H-1,2,3-triazole-4-carboxylate (9ga): Prepared following

the procedure A and purified by column chromatography using

Me\\ N/’N\N EtOAc/hexane and isolated as a pale yellow liquid; IR (Neat): vmax

o S5 2964, 2926, 2871, 1715, 1644, 1562, 1446, 1381, 1271, 1238, 1222,

ﬂ 1173, 1123, 1019, 915, 783, 696 and 526 cm™; *H NMR (500 MHz,

Me CDCls) 6 7.36-7.31 (3H, m), 7.12 (2H, dd, J = 8.2, 1.0 Hz), 6.02 (1H,

d, J = 1.0 Hz, olefinic-H), 5.57 (1H, d, J = 0.5 Hz, olefinic-H), 4.42

(2H, q, J=7.5Hz, OCH2CH3), 2.72 (2H, t, J = 8.0 Hz, ArCH>CH>CH3), 1.43 (2H, sextet, J = 7.0

Hz, ArCH,CH,CHs), 1.41 (3H, t, J = 7.0 Hz), 0.79 (3H, t, J = 7.5 Hz); ®*C NMR (CDClIs, DEPT-

135) 8 161.5 (C, O=C-0), 143.3 (C), 142.0 (C), 136.3 (C), 134.3 (C), 129.9 (CH), 128.9 (2 x

CH), 125.5 (2 x CH), 115.3 (CH), 60.9 (CH2), 25.2 (CH>), 21.8 (CH.), 14.2 (CHg), 13.7 (CH3);
HRMS m/z 286.1555 (M + H™), calcd for C16H19N302H 286.1556.

Ethyl 1-(1-phenylvinyl)-5-(trifluoromethyl)-1H-1,2,3-triazole-4-carboxylate (9ha): Prepared

following the procedure C and purified by column chromatography

Me\\ N:N‘N using EtOAc/hexane and was isolated as a yellow viscous oil; IR
5 ﬁ (Neat ): vmax 3720, 3671, 1742, 1556, 1441, 1293, 1260, 1216, 1156,

o CFs 1129, 1046 and 767 cm™; *H NMR (CDCl3, 500 MHz) § 7.39-7.34

9ha (3H, m), 7.12-7.10 (2H, m), 6.10 (1H, d, J = 2.0 Hz, olefinic-H), 5.65

(1H, d, J = 2.0 Hz, olefinic-H), 4.48 (2H, g, J = 7.5 Hz, OCH,CH3), 1.42 (3H, t, J = 7.0 Hz,
OCH,CHs); **C NMR (CDCl3, DEPT-135) § 158.8 (C, O=C-0), 142.3 (C), 139.2 (C), 133.7 (C),
130.1 (CH), 129.8 (C, g, J = 42.5 Hz), 129.0 (2 x CH), 125.2 (2 x CH), 118.6 (C, g, J = 270.0
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Hz, CFs3), 116.0 (CH2), 62.3 (CH2), 14.0 (CHs); HRMS m/z 334.0781 (M + Na"), calcd for
C14H12F3N302Na 334.0779.

Ethyl 5-phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9ia):*° Prepared following
the procedure A and purified by column chromatography using
EtOAc/hexane and was isolated as a white solid. Mp: 124-126 °C; IR
1 ; N (Neat): vmax 1709, 1633, 1562, 1485, 1452, 1419, 1381, 1315, 1288,
1255, 1183, 1112, 1052, 920, 849, 762 and 696 cm™; 'H NMR
(CDCls, 400 MHz) & 7.32-7.20 (8H, m), 7.05-7.02 (2H, m), 5.85 (1H,
9ia d, J = 1.2 Hz, olefinic-H), 5.54 (1H, d, J = 1.2 Hz, olefinic-H), 4.36
(2H, q, J = 7.2 Hz, OCH,CHs3), 1.31 (3H, t, J = 6.8 Hz, OCH,CHs3); *3C NMR (CDCls, DEPT-
135) & 160.9 (C, O=C-0), 142.2 (C), 141.6 (C), 136.5 (C), 134.5 (C), 129.7 (CH), 129.6 (2 x
CH), 129.5 (CH), 128.5 (2 x CH), 127.9 (2 x CH), 125.7 (2 x CH), 125.5 (C), 115.5 (CHy), 61.1
(CH2), 14.1 (CHs); HRMS m/z 320.1396 (M + H"), calcd for C19H17N302H 320.1399.
Ethyl 5-(4-nitrophenyl)-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9ja): Prepared
following the procedure A and purified by column chromatography
using EtOAc/hexane and was isolated as a white solid. Mp: 148-150
Iwe\\ < N °C; IR (Neat): vmax 2919, 2849, 1730, 1601, 1525, 1433, 1347, 1260,
1190, 1098, 1044, 915, 861 and 736 cm™; 'H NMR (500 MHz,

(0]
CDCls) & 8.12 (2H, d, J = 8.5 Hz), 7.47 (2H, d, J = 9.0 Hz), 7.30-
NO, 7.22 (3H, m), 7.02-7.00 (2H, m), 5.92 (1H, d, J = 1.5 Hz, olefinic-
9ja H), 5.67 (1H, d, J = 1.5 Hz, olefinic-H), 4.38 (2H, g, J = 7.0 Hz,

OCH,CHs), 1.34 (3H, t, J = 7.0 Hz, OCH,CHa); 3C NMR (CDCl;, DEPT-135) § 160.5 (C,
0=C-0), 148.2 (C), 141.9 (C), 139.2 (C), 137.1 (C), 134.0 (C), 132.1 (C), 130.9 (2 x CH), 130.0
(CH), 128.8 (2 x CH), 125.7 (2 x CH), 123.0 (2 x CH), 116.0 (CH>), 61.6 (CH>), 14.1 (CHy);
HRMS m/z 387.1062 (M + Na*), calcd for C19H16N2OsNa 387.1069.

Ethyl 5-(4-methoxyphenyl)-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carboxylate (9ka):
Prepared following the procedure A and purified by column
chromatography using EtOAc/hexane and isolated as a light yellow

N=N

Me ) o
\\O — N solid. Mp: 82-84 C; IR (Neat): vmax 2959, 2931, 2833, 1726, 1611,
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1578, 1501, 1430, 1386, 1304, 1255, 1173, 1096, 1046, 855, 800 and 696 cm™*; *H NMR (CDClj,
400 MHz) 6 7.27-7.21 (5H, m), 7.07-7.04 (2H, m), 6.79 (2H, d, J = 7.2 Hz), 5.88 (1H,d, J=1.2
Hz, olefinic-H), 5.53 (1H, d, J = 1.2 Hz, olefinic-H), 4.38 (2H, q, J = 7.2 Hz, OCH,CH3), 3.76
(3H, s), 1.35 (3H, t, J = 6.8 Hz, OCH2CHj3); **C NMR (CDCls, DEPT-135) § 161.1 (C, O=C-0),
160.6 (C), 142.3 (C), 141.6 (C), 136.1 (C), 134.5 (C), 131.1 (2 x CH), 129.5 (CH), 128.6 (2 x
CH), 125.7 (2 x CH), 117.3 (C), 115.5 (CH>), 113.5 (2 x CH), 61.1 (CH>), 55.2 (CH3), 14.2
(CHs); HRMS m/z 372.1325 (M + Na*), calcd for C20H19N3O3Na 372.1324.
1-(5-Methyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)ethanone (9la):*° Prepared following the
procedure A and purified by column chromatography using

EtOAc/hexane and was isolated as a pale yellow liquid. IR (Neat):

_N

N="%
Ve ﬁ“ 2931, 1682, 1644, 1551, 1496, 1425, 1364, 1255, 1227, 1145, 1074,
L Me 1030, 948, 915, 778 and 690 cm™; *H NMR (CDCls, 400 MHz) § 7.37-
9la 7.31 (3H, m), 7.13-7.10 (2H, m), 6.02 (1H, d, J = 1.2 Hz, olefinic-H),

5.56 (1H, d, J = 0.8 Hz, olefinic-H), 2.72 (3H, s), 2.33 (3H, s); 1*C NMR (CDCls, DEPT-135) §
194.2 (C, C=0), 143.3 (C), 141.5 (C), 137.9 (C), 133.9 (C), 129.9 (CH), 129.0 (2 x CH), 125.4
(2 x CH), 115.1 (CH), 27.7 (CHs), 9.6 (CHs); HRMS m/z 250.0957 (M + Na"), calcd for
C13H13N3ONa 250.0956.
Phenyl (5-phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)methanone (9ma):*®*  Prepared
following the procedure A and purified by column chromatography
N Q using EtOAc/hexane and was isolated as a yellow solid. Mp: 90-92
Q N °C; IR (Neat): 3052, 3030, 1655, 1605, 1540, 1485, 1452, 1419,
1282, 1260, 1173, 1008, 909, 773 and 690 cm™; 'H NMR (CDCls,
400 MHz) & 8.30 (2H, d, J = 7.2 Hz), 7.59 (1H, t, J = 7.2 Hz), 7.49
(2H, t, J = 7.6 Hz), 7.33-7.24 (8H, m), 7.10-7.08 (2H, m), 5.89 (1H,
d, J = 1.2 Hz, olefinic-H), 5.58 (1H, d, J = 1.2 Hz olefinic-H); 3C
NMR (CDCls, DEPT-135) 6 186.5 (C, C=0), 143.1 (C), 142.2 (C), 142.0 (C), 137.1 (C), 134.5
(C), 133.1 (CH), 130.7 (2 x CH), 129.7 (CH), 129.6 (2 x CH), 129.5 (CH), 128.6 (2 x CH), 128.2
(2 x CH), 128.1 (2 x CH), 125.9 (C), 125.8 (2 x CH), 115.5 (CH>); HRMS m/z 374.1265 (M +
Na*), calcd for C23H17N3sONa 374.1269.

9ma
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1-(5-Phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)ethanone (9na): Prepared following the
procedure A and purified by column chromatography using

N,/N\N EtOAc/hexane and was isolated as a yellow solid. Mp: 96-98 C; IR

Me = (Neat): vmax 3057, 3003, 2920, 1688, 1638, 1551, 1490, 1419, 1342,
o) 1244, 1151, 1025, 953, 767 and 685 cm™; *H NMR (CDCls, 400 MHz) &
7.32-7.20 (8H, m), 7.06-7.03 (2H, m), 5.85 (1H, d, J = 1.2 Hz, olefinic-

9na H), 5.51 (1H, d, J = 1.2 Hz, olefinic-H), 2.76 (3H, s); *C NMR (CDCls,

DEPT-135) 6 192.7 (C, C=0), 143.0 (C), 142.2 (C), 139.8 (C), 134.5 (C), 129.8 (CH), 129.6 (2 x
CH), 129.5 (CH), 128.6 (2 x CH), 128.0 (2 x CH), 125.7 (2 x CH), 125.5 (C), 115.5 (CHy), 28.3
(CHs); HRMS m/z 290.1294 (M + H™), calcd for C1sH1sN3sOH 290.1293.
(5-Methyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)(phenyl)methanone ~ (9'na):  Prepared
following the procedure A and purified by column chromatography

Y using EtOAc/hexane and was isolated as a colourless liquid. IR

%N (Neat): 3063, 2992, 2926, 1737, 1644, 1605, 1540, 1452, 1425, 1266,
L Me 1178, 1030, 915, 783 and 685 cm; 'H NMR (CDCls, 400 MHz) &
o'na 8.41 (2H, br d, J = 8.0 Hz), 7.61 (1H, br t, J = 8.0 Hz), 7.52 (2H, br t,

J =8.0 Hz), 7.40-7.36 (3H, m), 7.20-7.17 (2H, m), 6.06 (1H, d, J = 1.2 Hz, olefinic-H), 5.63 (1H,
d, J = 0.8 Hz, olefinic-H), 2.44 (3H, s); 3C NMR (CDCls;, DEPT-135) § 187.3 (C, C=0), 143.2
(C), 141.7 (C), 140.4 (C), 137.3 (C), 134.0 (C), 132.8 (CH), 130.5 (2 x CH), 129.9 (CH), 129.0
(2 x CH), 128.2 (2 x CH), 125.5 (2 x CH), 115.2 (CH), 10.1 (CH3); HRMS m/z 312.1113 (M +
Na"), calcd for C1gH15sN3ONa 312.1113.
(5-Phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)(3,4,5-
trimethoxyphenyl)methanone (90a) and phenyl(1-(1-
phenylvinyl)-5-(3,4,5-trimethoxyphenyl)-1H-1,2,3-triazol-4-
yl)methanone (9'0a): Prepared following the procedure A and
purified by column chromatography using EtOAc/hexane and was
isolated as a yellow viscous oil; IR (Neat): vmax 3003, 2937, 2827,
1666, 1583, 1507, 1452, 1425, 1326, 1244, 1123, 1008, 937, 844,
773 and 696 cm™*; *H NMR (CDCls 500 MHz, 1:1 mixture) & 8.28-
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8.27 (2H, br d, J = 8.0 Hz), 7.76 (2H, s), 7.61 (1H, br t, J = 8.0 Hz), 7.51 (2H, br t, J = 8.0 Hz),
7.33-7.23 (11H, m), 7.14-7.09 (4H, m), 6.52 (2H, s), 5.93 (1H, d, J = 1.0 Hz, olefinic-H), 5.88
(1H, d, J = 1.0 Hz, olefinic-H), 5.64 (1H, d, J = 1.5 Hz, olefinic-H), 5.58 (1H, d, J = 1.0 Hz,
olefinic-H), 3.95 (3H, s), 3.93 (6H, s), 3.79 (3H, s), 3.65 (6H, s); 3C NMR (CDCls, DEPT-135,
1:1 mixture) 6 186.7 (C, 0O=C), 184.6 (C, O=C), 152.73 (2 x C), 152.70 (2 x C), 143.2 (C), 142.8
(C), 142.7 (C), 1425 (C), 142.3 (C), 142.2 (C), 141.7 (C), 139.1 (C), 137.1 (C), 134.7 (C), 134.5
(C), 133.1 (CH), 131.9 (C), 130.6 (CH), 129.6 (CH), 129.55 (2 x CH), 129.54 (CH), 129.51 (2 x
CH), 128.6 (2 x CH), 128.56 (2 x CH), 128.2 (2 x CH), 128.1 (2 x CH), 126.1 (C), 125.8 (2 x
CH), 125.7 (2 x CH), 120.8 (C), 115.5 (CH), 115.4 (CHz), 108.4 (2 x CH), 107.4 (2 x CH), 60.9
(CH3), 60.7 (CHs3), 56.2 (2 x CHa), 56.0 (2 x CH3); HRMS m/z 464.1585 (M + Na*), calcd for
C26H23N304Na 464.1586.
5-Phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-carbonitrile (9pa): Prepared following the
procedure A and purified by column chromatography using EtOAc/hexane
N=N. and was isolated as a light yellow crystalline solid. Mp: 127-128 C; IR
</ (KBr): vmax 2236 (C, CN), 1627, 1573, 1496, 1452, 1348, 1288, 1238, 1101,
1052, 1025, 915, 822, 767, 696, 636, 564 and 477 cm™; 'H NMR (CDCls,
500 MHz) & 7.46-7.44 (2H, m), 7.41-7.34 (3H, m), 7.30-7.25 (3H, m), 7.11-
pa 7.09 (2H, m), 5.99 (1H, d, J = 1.5 Hz, olefinic-H), 5.63 (1H, d, J = 1.5 Hz,
olefinic-H); 3C NMR (CDCls, DEPT-135) § 143.7 (C), 141.9 (C), 133.6 (C), 130.9 (CH), 129.9
(CH), 129.0 (2 x CH), 128.8 (2 x CH), 128.3 (2 x CH), 125.6 (2 x CH), 123.1 (C), 119.8 (C),
116.0 (CH2), 112.0 (C, CN); HRMS m/z 295.0960 (M + Na*), calcd for C17H12N4Na 295.0960.
1-(1-Phenylvinyl)-5-(p-tolyl)-1H-1,2,3-triazole-4-carbonitrile (9ga): Prepared following the

NC

procedure A and purified by column chromatography using EtOAc/hexane

n=N, and was isolated as yellow oil. IR (Neat): 3063, 3025, 2236 (CN), 1622,
</ 1507, 1446, 1353, 1288, 1238, 1183, 1041, 909, 833, 773 and 696 cm™; *H
NMR (500 MHz, CDCls) & 7.35 (2H, br t, J = 8.0 Hz), 7.31-7.26 (3H, m),

7.17 (2H, d, J = 8.0 Hz), 7.12-7.10 (2H, m), 5.99 (1H, d, J = 1.5 Hz,

Me olefinic-H), 5.60 (1H, d, J = 1.5 Hz, olefinic-H), 2.32 (3H, s); *C NMR

Sqa (CDCls, DEPT-135) & 143.9 (C), 142.0 (C), 1415 (C), 133.7 (C), 129.9

(CH), 129.8 (2 x CH), 128.8 (2 x CH), 128.2 (2 x CH), 125.6 (2 x CH), 120.2 (C), 119.6 (C),

NC
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116.0 (CHy), 112.2 (C, CN), 21.3 (CH3); HRMS m/z 309.1111 (M + Na"*), calcd for C1gH14NsNa

309.1116.

5-(tert-Butyl)-1-phenyl-1H-1,2,3-triazole-4-carbonitrile  (9ra): Prepared following the
procedure A and purified by column chromatography using EtOAc/hexane
and isolated as a white crystalline solid. Mp: 130-132 °C; IR (Neat): vmax

NﬁN\N 3123, 2981, 2926, 2871, 2241, 1961, 1868, 1726, 1622, 1567, 1529, 1490,
Nc)i 1441, 1419, 1342, 1298, 1244, 1194, 1134, 1019, 948, 772 and 679 cm™; 'H
Me” o © NMR (CDCls 500 MHz) & 7.42-7.36 (3H, m), 7.08-7.07 (2H, m), 6.20 (1H,
9ra d, J = 1.5 Hz, olefinic-H), 5.64 (1H, d, J = 1.5 Hz, olefinic-H), 1.37 (9H, s,

3 x CHa); 13C NMR (CDCls, DEPT-135) § 151.8 (C), 143.8 (C), 134.9 (C), 130.1 (CH), 129.2 (2

x CH), 125.1 (2 x CH), 119.2 (C), 117.1 (CH>), 113.2 (C, CN), 32.4 (C), 29.9 (3 x CH3); HRMS

m/z 275.1274 (M + Na"), calcd for C1sH16NsNa 275.1273.

Benzyl 1-(1-(4-fluorophenyl)vinyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate (9eb): Prepared
r following the procedure A and purified by column

chromatography using EtOAc/hexane and isolated as a light

Q\\ n=N, yellow liquid; IR (Neat): vmax 3063, 3036, 2953, 1715, 1638,
oﬁN 1600, 1501, 1425, 1255, 1156, 1096, 1052, 909, 849, 745 and

o Me 701 cm™*; *H NMR (CDCl3 500 MHz) & 7.49-7.47 (2H, m), 7.38-

9eb 7.30 (3H, m), 7.13-7.11 (2H, m), 7.06-7.02 (2H, m), 5.96 (1H, d,

J = 1.5 Hz, olefinic-H), 5.55 (1H, d, J = 1.0 Hz, olefinic-H), 5.42 (2H, s), 2.34 (3H, s); 1*C NMR
(CDCls, DEPT-135) 6 163.4 (C, d, J = 248.7 Hz, CF), 161.2 (C, O=C-0), 140.5 (C), 139.3 (C),
136.1 (C), 135.5 (C), 130.1 (C, d, J = 2.5 Hz), 128.4 (2 x CH), 128.3 (2 x CH), 128.2 (CH),
1275 (2 x CH, d, J = 7.5 Hz), 116.0 (2 x CH, d, J = 21.2 Hz), 115.0 (CH>), 66.5 (CH>), 9.5
(CHs); HRMS m/z 360.1128 (M + Na*), calcd for C19H16FN3O2Na 360.1124.
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Benzyl 1-(1-(4-chlorophenyl)vinyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate (9ec): Prepared
ci following the procedure A and purified by column

chromatography using EtOAc/hexane and isolated as a yellow

@ Y viscous liquid. IR (Neat): vma 3057, 3025, 2953, 1715, 1633,
oﬁN 1567, 1496, 1425, 1266, 1156, 1096, 981, 915, 838 and 701 cm

o Me L. 14 NMR (CDCls, 500 MHz) & 7.47 (2H, br d, J = 8.0 Hz),

9ec 7.38-7.30 (5H, m), 7.07 (2H, br td, J = 8.0, 2.0 Hz), 6.03 (1H, d,

J = 1.5 Hz, olefinic-H), 5.59 (1H, d, J = 1.5 Hz, olefinic-H), 5.42 (2H, s), 2.34 (3H, s); *C NMR

(CDCls, DEPT-135) & 161.0 (C, O=C-0), 140.3 (C), 139.3 (C), 136.1 (C), 135.7 (C), 135.4 (C),

132.3 (C), 129.0 (2 x CH), 128.3 (2 x CH), 128.2 (2 x CH), 128.1 (CH), 126.7 (2 x CH), 115.7

(CHy), 66.4 (CH2), 9.4 (CHs); HRMS m/z 376.0831 (M + Na"), calcd for C19H16CIN3O2Na

376.0829.

Benzyl  5-methyl-1-(1-(p-tolyl)vinyl)-1H-1,2,3-triazole-4-carboxylate ~ (9ed):  Prepared
cH, following the procedure B and purified by column

chromatography using EtOAc/hexane and was isolated as a

©\\ N=N light yellow semi-solid. IR (Neat): vmax 3030, 2909, 1715,

N
o W 1633, 1567, 1425, 1353, 1255, 1167, 1107, 1046, 986, 904,
o Me 827 and 690 cm™; *H NMR (CDCls, 500 MHz) & 7.49 (2H, br
9ed d, J = 8.0 Hz), 7.39-7.33 (3H, m), 7.16 (2H, d, J = 8.0 Hz),

7.02 (2H, d, J = 8.0 Hz), 5.97 (1H, d, J = 1.0 Hz, olefinic-H), 5.52 (1H, d, J = 1.0 Hz, olefinic-

H), 5.43 (2H, s), 2.36 (3H, s), 2.32 (3H, s); 3C NMR (CDCls, DEPT-135) § 161.4 (C, O=C-0),

141.6 (C), 140.1 (C), 139.5 (C), 136.2 (C), 135.6 (C), 131.2 (C), 129.7 (2 x CH), 128.5 (2 x CH),

128.4 (2 x CH), 128.3 (CH), 125.4 (2 x CH), 114.2 (CH>), 66.6 (CH.), 21.2 (CHz), 9.6 (CH3);

HRMS m/z 334.1553 (M + H"), calcd for C20H19N302H 334.1556.

Benzyl  5-methyl-1-(1-(o-tolyl)vinyl)-1H-1,2,3-triazole-4-carboxylate ~ (9ee):  Prepared
following the procedure B and purified by column

@\\ N chromatography using EtOAc/hexane and was isolated as an
N="

L WN CHs  off white solid. Mp: 82-84 ‘C; IR (KBr): vmax 3063, 3030,

o Me 2959, 2920, 1704, 1638, 1567, 1452, 1419, 1271, 1167, 1101,

975, 909, 833, 778 and 696 cm™; 'H NMR (CDCls 500 MHz)
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d 7.47-7.46 (2H, m), 7.38-7.29 (4H, m), 7.24-7.22 (2H, m), 7.19-7.18 (1H, m), 5.88 (1H, d, J =
0.5 Hz, olefinic-H), 5.62 (1H, d, J = 0.5 Hz, olefinic-H), 5.40 (2H, s), 2.17 (3H, s), 2.01 (3H, 3);
13C NMR (CDCls, DEPT-135) § 161.4 (C, O=C-0), 141.9 (C), 138.8 (C), 136.4 (C), 135.9 (C),
135.5 (C), 133.9 (C), 131.1 (CH), 129.6 (CH), 129.3 (CH), 128.4 (2 x CH), 128.3 (2 x CH),
128.2 (CH), 126.3 (CH), 116.7 (CH2), 66.4 (CH2), 19.4 (CHs3), 9.7 (CH3); HRMS m/z 334.1552
(M + H"), calcd for C20H19N302H 334.1556.
Benzyl 1-(1-(4-methoxyphenyl)vinyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate ~ (9ef):
Me Prepared following the procedure B and purified by column

0 chromatography using EtOAc/hexane and was isolated as a

yellow viscous liquid. IR (Neat): vmax 2926, 2844, 1720, 1600,

@ N:N‘N 1512, 1414, 1255, 1162, 1101, 1036, 838, 734 and 696 cm™; H
Oﬁe NMR (CDCl3 500 MHz) & 7.48 (2H, br d, J = 8.0 Hz), 7.40-7.33

9ef (3H, m), 7.05 (2H, br td, J = 8.0, 2.0 Hz), 6.86 (2H, br td, J = 8.0,

2.0 Hz), 5.89 (1H, d, J = 1.5 Hz, olefinic-H), 5.45 (1H, d, J= 1.5

Hz, olefinic-H), 5.42 (2H, s), 3.81 (3H, s), 2.33 (3H, s); *C NMR (CDCls;, DEPT-135) § 161.5

(C, 0=C-0), 160.9 (C), 141.4 (C), 139.5 (C), 136.2 (C), 135.7 (C), 128.6 (2 x CH), 128.5 (2 x

CH), 128.3 (CH), 127.0 (2 x CH), 126.6 (C), 114.4 (2 x CH), 113.1 (CH), 66.7 (CH>), 55.4
(CHs), 9.7 (CH3); HRMS m/z 372.1326 (M + Na*), calcd for C2oH19N30sNa 372.1324.

Benzyl 5-methyl-1-(1-(naphthalen-2-yl)vinyl)-1H-1,2,3-triazole-4-carboxylate (9eq):

Prepared following the procedure A and purified by column

@\\ OO chromatography using EtOAc/hexane and was isolated as

N:N‘N viscous yellow oil. IR (Neat): vmax 3063, 3046, 1709, 1633,
Oﬁ 1567, 1425, 1353, 1277, 1238, 1162, 1101, 981, 904, 816
o) e

and 751 cm™; H NMR (CDCls, 500 MHz) & 7.84 (2H, br t, J
= 8.0 Hz), 7.74 (1H, br d, J = 8.0 Hz), 7.53-7.47 (4H, m),
7.40-7.32 (5H, m), 6.16 (1H, d, J = 1.5 Hz, olefinic-H), 5.67 (1H, d, J = 1.5 Hz, olefinic-H), 5.45
(2H, s), 2.35 (3H, s); *C NMR (CDCls, DEPT-135) § 161.3 (C, 0=C-0), 141.5 (C), 139.5 (C),
136.1 (C), 135.5 (C), 133.5 (C), 132.7 (C), 131.1 (C), 128.9 (CH), 128.4 (2 x CH), 128.33 (2 X
CH), 128.3 (CH), 128.2 (CH), 127.5 (CH), 127.1 (CH) 126.8 (CH), 125.1 (CH), 122.3 (CH),

9eg
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115.6 (CH,), 66.5 (CH,), 9.5 (CHs); HRMS m/z 392.1376 (M + Na*), calcd for CasH1oN3O:Na
392.1375.

Benzyl 1-(3-([1,1'-biphenyl]-4-yloxy)prop-1-en-2-yl)-5-methyl-1H-1,2,3-triazole-4-

carboxylate (9eh): Prepared following the procedure A and purified by column chromatography

using EtOAc/hexane and isolated as a yellow solid. Mp:

Q 104-106 ‘C; IR (Neat): vmax 3029, 1712, 1665, 1614, 1578,

N;N‘N { Q 1526, 1490, 1423, 1355, 1237, 1144, 1045, 834, 756 and

©\/oﬁ o 694 cm; 'H NMR (CDCl3, 500 MHz) & 7.53-7.47 (6H, m),

o Me 7.42-7.28 (6H, m), 6.96 (2H, br td, J = 8.0, 2.0 Hz), 5.87

oeh (1H, d, J = 1.0 Hz, olefinic-H), 5.45 (1H, s, olefinic-H), 5.42

(2H, s), 4.99 (2H, s), 2.59 (3H, s); 3C NMR (CDCls, DEPT-135) § 161.3 (C, 0=C-0), 157.0 (C),

140.4 (C), 139.4 (C), 138.4 (C), 136.2 (C), 135.6 (C), 134.9 (C), 128.7 (2 x CH), 128.5 (2 x CH),

128.4 (2 x CH), 128.3 (CH), 128.2 (2 x CH), 126.8 (CH), 126.7 (2 x CH), 115.6 (CH2), 115.1 (2

x CH), 67.9 (CH.), 66.6 (CHz), 9.9 (CHz); HRMS m/z 426.1817 (M + H¥), calcd for

C26H23N303H 426.1818.

Ethyl 5-methyl-1-(3-(4-nitrophenoxy)prop-1-en-2-yl)-1H-1,2,3-triazole-4-carboxylate (9ai):

NO, Prepared following the procedure A and purified by column

N Q chromatography using EtOAc/hexane and isolated as a yellow

Me\/OWN{O solid. Mp: 68-70 ‘C; IR (Neat): vmax 2982, 1722, 1665, 1598,

0 e 1510, 1423, 1345, 1299, 1252, 1175, 1149, 1118, 1071, 1046,

9ai 844, 777 and 746 cm™’; *H NMR (CDCl3, 500 MHz) & 8.21 (2H,

d, J=9.0 Hz), 7.01 (2H, d, J = 9.0 Hz), 5.89 (1H, s, olefinic-H), 5.54 (1H, s, olefinic-H), 5.11

(2H, s), 4.45 (2H, q, J = 7.0 Hz, OCH2CHs3), 2.65 (3H, s), 1.44 (3H, t, J = 7.0 Hz, OCH2CH3);

13C NMR (CDCls, DEPT-135) § 162.2 (C, 0=C-0), 161.2 (C), 142.0 (C), 139.1 (C), 137.1 (C),

136.5 (C), 125.8 (2 x CH), 116.0 (CH>), 114.7 (2 x CH), 68.1 (CH.), 61.0 (CH>), 14.1 (CHs), 9.8
(CHs); HRMS m/z 333.1199 (M + H™), calcd for C15H1sN4OsH 333.1199.

M
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1-(1-(1-(4-Fluorophenyl)vinyl)-5-methyl-1H-1,2,3-triazol-4-yl)ethanone ~ (9lb):  Prepared
F following the procedure A and purified by column chromatography

using EtOAc/hexane and was isolated as a light yellow solid. Mp: 42-44

N:N‘N °C; IR (Neat): vmax 3123, 3068, 3003, 1682, 1644, 1594, 1545, 1507,
Meﬁ 1408, 1227, 1156, 1008, 953, 838 and 778 cm™; *H NMR (CDCls 400
o Me MHz) § 7.13-7.08 (2H, m), 7.05-6.99 (2H, m), 5.96 (1H, d, J = 1.2 Hz,

9lb

olefinic-H), 5.52 (1H, d, J = 0.8 Hz, olefinic-H), 2.69 (3H, s), 2.33 (3H,
s); ¥*C NMR (CDCls, DEPT-135) § 194.1 (C, C=0), 163.5 (C, d, J = 250.0 Hz, CF), 143.3 (C),
140.5 (C), 137.8 (C), 130.2 (C, d, J =3.0 Hz), 127.5 (2 x CH, d, J = 9.0 Hz), 116.2 (2 x CH, d, J
= 22.0 Hz), 114.9 (CHy, d, J = 1.0 Hz), 27.7 (CH3), 9.6 (CH3); HRMS m/z 268.0862 (M + Na*),
calcd for C13H12FN3ONa 268.0862.

1-(1-(1-(4-Chlorophenyl)vinyl)-5-methyl-1H-1,2,3-triazol-4-yl)ethanone ~ (9Ic):  Prepared

following the procedure A and purified by column chromatography

g using EtOAc/hexane and was isolated as an off white solid. Mp: 58-60

NN ‘C; IR (Neat): vmax 1688, 1627, 1589, 1562, 1496, 1425, 1277, 1238,
Meﬁ"‘ 1145, 1096, 1014, 959, 844 and 723 cm; *H NMR (CDCls, 400 MHz) §
o Me 7.32 (2H, br td, J = 8.0, 2.0 Hz), 7.06 (2H, br td, J = 8.0, 2.0 Hz), 6.02

9lc (1H, d, J = 1.2 Hz, olefinic-H), 5.58 (1H, d, J = 1.2 Hz, olefinic-H),

2.71 (3H, ), 2.34 (3H, s); 3C NMR (CDCls, DEPT-135) § 194.2 (C, C=0), 143.3 (C), 140.5
(C), 137.8 (C), 136.0 (C), 132.5 (C), 129.3 (2 x CH), 126.8 (2 x CH), 115.6 (CH,), 27.8 (CHa),
9.7 (CHs); HRMS m/z 284.0567 (M + Na*), calcd for C1sH12CINsONa 284.0567.

1-(1-(4-Fluorophenyl)vinyl)-5-phenyl-1H-1,2,3-triazole-4-carbonitrile ~ (9pb):  Prepared
F following the procedure A and purified by column chromatography using

EtOAc/hexane and was isolated as a light red solid. Mp: 98-100 °C; IR

N=N. (Neat): vmax 3068, 2246 (CN), 1638, 1600, 1512, 1452, 1419, 1348, 1288,

NG 1238, 1167, 1107, 1041, 931, 833, 773 and 690 cm™; *H NMR (CDCls, 400
MHz) & 7.43-7.37 (5H, m), 7.10-7.07 (2H, m), 6.97-6.93 (2H, m), 5.92

(1H, d, J = 1.6 Hz, olefinic-H), 5.63 (1H, d, J = 1.6 Hz, olefinic-H); *C
9pb
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NMR (CDCls, DEPT-135) § 163.4 (C, d, J = 250.0 Hz, CF), 143.6 (C), 141.0 (C), 131.1 (CH),
129.9 (C, d, J = 3.0 Hz), 129.2 (2 x CH), 128.3 (2 x CH), 127.8 (2 x CH, d, J = 8.0 Hz), 123.0
(C), 120.0 (C), 116.0 (2 x CH, d, J = 22.0 Hz), 115.9 (CHy), 111.9 (C, CN); HRMS m/z
291.1046 (M + H*), calcd for Ci7HuFNsH 291.1046.

1-(1-(4-Chlorophenyl)vinyl)-5-phenyl-1H-1,2,3-triazole-4-carbonitrile ~ (9pc):  Prepared

¢ following the procedure A and purified by column chromatography using

EtOAc/hexane and was isolated as a light yellow solid. Mp: 114-116 ‘C;

IR (Neat): vmax 2362, 2323, 2241, 1627, 1589, 1539, 1496, 1457, 1425,

~ 1392, 1353, 1277, 1101, 1008, 915, 833 and 767 cm™; 'H NMR (CDCls,

400 MHz) & 7.46-7.36 (5H, m), 7.25 (2H, br td, J = 8.0, 2.0 Hz), 7.05 (2H,

br td, J = 8.0, 2.0 Hz), 5.99 (1H, d, J = 1.6 Hz, olefinic-H), 5.66 (1H, d, J

9pc = 1.6 Hz, olefinic-H); *C NMR (CDCls, DEPT-135) § 143.7 (C), 141.0

(C), 136.1 (C), 132.1 (C), 131.2 (CH), 129.2 (2 x CH), 129.1 (2 x CH), 128.2 (2 x CH), 127.0 (2

x CH), 122.9 (C), 120.0 (C), 116.6 (CH>), 111.9 (C, CN); HRMS m/z 329.0570 (M + Na"), calcd
for C17H1:CIN4Na 329.0570.

(S)-Methyl 3-phenyl-2-(5-phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-
carboxamido)propanoate (9sa): Prepared following the procedure A and purified by column

chromatography using EtOAc/hexane and isolated as a light yellow

Me~q flaky semi-solid. [a],2° = +35.1° (c = 0.32 g/100 mL, CHCl,); IR

O)\\‘“\\ NiN‘N (Neat): 3403, 3063, 3030, 2953, 2855, 1742, 1677, 1567, 1507,
1452, 1337, 1293, 1205, 1118, 1025, 915, 783 and 690 cm™. ‘H
NMR (CDCls, 500 MHz) & 7.76 (1H, d, J = 8.0 Hz, NH), 7.31-7.19
(13H, m), 7.04-7.02 (2H, m), 5.82 (1H, d, J = 1.0 Hz, olefinic-H),
5.48 (1H, d, J = 1.0 Hz, olefinic-H), 5.06-5.02 (1H, m), 3.68 (3H,
s), 3.25-3.17 (2H, m); *C NMR (CDCls, DEPT-135) § 171.5 (C, 0=C-0), 159.6 (C, O=C-NH),
142.1 (C), 139.7 (C), 137.6 (C), 135.8 (C), 134.4 (C), 129.7 (2 x CH), 129.5 (CH), 129.3 (CH),
129.1 (2 x CH), 128.5 (2 x CH), 128.4 (2 x CH), 127.8 (2 x CH), 126.9 (CH), 125.6 (2 x CH),

9sa
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125.2 (C), 115.3 (CH>), 52.9 (CHs, OCHpg), 52.1 (CH), 38.1 (CH2); HRMS m/z 475.1749 (M +
Na*), calcd for C27H24N4O3Na 475.1746.

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 5-phenyl-1-(1-phenylvinyl)-1H-1,2,3-triazole-4-
Me carboxylate (9ta): Prepared following the procedure A and
Q WN @ purified by column chromatography using EtOAc/hexane and
Me\\\\\\\ Lo~ N isolated as a light yellow flaky semi-solid. [a]p2+ = -45.9° (c =
e o) 0.28 g/100 mL, CHCI3); IR (Neat): 3065, 2951, 2915, 2864,
1722, 1640, 1578, 1490, 1448, 1386, 1185, 1040, 958, 916, 844,
9ta 767 and 694 cm™. 'H NMR (CDCl3, 500 MHz) & 7.33-7.22 (8H,
m), 7.05 (2H, d, J = 7.5 Hz), 5.84 (1H, s, olefinic-H), 5.54 (1H, s, olefinic-H), 4.88 (1H, dt, J =
11.0, 4.0 Hz), 2.11 (1H, brd, J =115 Hz), 1.78-1.72 (2H, m), 1.65 (2H, brt, J = 12.6 Hz), 1.48
(1H, br s), 1.32-1.28 (1H, m), 1.07-0.97 (2H, m), 0.89 (3H, d, J = 6.5 Hz), 0.78 (3H, d, J = 6.9
Hz), 0.71 (3H, d, J = 6.9 Hz); *C NMR (CDCls, DEPT-135) § 160.5 (C, O=C-0), 142.3 (C),
141.3 (C), 137.0 (C), 134.6 (C), 129.7 (2 x CH), 129.6 (CH), 129.4 (CH), 128.5 (2 x CH), 127.8
(2x CH), 125.9 (C), 125.8 (2 x CH), 115.5 (CH>), 75.2 (CH), 46.7 (CH), 40.7 (CH>), 34.1 (CH>),
31.4 (CH), 25.8 (CH), 23.1 (CH?2), 21.9 (CHs3), 20.7 (CH3), 16.0 (CH3); HRMS m/z 452.2314 (M
+ Na*), calcd for C27H31N302Na 452.2314.
(E)-Ethyl 5-methyl-1-styryl-1H-1,2 3-triazole-4-carboxylate (86aa): Prepared following the
procedure A and purified by column chromatography using

_N
N=MN
OWN‘\\_Q EtOAc/hexane and was isolated as a white solid. Mp: 108-110
Me_-
o Me “C; IR (Neat): vmax 3059, 2982, 1717, 1562, 1417, 1371, 1350,
86aa 1304, 1242, 1195, 1092, 978, 942, 849, 787, 746 and 694 cm™;

IH NMR (CDCls 500 MHz) § 7.57 (1H, d, J = 14.0 Hz, olefinic-H), 7.50 (2H, br d, J = 7.0 Hz),
7.42-7.35 (4H, m), 4.44 (2H, g, J = 7.0 Hz, OCH,CHs), 2.69 (3H, s), 1.44 (3H, t, J = 7.0 Hz,
OCH,CHs); 3C NMR (CDCls, DEPT-135) § 161.6 (C, 0=C-0), 137.2 (C), 136.7 (C), 133.5 (C),
129.1 (CH), 129.0 (2 x CH), 126.9 (2 x CH), 126.1 (CH), 119.3 (CH), 61.0 (CH>), 14.3 (CHs),
9.1 (CHs): HRMS m/z 258.1239 (M + H*), calcd for C14H1sN3O,H 258.1243.
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(E)-Prop-2-yn-1-yl  5-methyl-1-styryl-1H-1,2,3-triazole-4-carboxylate (86da): Prepared
following the procedure A and purified by column chromatography using EtOAc/hexane and
N//N‘N was isolated as a white solid. Mp: 104-106 “C; IR (Neat):
QNOW _\\_© vmax 3266, 1717, 1578, 1443, 1376, 1350, 1273, 1226, 1190,
Me 1082, 973, 947, 782, 751, 694 and 607 cm?; *H NMR
86da (CDCls, 400 MHz) & 7.56 (1H, d, J = 14.4 Hz, olefinic-H),
7.50 (2H, br d, J = 7.2 Hz), 7.43-7.28 (4H, m), 4.96 (2H, d, J = 2.4 Hz), 2.70 (3H, s), 2.53 (1H, t,
J=2.4 Hz); 3C NMR (CDCls, DEPT-135) § 160.6 (C, O=C-0), 137.8 (C), 135.8 (C), 133.3 (C),
129.1 (CH), 128.9 (2 x CH), 126.9 (2 x CH), 126.2 (CH), 119.0 (CH), 77.27 (C), 75.3 (CH), 52.2
(CH2), 9.1 (CH3); HRMS m/z 290.0914 (M + Na"), calcd for C15H13N3O2Na 290.0905.
(E)-Benzyl 5-methyl-1-styryl-1H-1,2,3-triazole-4-carboxylate (86ea): Prepared following the
procedure A and purified by column chromatography using
©V W *\_@ EtOAc/hexane and isolated as a white solid. Mp: 116 'C; IR
(Neat): vmax 1712, 1572, 1448, 1423, 1355, 1221, 1180, 1092,
86ea 978, 947, 803, 741 and 689 cm™; 'H NMR (CDCls, 400 MHz) &
7.56-7.46 (5H, m), 7.38-7.30 (7H, m), 5.40 (2H, s), 2.63 (3H, t, J = 3.2 Hz); $3C NMR (CDCls,
DEPT-135) 4 161.2 (C, O=C-0), 137.4 (C), 136.3 (C), 135.5 (C), 133.3 (C), 129.0 (CH), 128.9
(2 x CH), 128.5 (2 x CH), 128.3 (2 x CH), 128.2 (CH), 126.8 (2 x CH), 125.9 (CH), 119.1 (CH),
66.5 (CHz), 9.0 (CH3); HRMS m/z 342.1224 (M + Na"), calcd for C1gH17N302Na 342.1218.
(E)-Ethyl 1-styry|-5-(trif|uoromethyl)-lH-l 2,3-triazole-4-carboxylate (86ha): Prepared
following the procedure C and purified by column chromatography
Me_- W _\—© using EtOAc/hexane and isolated as a white solid. Mp: 70-72 °C; IR
(Neat): vmax 2988, 1727, 1562, 1443, 1366, 1340, 1231, 1144, 1051,
953, 854, 746 and 694 cm™; 'H NMR (CDCls; 500 MHz) § 7.67
(1H, d, J = 14.0 Hz, olefinic-H), 7.57-7.51 (3H, m), 7.45-7.41 (3H, m), 4.49 (2H, q, J = 7.0 Hz,
OCH3CHg), 1.44 (3H, t, J = 7.0 Hz, OCH2CHj3); *C NMR (CDCls, DEPT-135) § 158.8 (C, O=C-
0), 139.3 (C), 132.6 (C), 130.0 (CH), 129.9 (CH), 129.1 (2 x CH), 127.4 (2 x CH), 127.3 (C, q, J
=41.2 Hz), 119.3 (CH, q, J = 2.5 Hz), 119.2 (C, q, J = 278.7 Hz, CF3), 62.3 (CH>), 14.0 (CHa);
HRMS m/z 334.0777 (M + Na*), calcd for C14H12 FsN3O2Na 334.0779.

86ha
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(E)-Ethyl 5-phenyl-1-styryl-1H-1,2,3-triazole-4-carboxylate (86ia): Prepared following the

procedure A and purified by column chromatography using

o0 NiN‘N~\\_© EtOAc/hexane and isolated as a white solid. Mp: 156-158 C; IR
o) (Neat): vmax 2931, 1722, 1562, 1485, 1443, 1423, 1381, 1257,

1216, 1200, 1046, 947, 844, 767 and 699 cm™; 'H NMR (CDCls,

86ia 500 MHz) & 7.65 (1H, d, J = 14.0 Hz, olefinic-H), 7.58-7.54 (3H,

m), 7.48-7.46 (2H, m), 7.38-7.31 (5H, m), 7.18 (1H, d, J = 14.5 Hz, olefinic-H), 4.34 (2H, g, J =
7.0 Hz, OCH,CHs), 1.30 (3H, t, J = 7.5 Hz, OCH,CHs3); **C NMR (CDCls, DEPT-135) & 160.7
(C, 0=C-0), 139.7 (C), 136.9 (C), 133.5 (C), 130.4 (CH), 130.3 (2 x CH), 128.94 (CH), 128.86
(2 x CH), 128.6 (2 x CH), 126.9 (2 x CH), 125.6 (CH), 125.2 (C), 119.9 (CH), 66.1 (CH>), 14.0
(CHs); HRMS m/z 342.1222 (M + Na"), calcd for C19H17N3O2Na 342.1218.
(E)-1-(5-Methyl-1-styryl-1H-1,2,3-triazol-4-yl)ethanone (86la): Prepared following the
N procedure A and purified by column chromatography using
MSWN‘\\_Q EtOAc/hexane and isolated as a white solid. Mp: 148-150 ‘C; IR
o Me (neat): vmax 1670, 1552, 1417, 1324, 1273, 1221, 1180, 1077, 978, 942,
86la 798, 751 and 699 cm™; *H NMR (CDCls 500 MHz) § 7.57 (1H, d, J =
14.5 Hz, olefinic-H), 7.52-7.50 (2H, m), 7.43-7.35 (4H, m), 2.72 (3H, s), 2.69 (3H, s); *C NMR
(CDCls, DEPT-135) 6 194.2 (C, C=0), 143.6 (C), 135.7 (C), 133.5 (C), 129.1 (CH), 129.0 (2 x
CH), 126.9 (2 x CH), 126.1 (CH), 119.1 (CH), 27.8 (CHs), 9.1 (CHz); HRMS m/z 250.0956 (M
+ Na"), calcd for C13H13N3ONa 250.0956.
(E)-1-(5-Phenyl-1-styryl-1H-1,2,3-triazol-4-yl)ethanone (86na) and (E)-(5-Methyl-1-styryl-
1H-1,2,3-triazol-4-yl)(phenyl)methanone (86'ma): Prepared following the procedure A and
W, purified by column chromatography
s Nw + wN \ using EtOAc/hexane and isolated as a
% i M61® white solid. IR (Neat): vmax 3060, 1691,
86na 86'na 1645, 1552, 1485, 1448, 1417, 1361,
1242, 1175, 1128, 1035, 947, 927, 803, 751 and 694 cm™; 'H NMR (CDCls, 400 MHz, 1:1
mixture) & 8.34-8.32 (2H, m), 7.67-7.31 (21H, m), 7.21 (1H, d, J = 14.4 Hz, olefinic-H), 2.77
(3H, s), 2.73 (3H, s); 13C NMR (CDCls, DEPT-135, 1:1 mixture) & 192.6 (C, C=0), 187.4 (C,
C=0), 143.54 (C), 143.50 (C), 138.2 (C), 138.0 (C), 137.3 (C), 133.6 (2 x C), 132.9 (CH), 130.6
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(2 x CH), 130.5 (2 x CH), 130.3 (2 x CH), 129.2 (CH), 129.0 (2 x CH), 128.9 (2 x CH), 128.7 (2
x CH), 128.2 (2 x CH), 127.0 (2 x CH), 126.9 (2 x CH), 126.2 (CH), 125.7 (CH), 125.2 (C),
119.9 (CH), 119.1 (CH), 28.2 (CHs), 9.6 (CHs); HRMS m/z 312.1119 (M + Na"), calcd for
C1sH15N3ONa 312.1113.
(E)-5-Phenyl-1-styryl-1H-1,2,3-triazole-4-carbonitrile  (86pa): Prepared following the
N=N. procedure A and purified by column chromatography using
NS N_\\_Q EtOAc/hexane and was isolated as a white solid. Mp: 124-126 C; IR
(Neat): vmax 3081, 3029, 2239, 1490, 1454, 1423, 1350, 1268, 1066,
999, 947, 808, 751 and 689 cm™; 'H NMR (CDCls 500 MHz) & 7.68
86pa (1H, d, J = 14.5 Hz, olefinic-H), 7.64-7.61 (3H, m), 7.58-7.56 (2H, m),
7.44-7.43 (2H, m), 7.40-7.35 (3H, m ), 7.32 (1H, d, J = 14.5 Hz, olefinic-H); *C NMR (CDCls,
DEPT-135) & 142.0 (C), 133.0 (C), 131.5 (CH), 129.7 (2 x CH), 129.4 (CH), 129.2 (2 x CH),
129.0 (2 x CH), 127.4 (CH), 127.1 (2 x CH), 122.9 (C), 120.3 (C), 119.5 (CH), 111.8 (C, CN);
HRMS m/z 273.1140 (M + H"), calcd for C17H12 NsH 273.1140.
(E)-5-(tert-Butyl)-1-styryl-1H-1,2,3-triazole-4-carbonitrile (86ra): Prepared following the
procedure A and purified by column chromatography using

n=N,
<N EtOAc/hexane and isolated as a white solid. Mp: 122-124 °C: IR (Neat):
O s o o
Me” T Me vmax 3127, 2977, 2941, 2879, 2233, 1526, 1469, 1402, 1371, 1273, 1242,
Me
86ra 1206, 1159, 1082, 1051, 1025, 942, 808, 756 and 694 cm: 'H NMR

(CDCl3 500 MHz) & 7.52-7.47 (4H, m), 7.45-7.38 (3H, m), 1.59 (9H, s, 3 x CH3); *C NMR

(CDCls, DEPT-135) 8 149.3 (C), 133.1 (C), 129.6 (CH), 129.5 (CH), 129.1 (2 x CH), 127.1 (2 x

CH), 121.2 (CH), 118.9 (C), 113.2 (C, CN), 31.8 (C), 29.6 (3 x CHz3); HRMS m/z 253.1453 (M +
H™), calcd for C15H1sN4H 253.1453.

3-Hydroxy-1-(5-methyl-1-(1-phenylvinyl)-1H-1,2,3-triazol-4-yl)-3-(4-nitrophenyl)propan-1-

O,N one (87la): Prepared following the procedure D and

\©\/\N/NK\?NN~‘(© purified by column chromatography using EtOAc/hexane

o and was isolated as a pale yellow liquid. IR (Neat): vmax

3437 (OH), 2926, 2848, 1686, 1598, 1557, 1521, 1423,

1335, 1283, 1108, 1061, 1009, 968, 911, 844, 777 and 694
cm; 2H NMR (CDCls, 500 MHz) & 8.24 (2H, td, J = 9.0, 2.0 Hz), 7.65 (2H, td, J = 9.0, 2.0 Hz),

87la
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7.42-7.37 (3H, m), 7.15-7.13 (2H, m), 6.06 (1H, d, J = 1.5 Hz, olefinic-H), 5.60 (1H, d, J = 1.0
Hz, olefinic-H), 5.45 (1H, td, J = 9.0, 3.5 Hz), 3.91 (1H, d, J = 3.5 Hz), 3.73 (1H, dd, J = 17.5,
3.0 Hz), 3.56 (1H, dd, J = 17.5, 9.5 Hz), 2.38 (3H, s); 3C NMR (CDCls, DEPT-135) § 195.2 (C,
C=0), 150.3 (C), 147.3 (C), 142.7 (C), 141.5 (C), 138.9 (C), 133.8 (C), 130.1 (CH), 129.1 (2 x
CH), 126.6 (2 x CH), 125.5 (2 x CH), 123.7 (2 x CH), 115.4 (CH>), 69.4 (CH), 48.1 (CH,), 9.8
(CH3); HRMS m/z 379.1406 (M + H*), calcd for CaoH1sN4O4H 379.1406.
Ethyl  1-(1,2-dibromo-1-phenylethyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate  (88aa):
Prepared following the procedure E and purified by column

NN chromatography using EtOAc/hexane and was isolated as a yellow

Me N B
\\OW :Br oil; IR (KBr): vmax 1717, 1567, 1526, 1443, 1412, 1376, 1299, 1231,
o) Me 1185, 1164, 1118, 1071, 1015, 978, 937 and 844 Cm'l; 'H NMR
88aa (CDC|3, 500 MHz) 6 7.47-7.39 (3H, m), 7.31 (2H, dJ=75 HZ), 4.96

(1H,d, J=11.5Hz), 4.69 (1H, d, J = 11.5 Hz), 4.43 (2H, q, J = 7.5 Hz, OCH.CH3), 2.23 (3H, s),

1.43 (3H, t, J = 7.5 Hz, OCH2CHj3); **C NMR (CDCls, DEPT-135) § 161.4 (C, O=C-0), 141.0

(C), 138.4 (C), 136.8 (C), 130.3 (CH), 128.7 (2 x CH), 127.7 (2 x CH), 78.7 (C), 61.3 (CH>),

42.8 (CH2), 14.3 (CHs), 11.8 (CHs); HRMS m/z 415.9607 (M + H"), calcd for C14H15BraNsOzH

415.96009.

(2)-Ethyl  1-(2-bromo-1-phenylvinyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate  (89aa):
Prepared following the procedure F and purified by column
chromatography using EtOAc/hexane and was isolated as a light

Me\\ NiN‘N \ yellow liquid. IR (Neat): vmax 3086, 2988, 2920, 2853, 1717, 1609,

OﬁeBr : 1567, 1448, 1428, 1371, 1273, 1242, 1164, 1102, 1015, 978, 911,
° 89aa 849, 767 and 705 cm™’; 'H NMR (CDCls 500 MHz) & 7.42-7.34 (3H,

m), 7.34 (1H, s), 7.13-7.11 (2H, m), 4.47 (2H, g, J = 7.5 Hz, OCH2CHz3), 2.46 (3H, s), 1.46 (3H,

t, J = 7.5 Hz, OCH2CHj3); *C NMR (CDCls, DEPT-135) § 161.5 (C, O=C-0), 139.8 (C), 139.3

(C), 136.4 (C), 133.3 (C), 130.2 (CH), 129.3 (2 x CH), 125.2 (2 x CH), 109.8 (CH), 61.1 (CH>),

14.3 (CHa), 9.0 (CH3); HRMS m/z 336.0348 (M + H*), calcd for C14H14BrN3O2H 336.0348.

5-Methyl-1-(1-phenylethyl)-1H-1,2,3-triazole-4-carboxylic acid (90ea): Prepared following

N the procedure G and purified by column chromatography using
N=MN € o
HOWN_(& EtOAc/hexane and isolated as a white solid. Mp: 118-120 C; IR (Neat):
o} Me
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vmax 1694, 1579, 1448, 1400, 1381, 1332, 1265, 1221, 1191, 1105, 971, 792, 773, 736 and 702
cm™; IH NMR (CDCls + few drops DMSO-ds, 400 MHz) & 7.36-7.30 (3H, m), 7.18 (2H, d, J =
7.2 Hz), 5.63 (1H, q, J = 6.8 Hz), 2.42 (3H, s), 2.05 (3H, d, J = 6.8 Hz); *C NMR (CDCls+ few
drops DMSO-ds, DEPT-135) 6 162.4 (C, O=C-0), 139.1 (C), 136.8 (C), 136.4 (C), 128.0 (2 x
CH), 127.2 (CH), 125.0 (2 x CH), 57.5 (CH), 20.8 (CH3), 8.1 (CHz3); HRMS m/z 254.0906 (M +
Na®), calcd for C12H13N3O2Na 254.0905.
1-(5-Methyl-1-phenethyl-1H-1,2,3-triazol-4-yl)ethanone (90la): Prepared following the
procedure G and purified by column chromatography using
W \_@ EtOAc/hexane and isolated as a yellow viscous liquid. IR (Neat): Vmax
3065, 3024, 2920, 1676, 1567, 1423, 1361, 1268, 1175, 1066, 947,
90la 736, 699 and 493 cm; 'H NMR (CDCl3 500 MHz) § 7.28-7.24 (3H,
m), 7.02 (2H, d, J = 6.5 Hz), 4.47 (2H, t, J = 7.0 Hz), 3.20 (2H, t, J = 7.0 Hz), 2.67 (3H, s), 2.17
(3H, s); *C NMR (CDCls, DEPT-135) & 194.1 (C, C=0), 143.1 (C), 136.9 (C), 136.6 (C), 128.7
(2 x CH), 128.6 (2 x CH), 127.1 (CH), 48.9 (CH>), 36.2 (CH), 27.5 (CH3), 8.4 (CH3); HRMS
m/z 252.1113 (M + Na"), calcd for C13H15sN3ONa 252.1113.
Ethyl 5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxylate (94):* Prepared following the

procedure A and purified by column chromatography using

_N
Me N="% N
jo N EtOAc/hexane and was isolated as a white solid. Mp: 46-48 C; IR
o Me (KBFr): vmax 3057, 2981, 2931, 2904, 1709, 1567, 1501, 1425, 1375,
94 1342, 1244, 1222, 1101, 1036, 986, 926, 844, 783, 767, 690, 668,

504 and 438 cm!; *H NMR (CDCls, 400 MHz) § 7.58-7.54 (3H, m), 7.45-7.42 (2H, m), 4.45
(2H, q, J = 7.2 Hz, OCH,CHs), 2.58 (3H, s), 1.43 (3H, t, J = 7.2 Hz, OCH2CH3); *C NMR
(CDCls, DEPT-135)  161.7 (C, O=C-0), 138.8 (C), 136.7 (C), 135.4 (C), 130.0 (CH), 129.6 (2
x CH), 125.3 (2 x CH), 61.0 (CH2), 14.3 (CH3), 9.9 (CH3); HRMS m/z 232.1081 (M + H"), calcd
for C12H13NsO2H 232.1086.
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2. General experimental procedures for An Aldehyde-Azomethine Imine [3+2]-
Cycloaddition: High-yielding Regioselective Synthesis of Substituted N,N-Bicyclic
Pyrazolidinones.

Procedure A: General procedure for [3+2]-cycloaddition of azomethine imines and aldehydes: To
an ordinary glass vial equipped with a magnetic stirring bar, containing a solution of 0.5 mmol of
enolizable aldehyde 7 and 0.75 mmol of azomethine imine 29 in dry chloroform (1.0 mL), 0.1 mmol of
catalyst tBuOK 3k was added. The reaction mixture was stirred at 25 °C and the reaction progress was
monitored by TLC. After completion of the reaction, the crude reaction mixture was worked up with

aqueous NH4CI solution and the aqueous layer was extracted with dichloromethane (2 x 20 mL). The
combined organic layers were dried over Na2SQOy, filtered and concentrated. Pure click products 97/99

were obtained by column chromatography (silica gel, mixture of hexane/ethyl acetate).

Procedure B: General procedure for reductive dehydroxylation of click products 97/99: In an 10 mL
round bottomed flask fitted with a rubber septum, a solution of 0.3 mmol of 97/99 in dry dichloromethane
(1.0 mL) was taken under Nz atmosphere. To the vigorously stirred reaction mixture at 0 °C consecutive
addition of 2.0 mmol of EtsSiH and 1.13 mmol of BF3.Et,O was added. The reaction mixture was brought
to room temperature (25 °C) and stirred till reaction completion, as monitored by TLC. After completion,
reaction was quenched with saturated NaHCO3 solution and extracted with dichloromethane (2 x 20 mL).

The combined organic layers were dried over anhydrous Na2SOg4, filtered and concentrated. The

concentrate was subjected to column chromatography (silica gel, mixture of hexane/ethyl acetate) to
obtain the pure compounds 100.

Procedure C: Procedure for reductive cleavage of bicyclopyrazolidinone N-N bond of product 99aa:
Dry liquid ammonia was condensed at —78 °C in a three-necked round bottom flask equipped with a
Dewar condenser cooled with liquid nitrogen in ethyl acetate. A solution of bicyclopyrazolidinone 99aa
(0.5 mmol) in dry degassed THF (24 mL) was added followed by sodium metal (1.5 mmol). The solution
became blue in 5 minutes and then discolored to a white cloudy solution. The resulting mixture was
stirred for 1.5 hour at -78 °C before an excess of solid NH4Cl was added. The reaction mixture was
slowly warmed to room temperature until NHz had been distilled off. Water was added and the aqueous
layer was extracted with CH.Cl,. The combined organic layers were washed with brine, dried over
anhydrous Na,SO., concentrated under reduced pressure and purified by column chromatography on
silica gel (hexane/ethyl acetate) to afford product 101aa.

Procedure D: Procedure for hydrogen peroxide oxidation and further esterification of 99aa/100aa:

0.41 mmol of 99aa/100aa was dissolved in isopropanol (3 mL) and hydrogen peroxide (1.4 mL, 30% in
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water) was added. The solution was heated under reflux for 24 h, the solvent was removed under reduced
pressure, and the resulting residue was recrystallized from ethyl acetate to give product 102aa. A 50 mL
conical flask with stir bar was filled with 10 mL of Et,O and 475 mg of N-methyl-N-nitrosourea. The
flask was then placed in an ice bath and 2 mL of 50 % KOH (ag.) solution was added slowly. After
stirring for 10 minutes, the neon-yellow ether layer was separated, dried over KOH and added into a
solution of 102aa in diethyl ether (10 mL). After reaction completion, as monitored by TLC, the reaction
mixture was kept in hot water bath (50 °C) for excess diazomethane to evaporate. The resulting solution
was concentrated and the concentrate was subjected to column chromatography (hexane/ethyl acetate) to
yield the pure product 103aa.
cis-7-Hydroxy-5,6-diphenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one  (97aa) and trans-7-
0 OH 0 OH hydroxy-5,6-diphenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-
&N?_Ph . &I}I}Ph one (98aa): Prepared following the procedure A and isolated as off
N N : white solid. dr = 1:1; IR (Neat): vmax 3339, 3029, 2838, 1676, 1490,
9523 ggaha 1448, 1423, 1371, 1268, 1180, 1066, 756 and 705 cm™?; *H NMR
(CDCls, 400 MHz) 6 7.27-7.23 (7H, m), 7.12-7.08 (8H, m), 6.97-6.91 (5H, m), 5.76 (1H, dd, J=3.2, 1.6
Hz), 5.69 (1H, s), 4.36 (1H, d, J = 6.0 Hz), 3.72 (1H, d, J = 6.0 Hz), 3.64-3.63 (2H, m), 3.57-3.50 (2H,
m), 3.18-3.09 (1H, m), 2.98-2.90 (2H, m), 2.82-2.69 (3H, m); **C NMR (CDCl;s, DEPT-135) 6 171.6 (C,
C=0), 166.8 (C, C=0), 136.5 (C), 135.9 (C), 135.5 (C), 134.3 (C), 128.7 (2 x CH), 128.6 (2 x CH), 128.5
(2 x CH), 128.3 (CH), 128.0 (2 x CH), 127.8 (2 x CH), 127.7 (2 x CH), 127.5 (2 x CH), 127.48 (2 x CH),
127.4 (2 x CH), 126.8 (CH), 83.3 (CH), 80.9 (CH), 79.1 (CH), 71.4 (CH), 65.7 (CH), 63.1 (CH), 53.1
(CHy), 47.3 (CHy), 36.9 (CH,), 32.3 (CH,); HRMS m/z 317.1268 (M + Na*), calcd for CigHisN.O-Na
317.1266.
cis-5,6-Diphenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99aa) and trans-5,6-
Diphenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100aa): Prepared following the procedure B
o o and purified by column chromatography using EtOAc/hexane and isolated
&E}_Ph . &E}‘Ph as white solids. Mp 120-122 °C (99aa) and 88-90 °C (100aa); dr = 1:1; IR
- 5 (Neat): vimax 3062, 3029, 2929, 2839, 1674, 1603, 1454, 1421, 1354, 1206,
9923 100aa 1072, 1030, 859, 754, 665, 598, 548 and 512 cm™; For compound 99aa:
IH NMR (CDCls, 400 MHz)  7.10-7.04 (6H, m), 7.01-7.00 (2H, m), 6.96-6.93 (2H, m), 4.32 (1H, dd, J =
12.0, 8.0 Hz), 3.95 (1H, d, J = 6.8 Hz), 3.94 (1H, dt, J = 7.0, 2.8 Hz), 3.69-3.57 (2H, m), 2.97-2.87 (2H,
m), 2.77-2.74 (1H, m); 3C NMR (CDCls, DEPT-135) § 170.4 (C, C=0), 139.2 (C), 134.8 (C), 128.7 (2 x
CH), 127.8 (2 x CH), 127.7 (2 x CH), 127.67 (2 x CH), 127.3 (CH), 126.7 (CH), 74.3 (CH), 53.0 (CH),
48.6 (CHy), 48.0 (CH,), 33.4 (CHy); For compound 100aa: *H NMR (CDCls, 500 MHz) & 7.30-7.24

126



Experimental Section

(4H, m), 7.30-7.24 (2H, m), 7.18-7.16 (2H, m), 7.09-7.07 (2H, m), 4.02 (1H, dd, J = 11.7, 7.5 Hz), 3.85
(1H, t, J = 10.0 Hz), 3.72-3.66 (1H, m), 3.57-3.51 (1H, m), 3.46 (1H, d, J = 9.5 Hz), 3.03-2.97 (1H, m),
2.85-2.80 (2H, m); 3C NMR (CDCls, DEPT-135) 6 171.5 (C, C=0), 138.2 (C), 136.2 (C), 128.7 (2 x
CH), 128.5 (2 x CH), 128.2 (CH), 127.7 (2 x CH), 127.5 (2 x CH), 127.4 (CH), 78.2 (CH), 56.9 (CH),
48.0 (CHy), 47.2 (CHy), 32.3 (CH,); HRMS m/z 279.1407 (M + H"), calcd for C1sH1sN2OH 279.1497.
cis-5-(2-fluorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ab) and trans-5-(2-
fluorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one

E Ph . &E}Ph and purified by column chromatography using EtOAc/hexane and
F\@ isolated as a semi-solid. dr = 1:1; IR (Neat): vmax 3064, 3030, 29 62,
1699, 1586, 1492, 1455, 1356, 1229, 1085, 1033, 770 and 702 cm™; *H
99ab 100ab  NMR (CDCls, 400 MHz) & 7.60 (1H, dt, J = 6.8, 1.6 Hz), 7.26-7.25 (5H,
m), 7.12-7.02 (9H, m), 6.95-6.78 (3H, m), 4.39 (1H, dd, J = 12.0, 8.8 Hz), 4.20 (1H, d, J = 7.2 Hz), 4.12-
4.07 (1H, m), 4.00 (1H, dd, J = 11.2, 7.2 Hz), 3.92-3.75 (3H, m), 3.71-3.64 (1H, m), 3.59 (1H, dd, J =
12.0, 2.8 Hz), 3.53-3.46 (1H, m), 3.05-2.73 (6H, m); 3C NMR (CDCls, DEPT-135) & 171.9 (C, C=0),
171.2 (C, C=0), 161.3 (C, d, J = 246.0 Hz, C-F), 160.2 (C, d, J = 244.0 Hz, C-F), 139.5 (C), 137.8 (C),
129.6 (CH, d, J = 9.0 Hz), 128.7 (2 x CH), 128.6 (CH, d, J = 4.0 Hz), 128.58 (CH, d, J = 4.0 Hz), 128.5
(2 x CH), 128.2 (CH, d, J = 5.0 Hz), 127.8 (2 x CH), 127.5 (CH), 127.4 (2 x CH), 126.8 (CH), 124.6 (CH,
d, J = 3.0 Hz), 123.5 (CH, d, J = 3.0 Hz), 123.1 (C, d, J = 12.0 Hz), 122.9 (C, d, J = 14.0 Hz), 115.5 (CH,
d, J = 22.0 Hz), 114.6 (CH, d, J = 21.0 Hz), 69.9 (CH), 67.5 (CH), 55.7 (CH), 50.9 (CH), 48.31 (2 x
CH,), 48.27 (CH.), 47.1 (CH.), 32.8 (CHy), 32.2 (CH,); LCMS m/z 297.25 (M+H?*), calcd. for
Ci1gH17FN2OH 297.1403; Anal. Calcd. for C1gH17FN2O (296.1325): C, 72.95; H, 5.78; N, 9.45. Found: C,
72.85; H, 5.72; N, 9.51%.

% Q (100ab): Prepared following the procedure A followed by procedure B
F

cis-5-(4-chlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ac) and trans-5-(4-
chlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ac): Prepared following the
o 0 procedure A followed by procedure B and purified by column
&E Ph 4 %E}Ph chromatography using EtOAc/hexane and isolated as a yellow viscous liquid.
; dr = 1.3:1; IR (KBr): vmax 3062, 2955, 2853, 1687, 1492, 1455, 1179, 1089,

g Q; 1015, 832 and 701 cm’; 'H NMR (CDCls, 400 MHz) & 7.29-7.22 (5H, m),

99ac 100ac  713-7.08 (5H, m), 7.06-7.02 (4H, m), 7.01-6.99 (2H, m), 6.90-6.87 (2H, m),
4.36-4.29 (1H, m), 3.99 (1H, dd, J = 11.6,7.6 Hz), 3.93-3.88 (2H, m), 3.81 (1H, t, J = 10.0 Hz), 3.67-3.61
(2H, m), 3.59-3.49 (2H, m), 3.42 (1H, d, J = 10.0 Hz), 2.99-2.86 (3H, m), 2.84-2.69 (3H, m); *C NMR
(CDCls, DEPT-135) 6 171.3 (C, C=0), 170.4 (C, C=0), 138.9 (C), 137.6 (C), 134.7 (C), 133.9 (C), 133.4
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(C), 133.1 (C), 129.0 (2 x CH), 128.8 (2 x CH), 128.7 (4 x CH), 128.6 (2 x CH), 128.0 (2 x CH), 127.9 (2
x CH), 127.6 (2 x CH), 127.5 (CH), 126.9 (CH), 77.4 (CH), 73.6 (CH), 57.0 (CH), 52.9 (CH), 48.4 (CH>),
47.9 (CHy), 47.88 (CH2), 47.1 (CHy), 33.22 (CHy), 32.24 (CHz); LCMS m/z 312.15 (M"), calcd. for
Ci1sH17CIN20 312.1029; Anal. Calcd. for CigH17CIN2O (312.1029): C, 69.12; H, 5.48; N, 11.33. Found:
C, 69.25; H, 5.42, N, 8.89%.
cis-5-(2-chlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ad) and trans-5-(2-
chlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one
O%N . %N}Ph (100ad): Prepared following the procedure A followed by procedure B and
N ' N / purified by column chromatography using EtOAc/hexane and isolated as a
C% C'@ gummy liquid; dr = 1.3:1; IR (KBr): vmax 3063, 3029, 2954, 2927, 2896, 1693,
65ad 100 1493, 1472, 1455, 1442, 1421, 1353, 1272, 1205, 1179, 1131, 1087, 1034, 756,
701, 597 and 552 cm*; *H NMR (CDCls, 400 MHz) & 7.73 (1H, d, J = 8.0 Hz), 7.33 (1H, dt, J = 8.0, 1.6
Hz), 7.25-7.21 (3H, m), 7.18 (2H, d, J = 8.0 Hz), 7.10-6.95 (10H, m), 6.90 (1H, dt, J = 7.6, 0.8 Hz), 4.39
(1H, dd, J = 11.6, 8.0 Hz), 4.29-4.22 (2H, m), 4.19 (1H, d, J = 9.6 Hz), 4.04 (1H, dd, J = 11.6,7.6 Hz),
3.85 (1H, t, J = 10.0 Hz), 3.72 (1H, q, J = 9.6 Hz), 3.67-3.57 (2H, m), 3.49-3.41 (1H, m), 3.03-2.72 (6H,
m); *C NMR (CDCl;, DEPT-135) § 172.6 (C, C=0), 171.2 (C, C=0), 139.3 (C), 137.4 (C), 134.6 (C),
133.6 (C), 133.1 (C), 132.8 (C), 129.4 (CH), 129.0 (CH), 128.8 (CH), 128.7 (2 x CH), 128.6 (2 x CH),
128.2 (2 x CH), 128.1 (CH), 127.6 (2 x CH), 127.5 (2 x CH), 127.4 (CH), 127.2 (CH), 126.7 (CH), 126.1
(CH), 72.1 (CH), 70.8 (CH), 56.6 (CH), 49.6 (CH), 48.3 (CH,), 48.2 (CHy), 47.9 (CH>), 46.4 (CH,), 32.6
(CH), 31.8 (CH2); LCMS m/z 312.00 (M%), calcd. for CisH1;CIN,O 312.1029; Anal. Calcd. for
C1sH17CIN2O (312.1029): C, 69.12; H, 5.48; N, 11.33. Found: C, 69.06; H, 5.56, N, 9.02%.
cis-5-(4-bromophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ae) and trans-5-(4-
o o bromophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-
&N %N}Ph one (100ae): Prepared following the procedure A followed by
N / procedure B and purified by column chromatography using
Q EtOAc/hexane and isolated as off white semi-solid. dr = 1.4:1; IR
(Neat): vmax 3062, 3029, 2954, 2896, 2838, 1681, 1488, 1455, 1408,
1352, 1243, 1207, 1179, 1128, 1087, 1071, 1010, 823, 757, 700, 548
and 513 cm™; *H NMR (CDCls, 500 MHz) & 7.39 (2H, d, J = 8.5 Hz),
7.28-7.23 (4H, m), 7.19 (2H, d, J = 8.5 Hz), 7.11-7.10 (2H, m), 7.06-6.99 (6H, m), 6.83 (2H, d, J = 8.5
Hz), 4.34-4.30 (1H, m), 3.99 (1H, dd, J = 11.5, 7.5 Hz), 3.93-3.89 (2H, m), 3.81 (1H, t, J = 11.5 Hz),
3.66-3.49 (4H, m), 3.41 (1H, d, J = 10.0 Hz), 2.98-2.74 (6H, m); 3C NMR (CDCls, DEPT-135) 5 171.4
(C, C=0), 170.5 (C, C=0), 138.8 (C), 137.6 (C), 135.3 (C), 134.0 (C), 131.6 (2 x CH), 130.9 (2 x CH),

Br Br

99ae 100ae
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129.3 (2 x CH), 129.0 (2 x CH), 128.7 (2 x CH), 128.6 (2 x CH), 127.9 (2 x CH), 127.6 (2 x CH), 127.5
(CH), 126.9 (CH), 122.1 (C), 121.2 (C), 77.4 (CH), 73.6 (CH), 57.0 (CH), 52.8 (CH), 48.4 (CH), 48.0
(CHy), 47.9 (CHy), 47.0 (CH,), 33.1 (CHy), 32.2 (CH2); HRMS m/z 357.0603 (M + H*), calcd for
CisH17BrN,OH 357.0603.
cis-(2-bromophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99af) and trans-(2-
o o bromophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one
&N &N}Ph (100af): Prepared following the procedure A followed by procedure B
/ and purified by column chromatography using EtOAc/hexane and
@ isolated as a viscous oil. dr = 1.4:1; IR (KBr): vmax 3062, 3029, 2955,
2895, 1688, 1493, 1468, 1439, 1422, 1353, 1272, 1206, 1087, 1026, 757
and 701 cm?; *H NMR (CDCls, 500 MHz) & 7.72 (1H, d, J = 7.0 Hz),
7.40 (1H, dt, J = 8.0, 1.0 Hz,), 7.37 (2H, dd, J = 8.0, 1.0 Hz), 7.25-7.19 (3H,m), 7.14-6.99 (9H, m), 6.95-
6.88 (2H, m), 4.39 (1H, dd, J = 11.5, 9.0 Hz), 4.32-4.28 (1H, m), 4.20 (1H, d, J = 7.0 Hz), 4.17 (1H, d, J
= 9.5 Hz), 4.05 (1H, dd, J = 9.5, 7.0 Hz), 3.84 (1H, t, J = 10.5 Hz), 3.71 (1H, q, J = 9.5 Hz), 3.65-3.59
(2H, m), 3.48-3.40 (1H, m), 3.01 (1H, ddd, J = 11.5, 9.5, 7.0 Hz), 2.94-2.85 (2H, m), 2.84-2.72 (3H, m);
13C NMR (CDCls, DEPT-135) 5 173.1 (C, C=0), 171.4 (C, C=0), 139.3 (C), 137.4 (C), 135.3 (C), 134.6
(C), 132.7 (CH), 132.1 (CH), 129.4 (CH), 129.3 (CH), 129.1 (CH), 128.6 (2 x CH), 128.5 (CH), 128.3 (2
x CH), 127.8 (CH), 127.6 (2 x CH), 127.57 (2 x CH), 127.4 (CH), 126.7 (CH), 126.6 (CH), 125.2 (C),
123.3 (C), 74.4 (CH), 72.9 (CH), 56.9 (CH), 49.5 (CH), 48.4 (CH>), 48.2 (CH,), 47.7 (CH>), 46.0 (CH,),
32.5 (CHy), 31.6 (CH); HRMS m/z 357.0606 (M + H"), calcd for C1sH17BrN,OH 357.0603.

99af 100af

cis-5-(2,4-dichlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ag) and trans-5-
(2,4-dichlorophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ag):

o) Prepared following the procedure A followed by procedure B and

&E Ph . %\:E}ph purified by column chromatography using EtOAc/hexane and isolated as

cl = CI a white semi-solid. dr = 1.3:1; IR (KBr): vmax 3029, 2955, 1690, 1472,

Q 1352, 1098, 757 and 701 cm™*; *H NMR (CDCls, 400 MHz) § 7.69 (1H,

cl cl d,J=8.4Hz), 7.32 (1H, dd, J = 8.4, 2.0 Hz), 7.28-7.23 (4H, m), 7.21

99ag 100ag (1, d, J = 2.4 Hz), 7.09-7.02 (8H, m), 6.90 (1H, dd, J = 8.4, 2.0 Hz),

4.40 (1H, dd, J = 11.6, 8.4 Hz), 4.22 (1H, dt, J = 8.4, 2.8 Hz), 4.18 (1H, d, J = 7.2 Hz), 4.11 (1H, d, J =

9.6 Hz), 4.04 (1H, dd, J = 11.6, 7.6 Hz), 3.84 (1H, t, J = 11.6 Hz), 3.69-3.57 (3H, m), 3.49-3.42 (1H, m),

3.00-2.96 (1H, m), 2.94-2.84 (2H, m), 2.83-2.71 (3H, m); *C NMR (CDCls;, DEPT-135) & 172.6 (C,

C=0), 171.5 (C, C=0), 139.2 (C), 137.2 (C), 135.3 (C), 134.3 (C), 133.6 (C), 133.4 (C), 132.6 (C), 132.1

(C), 129.8 (CH), 129.7 (CH), 129.3 (CH), 128.8 (CH), 128.79 (2 x CH), 128.3 (2 x CH), 128.0 (2 x CH),
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127.8 (CH), 127.7 (CH), 127.5 (2 x CH), 127.0 (CH), 126.5 (CH), 72.0 (CH), 70.5 (CH), 57.0 (CH), 49.8
(CH), 48.41 (CHy), 48.4 (CH2), 47.9 (CHy>), 46.5 (CH), 32.5 (CH), 31.9 (CH); LCMS m/z 345.85 (M%),
calcd. for C1sH16CI2N20 346.0640; Anal. calcd. for C1gH16CIN2O (346.0640): C, 62.26; H, 4.64; N, 8.07.
Found: C, 62.35; H, 4.58; N, 8.15%.
cis-6-phenyl-5-(p-tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ah) and cis-6-phenyl-5-(p-
tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ah): Prepared following the procedure A
0 0 followed by procedure B and purified by column chromatography using
%’F Ph . %:E}—Ph EtOAc/hexane and isolated as a viscous liquid. dr = 1:1; IR (KBr): Vmax
; 2923, 2853, 1693, 1674, 1515, 1455, 1351, 1180, 1088, 1032, 820, 758,
o Q;e 700, 548 and 514 cm; *H NMR (CDCls, 400 MHz) & 7.26-7.24 (3H, m),
99ah 100an  7-09-7.03 (11H, m), 6.88-6.81 (4H, m), 4.31 (1H, s), 3.98-3.81 (4H, m),
3.67 (2H, d, J = 9.5 Hz), 3.57-3.41 (3H, m), 2.99-2.73 (6H, m), 2.31 (3H, s, Ph-CHs), 2.19 (3H, s, Ph-
CHjs); °C NMR (CDCls, DEPT-135) 5 171.4 (C, C=0), 170.4 (C, C=0), 139.4 (C), 138.2 (C), 138.0 (C),
137.0 (C), 132.9 (C), 131.6 (C), 129.2 (2 x CH), 128.8 (2 x CH), 128.7 (2 x CH), 128.5 (2 x CH), 127.75
(2 x CH), 127.7 (2 x CH), 127.66 (2 x CH), 127.4 (2 x CH), 127.38 (CH), 126.7 (CH), 78.0 (CH), 74.3
(CH), 56.6 (CH), 53.0 (CH), 48.6 (CH), 48.0 (CHz), 47.99 (CH), 47.1 (CH.), 33.4 (CH>), 32.3 (CHy>),
21.1 (CHa), 20.9 (CH3); LCMS m/z 293.15 (M+H"), calcd. for Ci9H20N,OH 293.1654; Anal. Calcd. for
C19H20N-0 (292.1576): C, 78.05; H, 6.89; N, 9.58. Found: C, 78.12; H, 6.83; N, 9.65%.
cis-6-phenyl-5-(o-tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ai) and trans-6-phenyl-5-(o-

o o tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ai):
&E Ph &E}_Ph Prepared following the procedure A followed by procedure B and
Me  + = Me purified by column chromatography using EtOAc/hexane and isolated

@ as a semi-solid. dr = 1.3:1; IR (Neat): vmax 2953, 1698, 1492, 1456,

99ai 100ai 1357, 1085, 759, 702 and 555 cm*; *H NMR (CDCls;, 500 MHz) &

7.67 (2H, d, J = 8.0 Hz), 7.26-7.21 (4H, m), 7.14 (1H, dt, J = 7.5, 1.5 Hz), 7.06-7.01 (6H, m), 6.98 (2H, d,
J=6.5Hz), 6.94 (1H, dt, J = 8.5, 1.5 Hz), 6.84 (2H, t, J = 7.0 Hz), 4.40-4.36 (1H, m), 4.10-4.02 (3H, m),
3.83 (1H, dd, J = 11.2, 9.5 Hz), 3.73 (1H, d, J = 10.0 Hz), 3.69-3.59 (3H, m), 3.49-3.44 (1H, m), 2.87-
2.70 (6H, m), 2.31 (3H, s, Ph-CHa), 1.64 (3H, s, Ph-CHs); 3C NMR (CDCls, DEPT-135) 5 171.8 (C,
C=0), 171.0 (C, C=0), 139.5 (C), 138.1 (C), 136.9 (C), 135.0 (C), 134.3 (C), 133.2 (C), 130.2 (CH),
129.7 (CH), 128.7 (2 x CH), 128.3 (2 x CH), 127.6 (2 x CH), 127.5 (CH), 127.5 (2 x CH), 127.4 (CH),
127.2 (CH), 126.9 (CH), 126.8 (CH), 126.6 (CH), 126.4 (CH), 125.2 (CH), 74.06 (CH), 71.1 (CH), 57.3
(CH), 50.1 (CH), 48.3 (CHy), 48.1 (CH,), 47.7 (CHy), 46.8 (CHy), 32.8 (CH,), 32.2 (CHy), 19.3 (CHa),
18.9 (CHs); HRMS m/z 293.1654 (M + H*), calcd for C1oH20N20H 293.1654.
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cis-5-(4-nitrophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99aj) and trans-5-(4-
nitrophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100aj): Prepared following the
o o procedure A followed by procedure B and purified by column
&N Ph &E}ph chromatography using EtOAc/hexane and isolated as a viscous liquid. dr =
* P 1:1.5; IR (Neat): vmax 2957, 2925, 2854, 1711, 1688, 1601, 1522, 1455, 1345,
Q 1287, 1124, 1073, 857, 772, 700 and 548 cm™; *H NMR (CDCls;, 500 MHz)
99:02 1:;; 5 8.13 (2H, d, J =9.0 Hz), 7.92 (2H, d, J = 9.0 Hz), 7.34-7.25 (4H, m), 7.18
(2H, d, J = 8.5 Hz), 7.11-7.04 (6H, m), 7.00 (2H, dd, J = 7.5, 2.5 Hz), 4.38 (1H, dd, J = 12.0, 8.5 Hz),
4.08 (1H, d, J = 7.0 Hz), 4.03-4.00 (2H, m), 3.84 (1H, dd, J = 11.3, 8.3 Hz), 3.68-3.56 (5H, m), 3.00-2.74
(6H, m); 3C NMR (CDCls, DEPT-135) § 171.3 (C, C=0), 170.7 (C, C=0), 147.8 (C), 147.0 (C), 143.9
(C), 142.9 (C), 138.3 (C), 137.1 (C), 129.0 (2 x CH), 128.6 (2 x CH), 128.5 (2 x CH), 128.1 (2 x CH),
128.09 (2 x CH), 127.9 (CH), 127.6 (2 x CH), 127.2 (CH), 123.7 (2 x CH), 123.0 (2 x CH), 77.2 (CH),
73.4 (CH), 57.5 (CH), 53.1 (CH), 48.5 (CH,), 48.1 (CH>), 48.0 (CHy), 47.4 (CH,), 33.0 (CH>), 32.3 (CHy);
LCMS m/z 324.50 (M+H*), calcd. for C1gH17N3OsH 324.1348; Anal. Calcd. for C1sH17N3O3 (323.1270):
C, 66.86; H, 5.30; N, 13.00. Found: C, 66.75; H, 5.34; N, 13.05%.
cis-5-0xo0-2-phenylhexahydropyrazolo[1,2-a]pyrazol-1-yl)benzonitrile (99ak) and trans-5-oxo-2-
phenylhexahydropyrazolo[1,2-a]pyrazol-1-yl)benzonitrile (100ak): Prepared following the procedure
o o A followed by procedure B and purified by column chromatography
&N o &E}Ph using EtOAc/hexane and isolated as a light yellow semi-solid. dr =
A 1:1; IR (Neat): 3062, 2956, 2929, 2898, 2850, 2227, 1668, 1608,
Q 1497, 1455, 1416, 1354, 1208, 1179, 1129, 1088, 1031, 832, 753, 702,
eN ty 666, 601 and 559 cm™; *H NMR (CDCls, 400 MHz) 6 7.57 (2H, d, J =
99ak 100ak 7.2 Hz), 7.36 (2H, d, J = 7.2 Hz), 7.29-7.26 (6H, m), 7.12-6.99 (8H,
m), 4.36 (1H, t, J = 10.0 Hz), 4.03-3.98 (3H, m), 3.82 (1H, t, J = 11.2 Hz), 3.66-3.50 (5H, m), 2.97-2.76
(6H, m); 3C NMR (CDCls, DEPT-135) § 171.4 (C, C=0), 170.7 (C, C=0), 141.8 (C), 140.8 (C), 138.3
(C), 137.1 (C), 132.2 (2 x CH), 131.4 (2 x CH), 128.8 (2 x CH), 128.4 (2 x CH), 128.2 (2 x CH), 127.9 (2
x CH), 127.86 (2 x CH), 127.7 (CH), 127.5 (2 x CH), 127.0 (CH), 118.4 (C, CN), 118.3 (C, CN), 111.8
(C), 110.9 (C), 77.2 (CH), 73.3 (CH), 57.2 (CH), 52.9 (CH), 48.2 (CH,), 47.9 (2 x CH,), 47.0 (CH,), 32.8
(CHy), 32.0 (CH,); HRMS m/z 304.1454 (M + H*), calcd for C19H17NsOH 304.1450.

+
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cis-6-phenyl-5-(4-(trifluoromethyl)phenyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99al):
Prepared following the procedure A followed by procedure B and purified by column chromatography
o using EtOAc/hexane and isolated as off white solid. Mp 110-112 °C; dr = 9:1; IR (Neat):
%m pn 3064, 3031, 2961, 2899, 2837, 1683, 1619, 1419, 1321, 1162, 1118, 1066, 1018, 832, 752,
701, 607 and 548 cm; 'H NMR (CDCls, 500 MHz) & 7.33 (2H, d, J = 8.5 Hz), 7.10-7.08
(5H, m), 6.99-6.98 (2H, m), 4.35 (1H, dd, J = 12.0, 8.5 Hz), 4.00 (1H, dd, J = 7.0 Hz), 3.98-
99a|CF3 3.94 (1H, m), 3.68 (1H, dd, J = 12.0, 2.0 Hz), 3.63-3.59 (1H, m), 2.97-2.87 (2H, m), 2.78-
2.71 (1H, m); ¥*C NMR (CDCl;, DEPT-135) & 170.8 (C, C=0), 139.3 (C), 138.6 (C), 129.5 (C, q, J =
32.5 Hz), 128.6 (2 x CH), 128.03 (2 x CH), 127.9 (2 x CH), 127.0 (CH), 124.7 (2 x CH, q, J = 3.7 Hz),
123.8 (C, g, J = 270.0 Hz), 73.7 (CH), 53.0 (CH), 48.4 (CH,), 48.1 (CH,), 33.1 (CH,); LCMS m/z 347.25
(M+H"), calcd. for C19H17F3N,OH 347.1371; Anal. calcd. for C19H17F3N2O (346.1293): C, 65.89; H, 4.95;
N, 8.09. Found: C, 65.72; H, 4.89; N, 8.15%.
cis-5-(3-nitrophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99am) and trans-5-(3-
nitrophenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100am): Prepared following the

o) 0 procedure A followed by procedure B and purified by column
{\:E Ph %\im}_ph chromatography using EtOAc/hexane and isolated as a viscous
+ B liquid. dr = 1.2:1; IR (Neat): vma 3031, 2960, 2929, 2898,

NO, No, 2853,1679, 1527, 1455, 1421, 1346, 1209, 1094, 912, 836, 809,

99am 100am 770, 754, 707, 682, 600 and 551 cm™; For compound 99am: H

NMR (CDCls, 400 MHz) 6 7.93 (1H, qd, J = 8.0, 1.2 Hz), 7.87 (1H, t, J = 2.0 Hz), 7.32-7.30 (1H, m),
7.27-7.23 (1H, m), 7.12-7.00 (5H, m), 4.39 (1H, dd, J = 12.0, 8.8 Hz), 4.07 (1H, d, J = 7.2 Hz), 4.02-3.98
(1H, m), 3.71-3.62 (2H, m), 3.00-2.89 (2H, m), 2.81-2.73 (1H, m); *C NMR (CDCls;, DEPT-135) § 170.9
(C, C=0), 147.7 (C), 138.4 (C), 137.6 (C), 133.8 (CH), 128.8 (CH), 128.6 (2 x CH), 128.1 (2 x CH),
127.3 (CH), 122.8 (CH), 122.5 (CH), 73.2 (CH), 53.1 (CH), 48.4 (CH.), 48.0 (CH>), 33.0 (CH); For
compound 100am: *H NMR (CDCls, 400 MHz) & 8.16-8.13 (2H, m), 7.48-7.40 (2H, m), 7.30-7.27 (3H,
m), 7.07-7.05 (2H, m), 4.03 (1H, dd, J = 11.6, 7.6 Hz), 3.86 (1H, t, J = 9.6 Hz), 3.68-3.56 (3H, m), 3.02-
2.95 (1H, m), 2.88-2.81 (2H, m); **C NMR (CDCl;, DEPT-135) & 171.4 (C, C=0), 148.5 (C), 138.8 (C),
137.2 (C), 133.7 (CH), 129.5 (CH), 129.0 (2 x CH), 128.0 (CH), 127.6 (2 x CH), 123.3 (CH), 122.2 (CH),
77.2 (CH), 57.5 (CH), 48.1 (CHy), 47.3 (CH,), 32.2 (CH2); HRMS m/z 324.1347 (M + H"), calcd for
CisH17N3OsH 324.1348.
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cis-5-(4-methoxyphenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99an) and trans-5-
(4-methoxyphenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100an): Prepared

(0] (0]
| Ph |
N

+

following the procedure A followed by procedure B and purified by
}Ph column chromatography using EtOAc/hexane and isolated as a
N 3 colourless gummy liquid. dr = 1:2.5; IR (KBr): vmax 2956, 2925, 2854,
Q 1695, 1613, 1514, 1463, 1365, 1245, 1175, 1032, 834, 759, 701 and
HMe bue 551 cm™; *H NMR (CDCls, 400 MHz) 3 7.28-7.20 (3H, m), 7.14-7.10
99an 100an (4H, m), 7.08-7.07 (3H, m), 7.02-7.00 (2H, m), 6.85-6.79 (4H, m),
6.62-6.59 (2H, m), 4.35-4.27 (1H, m), 4.01-3.96 (1H, m), 3.89-3.79 (2H, m), 3.77 (3H, s), 3.69 (3H, s),
3.66-3.62 (1H, m), 3.57-3.48 (4H, m), 3.38 (1H, d, J = 10.0 Hz), 3.01-2.94 (1H, m), 2.93-2.84 (2H, m),
2.82-2.77 (2H, m), 2.75-2.68 (1H, m); 3C NMR (CDCls, DEPT-135) § 171.3 (C, C=0), 170.3 (C, C=0),
159.5 (C), 158.8 (C), 139.4 (C), 138.2 (C), 128.9 (2 x CH), 128.8 (2 x CH), 128.7 (2 x CH), 128.67 (2 X
CH), 127.82 (C), 127.81 (CH), 127.7 (2 x CH), 127.4 (2 x CH), 126.7 (CH), 126.6 (C), 113.9 (2 x CH),
113.2 (2 x CH), 77.8 (CH), 74.0 (CH), 56.7 (CH), 55.1 (CHs3), 55.0 (CH), 53.0 (CHs), 48.6 (CHy), 47.9
(CH,), 47.87 (CH)), 47.1 (CH,), 33.5 (CHy), 32.4 (CHy); LCMS m/z 307.15 (M-H*), calcd. for
C19H19N20, 307.1452; Anal. calcd. for C19H2N20; (308.1525): C, 74.00; H, 6.54; N, 9.08. Found: C,
74.17; H, 5.51; N, 9.18%.
cis-5-(2-methoxyphenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99a0) and trans-5-
(2-methoxyphenyl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100a0): Prepared
0 0 following the procedure A followed by procedure B and purified by
&E Ph &E}_Ph column chromatography using EtOAc/hexane and isolated as a
+ B viscous liquid. dr = 1.8:1; IR (Neat): 3062, 3029, 2954, 2896, 2836,
% Meo© 1698, 1681, 1602, 1587, 1493, 1462, 1354, 1286, 1244, 1087, 1050,
99a0 100a0 1027, 756, 702 and 555 cm*; *H NMR (CDCls, 400 MHz) & 7.59 (2H,
dd, J = 7.6, 1.6 Hz), 7.26-7.18 (4H, m), 7.11-7.09 (2H, m), 7.04-6.99 (6H, m), 6.73 (2H, d, J = 8.4 Hz),
6.66-6.62 (2H, m), 4.37 (1H, dd, J = 12.0, 8.4 Hz), 4.19 (1H, d, J = 7.2 Hz), 4.17-4.11 (2H, m), 3.97 (1H,
dd, J=11.6, 7.6 Hz), 3.83 (1H, d, J = 9.6 Hz), 3.80 (3H, s), 3.72-3.62 (2H, m), 3.52 (1H, dd, J = 12.0, 2.8
Hz), 3.48-3.43 (1H, m), 3.32 (3H, s), 3.03-2.70 (6H, m); 3C NMR (CDCls, DEPT-135) § 172.0 (C, C=0),
171.3 (C, C=0), 157.9 (C), 156.4 (C), 140.2 (C), 138.8 (C), 129.0 (CH), 128.5 (2 x CH), 128.4 (2 x CH),
128.0 (CH), 127.7 (CH), 127.64 (CH), 127.6 (2 x CH), 127.5 (2 x CH), 127.1 (CH), 126.5 (CH), 124.5
(C), 123.9 (C), 120.9 (CH), 119.8 (CH), 110.8 (CH), 109.3 (CH), 69.7 (CH), 68.7 (CH), 55.8 (CH), 55.0
(CH), 54.97 (CHj3), 50.0 (CHg), 48.35 (2 x CHy), 48.27 (CH), 46.9 (CH,), 32.8 (CH,), 32.3 (CH>); LCMS

MeO
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m/z 307.15 (M-H"), calcd for C19H19N202 307.1452; Anal. Calcd. for C19H20N20, (308.1525): C, 74.00;
H, 6.54; N, 9.08. Found: C, 74.12; H, 6.49; N, 9.15%.

cis-5-(furan-2-yl)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ap) and trans-5-(furan-2-
yD)-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ap): Prepared following the procedure A
o o followed by procedure B and purified by column chromatography using
%EN Ph &E}__Ph EtOAc/hexane and isolated as a white semi-solid. dr = 1:3.5; IR (Neat):

Mo * / o 3029, 2956, 2896, 1697, 1496, 1455, 1422, 1346, 1271, 1208, 1179, 1150,
= @ 1085, 1031, 1012, 757, 701, 599 and 543 cm?; 'H NMR (CDCls, 400
99ap 100ap

MHz) 6 7.43-7.42 (2H, m), 7.38 (1H, s), 7.31-7.14 (10H, m), 6.32 (1H,
dd, J=3.2, 1.6 Hz), 6.27 (1H, d, J = 3.2 Hz), 6.11 (1H, dd, J = 2.8, 1.6 Hz), 4.21-4.04 (2H, m), 3.91-3.89
(3H, m), 3.79-3.50 (4H, m), 3.25-3.13 (4H, m), 2.81-2.70 (3H, m); 3C NMR (CDCls;, DEPT-135) 6 172.1
(C, C=0),171.4 (C, C=0), 149.0 (C), 148.8 (C), 143.2 (2 x CH), 142.1 (CH), 138.6 (C), 138.2 (C), 128.8
(2 x CH), 128.2 (CH), 128.0 (CH), 127.4 (CH), 127.3 (2 x CH), 127.0 (CH), 110.4 (2 x CH), 110.1 (CH),
109.5 (2 x CH), 70.97 (CH), 70.17 (CH), 51.9 (CH), 50.8 (CH), 47.8 (CH>), 46.7 (CH), 32.7 (CH,), 31.8
(CH2); LCMS m/z 269.15 (M+H"), calcd for CisHigN2O2H 269.1290; Anal. Calcd. for CigHisN2O;
(268.1212): C, 71.62; H, 6.01; N, 10.44. Found: C, 71.52; H, 6.08; N, 10.36%.
trans-6-phenyl-5-((E)-styryl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100aq): Prepared
o following the procedure A followed by procedure B and purified by column
E:>._ph chromatography using EtOAc/hexane and isolated as a white semi-solid. dr = 1:12; IR
B (Neat): 3028, 2925, 2896, 2852, 1698, 1495, 1452, 1354, 1083, 1031, 970, 746, 699 and
1002 ), 544 cm™; 'H NMR (CDCls, 400 MHz) § 7.31-7.19 (10H, m), 6.37 (1H, d, J = 16.0 Hz),
6.08 (1H, dd, J = 16.0, 8.0 Hz), 3.94 (1H, dd, J = 11.6, 7.6 Hz), 3.76 (1H, t, J = 11.2 Hz), 3.64-3.56 (2H,
m), 3.12 (2H, td, J = 27.2, 8.8 Hz), 2.79 (2H, t, J = 8.0 Hz); **C NMR (CDCls, DEPT-135) & 172.1 (C,
C=0), 138.3 (C), 135.9 (C), 134.9 (CH), 128.8 (2 x CH), 128.5 (2 x CH), 128.1 (CH), 127.7 (2 x CH),
127.4 (CH), 126.4 (2 x CH), 124.6 (CH), 76.7 (CH), 54.2 (CH), 47.8 (CH), 46.5 (CHy), 31.9 (CH,);
HRMS m/z 305.1654 (M+H"), calcd for CxoH21N,OH 305.1654.
trans-5-isobutyl-6-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ar): Prepared following
o) the procedure A followed by procedure B and purified by column chromatography using
&E}_ph EtOAc/hexane and isolated as a colourless viscous liquid. dr = 1:11; IR (Neat): 3062,
B 3029, 2955, 2931, 2869, 1682, 1604, 1494, 1466, 1455, 1367, 1083, 766 and 703 cm™; H
1°°“"Y NMR (CDCls, 500 MHz) § 7.32-7.20 (5H, m), 4.19 (1H, dd, J = 11.5, 9.0 Hz), 3.74-3.63
(2H, m), 3.38 (1H, d, J = 10.0 Hz), 2.96-2.85 (2H, m), 2.81-2.70 (2H, m), 1.55-1.46 (1H, m), 1.02-0.93
(2H, m), 0.86 (3H, d, J = 6.5 Hz), 0.68 (3H, d, J = 6.5 Hz); *C NMR (CDCls;, DEPT-135) § 168.3 (C,
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C=0), 140.4 (C), 128.9 (2 x CH), 128.3 (2 x CH), 127.1 (CH), 68.8 (CH), 50.2 (CH), 50.2 (CH>), 48.3
(CH2), 36.3 (CHy), 34.1 (CHy), 24.8 (CH), 23.3 (CHj3), 22.3 (CHs); LCMS m/z 258.10 (M"), calcd for
CisH22N20 258.1732; Anal. calcd. for CigH22N2O (258.1732): C, 74.38; H, 8.58; N, 10.84. Found: C,
74.46; H, 8.52; N, 10.78%.
cis-6-(4-fluorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ba) and trans-6-(4-
fluorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ba): Prepared following the
o o procedure A followed by procedure B and purified by
&E:(\ <:> F {\jz:/\ <:> . column chromatography using EtOAc/hexane and isolated
B as off white solid. dr = 1.4:1; IR (Neat): 3063, 3034, 2955,
2838, 1679, 1604, 1510, 1454, 1422, 1351, 1224, 1161,
1101, 832, 765, 732, 701, 598 and 550 cm?; H NMR
(CDCls, 500 MHz) 6 7.29-7.27 (2H, m), 7.16-7.14 (2H, m), 7.10-7.09 (3H, m), 7.04-7.01 (2H, m), 6.99-
6.94 (7H, m), 6.78 (2H, t, J = 9.0 Hz), 4.33 (1H, dd, J =12.0, 8.0 Hz), 3.97-3.90 (3H, m), 3.83 (1H, t, J
=10.0 Hz), 3.68-3.59 (3H, m), 3.57-3.50 (1H, m), 3.38 (1H, d, J = 10.0 Hz), 3.01-2.84 (3H, m), 2.83-2.71
(3H, m); 3C NMR (CDCl;, DEPT-135) § 171.7 (C, C=0), 170.8 (C, C=0), 162.0 (C, d, J = 243.7 Hz, C-
F), 161.6 (C, d, J = 243.7 Hz, C-F), 135.9 (C), 135.1 (C, d, J = 3.7 Hz), 134.7 (C), 133.8 (C, d, J = 3.7
Hz), 130.2 (2 x CH, d, J =8.7 Hz), 129.2 (2 x CH, d, J = 8.7 Hz), 128.6 (2 x CH), 128.3 (CH), 128.0 (2 x
CH), 127.6 (2 x CH), 127.58 (2 x CH), 127.46 (CH), 115.6 (2 x CH, d, J =21.2 Hz), 1145 (2x CH, d, J
= 22.5 Hz), 78.2 (CH), 74.1 (CH), 56.2 (CH), 52.4 (CH), 48.4 (CH>), 48.2 (CH>), 48.0 (CHy), 47.0 (CH>),
33.2 (CHy), 32.2 (CHy); LCMS m/z 295.20 (M-H"), calcd for CisHi6FN2O 295.1252; Anal. calcd. for
CisH17FN20O (296.1325): C, 72.95; H, 5.78; N, 9.45. Found: C, 72.85; H, 5.72; N, 9.38%.
cis-6-(4-bromophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ca) and trans-6-(4-
bromophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ca): Prepared following the
o o procedure A followed by procedure B and purified by
&E}OBF . &E}‘@Br column chromatography using EtOAc/hexane and isolated
L B as an off white semi-solid. dr = 1:1; IR (KBr): vmax 3029,
2954, 2896, 2838, 1677, 1489, 1454, 1352, 1207, 1128,
1010, 820, 750, 725, 701 and 547 cm™; *H NMR (CDCls,
400 MHz) 6 7.38 (2H, d, J = 8.4 Hz), 7.30-7.27 (3H, m), 7.21 (2H, d, J = 8.4 Hz), 7.18-7.14 (2H, m),
7.11-7.08 (3H, m), 6.96-6.88 (6H, m), 4.32 (1H, dd, J = 12.0, 8.4 Hz), 3.97-3.93 (2H, m), 3.88 (1H, dt, J
= 8.8, 2.4 Hz), 3.82 (1H, t, J = 9.6 Hz), 3.66-3.55 (3H, m), 3.54-3.49 (1H, m), 3.37 (1H, d, J = 9.6 Hz),
3.02-2.87 (3H, m), 2.84-2.69 (3H, m); *C NMR (CDCls, DEPT-135) § 171.8 (C, C=0), 170.7 (C, C=0),
138.4 (C), 137.1 (C), 135.7 (C), 134.4 (C), 131.8 (2 x CH), 130.8 (2 x CH), 130.4 (2 x CH), 129.4 (2 x

99ca 100ca
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CH), 128.6 (2 x CH), 128.4 (CH), 128.0 (2 x CH), 127.6 (CH), 127.5 (2 x CH), 127.4 (2 x CH), 121.3
(C), 120.7 (C), 78.1 (CH), 73.9 (CH), 56.3 (CH), 52.5 (CH), 48.4 (CH>), 48.0 (CH), 47.7 (CH.), 46.9
(CH2), 33.2 (CHy), 33.13 (CHy); LCMS m/z 357.95 (M+H"), calcd for CigH17BrN.OH 357.0603; Anal.
calcd. for C1sH17BrN2O (356.0524): C, 60.52; H, 4.80; N, 7.84. Found: C, 60.42; H, 4.86; N, 7.78%.
cis-6-(2-chlorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99da) and trans-6-(2-
chlorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100da): Prepared following the
o o cl procedure A followed by procedure B and purified by column
&E:}_@ \ &E}_@ chromatography using EtOAc/hexane and isolated as a light
B yellow viscous oil. dr = 1:1; IR (KBr): vmax 3062, 2974, 2897,
2838, 1680, 1478, 1454, 1422, 1351, 1206, 1180, 1127, 1042,
753, 734, 701 and 557 cm?; 'H NMR (CDCls, 400 MHz)
7.53 (1H, d, J = 7.6 Hz), 7.33 (1H, d, J = 7.2 Hz), 7.27-7.11 (9H, m), 7.08-7.00 (7H, m), 4.70-4.65 (1H,
m), 4.37-4.30 (2H, m), 4.02 (1H, d, J = 7.2 Hz), 3.94-3.85 (2H, m), 3.62-3.49 (4H, m), 3.06-2.86 (3H, m),
2.83-2.71 (3H, m); **C NMR (CDCl;, DEPT-135) § 171.8 (C, C=0), 171.0 (C, C=0), 136.9 (C), 135.8
(C), 135.7 (C), 134.2 (C), 134.17 (C), 134.0 (C), 129.9 (CH), 129.8 (CH), 128.6 (CH), 128.5 (2 x CH),
128.46 (CH), 128.3 (CH), 128.0 (CH), 127.9 (2 x CH), 127.5 (6 x CH), 127.3 (CH), 126.4 (CH), 76.4
(CH), 73.5 (CH), 52.3 (CH), 48.2 (CH>), 47.9 (CH.), 47.5 (CH), 47.5 (CH), 46.7 (CH.), 33.1 (CH,), 32.1
(CH2); LCMS m/z 312.00 (M"), calcd for CisHi7CIN,O 312.1029; Anal. calcd. for CigH17CIN2O
(312.1029): C, 69.12; H, 5.48; N, 8.96. Found: C, 69.23; H, 5.42; N, 8.89%.
cis-6-(3-chlorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ea) and trans-6-(3-

99da 100da

chlorophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ea): Prepared following the
o o procedure A followed by procedure B and purified by
%EN &N}_@ column chromatography using EtOAc/hexane and isolated as
K‘Q‘C} * N ! a semi-solid. dr = 1.2:1; IR (KBr): vmax 3062, 3029, 2954,
2925, 2852, 1677, 1597, 1572, 1454, 1433, 1422, 1349,

1206, 1179, 1083, 1031, 785, 754, 699 and 531 cm?; H

NMR (CDCls, 400 MHz) & 7.29-7.27 (3H, m), 7.21-7.16 (4H, m), 7.10-7.01 (6H, m), 6.99-6.93 (4H, m),
6.86 (1H, d, J=7.6 Hz), 4.33 (1H, dd, J = 11.6, 8.8 Hz), 3.96 (1H, d, J = 7.2 Hz), 3.93-3.86 (2H, m), 3.82
(1H, t, J = 11.2 Hz), 3.68-3.58 (3H, m), 3.55-3.49 (1H, m), 3.42 (1H, d, J = 9.6 Hz), 3.03-2.88 (3H, m),
2.82-2.69 (3H, m); 3C NMR (CDCls, DEPT-135) & 171.7 (C, C=0), 170.9 (C, C=0), 141.4 (C), 140.2
(C), 135.7 (C), 134.5 (C), 134.4 (C), 133.6 (C), 130.0 (CH), 128.9 (CH), 128.8 (CH), 128.6 (2 x CH),
128.4 (CH), 128.0 (2 x CH), 127.8 (CH), 127.7 (CH), 127.6 (CH), 127.52 (2 x CH), 127.5 (2 x CH),
127.0 (CH), 126.8 (CH), 125.9 (CH), 77.9 (CH), 73.9 (CH), 56.5 (CH), 52.8 (CH), 48.2 (CHy), 47.9

99%ea 100ea
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(CHy), 47.8 (CH>), 46.9 (CH2), 33.1 (CH2), 32.1 (CH2); LCMS m/z 312.15 (M"), calcd for C1sH17CIN2O
312.1029; Anal. calcd. for C1sH17CIN2O (312.1029): C, 69.12; H, 5.48; N, 8.96. Found: C, 69.21; H, 5.42;
N, 8.89%.
cis-6-(2-nitrophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99fa) and trans-6-(2-
nitrophenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100fa): Prepared following the
o NO, o NO, procedure A followed by procedure B and purified by column
&N}@ . &w}@ chromatography using EtOAc/hexane and isolated as off white
" - " % solid. Mp 108-110 °C (6fa) and 140-144 °C (7fa); dr = 1.4:1;
99fa 100fa IR (Neat): vmax 3431, 2968, 2932, 1733, 1701, 1457, 1309,
1161, 1115, 1061, 1036, 965, 923, 770 and 654 cm™; For compound 99fa: *H NMR (CDCls, 400 MHz)
d7.73 (1H, d, J = 7.2 Hz), 7.53-7.50 (2H, m), 7.27-7.22 (1H, m), 7.10-7.04 (3H, m), 6.98 (2H, dd, J =
8.0, 1.2 Hz), 4.96 (1H, dt, J = 8.0, 2.8 Hz), 4.39 (1H, dd, J = 12.0, 8.8 Hz), 4.08 (1H, d, J = 7.2 Hz), 3.65-
3.58 (2H, m), 2.99-2.87 (2H, m), 2.81-2.75 (1H, m); **C NMR (CDCls, DEPT-135) § 171.4 (C, C=0),
149.6 (C), 134.1 (C), 133.9 (C), 132.3 (2 x CH), 130.7 (2 x CH), 128.0 (CH), 127.8 (CH), 127.75 (CH),
127.74 (CH), 123.9 (CH), 73.4 (CH), 48.3 (CHy), 48.2 (CH,), 46.0 (CH), 33.0 (CH.); For compound
100fa: *H NMR (CDCls, 400 MHz) & 7.67-7.59 (3H, m), 7.38 (1H, t, J = 7.4 Hz), 7.28 (3H, d, J = 5.2
Hz), 7.17-7.16 (2H, m), 4.38 (1H, dd, J = 17.2, 9.6 Hz), 4.02-3.88 (2H, m), 3.58 (1H, d, J = 9.6 Hz), 3.54-
3.49 (1H, m), 3.04 (1H, dd, J = 19.4, 8.4 Hz), 2.83-2.79 (2H, m); *C NMR (CDCls, DEPT-135) § 172.6
(C, C=0), 150.4 (C), 135.0 (C), 133.1 (CH), 132.9 (C), 128.8 (2 x CH), 128.77 (CH), 128.6 (CH), 128.2
(CH), 127.5 (2 x CH), 124.4 (CH), 77.3 (CH), 50.3 (CH), 48.6 (CH,), 46.3 (CH>), 31.7 (CH>); LCMS m/z
324.00 (M+H™"), calcd for CigH17N3O3H 324.1348; Anal. calcd. for C1sH17N3sO3 (323.1270): C, 66.86; H,
5.30; N, 13.00. Found: C, 66.72; H, 5.36; N, 13.15%.
cis-6-(4-methoxyphenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ga) and trans-6-
(4-methoxyphenyl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ga): Prepared
0 0 following the procedure A followed by procedure B and
&E:}OOMG . &E}OOM‘? purified by  column  chromatography  using
z EtOAc/hexane and isolated as a colourless liquid. dr =
1.3:1; IR (Neat): vmax 3032, 2954, 2901, 2836, 1677,
1611, 1513, 1455, 1422, 1353, 1303, 1247, 1180, 1114,
1032, 829, 766, 735, 701, 599 and 552 cm™; *H NMR (CDCls, 500 MHz) & 7.27 (3H, br s), 7.16 (2H, br
s), 7.08 (3H, br s), 6.98-6.91 (6H, m), 6.79 (2H, d, J = 8.0 Hz), 6.63 (2H, d, J = 8.0 Hz), 4.30 (1H, dd, J =
11.0, 8.0 Hz), 3.95-3.88 (3H, m), 3.81 (1H, t, J = 10.5 Hz), 3.76 (3H, s, OCHj3), 3.69 (3H, s, OCHy),
3.65-3.57 (3H, m), 3.54-3.49 (1H, m), 3.39 (1H, d, J = 9.5 Hz), 3.00-2.83 (3H, m), 2.81-2.69 (3H, m); 1*C

99ga 100ga
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NMR (CDCls, DEPT-135) 6 171.1 (C, C=0), 170.4 (C, C=0), 158.8 (C), 158.2 (C), 136.2 (C), 135.0 (C),
131.4 (C), 129.9 (C), 129.7 (2 x CH), 128.7 (2 x CH), 128.5 (2 x CH), 128.1 (CH), 127.8 (2 x CH), 127.7
(2x CH), 127.5 (2 x CH), 127.3 (CH), 114.0 (2 x CH), 113.1 (2 x CH), 78.2 (CH), 74.4 (CH), 56.1 (CH),
55.1 (CHs), 55.0 (CHa), 52.3 (CH), 48.7 (CHy), 48.2 (CHy), 48.0 (CH), 47.4 (CHy), 33.4 (CH,), 32.5
(CH2); LCMS m/z 307.15 (M-H*), caled for CigHi19N2O2 307.1452; Anal. calcd. for CigH20N20;
(308.1525): C, 74.00; H, 6.54; N, 9.08. Found: C, 74.16; H, 6.49; N, 9.15%.
cis-5-phenyl-6-(p-tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ha) and trans-5-phenyl-6-(p-
tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ha): Prepared following the procedure A
o o followed by procedure B and purified by column
&E}‘@Me . &E}_@Me chromatography using EtOAc/hexane and isolated as a
B yellow semi-solid. dr = 1.4:1; IR (KBr): vmax 2953,
2923, 2853, 1677, 1603, 1515, 1454, 1350, 1215, 1031,
814, 751, 699, 665, 598 and 549 cm*; *H NMR (CDCls,
500 MHz) & 7.28-7.26 (3H, m), 7.17-7.16 (2H, m), 7.09-7.06 (5H, m), 6.97-6.94 (4H, m), 6.89 (4H, br s),
4.31 (1H, dd, J = 11.5, 8.5 Hz), 3.98-3.88 (3H, m), 3.82 (1H, t, J = 11.0 Hz), 3.67-3.52 (3H, m), 3.51-3.47
(1H, m), 3.42 (1H, d, J = 9.5 Hz), 3.00-2.85 (3H, m), 2.83-2.70 (3H, m), 2.30 (3H, s, PhCH3), 2.21 (3H, s,
PhCHs); 3C NMR (CDCls, DEPT-135) 8 171.2 (C, C=0), 170.4 (C, C=0), 137.1 (C), 136.3 (C), 136.2 (2
x C), 135.02 (C), 135.0 (C), 129.4 (2 x CH), 128.6 (2 x CH), 128.5 (2 x CH), 128.46 (2 x CH), 128.2
(CH), 127.84 (2 x CH), 127.8 (2 x CH), 127.6 (2 x CH), 127.5 (2 x CH), 127.3 (CH), 78.2 (CH), 74.5
(CH), 56.5 (CH), 52.7 (CH), 48.7 (CH2), 48.1 (CHy), 48.0 (CH), 47.4 (CH), 33.5 (CH), 32.5 (CHy),
21.0 (CHs, PhCHs), 20.9 (CHs, PhCHs); LCMS m/z 293.10 (M+H*), calcd for C19H20N.OH 293.1654;
Anal. calcd. for C19H20N20 (292.1576): C, 78.05; H, 6.89; N, 9.58. Found: C, 78.15; H, 6.83; N, 9.49%.
cis-5-phenyl-6-(o-tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ia) and trans-5-phenyl-6-(o-

99%ha 100ha

tolyl)tetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ia): Prepared following the procedure A
o o Me followed by procedure B and purified by column chromatography
&EQ@ . &E}_@ using EtOAc/hexane and isolated as a semi-solid. dr = 2:1; IR
- . (KBr): vmax 3062, 3024, 2972, 2896, 2837, 1677, 1603, 1492,

1454, 1349, 1206, 1030, 852, 751, 730, 700, 665, 600, 560 and

458 cm™; 'H NMR (CDCls, 500 MHz) & 7.48 (1H, d, J = 8.0 Hz),

7.35 (1H, d, J = 8.0 Hz), 7.25-7.22 (2H, m), 7.18-7.15 (4H, m), 7.10-7.08 (2H, m), 7.05-6.98 (4H, m),
6.93 (2H, d, J = 7.5 Hz), 6.80 (2H, d, J = 7.5 Hz), 4.32-4.27 (2H, m), 4.04-3.99 (1H, m), 3.95-3.91 (2H,
m), 3.81 (1H, t, J = 10.5 Hz ), 3.68 (1H, d, J = 9.5 Hz ), 3.56-3.49 (2H, m), 3.46 (1H, d, J = 9.5Hz), 3.02-
2.71 (6H, m), 1.80 (3H, s, PhCHs), 1.74 (3H, s, PhCH3); 3C NMR (CDCls, DEPT-135) & 171.4 (C, C=0),

99ia 100ia
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170.3 (C, C=0), 137.5 (C), 136.5 (C), 136.2 (C), 136.0 (2 x C), 134.4 (C), 130.2 (CH), 129.4 (CH), 128.4
(2 x CH), 128.3 (CH), 128.1 (CH), 128.07 (2 x CH), 127.6 (2 x CH), 127.5 (2 x CH), 127.1 (CH), 126.9
(CH), 126.6 (CH), 126.58 (CH), 126.4 (CH), 125.6 (CH), 78.2 (CH), 74.2 (CH), 51.8 (CH), 48.5 (CH>),
48.2 (CHy), 48.18 (CH,), 47.3 (CH), 47.0 (CH>), 33.4 (CH,), 33.3 (CH>), 19.5 (CHs, PhCHs), 19.2 (CHs,
PhCH3); LCMS m/z 293.10 (M+H*), calcd for CigH20N,OH 293.1654; Anal. calcd. for CigHzoN20O
(292.1576): C, 78.05; H, 6.89; N, 9.58. Found: C, 78.16; H, 6.83; N, 9.49%.
cis-6-(naphthalen-2-yl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (99ja) and trans-6-
(naphthalen-2-yl)-5-phenyltetrahydropyrazolo[1,2-a]pyrazol-1(5H)-one (100ja): Prepared following
the procedure A followed by procedure B and purified by
& & }_' column chromatography using EtOAc/hexane and isolated
as a white semi-solid. dr = 1.2:1; IR (KBr): vmax 3056, 2955,
99ja 100ja 2895, 2838, 1679, 1454, 1358, 1216, 858, 819, 748, 700 and
479 cm™; 'H NMR (CDCls, 400 MHz) & 7.80-7.77 (2H, m), 7.72-7.66 (3H, m), 7.55 (1H, d, J = 8.4 Hz),
7.47-7.43 (4H, m), 7.38 (2H, t, J = 3.6 Hz), 7.25-7.21 (4H, m), 7.17-7.16 (3H, m), 6.98 (5H, br s), 4.39
(1H, t, J = 10.0 Hz), 4.12-4.09 (2H, m), 4.02 (1H, d, J = 6.4 Hz), 3.92-3.80 (2H, m), 3.75 (1H, d, J = 11.6
Hz), 3.67-3.52 (3H, m), 3.05-2.89 (3H, m), 2.86-2.72 (3H, m); *C NMR (CDCls, DEPT-135) § 171.5 (C,
C=0), 170.6 (C, C=0), 136.9 (C), 136.1 (C), 135.4 (C), 134.7 (C), 133.2 (C), 132.8 (C), 132.6 (C), 132.1
(C), 128.7 (CH), 128.6 (2 x CH), 128.2 (CH), 127.9 (2 x CH), 127.6 (4 x CH), 127.56 (CH), 127.5 (2 x
CH), 127.46 (CH), 127.4 (CH), 127.37 (CH), 127.3 (CH), 127.0 (CH), 126.9 (CH), 126.2 (CH), 125.9
(CH), 125.8 (CH), 125.5 (CH), 125.3 (CH), 78.0 (CH), 74.3 (CH), 57.1 (CH), 53.2 (CH), 48.6 (CHy),
48.2 (CHy), 48.0 (CHy), 47.2 (CH,), 33.4 (CHy), 32.4 (CH); LCMS m/z 329.35 (M+H*), calcd for
Ca2H2oN20H 329.1654; Anal. calcd. for C2;H2oN2O (328.1576): C, 80.46; H, 6.14; N, 8.53. Found: C,
80.32; H, 6.21; N, 8.46%.
cis-6,7-diphenyl-1,5-diazocan-2-one (10laa): Prepared following the procedure C and purified by

0 column chromatography using EtOAc/hexane and isolated as a colourless viscous liquid.
fL " IR (Neat): 3223, 3060, 3027, 2944, 2892, 1656, 1462 , 1398, 1301, 1219, 1180, 773, 700
O and 543 cm®; 'H NMR (CDCls, 500 MHz) & 7.18-7.05 (8H, m), 6.69-6.67 (2H, m), 6.11

Q (1H, s), 4.26 (1H, m), 3.97 (1H, d, J = 3.5 Hz), 3.37-3.24 (2H, m), 3.10 (1H, t, J = 12.5

Hz), 3.04-3.00 (1H, m), 2.87 (1H, td, J = 12.0, 4.0 Hz), 2.47 (1H, d, J = 6.0 Hz), 1.80

(1H, s); ®C NMR (CDCls, DEPT-135) § 177.4 (C, C=0), 143.0 (C), 138.3 (C), 129.2
(CH), 127.8 (2 x CH), 127.7 (2 x CH), 126.9 (CH), 126.5 (4 x CH), 64.2 (CH), 55.3 (CH), 48.7 (CH.),
45.5 (CH,), 38.5 (CH.); LCMS m/z 281.1681 (M+H?*), calcd for CisH0N:OH 281.1654.

101aa
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Methyl 3-(3,4-diphenyl-1H-pyrazol-1-yl)propanoate (103aa): Prepared following the procedure D and

purified by column chromatography using EtOAc/hexane and isolated as a

N O colourless liquid. IR (Neat): 2951, 1738, 1604, 1556, 1510, 1437, 1369, 1322,

g, N= 1262, 1204, 1178, 1102, 992, 961, 851, 770, 698, 576 and 517 cm™; 'H NMR

e O (CDCls, 400 MHz) 6 7.77 (1H, s), 7.46-7.44 (3H, m), 7.34-7.32 (2H, m), 7.22-7.12

(5H, m), 4.30 (2H, t, J = 7.2 Hz), 3.65 (3H, s, OCH3), 2.89 (2H, t, J = 7.2 Hz); 3C

NMR (CDCls, DEPT-135) 6 171.3 (C, C=0), 139.9 (C), 138.1 (CH), 132.8 (C), 130.2 (2 x CH), 130.16

(C), 128.99 (2 x CH), 128.96 (CH), 128.3 (2 x CH), 127.3 (2 x CH), 126.0 (CH), 121.0 (C), 51.9 (CHa),
44.7 (CHy), 34.2 (CHy); LCMS m/z 307.1508 (M+H™), calcd for C19H1sN2O2H 307.1447.

103aa

3. General experimental procedures for Catalytic Ynone-Amidine Formal [4+2]

Cycloaddition for the Regioselective Synthesis of Tricyclic Heterocycles

Procedure A: General procedure for formal [4+2]-Cycloaddition of ynones and amidines:
To an ordinary glass vial with inner cap, equipped with a magnetic stirring bar, containing a
solution of 0.3 mmol of ynone 56 in acetonitrile (1.5 mL), 0.03 mmol (10 mol%, 10.1 mg) of
Ca(OTf)2 69n was added under nitrogen atmosphere. The reaction mixture was capped and
stirred at 25 °C for 20 seconds followed by additions of 0.39 mmol (1.3 equiv.) of amidine 3
under a nitrogen flow. The reaction mixture was again capped and stirred at 40 °C till
completion. The progress of the reaction was monitored by running the TLC plate first in 1:9
(EtOAc:Hexane) solution to check the complete consumption of 56 and then running the same
TLC plate in 4:6 (EtOAc:Hexane) to view the product formation. After completion of the
reaction, the crude reaction mixture was diluted with chloroform and evaporated under reduced
pressure. The dry crude reaction mixture was further directly loaded on to a silica gel column by
dissolving in minimum amount of chloroform. The pure final product 105 was obtained by flash
chromatography using EtOAc and Hexane as eluents changing the eluent (EtOAc:Hexane) in
ratio 0:1, 1:9, 1.5:8.5, 2:8, 2.5:7.5 and 3:7. Owing to the nature of product sticking to silica gel,

the column was completed in a time frame of 20 minutes to get maximum yield of 105.
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Procedure B: General procedure for bromination and in situ dehydrobromination of
cycloadducts 105: In an ordinary glass vial equipped with a magnetic stirring bar, a solution of
0.16 mmol of 105 in dichloromethane (1 mL) was taken. The stirred reaction mixture was cooled
to 0 °C followed by dropwise addition of 0.0098 mL (0.19 mmol, 30.5 mg, 1.2 equiv.) of
bromine. The reaction mixture was stirred at 0 °C and monitored for completion by running the
spotted TLC plate in 3:7 (EtOAc:Hexane) solution. On completion, the reaction mixture was
quenched with saturated sodium thiosulfate solution followed by extraction of the aqueous layer
with dichloromethane (2 x 20 mL). The combined organic layers were dried over anhydrous
Na2S04, filtered and concentrated. Pure product 116 was obtained by gravity column

chromatography using EtOAc and Hexane mixture as eluent.

Procedure C: Procedure for synthesis of 188ce from 105ce: To an ordinary glass vial with
inner cap, equipped with a magnetic stirring bar, containing a solution of 0.2 mmol (77.8 mg) of
adduct 105ce in MeOH (1 mL), 0.1076 mL of 6 N NaOH (3.4 equiv. of NaOH) aqueous solution
was added. The reaction mixture was capped and stirred at 35 °C for 4 days. The reaction
completion was monitored by running the spotted TLC plate in 0.25:9.75 (EtOH:CHCI3)
solution. On completion of the reaction, the crude reaction mixture was diluted with chloroform
and evaporated under reduced pressure. The dry crude reaction mixture was further directly
loaded on to a silica gel column by dissolving in minimum amount of chloroform. The pure final
product 118ce was obtained in 95 % yield (60.0 mg) by silica gel flash column chromatography
using EtOH and chloroform as the eluent mixture.

Procedure D: General procedure for synthesis of ynones 56a, 56b, 560, 56p and 56m: In a
25mL round bottomed flask 2.5 mmol (500 mg) of 4-oxo-6-phenylhex-5-ynoic acid,
dimethylaminopyridine (DMAP) (30.2 mg, 0.25 mmol, 0.1 equiv.) and 5 mmol (2 equiv.) of
alcohol were taken in 8 mL of dry DCM under nitrogen atmosphere. The reaction mixture was
stirred at 25 °C for 1 minute followed by addition of 662.4 mg (3.2 mmol, 1.3 equiv.) of
dicyclohexylcarbodiimde (DCC) under nitrogen atmosphere. This reaction mixture was stirred at
25 °C till its completion as monitored by TLC. Upon completion, the reaction mixture was

filtered and the residue was washed with diethyl ether repeatedly until it turns completely white.
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The washings and the filtrate were collected, dried on anhydrous Na2SO4, evaporated under
reduced pressure and pure ynone was obtained through silica gel column chromatography using
EtOAc/Hexane as eluent mixture. For synthesis of ynone 560, 6-(4-fluorophenyl)-4-oxohex-5-
ynoic acid and ethanol were used as reactants in the aforementioned procedure.

Procedure E: Procedure for synthesis of ynone 56n: In a 50 mL round bottomed flask mixture
of 2.5 mmol (500 mg) of 4-0x0-6-phenylhex-5-ynoic acid and anhydrous K.COs (342.3 mg, 2.5
mmol, 1 equiv.) were taken in 10 mL dry acetone under nitrogen atmosphere. After stirring this
reaction mixture for 2 minutes at 25 °C, 0.32 mL (2.7 mmol, 464.7 mg, 1.1 equiv.) of benzyl
bromide was added and the reaction mixture was refluxed at 60 °C for 12 h under nitrogen
atmosphere. The progress of the reaction was monitored by TLC. Upon completion, the reaction
mixture was filtered, dried over anhydrous Na>SO4 and concentrated under reduced pressure.
Pure ynone 56n was obtained as a colourless liquid in 40 % vyield (723 mg) after silica gel

column chromatography using EtOAc/Hexane as eluent.

Procedure F: General procedure for synthesis of ynones 56¢, 56d, 56e, 56k, 561 and 56q:*

These ynones were prepared according to the Scheme 11 as described in reference 51.

Scheme 11
1) n-BuLi (1.3 equiv.)

i _ OH , 0
Pt dry THF, -78 °C (30 mln;) /\/RZ DMP (1.5 equiv.) /K/Fg
= - >
2) RZCHO (1.5 equiv.) s CHClp, 0°C 2

R R
25°C

56

Procedure G: General procedure for synthesis of ynones 56f, 56g, 56h, 56i and 56j:°* To a
solution of iodoarene (4.4 mmol, 1.1 equiv.) in diisopropylamine (5.3 mL, 38 mmol, 9.5 equiv.)
was added bis(triphenylphosphine)palladium(ll) dichloride (210 mg, 0.30 mmol, 0.7 mol%) and
copper(l) iodide (195 mg, 1.03 mmol, 1.4 mol%). To the resultant mixture was added pent-1-yn-
3-ol (336.4 mg, 4 mmol, 1.0 equiv.). The reaction mixture was allowed to come to room
temperature (25 °C) and stirred at this temperature till completion. Reaction progress was
monitored by TLC and the reaction components were visualized through U.V. light and KMnO4
stain. After completion the reaction mixture was concentrated and loaded directly onto a silica
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gel column. Pure ynone products were obtained by flash column chromatography using

EtOAc/Hexane mixture as eluent.

cis-ethyl 2-(-2-oxo-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2’,1":2,3] pyrimido
[1,2-a]azepin-1-yl)acetate (105ae): Prepared following the procedure A
and isolated as a colourless gummy liquid. Yield: 87% (99.8 mg). IR
(Neat): vmax 2923, 2852, 1730, 1634, 1580, 1538, 1493, 1450, 1432, 1193,
1154, 1026, 793, 764, 701 and 665 cm™. *H NMR (CDCls, 500 MHz) &
7.41-7.35 (3H, m), 7.33-7.31 (2H, m), 5.08 (1H, s, olefinic-H), 4.23-4.12
(2H, m), 3.90 (1H, dd, J = 9.2, 4.0 Hz), 3.61 (1H, dt, J = 12.5, 3.8 Hz),
3.44 (1H, ddd, J = 12.8, 9.0, 4.0 Hz), 3.30 (1H, ddd, J = 12.5, 5.0, 1.8 Hz), 3.08 (1H, dd, J =
15.0, 10.4 Hz), 2.91-2.80 (2H, m), 2.76 (1H, dd, J = 15.6, 9.2 Hz), 2.68-2.64 (1H, m), 2.26 (1H,
dd, J = 15.6, 4.0 Hz), 1.92-1.86 (1H, m), 1.81-1.61 (6H, m), 1.55-1.48 (2H, m), 1.28 (3H, t, J =
7.1 Hz). 3C NMR (CDCl;, DEPT-135) § 194.1 (C, C=0), 173.2 (C, O-C=0), 162.4 (C), 137.2
(C), 129.8 (CH), 128.5 (2 x CH), 128.1 (2 x CH), 101.1 (olefinic-CH), 80.4 (C, N-C-N), 60.4
(CHy), 53.2 (CH>), 49.3 (CH), 45.5 (CH2), 45.0 (CH>), 31.7 (CH>), 29.6 (CH>), 29.5 (CH>), 27.8
(CHy), 24.6 (CH2), 23.2 (CH,), 14.1 (CHs). HRMS (ESI-TOF) m/z: [M + H]" calcd for
C23H29N203H 383.2335; Found : 383.2336.

105ae

cis-methyl 2-(-2-oxo-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2',1':2,3]pyrimido
[1,2-a]Jazepin-1-yl)acetate (105be): Prepared following the procedure A
and isolated as a colourless gummy liquid. Yield: 70% (99.8 mg). IR
(Neat): vmax 2921, 2850, 1735, 1636, 1580, 1539, 1493, 1451, 1434, 1363,
1310, 1221, 1196, 1160, 1015, 981, 929, 827, 794, 768, 733 and 702 cm™.

105be !H NMR (CDCls, 400 MHz) § 7.38-7.34 (3H, m), 7.32-7.29 (2H, m), 5.06
(1H, s, olefinic-H), 3.89 (1H, dd, J = 9.3, 4.0 Hz), 3.70 (3H. s), 3.60 (1H, dt, J = 12.6, 4.0 Hz),
3.43 (1H, ddd, J = 12.8, 9.0, 4.0 Hz), 3.29 (1H, ddd, J = 12.6, 5.2, 2.0 Hz), 3.07 (1H, dd, J =
15.0, 10.3 Hz), 2.91-2.74 (3H, m), 2.68-2.62 (1H, m), 2.26 (1H, dd, J = 15.7, 4.0 Hz), 1.92-1.85
(1H, m), 1.80-1.60 (6H, m), 1.55-1.49 (2H, m). *C NMR (CDCls, DEPT-135) § 193.9 (C, C=0),
173.6 (C, 0-C=0), 162.4 (C), 137.2 (C), 129.8 (CH), 128.4 (2 x CH), 128.0 (2 x CH), 101.0
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(olefinic-CH), 80.4 (C, N-C-N), 53.1 (CH>), 51.6 (CHz), 49.3 (CH), 45.5 (CH>), 44.9 (CH>), 31.6
(CH>), 29.5 (CHy), 29.3 (CH>), 27.8 (CH2), 24.5 (CH>), 23.2 (CH2). HRMS (ESI-TOF) m/z: [M
+ Na]* calcd for C22H2sN203Na 391.1998; Found : 391.1997.
cis-1-methyl-4-phenyl-6,7,8,10,11,12,13,14-octahydropyrido[2’,1':2,3]pyrimido[1,2-
alJazepin-2(1H)-one (105ce): Prepared following the procedure A and isolated
as a colourless liquid. Yield: 84% (78.2 mg). IR (Neat): vmax 2922, 2852, 1639,
1611, 1541, 1492, 1450, 1433, 1360, 1239, 1218, 1194, 1154, 1104, 1055, 1018,
984, 926, 831, 793, 765 and 701 cm™. *H NMR (CDClIs, 500 MHz) § 7.41-7.34
Ph (5H, m), 5.13 (1H, s, olefinic-H), 3.71 (1H, dt, J = 12.6, 3.2 Hz), 3.33 (1H, ddd,
105ce J=11.9, 9.3, 2.7 Hz), 3.29 (1H, g, J = 7.0 Hz), 3.23 (1H, ddd, J = 12.2, 4.5, 2.0
Hz), 3.16 (1H, dd, J = 15.0, 11.2 Hz), 2.96 (1H, td, J = 7.8, 11.3 Hz), 2.78-2.73 (1H, m), 2.70
(1H, td, J = 15.1, 1.6 Hz), 1.93-1.87 (1H, m), 1.84-1.61 (5H, m), 1.52-1.44 (2H, m), 1.28-1.20
(1H, m), 1.13 (3H, d, J = 7.0 Hz). 3C NMR (CDCls, 100 MHz, DEPT-135) § 196.7 (C, C=0),
162.0 (C), 137.5 (C), 129.7 (CH), 128.4 (2 x CH), 128.1 (2 x CH), 101.9 (olefinic-CH), 80.2 (C,
N-C-N), 52.1 (CHy), 46.4 (CH), 46.0 (CH.), 45.2 (CH2), 31.6 (CH2), 29.5 (CH2), 26.9 (CH>),
25.4 (CHy), 23.0 (CH2), 9.0 (CH3). HRMS (ESI-TOF) m/z: [M + Na]* calcd for C20H26N2ONa
333.1943; Found : 333.1945.

cis-1-ethyl-4-phenyl-6,7,8,10,11,12,13,14-octahydropyrido[2',1":2,3]pyrimido[1,2-a]azepin-
2(1H)-one (105de): Prepared following the procedure A and isolated as a
colourless liquid. Yield: 83% (80.7 mg). IR (Neat): vmax 2925, 2853, 1628,
1452, 1264, 734 and 704 cm™. *H NMR (CDCls, 500 MHz) & 7.38-7.32 (5H,
m), 5.08 (1H, s, olefinic-H), 3.61 (1H, dt, J = 12.9, 2.6 Hz), 3.32 (1H, br s),
105de 3.25 (1H, ddd, J = 12.5, 4.6, 1.8 Hz), 3.19 (1H, dd, J = 15.0, 11.4 Hz), 3.01-
2.96 (2H, m), 2.82 (1H, dd, J = 14.9, 3.7 Hz), 2.73-2.68 (1H, m), 1.89 (1H, br d, J = 47.9 Hz),
1.79-1.68 (5H, m), 1.64-1.61 (1H, m), 1.57-1.50 (2H, m), 1.44-1.37 (1H, m), 1.30-1.23 (1H, m),
1.10 (3H, t, J = 7.3 Hz). *C NMR (CDCls, DEPT-135) § 196.9 (C, C=0), 161.8 (C), 137.6 (C),
129.5 (CH), 128.4 (2 x CH), 128.0 (2 x CH), 102.3 (olefinic-CH), 81.2 (C, N-C-N), 54.1 (CH),
53.2 (CHy), 45.7 (2 x CH2), 45.5 (CHy), 29.3 (CH2), 27.7 (CHy), 25.3 (CH2), 23.2 (CH>), 17.6
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(CHy), 15.0 (CH3). HRMS (ESI-TOF) m/z: [M + Na]" calcd for C21H2sN2ONa 347.2099; Found :
347.2098.

cis-4-(4-fluorophenyl)-1-methyl-6,7,8,10,11,12,13,14-octahydropyrido[2’,1":2,3]pyrimido
[1,2-a]Jazepin-2(1H)-one (105ee): Prepared following the procedure A
and isolated as a colourless oily liquid. Yield: 76% (74.8 mg). IR (Neat):
vmax 2918, 2849, 1727, 1632, 1602, 1545, 1506, 1444, 1372, 1265, 1219,
1156, 1104, 847, 737 and 704 cm™. *H NMR (CDCls, 500 MHz) § 7.34-
. 7.31 (2H, m), 7.08-7.04 (2H, m), 5.09 (1H, s, olefinic-H), 3.70 (1H, dt, J
105ee =12.6, 3.0 Hz), 3.32 (1H, ddd, J = 11.8, 9.4, 2.6 Hz), 3.26 (1H,q,J=7.1
Hz), 3.20-3.17 (1H, m), 3.15 (1H, dd, J = 14.7, 11.4 Hz), 2.96 (1H, td, J = 8.0, 11.2 Hz), 2.74-
2.68 (2H, m), 1.94-1.87 (1H, m), 1.81 (1H, d, J = 13.6 Hz), 1.73-1.62 (4H, m), 1.51-1.43 (2H,
m), 1.28-1.18 (1H, m), 1.12 (3H, d, J = 7.1 Hz). **C NMR (CDCls, DEPT-135) § 196.7 (C,
C=0), 163.6 (C, d, J = 248.6 Hz), 160.9 (C), 133.5 (C, d, J =3.4 Hz), 130.0 (2 x CH, d, J=8.2
Hz), 115.6 (2 x CH, d, J = 21.6 Hz), 102.1 (olefinic-CH), 80.3 (C, N-C-N), 52.2 (CH.), 46.5
(CH), 46.1 (CHy), 45.3 (CHy), 31.7 (CH>), 29.6 (CH>), 27.0 (CH>), 25.4 (CH2), 23.1 (CH>), 9.0
(CHz3). HRMS (ESI-TOF) m/z: [M + H]" calcd for CooH25FN2OH 329.2029; Found : 329.2029.

cis-4-(4-chlorophenyl)-1-methyl-6,7,8,10,11,12,13,14-octahydropyrido[2',1':2,3]pyrimido
[1,2-a]azepin-2(1H)-one (105fe): Prepared following the procedure A
and isolated as a colourless oily liquid. Yield: 80% (82.7 mg). IR (Neat):
vmax 2924, 2853, 1623, 1594, 1572, 1490, 1438, 1358, 1238, 1213, 1080,
1064, 1313, 964, 842 and 728 cm™. *H NMR (CDCls, 500 MHz) § 7.36
(2H, d, J = 8.7 Hz), 7.28 (2H, d, J = 8.4 Hz), 5.11 (1H, s, olefinic-H),
105fe 3.71 (1H, dt, J = 12.6, 3.2 Hz), 3.33 (1H, ddd, J = 12.0, 9.3, 2.6 Hz),
3.27 (1H, q, J = 7.1 Hz), 3.20-3.13 (2H, m), 2.97 (1H, td, J = 8.0, 11.3 Hz), 2.74-2.68 (2H, m),
1.95-1.88 (1H, m), 1.83-1.69 (4H, m), 1.67-1.62 (1H, m), 1.51-1.43 (2H, m), 1.30-1.19 (1H, m),
1.12 (3H, d, J = 7.1 Hz). 3C NMR (CDCls, DEPT-135) § 196.8 (C, C=0), 160.8 (C), 136.0 (C),
135.8 (C), 129.5 (2 x CH), 128.8 (2 x CH), 102.1 (olefinic-CH), 80.3 (C, N-C-N), 52.2 (CH>),
46.5 (CH), 46.1 (CHy), 45.2 (CH), 31.7 (CHz2), 29.6 (CH2), 27.0 (CH2), 25.4 (CH>), 23.1 (CH>),
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9.0 (CHs3). HRMS (ESI-TOF) m/z: [M + H]" calcd for C2H2sCIN2OH 345.1734; Found :
345.1735.
cis-1-methyl-4-(p-tolyl)-6,7,8,10,11,12,13,14-octahydropyrido[2',1':2,3]pyrimido[1,2-
alJazepin-2(1H)-one (105ge): Prepared following the procedure A and
isolated as a colourless liquid. Yield: 68% (66.2 mg). IR (Neat): Vmax
2924, 2852, 1628, 1541, 1508, 1451, 1361, 1264, 737 and 703 cm™. H
NMR (CDClz, 500 MHz) 6 7.24 (2H, d, J =8.0 Hz), 7.18 (2H, d,J=7.9
Hz), 5.13 (1H, s, olefinic-H), 3.71 (1H, dt, J = 12.6, 3.2 Hz), 3.34 (1H,
ddd, J = 12.0, 9.4, 2.8 Hz), 3.29-3.25 (2H, m), 3.17 (1H, dd, J = 15.0,
11.1 Hz), 2.96 (1H, td, J = 7.8, 11.2 Hz), 2.79-2.74 (1H, m), 2.70 (1H, td, J = 15.2, 1.7 Hz), 2.37
(3H, s), 1.93-1.86 (1H, m), 1.84-1.81 (1H, m), 1.76-1.68 (3H, m), 1.67-1.61 (1H, m), 1.53-1.44
(2H, m), 1.28-1.21 (1H, m), 1.13 (3H, d, J = 7.1 Hz). *C NMR (CDCls, 100 MHz, DEPT-135)
d 196.8 (C, C=0), 162.2 (C), 140.0 (C), 134.6 (C), 129.2 (2 x CH), 128.2 (2 x CH), 101.6
(olefinic-CH), 80.2 (C, N-C-N), 52.2 (CH2), 46.5 (CH), 46.1 (CHz), 45.3 (CH>), 31.7 (CH2), 29.6
(CHy), 27.0 (CH>), 25.5 (CH>), 23.1 (CH>), 21.3 (CHs3), 9.1 (CH3). HRMS (ESI-TOF) m/z: [M +
H]" calcd for Co1H2sN2OH 325.2280; Found : 325.2280.

Me

105ge

cis-4-(4-methoxyphenyl)-1-methyl-6,7,8,10,11,12,13,14-octahydropyrido[2*,1':2,3]pyrimido
[1,2-a]azepin-2(1H)-one (105he): Prepared following the procedure
A and isolated as a colourless liquid. Yield: 78% (79.6 mg). IR (Neat):
vmax 2926, 2852, 1626, 1606, 1542, 1508, 1440, 1360, 1264, 1174,
1107, 1031, 842 and 703 cm™. 'H NMR (CDCls, 400 MHz) & 7.30
(2H, d, J = 8.5 Hz), 6.90 (2H, d, J = 8.9 Hz), 5.13 (1H, s, olefinic-H),

105he 3.83 (3H, s), 3.72 (1H, dt, J = 12.6, 3.2 Hz), 3.36-3.26 (3H, m), 3.16
(1H, dd, J = 15.1, 11.1 Hz), 2.97 (1H, td, J = 7.9, 11.3 Hz), 2.79-2.68 (2H, m), 1.95-1.87 (1H,
m), 1.85-1.61 (5H, m), 1.54-1.43 (2H, m), 1.29-1.18 (1H, m), 1.13 (3H, d, J = 7.1 Hz). **C NMR
(CDCls, DEPT-135) 6 196.6 (C, C=0), 161.8 (C), 160.9 (C), 129.6 (C), 129.6 (2 x CH), 113.8 (2
x CH), 101.3 (olefinic-CH), 80.0 (C, N-C-N), 55.2 (CHz3), 52.1 (CH>), 46.4 (CH), 46.1 (CH>),
45.2 (CH2), 31.6 (CH>), 29.5 (CH2), 26.9 (CH>), 25.4 (CH2), 23.1 (CH), 9.0 (CHz). HRMS (ESI-
TOF) m/z: [M + H]" calcd for C21H2sN202H 341.2229; Found : 341.2229.
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cis-1-methyl-4-(thiophen-3-yl)-6,7,8,10,11,12,13,14-octahydropyrido[2',1":2,3]pyrimido
[1,2-a]azepin-2(1H)-one (105je): Prepared following the procedure A and
isolated as a colourless oily liquid. Yield: 75% (71.2 mg). IR (Neat): Vmax
2923, 2853, 1624, 1549, 1528, 1442, 1368, 1242, 1220, 1156, 1104, 797 and
697 cm™. *H NMR (CDCls, 400 MHz) § 7.44 (1H, dd, J = 3.0, 1.1 Hz), 7.34
(1H, dd, J = 5.0, 3.0 Hz), 7.06 (1H, dd, J = 5.0, 1.0 Hz), 5.21 (1H, s,
olefinic-H), 3.75 (1H, dt, J = 12.5, 3.2 Hz), 3.42 (1H, ddd, J = 12.3, 4.7, 2.2
Hz), 3.34 (1H, ddd, J = 12.0, 9.3, 2.7 Hz), 3.27 (1H, q, J = 7.1 Hz), 3.16 (1H, dd, J = 15.1, 11.2
Hz), 2.98 (1H, td, J = 7.9, 11.3 Hz), 2.76-2.64 (2H, m), 1.99-1.90 (1H, m), 1.82-1.62 (5H, m),
1.54-1.43 (2H, m), 1.28-1.21 (1H, m), 1.13 (3H, d, J = 7.1 Hz). *C NMR (CDCls, DEPT-135) §
196.9 (C, C=0), 156.4 (C), 138.8 (C), 127.3 (CH), 126.0 (2 x CH), 101.2 (olefinic-CH), 80.1 (C,
N-C-N), 52.2 (CH>), 46.6 (CH), 46.1 (CH2), 45.2 (CH>), 31.7 (CH>), 29.5 (CH>), 26.9 (CH>),
25.4 (CHy), 23.1 (CH2), 9.0 (CH3). HRMS (ESI-TOF) m/z: [M + H]* calcd for CisH24N20SH
317.1688; Found : 317.1686.

105je

cis-1-(benzyloxy)-4-phenyl-6,7,8,10,11,12,13,14-octahydropyrido[2',1':2,3]pyrimido[1,2-

alJazepin-2(1H)-one (105le): Prepared following the procedure A and
isolated as a colourless gummy liquid. Yield: 38% (45.8 mg). IR (Neat):
vmax 1919, 2849, 1639, 1540, 1451, 1264, 896, 733 and 703 cm™. 'H NMR
(CDCls, 500 MHz) & 7.45 (2H, d, J = 7.1 Hz), 7.41-7.28 (8H, m), 5.17 (1H,
d, J = 11.6 Hz), 5.00 (1H, s, olefinic-H), 4.67 (1H, d, J = 11.6 Hz), 4.64
(1H, s), 3.69 (1H, dt, J = 12.7, 3.3 Hz), 3.50 (1H, dd, J = 15.0, 11.6 Hz),
3.16 (1H, ddd, J = 12.2, 4.6, 1.8 Hz), 2.89-2.74 (3H, m), 2.52 (1H, d, J = 15.2 Hz), 1.89-1.77
(3H, m), 1.74-1.68 (2H, m), 1.63-1.54 (2H, m), 1.46-1.37 (1H, m), 1.29-1.20 (1H, m). 3C NMR
(CDCls, DEPT-135) 6 195.6 (C, C=0), 162.4 (C), 138.5 (C), 137.2 (C), 130.0 (CH), 128.8 (2 x
CH), 128.5 (2 x CH), 128.2 (2 x CH), 128.1 (2 x CH), 127.6 (CH), 100.1 (olefinic-CH), 80.2 (C,
N-C-N), 79.7 (CH), 74.3 (CH), 51.8 (CH.), 45.8 (CH), 45.0 (CH2), 31.5 (CHz2), 29.7 (CH>),

105le

147



Experimental Section

27.9 (CHy), 25.3 (CH2), 22.8 (CH,). HRMS (ESI-TOF) m/z: [M + HJ* calcd for CasHaoN202H
403.2386; Found : 403.2386.

isopropyl-2-(cis-2-oxo-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2’,1":2,3]
pyrimido[1,2-a]Jazepin-1-yl)acetate (105me): Prepared following
the procedure A and isolated as a colourless gummy liquid. Yield:
74% (87.9 mg). IR (Neat): vmax 2922, 2851, 1725, 1634, 1581, 1540,
1494, 1451, 1434, 1374, 1310, 1266, 1222, 1195, 1166, 1107, 767,

105me 736 and 702 cm™. 'H NMR (CDCls, 500 MHz) & 7.41-7.35 (3H, m),
7.33-7.31 (2H, m), 5.08 (1H, s, olefinic-H), 5.04 (1H, sept, J = 6.2 Hz), 3.89 (1H, dd, J=9.4, 3.9
Hz), 3.61 (1H, dt, J = 12.6, 3.8 Hz), 3.45 (1H, ddd, J = 12.6, 9.1, 3.8 Hz), 3.29 (1H, ddd, J =
12.5, 5.0, 1.8 Hz), 3.08 (1H, dd, J = 15.0, 10.5 Hz), 2.91-2.85 (1H, m), 2.82 (1H, dd, J = 14.9,
4.8 Hz), 2.72 (1H, dd, J = 15.6, 9.4 Hz), 2.68-2.64 (1H, m), 2.23 (1H, dd, J = 15.6, 3.9 Hz), 1.92-
1.86 (1H, m), 1.82-1.61 (5H, m), 1.54-1.47 (2H, m), 1.30 (3H, d, J = 6.2 Hz), 1.26-1.21 (1H, m),
1.24 (3H, d, J = 6.3 Hz). C NMR (CDCls, DEPT-135) § 194.2 (C, C=0), 172.7 (C, O-C=0),
162.4 (C), 137.2 (C), 129.8 (CH), 128.5 (2 x CH), 128.1 (2 x CH), 101.1 (olefinic-CH), 80.3 (C,
N-C-N), 67.7 (CH), 53.1 (CH>), 49.3 (CH), 45.6 (CH2), 45.0 (CH>), 31.7 (CH>), 29.9 (CH>), 29.5
(CHy), 27.9 (CH>), 24.6 (CH>), 23.2 (CH>), 21.8 (CH3), 21.6 (CH3). HRMS (ESI-TOF) m/z: [M
+H]" calcd for C24H32N2OsH 397.2491; Found : 397.2492.

benzyl-2-(cis-2-oxo0-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2’,1':2,3]pyrimido
[1,2-a]azepin-1-yl)acetate (105ne): Prepared following the procedure
/j A and isolated as a colourless gummy liquid. Yield: 72% (96.1 mg).
IR (Neat): vmax 2925, 1732, 1630, 1534, 1494, 1452, 1353, 1264,
ph 1157, 896 and 703 cm™. 'H NMR (CDCls, 500 MHz) § 7.42-7.30
105ne (10H, m), 5.18 (2H, s, OCH2Ph), 5.11 (1H, s, olefinic-H), 3.94 (1H,
dd, J =9.2, 4.0 Hz), 3.61 (1H, dt, J = 12.6, 3.8 Hz), 3.44 (1H, ddd, J = 12.8, 9.0, 4.0 Hz), 3.31
(1H, ddd, J = 12.7, 5.2, 1.9 Hz), 3.06 (1H, dd, J = 15.0, 10.4 Hz), 2.90-2.82 (2H, m), 2.78 (1H,
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dd, J = 15.1, 4.9 Hz), 2.70-2.65 (1H, m), 2.33 (1H, dd, J = 15.8, 4.0 Hz), 1.93-1.86 (1H, m),
1.82-1.69 (4H, m), 1.65-1.60 (1H, m), 1.57-1.48 (2H, m), 1.32-1.24 (1H, m). *3C NMR (CDClIs,
DEPT-135) 6 194.0 (C, C=0), 173.1 (C, O-C=0), 162.5 (C), 137.3 (C), 136.2 (C), 129.8 (CH),
128.5 (2 x CH), 128.4 (2 x CH), 128.2 (2 x CH), 128.1 (2 x CH), 128.0 (CH), 101.1 (olefinic-
CH), 80.5 (C, N-C-N), 66.4 (CH2), 53.2 (CH), 49.4 (CH), 45.6 (CH), 45.0 (CH), 31.7 (CH>),
29.6 (CHy), 29.5 (CHy), 27.9 (CHz), 24.6 (CH>), 23.2 (CH2). HRMS (ESI-TOF) m/z: [M + Na]*
calcd for CogH32N20sNa 467.2311; Found : 467.2312.
ethyl-2-(cis-4-(4-fluorophenyl)-2-oxo-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2’,1":2,3]
pyrimido[1,2-a]Jazepin-1-yl)acetate (1050e): Prepared following
the procedure A and isolated as an off white solid with mp: 140-142
°C. Yield: 81% (97.3 mg). IR (Neat): vmax 2925, 2853, 1730, 1637,
1599, 1543, 1505, 1440, 1363, 1283, 1310, 1223, 1193, 1155, 1096,
1028, 978, 849, 821, and 788 cm™. 'H NMR (CDCls, 500 MHz) §
7.34-7.31 (2H, m), 7.08 (2H, t, J = 8.6 Hz), 5.06 (1H, s, olefinic-H),
4.24-4.13 (2H, m), 3.89 (1H, dd, J = 9.3, 4.0 Hz), 3.62 (1H, dt, J = 12.5, 3.8 Hz), 3.45 (1H, ddd,
J =128, 9.0, 3.9 Hz), 3.27 (1H, ddd, J = 12.5, 5.1, 2.2 Hz), 3.09 (1H, dd, J = 15.1, 10.1 Hz),
2.93-2.86 (1H, m), 2.83 (1H, dd, J = 14.9, 4.8 Hz), 2.77 (1H, dd, J = 15.6, 9.3 Hz), 2.67-2.62
(1H, m), 2.26 (1H, dd, J = 15.7, 4.0 Hz), 1.95-1.88 (1H, m), 1.84-1.62 (5H, m), 1.55-1.48 (2H,
m), 1.33-1.24 (1H, m), 1.30 (3H, t, J = 7.1 Hz). 1*C NMR (CDCls, DEPT-135) § 194.1 (C, C=0),
173.1 (C, 0-C=0), 163.6 (C, d, J = 248.2 Hz), 161.3 (C), 133.2 (C, d, J = 2.3 Hz), 130.1 (2 x
CH, d, J =8.2 Hz), 115.6 (2 x CH, d, J = 21.6 Hz), 101.3 (olefinic-CH), 80.4 (C, N-C-N), 60.5
(CHy), 53.1 (CH>), 49.4 (CH), 45.7 (CH2), 45.0 (CH>), 31.7 (CH>), 29.6 (CH>), 29.5 (CH), 28.0
(CH2), 24.6 (CHy), 23.2 (CHy), 14.2 (CHs). HRMS (ESI-TOF) m/z: [M + Na]* calcd for
Ca23H20FN203Na 423.2060; Found : 423.2060.

1050e
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(-)-(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-((1S,14aR)-2-0x0-4-phenyl-
1,2,6,7,8,10,11,12,  13,14-decahydropyrido [2",1":2,3]pyrimido[1,2-a]azepin-1-yl)acetate
(105pe) and (-)-(1S,2R,5S)-2-

\ isopropyl-5-methylcyclohexyl
M z,

Me\{ © o N/j 2-((1R,14aR)-2-0x0-4-phenyl-

+ ' W/ﬂ 1,2,6,7,8,10,11,12,13,14-

0 _

o Ph  decahydropyrido[2',1':2,3]py

Me Me rimido[1,2-a]azepin-1-yl)
(-)-105pe (-)-105'pe acetate (105'pe): Prepared

following the procedure A and isolated as a colourless oily liquid. Yield: 88% (129.9 mg). [o]o®

= -18.41° (c = 0.201¢g/100mL, CHCI3, 1:1 dr); IR (Neat): vmax 2969, 2924, 2853, 1738, 1640,
1448, 1366, 1228, 1216, 901 and 527 cm™. *H NMR (CDCls, 500 MHz) & 7.41-7.31 (10H, m),
5.10 (1H, s, olefinic-H), 5.09 (1H, s, olefinic-H), 4.76-4.68 (2H, m), 3.90 (2H, dt, J = 9.5, 3.6
Hz), 3.65-3.58 (2H, m), 3.51-3.42 (2H, m), 3.31-3.28 (2H, m), 3.08 (2H, dd, J = 15.0, 10.5 Hz),
2.92-2.77 (4H, m), 2.73-2.65 (3H, m), 2.26-2.22 (2H, m), 2.16-2.08 (2H, m), 2.03-1.87 (6H, m),
1.77-1.62 (14H, m), 1.53-1.38 (8H, m), 1.30-1.22 (3H, m), 1.12-0.96 (4H, m), 0.92 (6H, d, J =
7.2 Hz), 0.89 (6H, d, J = 6.8 Hz), 0.82 (3H, d, J = 7.0 Hz), 0.76 (3H, d, J = 7.0 Hz). *C NMR
(CDClI3, DEPT-135) 3 194.3 (C, C=0), 194.2 (C, C=0), 172.9 (C, 0O-C=0), 172.7 (C, O-C=0),
162.4 (C), 162.3 (C), 137.3 (C), 137.2 (C), 129.8 (CH), 129.7 (CH), 128.5 (2 x CH), 128.4 (2 x
CH), 128.2 (2 x CH), 128.1 (2 x CH), 101.2 (olefinic-CH), 101.1 (olefinic-CH), 80.30 (C, N-C-
N), 80.29 (C, N-C-N), 74.3 (CH), 74.2 (CH), 53.2 (CH>), 53.1 (CH2), 49.4 (CH), 49.1 (CH), 47.2
(CH), 46.9 (CH), 45.7 (CH), 45.6 (CH2), 45.1 (2 x CH>), 41.0 (CH.), 40.4 (CH), 34.3 (CH>),
34.2 (CH2), 31.7 (2 x CH>), 31.4 (CH), 31.3 (CH), 29.9 (CH2), 29.7 (CH>), 29.6 (2 x CH>), 27.96
(CH2), 27.94 (CHy), 26.1 (CH), 26.0 (CH), 24.7 (2 x CHy), 23.4 (CH>), 23.3 (CHz), 23.2 (CH>),
23.18 (CH2), 22.0 (CHa), 21.9 (CHa), 20.8 (CHa), 20.7 (CHa), 16.3 (CHa), 16.28 (CHz). HRMS
(ESI-TOF) m/z: [M + H]" calcd for C31H44N20O3H 493.3430; Found : 493.3437.
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cis-4-butyl-1-methyl-6,7,8,10,11,12,13,14-octahydropyrido[2’,1":2,3]pyrimido[1,2-a]azepin-
2(1H)-one (105qe): Prepared following the procedure A and isolated as a
colourless liquid. Yield: 42% (36.6 mg). IR (Neat): vmax 2927, 2855,
1623, 1545, 1463, 1360, 1264, 1224, 1106 and 703 cm™. H NMR
Me (CDClIs, 500 MHz) 6 4.91 (1H, s, olefinic-H), 3.69 (1H, dt, J = 12.7, 3.8
Hz), 3.48 (1H, ddd, J = 12.6, 5.3, 1.4 Hz), 3.34 (1H, ddd, J = 12.9, 9.1,
4.4 Hz), 3.14 (1H, q, J = 7.1 Hz), 3.10 (1H, ddd, J = 15.2, 11.0, 0.8 Hz),
2.96-2.91 (1H, m), 2.75-2.71 (1H, m), 2.63-2.55 (1H, m), 2.35 (1H, ddd, J = 14.2, 8.0, 6.1 Hz),
2.09-1.98 (2H, m), 1.75-1.65 (2H, m), 1.61-1.54 (2H, m), 1.51-1.38 (5H, m), 1.36-1.28 (2H, m),
1.26-1.15 (1H, m), 1.05 (3H, t, J = 7.2 Hz), 0.89 (3H, t, J = 7.3 Hz). *C NMR (CDCls, DEPT-
135) 3 196.3 (C, C=0), 162.5 (C), 99.5 (olefinic-CH), 81.1 (C, N-C-N), 52.6 (CH>), 45.5 (CH),
44.8 (CH2), 42.2 (CHy), 34.4 (CH>), 31.6 (CH2), 29.9 (CH>), 29.6 (CH>), 26.6 (CH2), 25.4 (CH>),
22.9 (CH2), 22.1 (CHy), 13.8 (CHs3), 9.1 (CH3). HRMS (ESI-TOF) m/z: [M + Na]" calcd for
C18H30N20Na 313.2256; Found : 313.2257.

105qe

ethyl 2-(cis-11-o0x0-9-phenyl-1,2,3,5,6,7,11,12-octahydropyrido[1,2-a]pyrrolo[2,1-b]
pyrimidin-12-yl)acetate (105a0): Prepared following the procedure A
and isolated as a colourless gummy liquid. Yield: 70% (74.4 mg). IR
(Neat): vmax 2977, 2945, 2870, 2824, 2824, 1726, 1629, 1582, 1536, 1496,
1451, 1370, 1301, 1211, 1237, 1155, 1125, 1075, 1029, 947, 916, 884,
748, 699, 663, 486 and 457 cm™. *H NMR (CDCls, 500 MHz) § 7.41-7.34
(5H, m), 5.30 (1H, s, olefinic-H), 4.17-4.05 (2H, m), 3.73 (1H, t, J = 6.2 Hz), 3.27-3.15 (3H, m),
3.09 (1H, ddd, J = 15.2, 10.2, 6.2 Hz), 3.02 (1H, dt, J = 7.8, 2.1 Hz), 2.89 (1H, dd, J = 16.0, 5.4
Hz), 2.83 (1H, ddd, J = 14.6, 7.0, 2.4 Hz), 2.22 (1H, dd, J = 16.0, 7.4 Hz), 2.15 (1H, ddd, J =
13.3,9.1, 3.8 Hz), 2.03-1.92 (2H, m), 1.88-1.81 (1H, m), 1.79-1.71 (1H, m), 1.52-1.45 (1H, m),
1.24 (3H, dt, J = 7.0, 0.6 Hz). **C NMR (CDCls, DEPT-135) § 194.4 (C, C=0), 173.5 (C, O-
C=0), 164.6 (C), 136.2 (C), 129.9 (CH), 128.5 (2 x CH), 127.6 (2 x CH), 105.3 (olefinic-CH),
82.4 (C, N-C-N), 60.1 (CHy), 52.8 (CHz), 46.4 (CH), 43.5 (CH>), 39.7 (CH>), 34.6 (CH,), 29.4

105a0
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(CHy), 23.1 (CHy), 19.9 (CHy), 14.2 (CHs). HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C21H26N203Na 377.1841; Found : 377.1841.

cis-12-methyl-9-phenyl-2,3,5,6,7,12-hexahydropyrido[1,2-a]pyrrolo[2,1-b]pyrimidin-11
(1H)-one (105co): Prepared following the procedure A and isolated as a
colourless gummy liquid. Yield: 50% (42.3 mg). IR (Neat): vmax 3056, 2936,
2866, 1654, 1632, 1626, 1562, 1495, 1451, 1368, 1322, 1213, 1174, 1110,

105co 1063, 766, 731 and 702 cm™. *H NMR (CDCls, 500 MHz) & 7.43-7.37 (5H, m),
5.38 (1H, s, olefinic-H), 3.33 (1H, q, J = 8.6 Hz), 3.26-2.98 (6H, m), 2.16 (1H, ddd, J = 13.6,
9.3, 4.4 Hz), 2.08-1.97 (2H, m), 1.90-1.83 (1H, m), 1.78-1.69 (1H, m), 1.51-1.44 (1H, m), 1.08
(3H, d, J = 6.9 Hz). *C NMR (CDClIs, 100 MHz, DEPT-135) § 197.3 (C, C=0), 164.5 (C), 136.5
(C), 129.9 (CH), 128.5 (2 x CH), 127.7 (2 x CH), 106.0 (olefinic-CH), 83.0 (C, N-C-N), 52.7
(CH), 43.9 (CH2), 42.8 (CH), 39.8 (CH2), 33.3 (CH), 23.0 (CH), 20.1 (CH), 7.9 (CHj).
HRMS (ESI-TOF) m/z: [M + K]" calcd for C1gH22N20OK 321.1369; Found : 321.1367.

cis-9-(4-fluorophenyl)-12-methyl-2,3,5,6,7,12-hexahydropyrido[1,2-a]pyrrolo[2,1-b]
pyrimidin-11(1H)-one (105e0): Prepared following the procedure A and
isolated as a colourless gummy liquid. Yield: 40% (36.0 mg). IR (Neat):
2918, 2850, 1639, 1600, 1569, 1506, 1453, 1411, 1368, 1323, 1217, 1157
and 846 cm™. 'H NMR (CDCls, 500 MHz) & 7.42-7.39 (2H, m), 7.10-

105e0 7.06 (2H, m), 5.39 (1H, d, J = 1.7 Hz, olefinic-H), 3.34 (1H, q, J = 7.7
Hz), 3.24-3.19 (1H, m), 3.17-2.99 (5H, m), 2.12 (1H, ddd, J = 13.6, 9.4, 4.4 Hz), 2.08-1.90 (2H,
m), 1.89-1.82 (1H, m), 1.78-1.69 (1H, m), 1.49-1.42 (1H, m), 1.08 (3H, dd, J = 6.8, 0.8 Hz). °C
NMR (CDClIs, DEPT-135) 6 197.5 (C, C=0), 163.8 (C, d, J = 248.7 Hz), 163.5 (C), 132.6 (C, d,
J=3.0Hz),129.7 (2 x CH, d, J = 8.6 Hz), 115.7 (2 x CH, d, J = 21.6 Hz), 107.2 (olefinic-CH),
82.7 (C, N-C-N), 52.6 (CH), 44.5 (CH), 42.4 (CH), 40.2 (CH), 33.7 (CH), 22.9 (CH), 20.0
(CHy), 7.8 (CH3). HRMS (ESI-TOF) m/z: [M + Na]" calcd for C1sH21FN2ONa 323.1536; Found
: 323.1537.
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ethyl 2-(cis-9-(4-fluorophenyl)-11-oxo-1,2,3,5,6,7,11,12-octahydropyrido[1,2-a]pyrrolo[2,1-
b]pyrimidin-12-yl)acetate (10500): Prepared following the
procedure A and isolated as a colourless gummy liquid. Yield: 56%
(62.5 mg). IR (Neat): vmax 2926, 1727, 1630, 1602, 1543, 1506,
1372, 1265, 1235, 1156, 1030, 848, 736 and 704 cm™. 'H NMR
10500 F (CDCls, 500 MHz) 6 7.39-7.35 (2H, m), 7.09-7.05 (2H, m), 5.33
(1H, s, olefinic-H), 4.18-4.06 (2H, m), 3.73 (1H, dd, J = 7.0, 5.8 Hz), 3.26 (1H, td, J = 6.9, 8.7
Hz), 3.19 (2H, t, J = 6.2 Hz), 3.12-3.06 (1H, m), 3.02 (1H, dt, J = 7.8, 2.8 Hz), 2.87 (1H, dd, J =
16.0, 5.6 Hz), 2.84 (1H, ddd, J = 14.6, 6.6, 2.8 Hz), 2.23 (1H, dd, J = 16.1, 7.2 Hz), 2.11 (1H,
ddd, J = 13.5, 9.1, 4.1 Hz), 2.03-1.94 (2H, m), 1.88-1.81 (1H, m), 1.79-1.71 (1H, m), 1.50-1.43
(1H, m), 1.25 (3H, t, J = 7.2 Hz). 3C NMR (CDCls, DEPT-135) § 194.7 (C, C=0), 173.5 (C, O-
C=0), 163.8 (C, d, J = 249.0 Hz), 163.8 (C), 132.2 (C, d, J =3.4 Hz), 129.6 (2 x CH, d, J = 8.6
Hz), 115.7 (2 x CH, d, J = 21.7 Hz), 106.2 (olefinic-CH), 82.1 (C, N-C-N), 60.2 (CH,), 52.7
(CHy), 45.9 (CH), 44.1 (CH2), 40.1 (CH>), 34.9 (CH>), 29.4 (CH>), 23.1 (CH>), 19.7 (CH>), 14.2
(CH3). HRMS (ESI-TOF) m/z: [M + H]" calcd for C21H2sFN2O3H 373.1927; Found : 373.1927.

methyl 2-(cis-2-0xo0-4-phenyl-2,6,7,8,10,11,12,13-octahydro-1H-dipyrido[1,2-a:2",1"-
b]pyrimidin-1-yl)acetate (105bp): Prepared following the procedure A
and isolated as a colourless oily liquid. Yield: 20% (21.3 mg). IR (Neat):
vmax 2932, 2857, 2360, 2341, 1734, 1636, 1580, 1540, 1494, 1449, 1434,
1310, 1281, 1163, 1099, 822, 768 and 703 cm™. *H NMR (CDCls, 500

105bp  MHz) § 7.44-7.37 (5H, m), 5.26 (1H, s, olefinic-H), 3.86 (1H, dd, J = 8.8,
3.0 Hz), 3.71 (3H, s), 3.55 (1H, dt, J = 13.3, 4.9 Hz), 3.42-3.34 (2H, m), 3.21 (1H, dt, J = 11.4,
3.5 Hz), 3.04-3.01 (1H, m), 2.71 (1H, dd, J = 16.4, 8.8 Hz), 2.64 (1H, ddd, J = 15.2, 10.2, 5.2
Hz), 2.59-2.53 (1H, m), 2.04-1.96 (1H, m), 1.88-1.76 (3H, m), 1.67-1.63 (1H, m), 1.55-1.37 (2H,
m), 1.02 (1H, dt, J = 13.6, 4.0 Hz). *C NMR (CDCls, DEPT-135) § 193.9 (C, C=0), 174.2 (C,
0-C=0), 163.8 (C), 136.9 (C), 130.1 (CH), 128.6 (2 x CH), 128.3 (2 x CH), 102.8 (olefinic-CH),
75.5 (C, N-C-N), 53.5 (CH>), 51.7 (CHz3) 48.2 (CH), 44.4 (CH), 42.3 (CH2), 29.2 (CH>), 25.4
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(CHy), 24.8 (CHy), 22.0 (CHy), 20.6 (CH.). HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C21H26N203Na 377.1841; Found : 377.1842.

1-(3-((3-oxo-1-phenylpent-1-en-1-yl)amino)propyl)piperidin-2-one (107cp): Prepared
following the procedure A and isolated as a colourless liquid. Yield: 22%
/\\\NH (20.7 mg). IR (Neat): vmax 2931, 2871, 1635, 1605, 1567, 1483, 1350,
° %Ph 1293, 1178, 1132, 1050, 808, 573 and 703 cm™. 'H NMR (CDCls, 500
Me_ =0  MHz) & 10.81 (1H, br t, J = 5.8 Hz, -NH), 7.43-7.40 (3H, m), 7.34-7.32
(2H, m), 5.06 (1H, s, olefinic-H), 3.34 (2H, t, J = 7.2 Hz), 3.20-3.17 (2H,
m), 3.15 (2H, q, J = 6.8 Hz), 2.34 (2H, q, J = 7.6 Hz), 2.32-2.29 (2H, m),
1.78-1.71 (6H, m), 1.12 (3H, t, J = 7.6 Hz). 1*C NMR (CDCls, DEPT-135) & 199.6 (C, C=0),
169.8 (C, N-C=0), 165.2 (C), 135.4 (C), 129.3 (CH), 128.4 (2 x CH), 127.6 (2 x CH), 95.8
(olefinic-CH), 47.9 (CH>), 44.5 (CHy2), 42.2 (CH>), 35.1 (CH2), 32.2 (CH2), 28.4 (CH>), 23.1
(CHy), 21.2 (CH2), 9.9 (CH3). HRMS (ESI-TOF) m/z: [M + H]" calcd for Ci9H26N202H
315.2073; Found : 315.2073.

107cp

methyl 2-(8-oxo0-6-phenyl-2,3,4,8-tetrahydro-1H-quinolizin-9-yl)acetate (109bq): Prepared

following the procedure A and isolated as a colourless liquid. Yield: 28%

NN (24.9 mg). IR (Neat): vmax 2949, 1731, 1620, 1560, 1532, 1479, 1440, 1340,

N 1322, 1259, 1195, 1166, 863, 770 and 704 cm™. 'H NMR (CDCls, 500

MHz) 6 7.46-7.43 (3H, m), 7.32-7.30 (2H, m), 6.36 (1H, s, olefinic-H), 3.73

(3H, s), 3.69 (3H, s), 3.67 (2H, t, J = 5.8 Hz), 2.82 (2H, t, J = 6.8 Hz), 1.89-

1.78 (4H, m). 3C NMR (CDCls, DEPT-135) § 176.3 (C, C=0), 172.1 (C, N-C=0), 151.4 (C),

148.9 (C), 134.8 (C), 129.4 (CH), 128.8 (2 x CH), 128.5 (2 x CH), 121.0 (C), 117.6 (olefinic-

CH), 51.9 (CHsa), 48.1 (CH>), 30.3 (CH2), 25.8 (CH2), 22.0 (CH), 18.2 (CH2). HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C1sH10NOsNa 320.1263; Found : 320.1263.

COzMe

109bq
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cis-3-bromo-1-methyl-4-phenyl-6,7,8,10,11,12,13,14-octahydropyrido[2,1":2,3]pyrimido
[1,2-a]azepin-2(1H)-one (116ce): Prepared following the procedure B and
isolated as a yellow solid with mp: 155-160 °C. Yield: 48% (29.9 mg). IR
(Neat): vmax 2925, 2859, 1644, 1520, 1489, 1443, 1417, 1369, 1258, 1211, 1160,
1053, 1028, 885, 772, and 701 cm™. *H NMR (CDCls, 500 MHz) & 7.48-7.39
(3H, m), 7.18 (1H, d, J = 7.4 Hz), 7.02 (1H, d, J = 7.2 Hz), 3.20 (1H, td, J =
116ce 12.9, 3.8 Hz), 3.14 (1H, q, J = 7.0 Hz), 3.01-2.88 (3H, m), 2.82-2.75 (2H, m),
2.28-2.16 (2H, m), 1.93-1.84 (1H, m), 1.77-1.55 (6H, m), 1.47-1.41 (1H, m), 1.26 (3H,d, J=7.0
Hz). *C NMR (CDCls, DEPT-135) § 189.8 (C, C=0), 160.5 (C), 136.8 (C), 129.0 (CH), 128.9
(CH), 128.7 (CH), 127.2 (CH), 126.6 (CH), 92.0 (C), 81.4 (C, N-C-N), 48.5 (CH>), 46.3 (CH>),
46.27 (CH), 44.9 (CH), 29.3 (CH2), 26.7 (CH2), 24.9 (CH2), 24.8 (CH2), 20.9 (CH), 12.9
(CH3). HRMS (ESI-TOF) m/z: [M + H]" calcd for C2oH25BrN>OH 389.1229; Found : 389.1229.

cis-3-bromo-4-(4-fluorophenyl)-1-methyl-6,7,8,10,11,12,13,14-octahydropyrido[2’,1":2,3]
pyrimido[1,2-a]Jazepin-2(1H)-one (116ee): Prepared following the
procedure B and isolated as a light yellow coloured liquid. Yield: 44%
(28.7 mg). IR (Neat): vmax 2924, 2853, 1646, 1602, 1525, 1496, 1436,
1360, 1206, 1156, 1101, 1058, 1016, 985, 869, 840, 799 and 732 cm™. *H
NMR (CDCls, 500 MHz) 6 7.26 (2H, br s), 7.14-7.10 (2H, m), 3.61 (1H,

116ee dt, J = 12.8, 3.3 Hz), 3.45 (1H, g, J = 7.1 Hz), 3.34 (1H, ddd, J = 12.2,
9.3, 2.9 Hz), 3.13 (1H, dd, J = 15.1, 10.8 Hz), 3.03 (1H, ddd, J = 12.4, 4.6, 2.1 Hz), 2.96 (1H, td,
J =76, 11.5 Hz), 2.73-2.69 (1H, m), 2.62 (1H, dd, J = 15.2, 8.4 Hz), 1.95-1.89 (1H, m), 1.83-
1.62 (6H, m), 1.54 (1H, dd, J = 15.2, 10.4 Hz), 1.49-1.41 (1H, m), 1.19 (3H, d, J = 7.1 Hz). °C
NMR (CDCIs, DEPT-135) 6 189.6 (C, C=0), 163.3 (C, d, J = 248.5 Hz), 159.1 (C), 132.4 (C, d,
J=3.5Hz), 130.9 (2 x CH, brs), 115.8 (2 x CH, d, J = 21.8 Hz), 93.5 (C), 80.4 (C, N-C-N), 52.3
(CHy), 47.2 (CH), 46.9 (CH2), 45.1 (CH>), 31.6 (CH>), 29.5 (CH>), 27.4 (CH>), 25.3 (CH>), 23.0
(CHy), 9.8 (CH3). HRMS (ESI-TOF) m/z: [M + H]" calcd for C2oH24BrFN2OH 407.1134; Found
: 407.1130.
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ethyl-2-(cis-3-bromo-2-oxo-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2,1":2,3]
pyrimido[1,2-a]Jazepin-1-yl)acetate (116ae): Prepared following the
procedure B and isolated as a light yellow coloured liquid. Yield: 50%
(36.9 mg). IR (Neat): vmax 2923, 2852, 2360, 1730, 1646, 1518, 1487,
1441, 1371, 1203, 1160, 1028, 734 and 701 cm™. 'H NMR (CDCls, 500
MHz) & 7.45-7.39 (3H, m), 7.22 (2H, br s), 4.23-4.11 (2H, m), 4.07 (1H,

116ae dd, J =9.8, 3.8 Hz), 3.51-3.42 (2H, m), 3.14-3.10 (1H, m), 3.06 (1H, dd, J
=15.0, 10.2 Hz), 2.89-2.83 (2H, m), 2.80 (1H, dd, J = 15.6, 9.6 Hz), 2.53 (1H, dd, J = 13.8, 8.4
Hz), 2.33 (1H, dd, J = 15.6, 3.6 Hz), 1.91-1.84 (1H, m), 1.79-1.59 (6H, m), 1.54-1.45 (1H, m),
1.34-1.27 (1H, m), 1.28 (3H, t, J = 7.1 Hz). ¥C NMR (CDCls, DEPT-135) & 187.4 (C, C=0),
172.8 (C, 0-C=0), 160.7 (C), 136.2 (C), 129.6 (CH), 128.6 (2 x CH), 128.4 (2 x CH, brs), 91.8
(C), 80.8 (C, N-C-N), 60.6 (CH2), 53.4 (CH>), 49.7 (CH), 46.2 (CH.), 44.7 (CH2), 31.6 (CH>),
30.2 (CH2), 29.4 (CH>), 28.2 (CH2), 24.3 (CH2), 23.1 (CHy), 14.1 (CH3). HRMS (ESI-TOF) m/z:
[M + H]" calcd for C23H29BrN2OsH 461.1440; Found : 461.1442.

methyl-2-(cis-3-bromo-2-oxo-4-phenyl-1,2,6,7,8,10,11,12,13,14-decahydropyrido[2,1":2,3]
pyrimido[1,2-a]Jazepin-1-yl)acetate (116be): Prepared following the
procedure B and isolated as a light yellow solid with mp: 160-162 °C.
Yield: 64% (45.8 mg). IR (Neat): vmax 3352, 2923, 1732, 1640, 1511,
1485, 1433, 1362, 1264, 1202, 1158, 1049, 1013, 979, 930, 761, 731 and
698 cm™. 'H NMR (CDCls, 500 MHz) § 7.45-7.42 (3H, m), 7.23 (2H, br
116be s), 4.08 (1H, dd, J = 9.8, 3.6 Hz), 3.72 (3H, s), 3.52-3.42 (2H, m), 3.13
(1H, ddd, J = 12.8, 5.4, 1.6 Hz), 3.05 (1H, dd, J = 14.9, 10.0 Hz), 2.90-2.82 (2H, m), 2.81 (1H,
dd, J = 15.6, 9.8 Hz), 2.54 (1H, dd, J = 14.2, 8.6 Hz), 2.35 (1H, dd, J = 15.6, 3.6 Hz), 1.91-1.85
(1H, m), 1.79-1.71 (4H, m), 1.67-1.59 (2H, m), 1.54-1.47 (1H, m), 1.35-1.25 (1H, m). *C NMR
(CDCls, DEPT-135) 8 187.4 (C, C=0), 173.2 (C, 0O-C=0), 160.8 (C), 136.2 (C), 129.7 (CH),
128.6 (2 x CH), 128.5 (2 x CH, br s), 91.8 (C), 80.8 (C, N-C-N), 53.4 (CH>), 51.9 (CHs), 49.7
(CH), 46.2 (CH2), 44.7 (CH2), 31.6 (CH>), 30.0 (CH>), 29.4 (CH>), 28.2 (CH>), 24.3 (CH>), 23.1
(CH2). HRMS (ESI-TOF) m/z: [M + H]" calcd for C22H27BrN2O3H 447.1283; Found : 447.1285.
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10-methyl-13-phenyl-2,3,4,5,6,7,8,9-octahydropyrido[1,2-e][1,5]diazacycloundecin-11(1H)-
one (118ce): Prepared following the procedure C and isolated as a

\H colourless liquid. Yield: 95% (60.0 mg). IR (Neat): vmax 2925, 2851, 1617,

Me 2 N 1599, 1534, 1489, 1463, 1372, 1258, 1206, 1147, 1049, 862, 767 and 704
07 NP pp, cm™. IH NMR (CDCls, 500 MHz) § 7.44-7.42 (3H, m), 7.35-7.34 (2H, m),
118ce 6.25 (1H, s, olefinic-H), 4.48 (1H, br s), 3.74-3.72 (1H, m), 3.04-2.86 (3H,

m), 2.52-2.39 (3H, m), 2.17 (3H, s), 1.74 (3H, p, J = 6.2 Hz), 1.51 (5H, br
s). 3C NMR (CDCls, DEPT-135) & 177.7 (C, C=0), 151.6 (C), 150.6 (C), 136.2 (C), 128.9
(CH), 128.6 (2 x CH), 128.3 (2 x CH), 125.0 (C), 117.5 (olefinic-CH), 46.6 (CH.), 44.6 (CH>),
43.4 (CH2), 31.1 (CHy), 29.7 (CH2), 26.8 (CH), 26.0 (CH2), 22.8 (CH), 11.8 (CHs). HRMS
(ESI-TOF) m/z: [M + H]" calcd for C2oH26N2OH 311.2123; Found : 311.2123.

(1S,2S,5R)-2-isopropyl-5-methylcyclohexyl-4-0xo-6-phenylhex-5-ynoate  (56p): Prepared

following the procedure D and isolated as a pale yellow coloured

M Me

e

O o liquid. Yield: 23% (193.0 mg). IR (Neat): vmax 2953, 2924, 2868,

o /U\/\[O( Q 2202, 1730, 1676, 1456, 1369, 1209, 1174, 1095, 983, 963, 758

and 689 cm™. *H NMR (CDCls, 400 MHz) & 7.56-7. 54 (2H, m),

56p 7.46-7.41 (1H, m), 7.38-7.33 (2H, m), 4.68 (1H, dt, J = 10.9, 4.4
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Found : 341.2116.
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