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PREFACE

The reactions involving fulvenes and its derivatives have received a great
deal of attention over the years in synthetic organic chemistry. Functionalizations
of fulvenes provide versatile and powerful approaches to various polycyclic
systems and natural products. They serve as versatile intermediates in the
construction of various ring systems through inter- as well as intramolecular
cycloadditions. Compared to the rich literature on the cycloaddition reactions of
pentafulvenes, much less attention has been paid to the synthetic utilization of
their cycloadducts. Tactical manipulations on the chosen adduct offer the
prospects for designing a variety of useful molecular skeletons.

Addition of heterodienophiles to fulvenes offers an efficient strategy towards
the synthesis of azabicyclic olefins. However, there have been no serious attempts
to study the synthetic utility of these substrates. In this context and with the
intention of utilizing pentafulvenes towards synthetically important molecules, we
decided to explore the reactivity of pentafulvene derived azabicyclic olefins. Our
attention was focused on the synthetic potential associated with the ring opening
of fulvene derived bicyclic hydrazines under palladium catalysis. We envisioned
that the desymmetrization of these adducts using various soft nucleophiles will
provide a novel access to synthetically and biologically important alkylidene
cyclopentenes. The investigations along this line form the focal theme of this
thesis entitled “PALLADIUM CATALYZED CARBON-
CARBON/CARBON-HETEROATOM BOND FORMATION REACTIONS
UTILIZING PENTAFULVENE DERIVED BICYCLIC HYDRAZINES”.

The thesis is divided into four chapters. Relevant references are given at the
end of each chapter. An overview of the synthetic applications of pentafulvene
derived cycloadducts is presented in the first chapter of the thesis. The definition

of the present research problem is also incorporated in this chapter.

iX



Second chapter presents the results of our investigations on the palladium
mediated ring opening of pentafulvene derived bicyclic hydrazine with phenols
and active methylene compounds leading to the novel synthesis of cis-1,2-
disubstituted alkylidene cyclopentenes. It is noteworthy that alkylidene
cyclopentenes are key intermediates in the synthesis of a number of biologically
active molecules.

Substituted cyclopentenes are particularly important synthetic targets because
further derivatization of the functional groups provides access to highly
functionalized, stereochemically complex molecules. Third chapter presents the
results of our investigations on the development of a novel palladium catalyzed
methodology for the ring opening of different fulvene derived bicyclic hydrazines
with aryl halides. The reaction at room temperature afforded substituted alkylidene
cyclopentenes. The products of the developed methodology can be used as
potential intermediates towards a number of biologically relevant molecules.

Annulation is one of the most efficient and economical ways of creating
cyclic molecules. The advantage of these transformations is the formation of
several bonds and the creation of two or more contiguous stereogenic centers by
using a single catalyst in one pot, without the need for isolation of the
intermediates. The last chapter describes the palladium catalyzed
cyclopentannulation of pentafulvene derived bicyclic hydrazines with 2-
iodophenols towards the synthesis of benzofuran fused bicyclic hydrazines. The
generality of the methodology was established by carrying out the reactions of
fulvene derived bicyclic hydrazines with various substituted 2-iodophenols.

A summary of the work is given towards the end of the thesis.



Chapter 1

Pentafulvenes: An Overview

1.1. Introduction

Fulvenes and their derivatives have been externsimeestigated in synthetic
organic chemistry for more than a century. They eyelic cross conjugated
olefins with unique electronic, spectroscopic aheroical properties. Fulvenes,
belong to the category of non-functionalized carbarbon double bondsBased
on their ring skeleton, they are named as triafubge pentafulvenes,

heptafulvenes etc (Figure 1.1).

R_ _R RGAR
1 & &
Figure 1.1. Types of fulvene
Pentafulvenes stands out among the various typelheénes and serve as
versatile intermediates in the construction of aefg of ring systems, through
inter as well as intramolecular cycloaddition reats. They are mainly utilized as
synthons to access new carbocyclic and heterocggbtems, containing one or
more five membered rings. They have found extengse as valuable building
block in the synthesis of natural products suchhmsutene® capnellené, £
vetivone? hinesol silphinene® viburtinal,” longifolené etc (Figure 1.2)Fulvenes
have also been utilized for the synthesis of tieme anticancer drugsnd
various aminocyclopentitols with glycosidase intoby activity° Fulvenes and

benzofulvenes have been patented as anti-inflanmgnatgents having antipyretic

and analgesic activit¥.
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Hinesol BVetivone O

Figure 1.2 .Some natural products synthesized from pentafgise

1.2. Pentafulvenes: Synthesisand properties

Pentafulvenes, colored dipolar hydrocarbon, weee finst fulvenes prepared
and named (Latinfulvus, meaning yellow) by Thiele in 1906.This method
consists of condensation of cyclopentadiene witlel@ydes or ketones in presence
of alkali metal base in an alcohol, providing greduct in modest to good yields.
The scope and limitation of this method dependsherreactivity of the carbonyl
compound and on the stability of the fulvene formkdgives low yields with
considerable amounts of resinous byproducts, praklyndue to competing aldol
condensations. Freiesleben modified this procebyreeplacing the strong bases
via primary or secondary amin&s.

In 1983, Stone and Little developed a more veesatild convenient route
towards a range of structurally diverse pentafubsefh They showed that
pyrrolidine efficiently promotes fulvene formatidnom cyclopentadiene and a
range of carbonyl compounds such as ketones, aléshyith acidia-hydrogen,
and sterically encumbered aldehydes (Schemye EvEen though, this is the most
widely accepted method for the synthesis of fulgemeterms of generality and
high yields; the reaction was unsuccessful withkypuketones such as diaryl

ketones.
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Me Me

)]\ @ Pyrrolidine
MeOH 12 min,
81%

Scheme 1.1

Oda and co-workers provided an alternate procediowards 6,6-
disubstituted pentafulvenes using N,N-dialkylamjdastead of ketones, with
organolithium compounds and cyclopentadi€&hRecently, Ottoson described an
improved synthesis of fulvenes through reactiosagfium cyclopentadienide with
the appropriate ketones in refluxing THF and thégpveed that alkyl or aryl
substituted fulvenes are formed rapidly in highHdggScheme 1.2f

Ph Ph
.Na+ THEF, reflux
30 min, 74%
4 6
Scheme 1.2

Pentafulvene is a cyclic isomer of benzene with-benzenoid aromaticity and
high polarizability. Based on their dipole momeatswell as on their reactivity
patterns, they would occupy an intermediate pasitietween the open chain
olefinic and aromatic targets in a number of sytithstudies. Due to chemical
instability they have been considered for a longetias non-aromatic. The
aromatic character of pentafulvenes depends on dleetronic nature of
substituents at the exocyclic posititinElectron-donating groups in the case of
pentafulvenes and electron-accepting ones in tke o& heptafulvenes strongly
stabilize the respective rings, leading to a sulbsth increase in aromatic
character. This is evidently due to the electrocepting power of the five
membered ring and electron-repelling nature ofsénaen membered ring, inorder

to satisfy the Huckel 4n+2 rule.
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Pentafulvenes exhibits a wide range of reactionsh wiucleophiles,
electrophiles and various cycloaddition partriérEhe terminal exocyclic carbon
of pentafulvenes is electrophilic and can be a#dcldirectly by suitable
nucleophiles. In addition, the protons in th@osition of this electrophilic carbon
are sufficiently acidic to be removed by a suitabése’® Selective reduction of
exocyclic double bond of pentafulvenes is faciléhviithium aluminum hydride or
with dissolving metal conditions. On the other hafdvenes with N- or O-
functions at the exocyclic carbon show a pronountesdiency for electrophilic
and nucleophilic substitution reactions like thenieric anilines or phenofs.
However, the synthetic potential of pentafulvenesreav mainly exploited in
periselective cycloaddition reactions.

1.3. Cycloaddition chemistry of pentafulvenes

Cycloaddition reactions hold a prominent placethe arsenal of synthetic
methods and are among the most trusted of chemnaradformations available to
date®® The rich and fascinating chemistry presented tjinothese reactions has
attracted synthetic chemists and propelled theraniertake challenging goals,
consequently building a good headway in synthdsis. advent of pentafulvenes
as convincing scaffolds expanded the credibilityd estope of cycloaddition
reactions. This was credited to its diverse cyadilitamh profiles and the versatility
of the reaction products. They perform flexibly aagr, 4r or Gt candidate and
have been identified as the well known constructimit of many fused ring
systems through intra- and inter-molecular cycld@ald reactions. The
periselectivity of these reactions is controlledthg substituents on the fulvene
and the other substrate. The following sectionudises in brief the cycloaddition

chemistry of pentafulvenes.

1.3.1. Pentafulvene as 2z-component
Pentafulvenes behave as 2omponents with electron-deficient dienes. A

noteworthy example of this type of cycloadditionswaported from the research
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group of Imafuku. They have established an efficieute towards substituted
tropolone derivatives through a [2+2] cycloadditiogtween 2-alkyl-6,6-dimethyl
fulvene 3a and dichloroketen& which is generateth situ from dichloroacetyl

chloride (Scheme 1.§?.

Me Me
NaOH AcOH

Hexane r.t.

Me
3a

Scheme 1.3

By adoption of the similar cycloaddition approachang and coworkers
introduced a new route for the total synthesisriafoid natural products Loganin
and Sarracenin by utilizing the versatile diquindBewhich was obtained by the
reaction of 6-acetoxy fulven#0 with methyl chloroketendl generatedn situ
(Scheme 1.43*

@]
N EtsN CH.N,
HaC cl T~~CHs
10 11 12 ¢j oS
1}\@
CO,Me
MeO,C o
d 2 9
-~ IO o
Loganln sarracenin 16
OH 14 CH,
Scheme 1.4

Fulvene shows different reactivity patterns wittopione and its sulphur
analogue, tropothione. As early as 1970 Houk estadd that fulvene acts asa 4
component with tropone and gave a double [6+4] Baduct® In contrast to this

observation, Machiguctat al. have reported that fulvene acts astac@mponent
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in its reaction with tropothion&7, with the latter serving as thet @omponent

(Scheme 1.5
S H
Benzene O ‘

[8+2] HH /

Ph

6 17 18 Ph

Scheme 1.5

In most of the cycloadditions involving pentafulesn exocyclic double bond
does not engage as & 2omponent, though rare examples of its involvenoamnt
be found in the literature. An impressive report thie cycloadditions ofo-
xylylenes to pentafulvenes were reported from Heull. Electron-deficieno-
xylylenes react in a Diels-Alder manner to endoicydouble bonds of fulvenes
whereas electron-rich ones add primarily in the esdashion to the exocyclic
double bond of fulvenes. The presence of electritimnawing substituents on the
C-6 of fulvene further activates the exocyclic deulbond in cycloaddition
reactions. For example, the reaction of the fulven® with
[(methoxycarbonyl)amino]benzocyclobuter®) afforded the spiro adduckl

which can be converted to the benzoazukhEScheme 1.6’

H. _OCOPhNO,(p) MeO,CHN
NHCO,Me

| N Toluene reflux O
+
4

OCOPhNO,(p)

19 20
KOH, MeOH

Og

Scheme 1.6
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On the other hand, the reaction of cyanobenzocybtdoie 20b with excess
dimethyl fulvene3 afforded a single [4+2] addu24 (Scheme 1.7).

Me Me
CN 3 CN
CN :
Z
s Nige 5 408
—_— —_—
Xylene
20b \
23 24 Me Me
Scheme 1.7

Yasunamiet al. reported an isolated example of the cycloadditadn6,6-
dimethylfulvene3 with 3-methoxycarbonyl-2H-cyclohepta[b]furan-2-o2& and
described the unusual solvent effects observelldmgactiorf® Depending on the
solvent, the reaction proceeds either through &][4er [8+2] cycloaddition
pathway. The [4+2] cycloaddu26 was formed as a major product in ethanol or
benzene together with minor [8+2] addugi, while the latter was formed

exclusively in xylene (Scheme 1.8).
CO,Me Me Me

— + Benzene or
o xylene, reflux
)

25 3

Scheme 1.8
Subsequent work from our laboratory have elaboratetigeneralized the above
cycloaddition strategy for a number of 6,6-dialkydjaryl and cycloalkyl
pentafulvene$’
0-Quinones can function as carbodienes, heterodiemes dienophiles in
cycloaddition reaction® The investigations from our laboratory have reedal

that pentafulvenes act as efficiemt @mponents with 1,2-bezoquinones affording
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bicyclo[2.2.2]octen-7,8-dione addu2® in excellent yield from the reaction of
6,6-diphenyl fulvené with the substituted-quinone28 (Scheme 1.93"

O
Ph Ph o CMes
Me,C (o)
o /
+ Toluene, 110 °C >
O MezC /
CMes Ph A
6 28 29 P

Scheme 1.9

Normally, microwave—assisted organic reactions d&aster than their
conventional counterparts, high yielding and rethie backbone structure of the
thermal product®? In an interesting observation, B. C. Hoetcal. have reported
that microwave irradiation can alter the reactiomthgvay for certain
cycloadditions of fulvenes. For example, the reactf 6,6-dimethyl fulvene
and benzoquinon&0, under microwave conditions afforded the hetere3]2
adduct32, which is a structural analogue of the natural potsiapylysin and
pannellin® it differs completely from the well-known thermddiels-Alder
cycloaddition products of fulvenes and benzoquin@wheme 1.10%*

o 0
:: 30 :: 46
(e} o -

DMSO, 120 °C, MW

CeHg, 80 °C

3

Scheme 1.10
The chemistry of azadienes, especially their invexkectron demand profile in
Diels-Alder reactions has attracted much attentionatural product synthests.
In 2002, Hong and co-workers have demonstrated ghlyhiregio- and

stereoselective inverse electron demand Diels-Aldeycloaddition of
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pentafulvenes with azadienes. The methodology deavian efficient route
towards [1]-pyrindine systei36 (Scheme 1.11% Similar trends in reactivity were

found for a related series of pentafulvenes andianas.

oh H CO,Et

N CH,Cl, 25°C
—_—

NG [4+2]

|
SO,Ph

33 34

Scheme 1.11

1.3.2. Fulvene as 4r-component

In addition to the reaction with various hetero dmnodienes, pentafulvenes
can function as highly reactive dienes and thissvident from the existing
literature on the cycloaddition reactions involviniylvenes and various
dienophiles. Deslongchamgs al. reported the design and synthesis of a novel
scaffold for molecular recognition, employing simdiels-Alder cycloaddition
reaction between dimethyl fulvene and maleinfideThe reaction of 6,6-
dimethylfulvene 3 and maleimide36 in refluxing toluene produced [4+2]
cycloadducts as an 8:1 mixturee® andendo isomers. The majaxo isomer37
was easily converted into the modud8, for the rapid assembly of abiotic

receptors toward neutral organic guest moleculebe(&e 1.12).

Me Me
H
o N Toluene
+ U Reflux, 89% NPMB
3 36

37 O 38
Scheme 1.12
In comparison to simple dialkyl or diaryl fulvends6-adamantylidene fulvene
has received only limited attention in cycloadditiceactions. Warrener and co-

workers have reported the reaction between 6,6-adidene fulvene39 and



10 Chapter 1

Smith’s diened40, which is a reactive dienophile. The reaction aféat the [4+2]
cycloadduct41l where the adamantyl group is positioned rigidly tn the
molecular framework by virtue of the olefinic lirg@ originating from the fulvene
(Scheme 1.13¥ They have also demonstrated that under high pressunditions
the reaction can be utilized for the formation dfaolducts by using a modified

Smith’s diene.

E
E
7
39 40 E 41
E = CO,Me

Scheme 1.13
Jousseaumet al. have reported the Diels-Alder reactions of 6-siylfulvenes
42 with various dienophiles leading to 7-substitulbéclclo[2.2.1]hepta-2,5-diene
derivatives. Treatment of these adducts withyNBu produced 7-norborno-2,5-

dienyl aldehydes and ketones in good yields (Schit®)>°

CO,M OSiMe
ovie Me 3

COMe
Il \ H
43
CO,Me CO;Me
é
OSiMe
42 3 44 CO2Me 45 COzMe
Scheme 1.14

Muthusamyet al. developed an efficient and stereoselective protémothe
construction ofsyn-facially bridged norbornane frameworks from peultanes
derivativesvia reactions with rhodium carbenoids generated framzalketones
(Scheme 1.15Y°
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48

; 0 o)

HsC  COCHN, o
—»

Rh,(OAC) , I NPh

46 HsC

49 O
Scheme 1.15
Raghunathan and co-workers have reported an integmlar [4+2]
cycloaddition of fulvenes leading to 6-oxatricy@af.0.0]dodeca-2,11-diene ring
system such &l (Scheme 1.16Y"

HCD

O _NCOM LiCIO 4, CHaNO

Reflux

50

Scheme 1.16
Hatanaka and co-workers have demonstrated thdesffisynthesis as well a
highly regio and stereoselective [4+2] cycloadditimeaction of 4-[(R)-3-
benzyloxy-pent-4-en-1-yl)fulvene 52  and its  transformation into
bicyclo[3.3.0]octené3 by mild acid treatment (Scheme 1.17).

COPh

PhOC H \

, oBn . 10 COEt  EtO,C

EtO,C _ ouere v H —>
100 °C, 86% —>
! OBn

EtO

52 53 54

Scheme 1.17

Recently, Hong and co-workers have described agaatdntramolecular Diels-
Alder (IMDA) involving simple acyclic fulvene moletes toward the construction

of a variety of polycyclic ring skeletons presemtpharmaceutical agents such as
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SP 18904, treprostinil, kigelinol etc. An exampte the synthesis of kigelinol
skeletors7 from the fulvenéss is depicted in scheme 1.13.

O

\ — -
Me, Me
Me — H

EtsN, DMF, reflux
> N\ —

55 - 56 - 57
Kigelinal skeleton

Scheme 1.18

1.3.3. Pentafulvene as 6r-component

As already mentioned, pentafulvenes prefer to actém component with
electron-rich dienes. Pioneering work in this anees revealed by Houk and co-
workers with the report of an efficient proceduce fzulene synthesiga the
[6+4] cycloaddition of pentafulvenes and electrich ramino butadiene. For
example the cycloaddition of 6-phenyl fulve8® with 1-diethylamino butadiene
58 followed by the loss of diethylamine afforded thgdrazulene derivativé9
which on treatment with chloranil produced the pHesubstituted azulene
(Scheme 1.19).

Ph

Ph H Ph H
ccl, Chloranil
+ PN Ng, ——> —> O
33 58 59

60
Scheme 1.19
Subsequently the same research group developedcassful intramolecular
version of the reaction by resorting to a highlyestve intramolecular [6+4]
cycloaddition of aminodienylfulvenes leading tocyglic systems (Scheme
1.20)%
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2 n Et,NH, K,CO3 N X
T
Benzene
OHC BN A
61
Schemel.20

In 1985, yet another intramolecular variant of tteaction was attempted
successfully by Houket al. They have demonstrated a fascinating
tricyclopentanoid synthesis with the report of antramolecular [6+2]

cycloaddition reaction of fulvenes with the pendemamine (Scheme 1.2%).

o)
I
Et,NH ,
— - /R —_—
K,COs, PhH
MS, 25
i NEL | eeR
64 65
Scheme 1.21

In comparison to intramolecular cycloaddition réats$ involving higher-order
Tt systems \fjde supra) intermolecular versions suffer from the loss of
regioselectivity, endexo selectivity, and diastereofacial selectivitiju and Ding
provided a fine proof of this concept by attemptitite cycloadditions of
pentafulvenes with the higher homologue of thedabid family, heptafulven®.
Multiple cycloaddition profiles are observed ane treactions suffer from low
yields and lack of periselectivity and afforded &tore of [6+4], [8+2] and/or
[4+2] adducts depending on the reaction condit{@theme 1.22



14 Chapter 1

NC CN
Ph Ph
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H NC Ph
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Ph HH
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Scheme 1.22

1.3.4. Pentafulvenesin Dipolar cycloaddition reactions

1,3-Dipolar cycloaddition reaction has found extemsuse as a high-yielding
and efficient, regio- and stereocontrolled protoém the synthesis of many
different heterocyclic compounds.The dipolar family always motivated the
search and combination of versatile dipolarophifes performing superior
chemistry. In view of the potential features atsdile through the chemistry of
pentafulvenes there was general acceptance ofatter in the arena of dipolar
cycloaddition reactions. This section provides arereiew of the available
literature on this topic of organic chemistry wigbme emphasis on the recent
accomplishments in our own laboratory.

Mesoionic ring systems are widely accepted 1,3{dipspecies and are utilized
as starting compounds for rendering variety of fuetgcles’® Kato and co-
workers were the first to develop the successiubldr chemistry of pentafulvenes
with mesoionic compounds. The reaction of 3-phgmnene7l with 2-tert-butyl-
6,6-dimethyl fulveneBb gave the condensed pyrazdl2 by extrusion of carbon
dioxide from the initially formed [4+2] cycloadduéollowed by spontaneous

dehydrogenation (Scheme 1.23).
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1l \ Toluene, A
+ N e 0 ~N
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¢ = \J\
Bu” 3b 71 72 N7 Spp

Scheme 1.23
Nair and co-workers reported the first dipolar cycloadditioraction of
conjugated pentafulvenes. They found that 6-(2-phesthenyl)fulvene 73
underwent facile reaction with various aryl nitrdgides leading to isooxazoline

derivatives (Scheme 1.2%)Here the fulvene participate asmaidend.

?
N+
11
C
+ ci Cets
—_—
I Ar, Reflux, 30 min
73 Ph 74

Scheme 1.24
As a novel route towards oxatetracyclo[6.5.1.0ttecanes, Muthusamy and
co-workers have described a facile [3+2] dipolarclogddition of rhodium
generated carbonyl ylides with pentafulvenes. T/3dipole generated from the
Tediazo carbonyl compourdB on reaction with 6,6-dimethyl fulver&furnished
the cycloadducts’6 and 77 as a separable mixture of regioisomers (Scheme
1.25)>°

o)
COCHN;, ha(OAc) 5
Me + CHZCIZ RT
n

Scheme 1.25
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Warrener and co-workers have revealed the solitgpgrt on the reactivity of a
conjugated pentafulvene performing as tha @@mponent in a symmetry allowed
[10+4] dipolar cycloaddition reactiolf.The reaction involved the trapping of 6,6-
dimethylisobenzofulven&8 by its 1,3-dipolar precursaf9 leading to a complex
framework80 (Scheme 1.26).

Scheme 1.26

In an isolated report, Chandrasekhar and co-worgetlined the cycloaddition

reaction of a single pentafulvene with diphenybnie>® Nearly after a decade,
Ciamalaet al. have presented a more extensive description eofcyicloaddition

between the two substrates. They utilized a sesfesono and di substituted
pentafulvenes with various aroylnitrones and ofgdithe corresponding fused

bicyclic adducts as a mixture of regioisomers incggields (Scheme 1.2%.

Ph_ _Ph
>§o 110°C
* \Ph [3+2] o Nep N\Ph
A

Scheme 1.27
In 2003, Hong and co-workers reported the [6+3tlagddition reaction of
azomethine ylides generated from glycine-N-beneylal ethyl esteB4 with a
series of pentafulvenes leading to biologically aripnt [2]-pyrindine systems
(Scheme 1.28)’
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Scheme 1.28

One year later, the same group has exposed theehglvity of pentafulvenes
with 2H-azirine under varying conditions. In theegence of a Lewis acid, 2H-
azirine 86 reacted with fulvenes through a formal regiosélect[6+3]
cycloaddition reaction and provided an alternativafficient synthesis of
[2]pyrindine derivatives. Conversely, under ultrasd conditions the reaction
produced alkylated fulvene azirin8% through an unexpected rearrangement of

the initial Diels-Alder cycloadduc{Scheme 1.29)°

CO,CHg cl
Je
ultrasound
W l —“Om S NH
COZCH3 6+3]
CO,CHgy
88
Scheme 1.29

As a result of the steady efforts in this scenamagently our group have made
significant hand-outs to the cycloaddition chenyistf pentafulvenes. We have
unravelled a simple but efficient [6+3] cycloadditi reaction of pentafulvenes
with 3-oxidopyrylium betaines and the approach reffiea useful methodology for
the construction of 5-8 fused cyclooctanc®s”®

Inspired by the promising structural features afteby these cycloadducts, we
explored their synthetic utility in the constructiof more complex but useful
polycyclic molecules. The carbon framework of thelecules was successfully
expanded through Diels-Alder reaction, dipolar ogddition, Luche reduction,
selective hydrogenation etc. All these alteratiotesd to oxa-bridged

cyclooctanoids having excellent synthetic value thsse can act as key
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intermediates in the synthesis of various bioldiycanportant molecular frame
works (Scheme 1.36.

Scheme 1.30
Our studies have further elaborated the synthéiiitywof the adduct90, by

converting it into synthetically and biologicallgeful molecular frameworks such

as 11-membered carbocycles and spirocyclic cyckanaids (Scheme 1.31).
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i) H, Pd/C, RT, EtOAc, 6 h; i) RuCl 3.3H,0, NalOy4, RT, 5 h; iii) Cpd, Pyrrolidine, MeOH, RT, 6 h;
iv) Oxidopyrylium betaine, CHCI 3 50 °C, 4 h; v) Repeat i, iii, iv
Scheme 1.31

1.3.5. Cycloadditions of 6,6-dimethylamino fulvenes and fulveneketene
acetals

Increase in the electron density at the exocydsitpn of pentafulvenes has a
pronounced effect on their reactivity. Accorditoag-MO theory, electron donating
substituents with large coefficients at the exoicygbosition of fulvenes,
sufficiently elevate the energy of the HOMO andwaxte their performance asi6
components. This statement was illustrated by gwoaddition reactions of 6-
(N,N-dimethylamino)fulvene and fulvene ketene alcefhough the synthesis of
these pentafulvenes was reported as early as®tf8ir chemistry was explored
to a significant level only recently.

In 1996, Honget al. introduced fulvene ketene ace® endowd with more
electron density compared to amino fulvene, intolagddition reactions. In this
case the reaction afforded the [6+3] adducts irekxat yields and allowed an
efficient synthesis of highly substituted indanteyss (Scheme 1.3%5.Later on,
the same research group extended the scope olbtive atrategy and reported the

synthetic transformations of the cycloaddiféts.
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Me Me
Me Me
Me OFeLn
. 3 Me Me — g
! [6+3]
4+3 O
" 9 [ ] 98 Me Me
€ 10 100

Scheme 1.32
Houk and co-workers were among the first to reptre Diels-Alder
cycloaddition between alkyl fulvenes amdpyrone 102, which is an electron
deficient diene to afford05.®° In contrast to this observation, Hoegal. have
devised a highly efficient [6+4] cycloaddition afilfeneketene acetal with the
same substrate (Scheme 1.%3)This method established the experimental

framework for a conceptually new approach to thalsgsis of azulenols.

0 Me Me o/_\o _ _ /\/OH

o}

5 3 99 O/ﬁ

/ N O D

A GEN 6 =
(o) o Benzene H
|\l/|093 | 102 reflux, 54% i o 105
Me

Scheme 1.33
6-(N,N-dimethylamino)fulvene also adds depyrones in an analogous manner
affording azulenes albeit in low yiel6§Subsequently a higher yielding procedure
utilizing microwave conditions was reported. Thecrowave assisted [6+4]
cycloaddition reaction between 6-(N,N-dimethylanm)fotvene and indole
annulated pyrones provided a facile and efficientyeinto azulene-indoles with

interesting antineoplastic activity (Scheme 1.%4).
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108

Scheme 1.34
Another exciting reactivity profile of activatedifenes was uncovered in 1999.
Pentafulvenes usually respond as ra cd@mponent to benzoquinones affording
[4+2] cycloadduct§® In conctrast, Honget al. reported a novel [6+3]
cycloaddition reaction of 6-(N,N-dimethylamino)felre to benzoquinones and
the reaction provided a series of cyclopenta[c]ofene derivatives which form

the basic skeleton of biologically active 11-oxasigs (Scheme 1.355.

NMe, 0
0 \
Benzene MezNH
25 °C, 65%
109 ©

111 ©H

Scheme 1.35
On the basis of another interesting observatioa, shme research group has
established the unusual but efficient [6+2] cycliiidn™ reaction of 6-(N,N-
dimethylamino)fulvene. For example, the reactionaafinofulvene with maleic
anhydride112 afforded pentaleno[1,2-c]furan skeletdh3 which constitutes the
basic framework of many natural products such aslatone A, merrilactone A
etc(Scheme 1.36%

NMe, o
Benzene, 25 °C
_— >
O

1120 113

Scheme 1.36
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The latest information on the cycloaddition chenyisif activated pentafulvenes
came from Cho and co-workers. They have establishednvenient synthesis of
biologically relevant cyclopenta[d][1,2]oxazinesrdhgh a [6+4] cycloaddition

between aminofulvenes and nitrile oxidd$ (Scheme 1.37%

H NMe,
_oe _
[
N/OH N@
)|\ SN 106
—_—
cl CO,Me Et,O
R
114 1
= 115 -
Scheme 1.37

1.3.6. Fischer-carbene complexes. An unusual cycloaddition partner of
pentafulvenes

The early part of the present decade witnessedintneduction of a novel
reactivity pattern of pentafulvenes and its quickeptance as a general procedure
for the synthesis of substituted indenes and atedileyclopentanones. This has
been credited to the efforts of Barluenga who edifihe interesting chemistry of
pentafulvenes with Fischer carbene complexes. biatem stabilized carbene
complexes have been demonstrated to be useful argaallic reagents for carbo
and heterocyclization reactioffsDepending on the type of carbene complex used,
it is possible to generate versatile carbon syrghionorganic synthesis.

In their initial study they have reported the reatt of alkenyl Fischer carbene
complexes with pentafulvenes. The reaction of therg/l carbene complek17
with dimethyl fulvene3 afforded substituted inderid8 via a [6+3] cycloaddition.
The reaction was found to be general for variokgland alkenyl fulvenes and
produced a number of substituted indanones anche@sdm a regioselective way
(Scheme 1.38%
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Cr(CO)s Me_ _Me OMe O
OMe MeCN N HCI, CH,Cl,
| + 80 °C 72%
Ph Ph
Ph Me Me
117 3 Me Me
118 119
Scheme 1.38

In a systematic carry-over of the strategy, theesanthors have demonstrated
the most primitive cyclopropanation and cycloheptdation reactions of
pentafulvenes with Fischer carbene complexes. Tlelopgropanation of
pentafulvenes was achieved through a [2+1] cyetimatwith alkyl or
aryl(methoxy) carbene compld®0. Apart from this observation they successfully
extended the cyclization of pentafulvenes towardemelaborated cyclopentane
frameworks (Scheme 1.39).

Me Me Ph e}
Me Me
| Cr(CO)s
MeCN -
+ Ph —_— —_
OMe 80 °C
o o)
3 120 I 122 phy
Scheme 1.39

With pentafulvenes, the alkynylcarbene complet84 also go through the
similar cyclization under the normal conditionswewer in the presence of CO,

[4+3] cyclization leading to a cycloheptane sketel@5 was observed (Scheme
1.40)’®

Ra R Ry _Rs Rz\\(Ra‘
R2

3
// OVe

(OC)sW ; R,
—— N
OMe \ecCN, 80 °C \ Hexane, 60 °C, CO
124

123 O 125
Ph

Scheme 1.40
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A closely related study was subsequently descrilyethe same group with the
report of a regioselective [6+3] cycloaddition reaa of alkenylaminocarbene
complex 126 with pentafulvenes thus establishing an efficientry to amino
indenesl27 (Scheme 1.41Y’

Meg wMe
i. Hexane, 130 °C R, N

Me Me
Ry
L, = ii. SiO 5, CH,Cl,
Cr(CO») >
R,N
3 126

Scheme 1.41

Evidently, the pentafulvene-Fischer carbene contlmnaoffers a unique

NR, 127

methodology to access substituted indenes andusaonulated cyclopentanoids.
It is noteworthy that the indenes obtained throtigé strategy maintain a reactive
fulvene unit and is potential candidates for thetlsgsis of fascinating polycyclic
systems.

1.4. Conclusion and present work

From the above discussions it is clear that fulgeame fabulous collection of
synthetically challenging molecules which form dteuctural motif of numerous
biologically important natural products.

Addition of heterodienophiles to fulvenes offersedficient strategy towards
the synthesis of azabicyclic olefiffs.However, there have been no serious
attempts to study the synthetic utility of theséstrtates. In this context and with
the intention of utilizing pentafulvenes towardsithetically important molecules,
we investigated the reactivity of pentafulvene dedli bicyclic hydrazine through
Pd/Lewis acid catalyzed ring-opening with hard eophiles like
organostannanés, silanes, boronic acid§, and allylindium reagents which
yielded alkylidene cyclopenten®s.As part of our continuing interest in the
chemistry of these bicyclic hydrazines, we decittethvestigate its reactivity with
soft nucleophiles. The investigations along thme Iform the focal theme of the

second thesis.
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Substituted cyclopentenes are particularly imparsgnthetic targets because
further derivatizations of the functional groupsoyide access to highly
functionalized, stereochemically complex moleculdsficient synthesis of
functionalized cyclopentane ring has been the eébgof a large number of
methodological studieShe third chapter of the thesis discusses the sgiglof
3,4-disubstituted alkylidene cyclopentene from parivene derived bicyclic
hydrazine and various aryl halides.

Annulation is one of the most efficient and econmahiways of creating
cyclic molecules. The advantage of these transfiboms is the formation of
several bonds and the creation of two or more gantis stereogenic centers by
using a single catalyst in one pot, without the dnder isolation of the
intermediates. The last part of the thesis deserittee palladium catalyzed
cyclopentannulation of pentafulvene derived biayclhydrazines with 2-

iodophenols, affording benzofuran fused bicyclidtazine.



26 Chapter 1

1.5. References

1. a) Yates, PAdvances in Alicyclic Chemistry. Vol. 2. Academic Press; New

York: 1968, Fulvenes; p. 59-184. b) Bergman, E. Chem. Rev. 1968, 68,

41-84. c) Day, J. HChem. Rev. 1953, 53, 167-189. e) Neuenschwander, M.

In The Chemistry of Double-Bonded Functional Groups, Patai, S., Ed.;

Wiley: Chichester, UK1989, Vol. 2, p 1131.

Wang, J. —C.; Krische, M. Angew. Chem,, Int. Ed. 2003, 42, 5855.

Tanaka, K.; Ogasawara, Khem. Commun. 1996, 15, 1839.

Revial, G.; Jahin, I.; Pfau, Metrahedron: Asymmetry 2000, 11, 4975.

Du, Y.; Lu, X.J. Org. Chem. 2003, 68, 6463.

Hu, Q. =Y; Zhou, G.; Corey, E. J.Am. Chem. Soc. 2004, 126, 13708.

Brayer, J-. L.; Alazard, J-. P.; Thal, Q. Chem. Soc., Chem. Commun.

1983, 257.

Ho, G. A.; Nouri, D. H.; Tantillo, D. JJ. Org. Chem. 2005, 70, 5139.

Tacke, M.; Allen, L. T.; Cuffe, L.; Gallagher, W..M_ou, Y.; Mendoza, O.;

Muller-Bunz, H.; Rehmann, F. K.; Sweeney, NOrganomet. Chem. 2004,

2242.

10. Georing, B. K.; Li, J.; Ganem, Betrahedron Lett. 1995, 36, 8905.

11. (a) Vincete, J.; Abad, J.; Gil-Rubio, Organomettallics 1995, 14, 2677. (b)
Korte, A.; Legrose, J.; Bolm, Gynlett. 2004, 13, 2397.

12. Thiele, J.Chem. Ber. 1900, 33, 666.

13. Freiesleben, WAngew. Chem,, Int. Ed. 1963, 2, 396.

14. Stone, K. J.; Little, R. DJ. Org. Chem. 1984, 49, 1849.

15. Kurata, H.; Ekinaka, T.; Kawase, T.; Oda, Wetrahedron Lett. 1993, 34,
3445.

16. Chajara, K.; Ottoson, H.etrahedron Lett. 2004, 45, 6741.

17. Ginzburg, D. [Ed.]Non-Benzenoid Aromatic Compounds; Interscience; New
york 1959.

N o g A~ D

o



Pentaful venes 27

18.
19.

20.

21.
22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.
34.

Krygowski, T. M.; Cyranski, MChem. Rev. 2001, 101, 1385.

a) Friedrichsen, W.; Oeser, H.-Getrahedron Lett. 1974, 15, 4373. b)
Ubersicht, R. A.; Reifschneider, Bull. Soc. Chim. Francel958, 23. c)
Neuenschwander, M. I€hemistry of Double-Bonded Functional Groups,
Patai, S., Ed.; John Wiley: Chichester, UR89; Chapter 16, p 1131.
Macomber, D. W.; Hart, W. P.; Rausch, M. D.; PeisR. D.; Pittman, C.
W. J. Am. Chem. Soc. 1982, 104, 884.

Hafner, K.Pure. Appl. Chem. 1971, 28, 153.

Trost, B. M.; Fleming, IComprehensive Organic Synthesis; Pergamon press:
Oxford, 1991, vol. 5.

Imafuku, K.; Arai, K.Synthesis 1989, 501.

Tai, H.-M.; Chang, M.-Y.; Lee, A.-Y.; Chang, N.-G. Org. Chem. 1999,
64, 659.

Houk, K. N.; Luskus, L. J.; Bhacca, N. 5 Am. Chem. Soc. 1970, 92, 6392.
Machiguchi, T.; Hasegawa, T.; Ishii, Y.; yamabe, Binato, T.J. Am.
Chem. Soc. 1993, 115, 11536.

Bimanand, A. Z.; Gupta, Y. N.; Doa, M. J.; EatonAT; Houk, K. N.J. Org.
Chem. 1983, 48, 405.

Yasunami, M.; Kitamori, Y.; Kituchi, I.; Ohmi, HTakase, KBull. Chem.
Soc. Jpn. 1992, 65, 2127.

Nair, V.; Anilkumar, G.; Radhakrishnan, K. V.; Natdimar, M. V.; Kumar,
S. Tetrahedron 1997, 53, 15903.

Finley, K. T.The Chemistry of Quinonoid Compounds. Wiley, 1988.

Nair, V.; Kumar, S.; Williard, P. Gletrahedron Lett. 1995, 36, 1605.

Hong, B.-C.; Jiang, Y.-F.; Kumar, E. Bioorg. Med. Chem. Lett. 2001, 11,
1981.

Shizuri, Y.; Yamada, A.; Yamada, Rhytochemistry 1984, 23, 2672.

Hong, B.-C.; Shr, Y.-J.; Liao, J.-KDrg. Lett. 2002, 4, 663.



28 Chapter 1

35. Boger, D. L.; Huter, O.; Mbiya, K.; Zhang, M. Am. Chem. Soc. 1995, 117,
11839.

36. Hong, B.-C.; Wu, J.-L.; Gupta, A. K.; Hallur, M. ;S.iao, J.-H.Org. Lett.
2004, 6, 3453.

37. a) Lonergan, D. G.; Riego, J.; DeslongchampsT&.ahedron Lett. 1996,
37, 6109.

38. Warrener, R. N.; Butler, D. Mldrichimica Acta 1997, 30, 119.

39. Nzabamwita, G.; Kolani, B.; Jousseaume, Tetrahedron Lett. 1989, 30,
2207.

40. Muthusamy, S.; Babu, S. A.; Gunanathan Tétrahedron Lett. 2002, 43,
5981.

41. Shanmugasundaram, M.; Raghunathad®ahedron Lett. 1999, 40, 4869.

42. Kitano, H.; Fujita, S.; Takehara, Y.; Hattori, M.a¥ita, T.; Matsumoto, K.;
Hatanaka, MTetrahedron 2003, 59, 2673.

43. Hong, B.-C.; Chen, F.-L.; Chen, S.-H.; Liao, J.-Hee, G.-H.Org. Lett.
2005, 7, 557.

44. Dunn, L. C.; Chang, Y.-M.; Houk, K. N.. Am. Chem. Soc. 1976, 98, 7095.

45. Wu, T.-C.; Mareda, J.; Gupta, Y. N.; Houk, K. Jl.Am. Chem. Soc. 1983,
105, 6996.

46. Wu, T.-C.; Houk, K. NJ. Am. Chem. Soc. 1985, 107, 5308.

47. Liu, C.-Y.; Smith, D. A.; Houk, K. NTetrahedron Lett. 1986, 27, 4881.

48. Liu, C.-Y.; Ding, S.-T.J. Org. Chem. 1992, 57, 4539.

49. Crabb, J. N.; Storr, R. Cln 1,3-dipolar Cycloaddition Chemistry;, Padwa,
A., Ed.; John Wiley & Song,984, Vol.2, pp.543.

50. Newton, C. G.; Ramsden, C. Aetrahedron 1982, 38, 2965.

51. Kato, H.; Kobayashi, T.; Ciobanu, Metrahedron 1997, 53, 9921.

52. Nair, V.; Nandakumar, M. V.; Maliakal, D.; Mathed, S.; Rath, N. P.

Tetrahedron 2000, 56, 8001.



Pentaful venes 29

53.

4.

55.

56.

57.
58.

59.

60.

61.

62.

63.
64.
65.

Muthusamy, S.; Babu, S. A.; Gunanathan, C.; Suitesi)astidar, PSynlett
2001, 1407.

Warrener, R. N.; Hanmond, M. L. A.; Butler, D. NSynthetic
Communications 2001, 31, 1167.

Chandrasekhar, S.; Ravindranath, M.; Neela, B. Famakumar, S,
Viswamitra, M. A.J. Chem. Res. (S),1989, 252.

Djapa, F.; Ciamala, K.; Melot, J.-M.; Vebrel, J.etttm, G.J. Chem. Soc.
Perkin Trans 1, 2002, 687.

Hong, B.-C.; Gupta, A. K.; Wu, M.-F.; Liao, J.-Brg. Lett. 2003, 5, 1689.
Hong, B.-C.; Gupta, A. K.; Wu, M.-F.; Liao, J.-Hetrahedron Lett. 2004,
45, 1663.

(a) Radhakrishnan, K. V.; Krishnan, K. S.; Bhadhad. M.; Bhosekar, G.
V. Tetrahedron Lett. 2005, 46, 4785. (b) Krishnan, K. S.; Sajisha, V. S.;
Anas, S.; Suresh, C. H.; Bhadbhade, M. M.; Bhose&RaV.; Radhakrishnan,
K. V. Tetrahedron 2006, 62, 5952.

(a) Krishnan, K. S.; Suresh, E.; Mathew, S.; Radshkan, K. V.Synthesis
2006, 1811. (b) Krishnan, K. S.; Smitha,.MSuresh, E.; Radhakrishnan, K.
V. Tetrahedron 2006, 62, 12345. (c) Krishnan, K. S.; Kuthanapillil, J. M.;
Rajan, R.; Suresh, E.; Radhakrishnan, KEM:.. J. Org. Chem. 2007, 5847.

(@) Krishnan, K. S.; Kuthanapillil, J. M.; RajarRk.; Suresh, E.;
Radhakrishnan, K. VEur. J. Org. Chem. 2007, 5847. (b) Krishnan, K. .S
Rajan, R.; Radhakrishnan, K. 8ynthesis 2008, 1955.

(a). Olsson, T.; Wennerstorm, @cta. Chemica Scandinavica B, 1978, 32,
293. (b) Hafner, K.; Vopel, K. H.; Ploss, G.; Kon@. Organic Synthesis,
Vol. V. Wiley: New York 1973, p.431.

Hong, B.-C.; Sun, S.-Setrahedron Lett. 1996, 37, 659.

Hong, B.-C.; Sun, S.-S.; Tsali, Y.-@.Org. Chem. 1997, 62, 7717.

Houk, K. N.; Luskus, L. 1J. Org. Chem. 1973, 38, 3836.



30 Chapter 1

66. Hong, B.-C.; Sun, S.-£hem. Commun, 1996, 937.

67. Sato, M.; Ebine, S.; TsunetsuguTétrahedron Lett. 1974, 2769.

68. Hong, B.-C.; Jiang, Y.-F.; Kumar, E. Bioorganic and Medicinal Chemistry
Lett. 2001, 11, 1981.

69. Hong, B.-C.; Gupta, A. K.; Wu, M.-F.; Liao, J.-Hetrahedron Lett. 2004,
45, 1663-1666.

70. Hong, B.-C.; Sun, H.-l.; Chen, Z.-XChem. Commun. 1999, 2125.

71. Butler, D. N.; Margetic, D.; O’'Neill, P. J. C.; Waner, R. N.Synlett 2000,
10, 98.

72. Hong, B.-C.; Shr, Y.-J.; Wu, J.-L.; Gupta, A. Kinl.K. J. Org. Lett 2002, 4,
2249.

73. Cho, S. Y.; Kang, S. K.; Ahn, J. H.; Ha, J. D.; Yd&. H.; Choi, JBull.
Korean. Chem, Soc. 2006, 27, 1481.

74. Sierra, M. A.Chem. Rev. 2000, 100, 3591.

75. Barluenga, J.; Martinez, S.; Suarez-Sobrino, A.Tlomas, M.J. Am. Chem.
Soc. 2001, 123, 11113.

76. Barluenga, J.; Martinez, S.; Sobrino, A. L. S.; mas, M.J. Am. Chem. Soc.
2002, 124, 5948.

77. Barluenga, J.; Martinez, S.; Sobrino, A. L. S.; mas, M.J. Org. Met.
Chem. 2005, 5696

78. Marullo, N. P.; Alford, J. AJ. Org. Chem. 1968, 33, 2368.

79. Anas, S.; Sajisha, V. S.; Mohanlal, S.; RadhakashrK. V. Synlett 2006,
2399.

80. Anas, S.; John, J.; Sajisha, V. S.; John, J.; RaRn Suresh, E.

Radhakrishnan, K. \Org. Biomol. Chem. 2007, 5, 4010.



Pentaful venes 31

81. Anas, S.; Sajisha, V. S.; John, J.; Joseph, N.rgged. C.; Radhakrishnan,
K. V. Tetrahedron 2008, 64, 9689.



Chapter 2

Facile Route towards Alkylidene Cyclopentenes via
Palladium Catalyzed Ring-Opening of Pentafulvene

Derived Bicyclic Hydrazines with Soft Nucleophiles

2.1. Introduction

The development of environmentally benign andceffit synthetic methods
continues to be the central goal of research immoychemistry. Catalysis and
organometallic chemistry are key techniques forieathg these objectives as it
contributes to the development of environmentaigign methodologiesAmong
the different catalytic reactions, palladium-catal¢f cross-coupling reactions have
revolutionized the synthesis of diverse targets iatermediates and have been
applied in the industrial synthesis of fine cherscgpharmaceutically active
compounds, and agricultural chemicaés well as in natural product synthésis.
The formation of carbon-carbon or carbon-heteranabmnds in this fashion has
undergone significant development in recent ye@rse of the recent interest in
this area is the generation of multiple stereogentbrough the addition of
nucleophiles to heterobicyclic alkenes, with conitam ring opening. The
present chapter describes the palladium catalyregopening of pentafulvene
derived bicyclic hydrazines with soft nucleophileading to the stereoselective
synthesis of alkylidene cyclopentenes. Before gointp the details of our
investigations, a brief introduction about alkyl#ecyclopentanes is presented in

the following section.
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2.2. Alkylidene cyclopentanes
Substituted cyclopentanes are important synthetierinediates and key

structural elements in various natural productghsas terpenes, steroids, and
prostaglandins.  Among various cyclopentane dexeati alkylidene
cyclopentanes hold special attention as intermesliah the construction of
biologically interesting molecules including (+) dan(-)-nigellamine A°
guanacastepene ‘Aetc. Trost's synthesis of (+)-allocyathin ,Bwhich has
interesting biological activities, involves an dikigne cyclopentenone as the key
intermediaté. Alkylidene cyclopentanes can easily be converdiperidine
alkaloids like streptazolins, odoriferous compounds likeB-vetivone’® o

vetispirene! hirsutene? liseaverticillol$® etc. Some of the structurally related

compounds are shown in figure 2.1.

0
N
H o}
B-Vetivone Hirsutene
Streptazon C

Guanacastepene

Figure 2.1. Natural products containing alkylidene cyclopentakeleton

2.2.1. Synthesisof alkylidene cyclopentanes
A number of reports are knowhin the literature toward the synthesis of

alkylidene cyclopentenes and its derivatives. Tewst co-workers have elegantly
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utilized the trimethylenemethane (TMM) chemistry foe introduction of various

substituents to the cyclopentane cbrdn 1979 they have reported a facile
synthesis of disubstituted methylidene cyclopentaihy the palladium catalyzed

cyclization of acetoxymethyl allyltrimethylsilariewith electron deficient olefins

2 (Scheme 2.1).

O

Pd (PPhs)
TMS\)]\/OAC + F>h/\)l\OCH3 i

THF, Reflux, 45h Ph 4 OCH;
1 2 70% 3 C{/—

Scheme 2.1

Hassner and co-workers have elaborated this melihggldoy using 2-
bromomethyl-3-phenylsulfonyl-I-propene4 as the TMM precursor and
synthesized the trisubstituted methylidene cycltgem6 in good yields® The

reaction is outlined in scheme 2.2.

Phozs\)I\/Br + R./\/C%R LDA, -78 °C>Ph025

90-95%

4 5 R™ &
Scheme 2.2

CO,R

Jose Marco-Contelles described an interesting sgrghof methylidene
cyclopentenesvia 5-exo-trig free radical cyclization of alkyne tetbd N,N-
disubstituted hydrazones and imin&sin presence of tributyltinhydride and

triethylamine. The reaction sequence is shown lese 2.3’

H \\ i. HBu 3Sn, Et3N

(Me),NN ii. HCI, EtOH
65%

> (Me),NHN

Scheme 2.3
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A more efficient and interesting synthesis of métlgne cyclopentene was
reported by Saigcet al. through a rhodium(l)-catalyzed regioselective fing
expanding rearrangement of allenylcyclopropdfiefor example, heating
allenylcyclopropane9 in refluxing benzene for 1.5 h in the presence of
[RhCI(PPR);] gave the corresponding methylene cyclopentdhen 88% yield
(Scheme 2.4).

CO,Bn
5 mol%

[RhCI(PPh 5)4]

. —_—
Benzene, Reflux
1.5 h, 98%
9 10
Scheme 2.4

BnO,C

D. Hoppe adopted a (-)-sparteine mediated sterectsed intramolecular
carbolithiation strategy for the enantiopure sysih@f functionalized alkylidene

cyclopentand2 from substituted hexynyl carbamadtk (Scheme 2.5)°

_ Ph
— N
OCby Ph
11 12

i = 1) s-BuLi, (-)-sparteine, Et ,0,-78°C; 2) MeOH, -78 °C
Scheme 2.5

(-)-sparteine

Toste and co-workers reported the synthesis of Ifidghinctionalized
methylidene cyclopentene through Conia-Ene reastich wide range off-
dicarbonyl compounds undergo Pd(I)/Yb(ll)- catedg enantioselective
intramolecular Conia-Ene reaction to produce médleyle cyclopentene in 90%
yield (Scheme 2.6}
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10% catalyst
20% addlctlve
S

Scheme 2.6

0] 0]

13

In 2004, Barluenga and co-workers have unravelatbwel synthesis of
alkylidene cyclopentenes by a nickel (0) mediatt2] cyclization of chromium
alkenyl carbene compleds with 1,1-disubstituted allend$ (Scheme 2.73"

Rz R
N|(Cod)

)\/\ =( : Ry
OC);Cr
( )5 3 Toluene, 25 OC 60-78%

15 16 MeO 17
R2 = Ph, Me, CH2CH20H
R3 = Ph, Me, H
Scheme 2.7

Later, the same group have modified this methodolmg using activated
allenes in presence of Rh(l) catal§{sThe treatment of the chromium alkenyl
carbene complexl8 with aminoallene19 in the presence of 10 mol% of
[Rh(cod)Cl}, resulted in the formation 5-methylidene cyclopestderivative20,
in good yields (60-99%). The reaction is preseiriestheme 2.8.

OMe . Rs
(OC)sCrN\RlJ' _'_\N—Rz ez, meo “"\"~R
RY CO, CH,Cl,, RT 2
18 19 20 Ri
Scheme 2.8

Stereoselective synthesis of 4-alkylidene cyclopeomnes23 was reported
by Petriniet al. by the reaction of 1,4-diketor&l with various functionalized
nitro alkene£2 in presence of DBU (Scheme 2%9).
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R Ry
Ar 2
R NO, DBU R
0 o + )\ —_—
Ar O
21 22 23

Scheme 2.9
Recently, Shet al reported an efficient method to stereo specificayinthesize
trans-substituted cyclopentene derivativaa the ring-opening rearrangement of
readily available MCP alkenyl derivatives (Schenk0p?*

R

XN __100°¢ )\:>
—_—
toluene, 1 h
| "%
7R,
Ry 24 25?
Rl’ R2 = al’yl, alkyl
Scheme 2.10

It is evident from the literature that, alkylideogclopentenes are important
intermediates for the construction of many syntdadty and biologically
important molecular skeletons. However, only lirditgttention has been paid to
the synthesis of these molecules from simple ansilyeavailable starting
materials. Therefore, search for a more efficiemd aovel method towards the
synthesis of functionalized alkylidene cyclopentememains as an exciting
challenge in synthetic organic chemistry.

2.3. Background to the Present Work

The discovery and development of new routes for toastruction of
functionalized carbocycles continues to be of ingmace in synthetic organic
chemistry. In fact, such processes often play kagsrin the total synthesis of
natural products. In this context, the transitioetahcatalyzed transformations of

heterobicyclic alkenes have great potential to eahithese targefs. Recent
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investigations from our laboratory have unraveledfaaile method for the
construction of alkylidene cyclopentenes throughiLBPais acid catalyzed ring-
opening of fulvene derived azabicyclic olefins wittard nucleophiles like
organostannané8 silanes, boronic acid$,and allylindium reagents. All these
reactions furnishedrans-3,4- disubstituted alkylidene cyclopentene gooeldg
(Scheme 2.11).

Ph. _Ph
Ph. _Ph
INHC02R1
N\ Pd/LA -“‘NCOZRl
/7 N, COR: + ReM —
“CO,R,
26 27 28 R

M =Sn, B, In, Si

Scheme 2.11

In 2003, Micouin and coworkers have reported thHagam catalyzed ring
opening of cyclopentadiene derived bicyclic olefivith soft nucleophiles towards
the synthesis afis-3,5-disubstituted cyclopenten@cheme 2.1

LE\N OH NHCORR,
/ N SCoOR; 4+ @ Pd/LA Rngcole
“Co,R,
29 30 31
Scheme 2.12

Intrigued by these results, we decided to expltre desymmetrization
reactions using pentafulvene derived bicyclic hydras with soft nucleophiles,
envisioning that these reactions would provide aehaccess to alkylidene
cyclopentenes. A detailed investigation on thegaillm mediated reactions of
various pentafulvene derived bicyclic hydrazinesthwia variety of soft
nucleophiles was carried out and the results ddelstudies are presented in the

following sections.
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2.4. Resultsand discussion

The azabicyclic olefins required for our investigas were prepared as per
the literature proceduré®For example, the 2,3-diazabicyclo[2.2.1]hept-5-84ee
was synthesized by the Diels-Alder cycloadditiorpehtafulvene32 with dialkyl
azodicarboxylat&3 (Scheme 2.13).

Ph 7N
Ph Ph
E\
h‘ Cyclohexane
+ N - > N
S RT, 24 h / /' g
E
NG
32 33 34a E

34a=E = CO,Et
34b = E = CO,/Pr
34c =E = CO,'Bu

Scheme 2.13

2.4.1. Desymmetrization reactions using phenaol

Our experiments started with the reaction of 2®ethoxy-7-
diphenylmethylene-2,3-diazabicyclo[2.2.1]hept-5-84a, with 4-methoxy phenol
35a. In a pilot experiment, the bicyclic addu®a was treated with 4-
methoxyphenoB5a in presence of catalyst [Pd(allyl)gl]ligand dppf, and base
NaH in tetrahydrofuran at 6%C. The reaction afforded thes-1,4-disubstituted
alkylidene cyclopenten36a in 43% yield (Scheme 2.14).

o]
Ph. 6 Ph
(o] 4N o’\
N "COEt 13 1 ‘},’0\/10
C02Et OCH3 14 3
H3C0 16 15 363
i = [Pd(allyl)CI], (5 mol%), dppf (10 mol%), NaH (1.0 equiv.), THF (2 mL), 60 °C, 16 h
Scheme 2.14
The structure of the compoun86a was established by spectroscopic

analysis. In the IR spectrum, the signals at 178127 crit were diagnostic of
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the carboethoxy group, whereas NH absorption wssediible at 3368 cm In
the 'H NMR spectrum (Figure 2.2), the multiplet in thegion 8 7.35-6.62 ppm
was assigned to aromatic protons. The endocycééinit protons resonated as
multiplet in the regio® 6.13-6.09 ppm. The proton on C-1 and C-4 were vise
as multiplet atd5.88-5.82 andd5.11 ppm respectively The —GHbrotons of
carboethoxy group appeared @#.10-4.03 andd 3.84-3.83 as multiplet. The
singlet resonated @ 3.69 ppm was indicative of protons on the methosoup.
The multiplet in the regiond1.19-1.16 and 1.05-0.98 ppm were assigned to the

methyl protons of carboethoxy group respectively.

@]
Ph.s_Ph /[{
8
H!\l 70/\9
(@) 4 N20
17 3 1 \_—10

19
19 HyCO 1615

MJ\M .L

T T - T T T

7 6 5 4 3 2 1 ] ppm

Figure 2.2. '"H NMR spectrum of compourba

3C NMR spectrum oB6a (Figure 2.3) positioned the two carbonyl peaks
ato 156.0 ppm and 155.1 ppm, while the signal due to methylene aashbaf the
carboethoxy groups appeareddab2.1 and 61.8 ppm. The C-1 and C-4 carbons
were observed & 78.3 and 62.5 ppm respectively. The signd 86.6 ppm was
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characteristic of the methoxy carbon. The spectalnowed methyl carbons of
carboethoxy group & 14.7 and 14.4 ppm respectively. All other signals were in
good agreement with the proposed structure. The s@ectral analysis showed a
peak atw/z 528.90 (M), which also supported the proposed structure.

O
Ph. s Ph J]\
8
HN
5 ) 7 O/\g
44N 2.0
17 3 1 7” \—10
) 3 11
. 14 O
H3CO 16 15
19
9,10
7,12 1
4,811
T T T T T T T T T
160 140 120 100 80 60 40 20 0 ppm

Figure 2.3. *C NMR spectrum of compoura

Detailed optimization studies were carried outital the best condition for
this transformation and the data are given in tdble After the optimization
studies, the best condition for the reaction wamdébto be a 1:1.5 mixture of
phenol and bicyclic hydrazine with 5 mol% Pd(B&h10 mol% dppf and 1.0
equiv. K,CO; in dry THF as solvent at room temperature. Unéier aptimized
condition the above reaction afforded the pro®6et96% vyield.
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Table 2.1: Optimization studies
Entry Catalyst Ligand Base Solvent Yield (%) 2
1 [Pd(allyl)CI] 2 dppf NaH THF 43
2 [Pd@lly)C]] , K,CO4 73
3 [Pd(ally)CI] » KO'BU 38
4 Pd(OAc), K,CO, trace
3 PdCI,(PPh3), 21
6 sz(dbﬂ)g.CHClg 38
7 PdCl, trace
8  Pd(PPhj), 80
9 Pd(PPh3), dppe 35
10  Pd(PPhy), PPh; 42
11 Pd(PPhy), dppf CH3CN 34
12 Pd(PPhs), DMF 50
(13 Pdpphy, THF %")

Reaction Conditions: alkene (1.5 equiv.), phenol (1.0 equi
ligand (10 mol%) base (1.0 equiv.), solvent (2 mL), 60

br.t., solvent (4 mL), 1.5 h.

v.), catalyst (5 mol%),
°C, 16 h.2isolated yield

To explore the scope and generality of the methuel above reaction was

repeated using different bicyclic hydrazines datiyeom various pentafulvenes

and azodicarboxylates. For example the reactiof,6fadamantylidene fulvene

derived bicyclic hydrazin®&7a and 4-methoxy phend@5a under the optimized

conditions, afforded the corresponding cycloalkgtid cyclopenten@8a in 76%

yield. The reaction is shown in scheme 2.15.
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OH Ji
HN
7 N, + i o l\'l (LN
’ —»
N, COEt 76% YO
CO,Et
OCH3 (0]
37a 35a 38a

H3CO

i = Pd(PPh 3)4 (5 mol%), dppf (10 mol%), K ,COs3 (1.0 equiv.), THF (4 mL), r.t., 1.5 h

Scheme 2.15

As in the previous cases, the characterizationthef product38a was
accomplished by spectroscopic analysis. The IRtapacdisplayed absorption at
3306 cni corresponding to the NH functionality; the carbisngbsorbed at 1753
and 1707 cn In the'H NMR spectrum, the signal due to the NH proton was
discernible as a broad singlet at6.57 ppm (exchangeable with,@). The
multiplets in the regiond 2.81-2.77 (2H) and 1.95-1.92 (12H) ppm were
indicative of the adamantyl proton§C NMR spectrum located the carbonyl
signals atd 156.4 andd 155.8 ppm. The adamantyl carbons were visiblehen t
region d 39.5-28.0 ppm. The molecular ion peakmdz 496.32, observed in the
mass spectrum provided supporting evidence foptbposed structure.

The scope of this reaction was further tested byyrcsy out the reaction
with the bicyclic hydrazing&7b prepared from 6,6-cyclohexylidene fulvene and
diethyl azodicarboxylate. This substrate also wvdat smooth ring opening
reaction with 4-methoxy phen@ba under similar conditions and furnished the
product38c in 78% vyield (Scheme 2.16).
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0
T
NN~
N ‘COE O N77/O\/
0o

COzEt

OCH3
38
3co ¢

i = Pd(PPh 3)4 (5 mol%), dppf (10 mol%), K ,COs3 (1.0 equiv.), THF (4 mL), r.t.,, 1.5 h

Scheme 2.16

The product38c was characterized on the basis of spectral d&a. |
spectrum confirmed the carbonyl absorptions inréggon 1758-1714 cihand the
signal due to NH absorption was seen at 3308.ci NMR spectrum located
characteristic cycloalkyl protons as two independanltiplets in the regiord
2.16 and 1.56-1.53 ppm. The multipletsdas.17-4.15, 4.02 and 1.21-1.09 ppm
were indicative of the presence of carboethoxy grotihe carbonyl groups
resonated ab 156.0 and 155.7 ppm in tHéC NMR spectrum. The cycloalkyl
carbons were located in the regi®26.0-21.0 ppm. A well defined molecular ion
peak atw/z 445.03 (M+1) provided supporting evidence fordissigned structure.

The generality of the new ring-opening reactiors Wested by repeating the
reaction under the optimized condition with variquteenols. Different fulvene-
derived bicyclic adducts34a—c were subjected to the desymmetrization with

substituted phenol3sa—e. The results are summarized in table 2.2.
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Table 2.2: Palladium catalyzed reaction of azabicyclic olefins with phenol

Entry Alkene Nucleophile Product Yield (%)
HN,COZEt
96
N-COzEt /©/ COzEt
COzEt OCH3 H,CO
34a 5a
OH
88
N CO,Et C02Et
C02Et CH;
34a 35b
OH
86
N CO,Et COzEt
COzEt 6¢c
35¢c
34a
OH
|_,N,cozEt
ZBN -CO,Et /©/ C02Et 87
COzEt Br
34a 35d
Ph Ph
OH HN-CO2Et
1
o N, 78
N CO,Et OO O CO,Et
C02Et

Q 36e
34a 35e
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Table 2.2: Continued.........

Entry Alkene Nucleophile Product Yield (%)
Ph._ _Ph OH Ph. Ph |
N-CO,P (o] N )
A T “co,Pr
H,CO
36f
34b 35a
7 HN’COZIPI' 80
R o N\ i
~|*~N-co,Pr /@’ CO,Pr
N..
34b COZPI' CH3 H3C 369
35b
Ph___Ph Ph__Ph i
8 HN-CO2Pr
OH 1 75
. o N,
7|"=N-co,Pr ©/ CO,Pr
N, .
*CO,'Pr
34b 2 36h
35¢
Pho Ph g
g Ph__Ph oH HN-COZBu
o) N
‘co,Bu 80
7|"~N-CO,'Bu
N‘coztBu Hs;CO 36i
35a
LN OH Ph PhHN,coztBu
1 55
o N,
7|"~N-CO,'Bu CO,Bu
N‘co ‘B
34¢- 204 CHs HsC 36j

35b
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This was further generalized with 6,6-dialkylfuheenderived bicyclic
hydrazines (Table 2.3). The add@@h was prepared from adamantanone-derived

fulvene and37b from cyclohexanone-derived fulvene, respectively.

Table 2.3: Palladium catalyzed reaction of 6,6-dialkylidene fulvene derived alkene with

phenol
Entry Alkene Nucleophile Product Yield (%)
OH
HN,COZEt
1 7|"~N-CO,Et o N‘co Bt 76
N 2
CO,Et OCH; Q
37a 35a H,CO 38a
OH
]
(o] N, 73
2 7|"=N-Cco,Et CH, CO,Et
N
“CO,Et
37a 35b HsC 38b
OH
]
(o) N_
3 7| ~N-CO,Et CO,Et 78
N
*CO,Et OCH,
37b 35a  sCO 38¢

Reaction conditions: alkene (1.5 equiv.), phenol (1.0 equiv.), Pd(PPh3), (5 mol%),
dppf (10 mol%), K,CO3 (1.0 equiv.), THF (4.0 mL), r.t., 1.5 h.

The products shown in table 2.2 and table 2.3 weharacterized by
spectroscopic methods. In all the cases carborsgrabons were confirmed by IR
and’®C NMR spectra. In the proton NMR spectrun36b, the methyl protons of
p-cresol moiety appeared as singleb&.21 ppm. In thé*C NMR spectrum, the
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methyl carbon ofp-cresol appeared ai 21.0 ppm and the carbon bearing
hydrazine moiety was spotted &61.9 ppm. In36¢c, 'H NMR spectrum located
the aromatic protons as multiplets in the regi®@s38-7.16, 6.95-6.90 aréd6.82-
6.80 ppm. The olefinic protons resonated & 25-6.21 ppm as multiplets. In the
13C spectrum, the carboethoxy carbon appeareil1486.9 andd 156.2 ppm. In
36d the aromatic protons were resonated as multiglet 437-7.16 (m, 12H),
6.72—6.66 (m, 2H) ppm. TH&l NMR spectrum oB6e located the olefinic protons
as multiplets ab 6.26 andd 6.07 ppm. The proton bearing the hydrazine moiety
resonated ab 5.81 ppm as singlet. In tHéC spectrum, the carboethoxy carbon
appeared ad 156.5 and 156.1 ppm. The aromatic carbon near to oxyged at
152.9 ppm.

The 'H NMR spectrum of36f, the methine protons of the isopropyl moiety
appeared as two distinct multiplets in the regid®s14-5.10 ppm and 4.86-4.82
ppm. In the®®*C NMR spectrum, these methine carbons were obsetd0.2
and 69.5 ppm and the carbon bearing the hydraziogpgwas spotted & 62.2
ppm. In36g, the methyl protons gb-cresol moiety appeared as singleb&.21
ppm and the methine protons of the isopropyl moresonated as two distinct
multiplets in the regions 5.23-5.16 ppm and 4.83—4.82 ppm. In thEC NMR
spectrum, these methine carbons were observédat7 and 69.4 ppm and the
carbon bearing the hydrazine group was spottédé&.2 ppm. The proton NMR
spectrum of36h showed the olefinic protons a6.24-6.12 ppm as multiplet. The
signal atd 5.98-5.92 ppm was assigned to proton on the cdrbaring hydrazine
moiety and ad 5.34-5.28 ppm was allocated to proton on the pgitene ring
adjacent to oxygen. ThEC NMR spectrum showed the carbonyl carbordat
156.9 andd 155.7 ppm. IB86i, *H NMR spectrum located the methyl protons of
the tert-butyl group as two distinct singlet &t1.34 ppm and 1.21 ppm. In the

3C NMR spectrum, the two less intense peaks80.8 and 80.0 ppm corresponds
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to the quaternary carbons of tteet-butyl group and the carbon bearing hydrazine
substituent was discernible &t61.6 ppm. In36j, '"H NMR spectrum located the
methyl protons of théert-butyl group as two distinct singlet &at1.40 ppm an@d
1.28 ppm. The methyl protons pfcresol moiety appeared as singletoa?.28
ppm In the'*C NMR spectrum, the two less intense peaks&®.4 and 79.1 ppm
corresponds to the quaternary carbons of ténebutyl group and the carbon

bearing hydrazine substituent was discernibi®@it.6 ppm.

In the'H NMR spectrum of38b, the signal corresponding to the N-H proton
was discernible as a singlet at6.54 ppm (exchangeable with,@). The
adamantyl protons gave the signal as multiple® 280-2.74 (2H) and 1.97-
1.82 (12H) ppm. In th&’C NMR spectrum, the adamantyl carbons were observed
betweend 39.5 and 28.0 ppm. Further evidences for the wires were obtained
from mass spectral analysis which showed the mtdedan peaks within the

allowable limits.

2.4.1.1. Proposed mechanism of thereaction

The mechanism outlined in scheme 2.17 has beerestgghto rationalize the
formation of the produc36®.. It involves two stages, the initial one being thny
opening of the bicyclic alkene. The first step loé tcatalytic cycle involves the
formation oftrallylpalladium intermediat® by the attack of Pd(0) on the double
bond (allylic species), and subsequent oxidatiwvditexh to C—N bond leading to
the ring opening. In the second stage, the nuclEpdgio- and stereospecifically
attacks therrallylpalladium specie® thereby forming the intermediaté. The
reason for thecis stereochemistry can be attributed to a classicathar@stic

pathway involving a double inversion.
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€]
RO,CN
\N R

/
RO,C Nu

D decomplexation

Pd(0) 7

NuH B PdL,

Scheme 2.17. Proposed mechanism of the reaction

2.4.2. Desymmetrization reactions using active methylene compound

Encouraged by the results obtained with phenol,deeided to extend the
scope of the reaction using another class of aafteophileviz active methylene
compounds. Diphenyl fulvene derived bicyclic hydnaz34a with dimethyl
malonate39a under the optimized conditions for phenol showiedllar reactivity
and gave the corresponding substituted alkylidgméopentenedOa in 43% yield
(Scheme 2.18).

Ph PP
Ph Ph
CO,Me MeO,C NHCO,Et
N + — i NCO.Et
71+ “CO,Et 43% 2
N CO,Me % MeO,C
344  CO.Et
39 40a

i = Pd(PPh 3)4 (5 mol %), dppf (10 mol %), K ,CO3 (1.0 equiv), THF (4 mL), r.t. , 1.5h

Scheme 2.18
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The structure of the produdba was established by spectroscopic analysis.
The IR spectrum ofi0a confirmed the N-H absorption at 3317 tnwhile the
stretching vibrations due to the carbonyls wereeoled at 1730 and 1720 ¢rin
theH NMR spectrum, (Figure 2.4) the signal due to @nodn the carbon bearing
hydrazine moiety was observed as multiplet in #ggand 5.78 ppm. The methyl

proton on the active methylene group was disceenatdl 3.67 ppm.

) 3 8,11
L T
| ' ! | T T T LB T T T
8 4 6 5 4 3 2 1 0 ppm

Figure 2.4. '"H NMR spectrum of compourtDa

In the **C NMR spectrum (Figure 2.5), the ester and amidbargls were
positioned at® 168.7, 168.4, 156.5 and 156.0 ppm. All other digma the 'H
NMR spectrum and®C NMR spectrum were in agreement with the proposed
structure. The molecular ion peak observedat536.30 (M+Na), in the mass

spectrum provided further evidence for the assigtrdture.
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T T T T T

T T T T T
80 160 140 120 100 80 60 40 20 0 ppm

Figure 2.5. *C NMR spectrum of compourdDa

The low vyield of the reaction shown in scheme Zi@npted us to conduct

further optimization studies and the results avegin table 2.3.

Table 2.3: Screening of parameters

Entry Nucleophile Condition Yield (%)?
1 CH,(CO,Me), Pd(PPhj),, dppf, K,CO; 43
2 CH,(CO,Me), Pd(PPh;),, dppf, NaH 73
3 CH3(CO,Me), [Pd(allyl)CI],, dppf, NaH 93

Reaction Conditions: alkene (1.5 equiv.), active methylene (1.0 equiv.),
catalyst (5 mol%), dppf (10 mol%) base (1.0 equiv.), THF (4 mL),
r.t.,, 1.5 h.2 isolated yield

After the optimization studies, a combination omd1% [Pd(allyl)Clp, 10
mol% dppf, and 1 equiv. NaH in THF at room tempamatwas found to be the

best condition for this transformation. Under tlesndition, the reaction was
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repeated using different active methylene compouadd the reactions afforded

cis-1,4-substituted alkylidene cyclopentene in goads.

The bicyclic hydrazines selected were from thdaaadition of 6,6-diphenyl
and adamantylidene fulvenes with different azodioaylates. The results of these

investigations are summarized in table 2.4.
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Table 2.4. Palladium-Catalyzed Reaction of Azabicyclic Olefins with Active Methylene

Compounds
Entry Alkene Nucleophile Product Yield (%)
PhiPh Ph_ _Ph
1 l C02Me Meo2c HN’COZEt
1 93
N-CO,Et N
2% 2 CO;Me MeO,C “CO,Et
34a COZEt 39a 40a
PhiPh Ph_ _Ph
2 ZB CO,Et Et0,C HN-CO2Et
Il
N-CO,Et N 862
2N 2 C?gz:t EtO,C “CO,Et
“CO,Et
34 CO2 40b
Ph._ _Ph Ph_ _Ph )
3 CO,Et Et0,C HN~-CO2Pr
I N 76"
7 N.N‘COZIPI‘ COzEt EtOZC \Cozipr
34b ~C02|Pr 39b 40¢c
4 <C02Me
CO,Me MeO,C H[‘I’CO2Et 79
N
; N.N-cozEt 3% MeO,C “CO,Et
37a CO2Et 40d
5 <COZEt
Co,Et Et0,C HN~COE 707
N
1 N-COEt 3% Et0,C “CO,Et
*CO,Et 40e
37a

Reaction conditions: alkene (1.5 equiv.), active methylene (1.0 equiv.), [Pd(allyl)Cl],
(5 mol %), dppf (10 mol %), NaH (1.0 equiv.), THF (4.0 mL), r.t., 1.5 h. 2 60 °C.

Usual spectral analyses were employed to estaltfishstructures of the
products. In*H NMR spectrum ofd0b, the signal due to proton on the carbon
bearing hydrazine moiety was observed as multipléte regiord 5.77 ppm. The

methylene proton on the active methylene group essernable ab 3.28-3.22
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ppm as multiplet. In th&’C NMR spectrum the ester and amide carbonyls were
positioned ad 168.4, 168.1, 156.4 and 154.2 ppm.

In 40c, the methineprotons of isopropyl moiety resonatedda4.89—-4.88 and
0 4.54-4.40 ppm along with the methylene protonshencarboethoxy group. The
3C NMR spectrum positioned the ester and amide cgtbaatd 168.1, 167.7,
155.5 and 153.6 ppm. K0d, the adamantyl protons resonated as multipletisan
regions & 2.79-2.75 (1H), 2.54-2.50 (1H) and 1.92-1.80 (1%)m. The
adamantyl carbons were discernabled&@9.2-27.7 ppm. IM0e, the endocyclic
olefinic protons appeared as multipletda.07—6.04 ppm and as singletdab.91
ppm. The proton on the carbon bearing the hydraziorety resonated & 5.79—
5.76 ppm. In the®®C NMR spectrum the ester and amide carbonyls were
positioned ad 168.7, 168.4, 155.9 and 155.2 ppm.
2.4.3. Synthetic transfor mations of the product

To explore the synthetic utility of the synthesizal#tylidene cyclopentenes
and also to get further confirmation on the assigsteucture, we carried out the
hydrogenation ofi0d over Pd/C. The reaction afforded the reduced pdiliin
guantitative yield. Whed1 was treated with a system consisting of RUBH,O
and NalQin a 1:1:1 mixture of CECN, CCl, and HBO; oxidative cleavage of the
tetra substituted double bond occurred furnishimg gubstituted cyclopentanone
42 in 74% yield (Scheme 2.19). This reaction canibevgd as an alternative route

to cis-a,0’-disubstituted cyclopentanones.
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MeO,¢ R MeO,C NHCOEt
NCO,Et Mot
MeO,C MeO,C
40d
41
a=PdiC, Hy, EtOAC, RT., 6 h, 100% b

b = RuCl 3.3H,0, NalOQ, 1:1:1 CH3CN/CCI,/H,0, R.T., 5 h, 74%

Q NHCOE

MeO,C
NCO,Et
MeO,C

42
Scheme 2.19

The characterization of the prodddt and42 was accomplished by means of
usual spectroscopic analysis. In the IR spectrurdlofthe carbonyl and N-H
absorptions were observed in the region 1732 ari® 23" respectively. The
reduction of the ring double bond moiety4®d was confirmed by the absence of
signals atd 6.05-6.01 and® 5.92 ppm in the'H spectrum of4l. **C NMR
spectrum supported the assigned structuredlofby providing four carbonyl
signals in the regiod 169.2, 168.4, 156.3 and 155.2 ppm. The molecalapeak
observed atvz 506.06 (M) in the mass spectrum, gave additional evidendeeo
proposed structure.

Unambiguous evidence for the structure and stesroidtry of the product

41 was obtained by single crystal X-ray analysis (Feg2.6).
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Figure 2.6. Single crystaX-ray structure of compouni

In the IR spectrum of2, the carbonyl and N-H absorptions were observed in
the region 1744, 1713 and 3308 tnespectively. The absence of signab4t81—
1.56 (14H) was indicative of the removal of adarghaene group.*C NMR
spectrum supported the assigned structured)f by providing five carbonyl
signals in the regiod 211.7, 168.5, 168.0, 156.3 and 155.4 ppm andi¢malsat
211.7 ppm was due to the ketonic carbon. The mtdeon peak observed ai'z
388.17 (M) in the mass spectrum, gave additional evidencéhéo proposed
structure.

(i) The molecule36f can be converted to 2-hydrazino fulvetgby simple
synthetic modifications. WheB6f was refluxed with 3 equiv. of chloranil in
xylene, the reaction afforded the 2-hydrazino stlist fulvene43 in 74 % yield
(Scheme 2.20).

Ph_ _Ph

NHco2 Pr r?choziPr

NC02 Pr i NCOziPr
43
i = Chloranil, Xylene, 110 °C, 74%

Scheme 2.20
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The product was characterized on the basis of smetpic dataln the IR
spectrum, the carbonyl carbon and —NH absorptiore vebserved in the region
1726-1715 cii and 3312 cim respectively.'H NMR spectrum (Figure 2.7)
showed the double bond protons as multiplets inegeonsd 6.80-6.66, 6.40-6.39
and 6.14-6.12 ppm. The two isopropyl methine pretwere observed as multiplet
in the regiond 4.90-4.83 ppm3C spectrum (Figure 2.8) positioned isopropyl
carbons ab 70.0 and 69.7 ppm. All other signals'id and®*C NMR spectrums
were in agreement with the proposed structure. mbkecular ion peak observed

at m/z 432.86 in the mass spectrum provided further supfoo the assigned

structure.
9,101111,12
O 9
Ph_e_Ph /k
HN~ 7
’\/l O~ 8 10
4 14
1 OWus
1
g Ty
12
1
2
8,13
U 5y A
iR e | R [ | | TrrpTTTTTET [rorTrTTT rroTrrTTTT [
7 6 5 4 3 2 1 0 ppm

Figure 2.7. *H NMR spectrum of compourdB
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Ph_e_Ph /[(/k
N 10

1 4?]14/
11
Moo Y
12

8,13

T T T I T

1 | | T ;
160 140 120 100 80 60 40 20 0 ppm

Figure 2.8. 'H NMR spectrum of compourdB

2.5. Conclusion

In conclusion, we have introduced a facile raoteards the synthesis of a
new class of disubstituted alkylidene cyclopentebgsthe functionalization of
pentafulvenesia, palladium mediated ring opening of fulvene deri®dyclic
hydrazines with a number of soft nucleophiles. pheducts are obtained in good
to excellent yields. The possibility for furthernttionalization was effectively
demonstrated by the synthesis of substituted cgcltgmones and 2-hydrazino
fulvenes. It is noteworthy that alkylidene cyclotmres are key intermediates in
the synthesis of a number of biologically activelesales.
2.6. Experimental
All reactions were conducted in oven dried glassw&aolvents used for the
experiments were distilled or dried as specifietl.rdactions were monitored by
TLC (Silica gel 60 F254, 0.25 mm, Merck); visuatioa was effected with UV
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and/or by staining with Enholm vyellow or with basikMnO,. Column
chromatography was done using 100-200 mesh sigtamd appropriate mixture
of petroleum ether and ethyl acetate for elutidme $olvents were removed using
Buchi E.L rotary evaporator. HPLC analyses weredoated with a LC9101
Recycling Preparative HPLC. The IR spectra wereertalon Nicolet FT-IR
spectrometer. NMR spectra were recorded at 300580d(H) and 75 and 125
(**C) MHz respectively on a Bruker DPX-300 and 500 MHZ-NMR
spectrometer. NMR spectra were obtained using g@R€lthe solvent. Chemical
shifts are given i scale with TMS as internal standard. Abbreviatiosed in‘H
NMR ares: singlet,brs: broad singletd: doublet,t: triplet, m: multiplet. Mass
spectra were recorded by FAB ionization technigsiagt JEOL JMS 600H mass

spectrometer.

General Procedure

Pd(PPR), (5 mol%), 1,1’-bis-(diphenylphosphino)-ferroceri® (mol%) and
K,CGO; (1 equiv.) were taken in a Schlenk tube, placedeuwacuum for 15min.
Freshly distilled THF (2 mL) was degassed and thdted to the mixture at room
temperature. The solution was stirred for 15 mmtHAe Schlenk tube, phenol (1.0
equiv.) and bicyclic hydrazine (1.5 equiv) dissalvie THF (2 mL) were added
and the solution was stirred at room temperatutig ThC analysis indicated full
conversion. The solvent was removed under redupeskpre and the residue was
subjected to chromatography [silica gel (100-20&mheEtOAc—hexane, 40:60]
to afford the products in good to excellent yields.
Diethyl 1-(5-(diphenylmethylene)-4-(4-methoxyphenoxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36a

Following the general experimental procedure, Hicylsydrazine34a (121
mg, 0.30 mmol), 4-methoxy phendba (25 mg, 0.20 mmol), dppf (11 mg, 10
mol%), and Pd(PR)y (12 mg, 5 mol%) and }CO; (28 mg, 0.20 mmol ), in 4 mL
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of dry THF at r.t. for 1.5 h gave the prod&a as a white powder in 96% (102
mg) yield.
Mp 122-124 °C. R: 0.52 (6:4 Hexane/ethyl acetate).
IR (KBr)vma: 3368, 2983, 2928, 1748, 1727,
1599, 1510, 1374, 1231, 1034, 763tm

'H NMR (500 MHz, CDCJ): § 7.35-7.28 (m,
3H), 7.22-7.12 (m, 7H), 6.68-6.62 (m, 4H),
o PhHNJZ 6.13-6.09 (m, 2H), 5.88-5.82 (m, 1H), 5.60 (s,
J 0\l 1H), 5.11 (m, 1H), 4.10-4.03 (m, 2H), 3.84-
/@O YO\~ 3.83(m, 2H), 3.69 (s, 3H), 1.19-1.16 (m, 3H),
~o %a 1.05-0.98 (m, 3H).
3C NMR (125 MHz, CDCJ): § 156.0, 155.1,
153.7, 149.6, 141.4, 140.0, 138.0, 133.6, 133.0,
132.1, 130.0, 129.4, 129.1, 128.0, 127.8, 124.7,
116.0, 78.3, 62.5, 62.1, 61.8, 55.6, 14.7, 14.4.
MS (FAB): for C3;H3,N,06 Caled, M: 528.23; Found: 528.90.
Diethyl 1-(5-(diphenylmethylene)-4-(p-tolyloxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36b
Following the general experimental procedure, Hicylsydrazine34a (137
mg, 0.34 mmol)p-cresol35b (25 mg, 0.23 mmol), dppf (11 mg, 10 mol%), and
Pd(PPh)4 (12 mg, 5 mol%) and 4COs (32 mg, 0.23 mmol ), in 4 mL of dry THF
at r.t. for 1.5 h gave the produdéb as light brown powder in 88% (104 mg)
yield.
Mp 78-80 °C. R: 0.39 (6:4 Hexane/ethyl acetate).
IR (KBr)Vvma: 3308, 3055, 2974, 2928, 1750,
1715, 1508, 1412, 1227, 1063, 930, 772'cm

'H NMR (500 MHz, CDCJ): & 7.32-7.10 (m,
10H), 6.94-6.93 (m, 2H), 6.68-6.62 (m, 2H),
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oh. ph JZ 6.16-6.08 (m, 2H), 5.89-5.82 (m, 1H), 5.61 (s,
o\, 1H).5.22-5.17 (m, 1H), 4.06-4.01 (m, 2H), 3.83-
/©/ 7// \_~ 3.77(m, 2H), 2.21 (s, 3H), 1.18-0.97 (m, 6H).
3C NMR (125 MHz, CDC)): & 155.2, 154.7,
153.7, 141.3, 137.9, 133.7, 132.2, 129.9, 129.5,
129.3, 129.1, 128.0, 127.8, 124.7, 115.1, 79.4,
62.7, 62.3, 61.9, 21.0, 14.5, 14.4.
M S (FAB) for C;;H3,N,Os, calcd (M): 512.23; found: 512.20.
Diethyl 1-(5-diphenylmethylene)-4-phenoxycyclopent-2-enyl)hydrazine-
1,2-dicar boxylate 36¢c
Following the general experimental procedure, dicylsydrazine34a (162
mg, 0.40 mmol), phend5c (25 mg, 0.27 mmol), dppf (15 mg, 10 mol%), and
Pd(PPh), (12 mg, 5 mol%) and ¥CO; (37 mg, 0.27 mmol ), in 4 mL of dry THF
at r.t. for 1.5 h gave the produdsc as a light brown powder in 86% (115 mg)
yield.
Mp 124-126°C. R 0.53 (6:4 Hexane/ethyl acetate).
IR (KBrVm: 3308, 3055, 2978, 2932, 1748,
1715, 1597, 1493, 1383, 1227, 1028, 966, 752
cmt.
'H NMR (300 MHz, CDC)): & 7.38-7.16 (m,
12H), 6.95-6.90 (m, 1H), 6.82-6.80 (m, 2H),
6.25-6.21 (m, 2H), 5.98-5.92 (m, 1H), 5.72 (s,
1H), 5.31 (m, 1H), 4.12 (m, 2H), 3.91 (m, 2H),
@ 1.23-1.09 (m, 6H).
3C NMR (125 MHz, CDCJ): & 156.9, 156.2,
154.7, 141.1, 140.3, 135.1, 134.9, 134.6, 134.3,
133.0, 132.6, 129.4, 128.6, 128.1, 127.6, 127.5,
127.3, 121.1, 116.1, 78.8, 62.6, 62.3, 61.7, 14.4,

Z‘Z
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14.2.

M S (FAB) for C3oH3oN,Os, calcd (M): 498.22; found: 498.58.
Diethyl 1-(4-(4-bromophenoxy)-5-(diphenylmethylene)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36d
Following the general experimental procedure, Hicybydrazine34a (85
mg, 0.21 mmol), 4-bromophen8bd (25 mg, 0.14 mmol), dppf (8 mg, 10 mol%),
and Pd(PPj), (8 mg, 5 mol%) and ¥CO; (20 mg, 0.14 mmol ) in 4 mL of dry
THF at r.t. for 1.5 h gave the prod88d as light brown powder in 87% (72 mg)
yield.
Mp 130-134 °C. R: 0.62 (6:4 Hexane/ethyl acetate).
IR (KBr)vmx: 3308, 3057, 2980, 2859, 1743,
1713, 1585, 1412, 1227, 1063, 930, 772'cm
'H NMR (500 MHz, CDC)): & 7.37-7.16 (m,
12H), 6.72-6.66 (m, 2H), 6.21-6.15 (m, 2H), 5.97-
o P“HNJz 5.91 (m, 1H), 5.70 (s, 1H), 5.28-5.25 (m, 1H),
N Yo\ 4.14-4.06 (m, 2H), 3.95-3.90 (m, 2H), 1.26-1.04
/@'O N);/O\/ (m, 6H).
. e O 3C NMR (125 MHz, CDCY): & 156.3, 156.1,
154.7, 147.0, 140.6, 140.1, 135.7, 135.1, 134.0,
133.5, 132.2, 131.9, 128.7, 128.5, 128.1, 127.8,
127.6, 127.5, 127.1, 117.8, 79.3, 63.6, 62.4, 62.2,
14.5, 14.2.
M S (FAB) for C3oH29BrN,Os, calcd (M): 576.13; found: (M+2): 578.22.
Diethyl 1-(5-diphenylmethylene)-4-(naphthalen-1-yloxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36e
Following the general experimental procedure, Hicylsydrazine34a (101
mg, 0.25 mmol)g-naphthol35e (25 mg, 0.17 mmol), dppf (10 mg, 10 mol%), and
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Pd(PPh)4 (9 mg, 5 mol%) and }CO;(24 mg, 0.17 mmol ) in 4 mL of dry THF at
r.t. for 1.5 h gave the produdte as brown powder in 78% (74 mg) yield.
Mp 128-130°C. R: 0.60 (6:4 Hexane/ethyl acetate).

0]

Ph Ph
o ”N'NJ(O“
& o
36e o

IR (KBr) vy 3364, 3053, 2982, 2930, 1750,
1719, 1595, 1489, 1381, 1231, 1061, 795, 754, 702
cmt,

4 NMR (500 MHz, CDCY): & 8.33 (d, 1H,J =

8.0 Hz), 7.81 (d, 1HJ = 8.0 Hz), 7.52-7.50 (m,
2H), 7.42-7.38 (m, 5H), 7.32-7.24 (m, 4H), 7.00-
6.98 (m, 3H), 6.63 (d, 1H] = 8.0 Hz), 6.36 (bs,
1H), 6.26 (m, 1H), 6.07 (m, 1H), 5.81 (s, 1H), 5.52
(m, 1H), 4.15-4.12 (m, 2H), 3.97 (m, 2H), 1.14-
1.09 (m, 6H).

3C NMR (125 MHz, CDCY): & 156.5, 156.1,
152.9, 141.1, 140.9, 140.3, 135.4, 134.7, 132.6,
132.1, 128.7, 128.5, 128.0, 127.8, 127.4, 126.2,
125.8, 125.6, 124.9, 122.9, 120.4, 106.3, 79.3,

63.7, 62.6, 61.9, 14.5, 14.3.

MS (FAB) for C34H3N,0s, calcd (M): 548.23; found: 548.71.
Diisopropyl 1-(5-diphenylmethylene)-4-(methoxyphenoxy)cyclopent-2-

enyl)hydrazine-1,2-dicar boxylate 36f

Following the general experimental procedure, Hicyicydrazine34b (130

mg, 0.30 mmol), 4-methoxy phen8ba (25 mg, 0.20 mmol), dppf (11 mg, 10
mol%), Pd(PP$), (12 mg, 5 mol%) and }CO; (28 mg, 0.20 mmol), in 4 mL of
dry THF at r.t. for 1.5 h gave the prodd6f as a light brown powder in 81% (91

mgq) yield.

Mp 148-150 °C. R: 0.54 (6:4 Hexane/ethyl acetate).
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IR (KBr)Vmae 3323, 3053, 2980, 2934, 1742,
1713, 1466, 1385, 1225, 1036, 966, 826, 750
cmt,
'H NMR (500 MHz, CDCJ): & 7.28-7.20
(m, 3H), 7.18-7.10 (m, 7H), 6.67-6.60 (m,
Ph. ph /IZ /k 4H), 6.41 (s, 1H), 6.11-6.05 (m, 2H), 5.87-
N o 5.82 (m, 1H), 5.14-5.10 (m, 1H), 4.86-4.82

HI
(@) N o
/©/ Ve (m, 1H), 4.54-4.50 (m, 1H), 3.68 (s, 3H),
~ Iy
. 1.18-0.99 (m, 12H).
3C NMR (125 MHz, CDC)): & 155.6,
154.2, 153.9, 140.9, 140.3, 134.9, 134.8,
134.4, 134.0, 132.8, 128.7, 128.0, 127.5,
127.4, 127.3, 114.6, 79.9, 70.2, 69.5, 62.2,

55.3,22.1, 21.9.
MS (FAB) for C33H3N,0g, calcd (M): 556.26; found: 556.46.
Diisopropyl 1-(5-diphenylmethylene)-4-(p-tolyloxy)cyclopent-2-

enyl)hydrazine-1,2-dicar boxylate 369
Following the general experimental procedure, Hicylaydrazine34b (147
mg, 0.34 mmol),p-cresol 35b (25 mg, 0.23 mmol), dppf (11 mg, 10 mol%),
Pd(PPRh); (12 mg, 5 mol%) and ¥CO; (32 mg, 0.23 mmol), in 4 mL of dry THF
at r.t. for 1.5 h gave the produgfig as light brown powder in 81% (101 mg) yield.
Mp 94-96°C. R: 0.48 (6:4 Hexane/ethyl acetate).
IR (KBr)vVmex: 3325, 3054, 2980, 2939, 1748,
1715, 1612, 1508, 1491, 1468, 1385, 1229,

@]
Ph_ _Ph :
”,N/(o /k 1036, 963, 752, 702 chy
o N o 'H NMR (500 MHz, CDC}): § 7.28-7.09 (m,
/© ) 7/ 10H), 6.94-6.92 (m, 2H), 6.67-6.61 (m, 2H),
6.40 (s, 1H), 6.14-6.06 (m, 2H), 5.88-5.82 (m,
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1H), 5.23-5.16 (m, 1H), 4.83-4.82 (m, 1H),
4.53-4.52 (m, 1H), 2.21 (s, 3H), 1.19-0.96 (m,
12H).
3C NMR (125 MHz, CDC)): & 155.7, 154.7,
153.5, 140.9, 132.6, 132.1, 130.2, 130.0, 129.7,
128.7, 128.0, 127.7, 127.4, 127.3, 124.6, 115.1,
79.4,69.7, 69.4, 62.2, 22.0, 21.8, 20.5.
M S (FAB) for Cz3H36N,Os, calcd (M): 540.26; found: 540.46.
Diisopropyl 1-(5-diphenylmethylene)-4-phenoxycyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36h
Following the general experimental procedure, Hicyicydrazine34b (173
mg, 0.34 mmol), phenoB5¢c (25 mg, 0.23 mmol), dppf (11 mg, 10 mol%),
Pd(PPh), (12 mg, 5 mol%) and ¥CO; (32 mg, 0.23 mmol), in 4 mL of dry THF
at r.t. for 1.5 h gave the prodggh as light brown powder in 75% (91 mg) yield.
Mp 114-116 °C. R: 0.43 (6:4 Hexane/ethyl acetate).
IR (KBr)Vpe: 3325, 3054, 2980, 2939, 1748,
1715, 1612, 1508, 1491, 1468, 1385, 1229, 1036,
963, 752, 702 cih
'H NMR (500 MHz, CDC)): & 7.43-7.34 (m,
oh. ph /[Z /k 4H), 7.29-7.15 (m, 8H), 6.93-6.90 (m, 1H), 6.85-
HN™ No 6.80 (m, 2H), 6.50 (s, 1H), 6.24-6.12 (m, 2H),
@O\&’NYOY 5.98-5.92 (m, 1H), 5.34-5.28 (m, 1H), 4.91-4.85
36h O (m, 1H), 4.63-4.59 (m, 1H), 1.32-1.03 (m, 12H).
¥C NMR (125 MHz, CDCJ): 5 156.9, 155.7,
155.6, 140.9, 135.1, 134.5, 133.9, 132.5, 132.4,
129.2, 128.8, 128.7, 128.2, 128.0, 127.4, 121.0,
78.7,69.6, 69.4, 62.2, 21.8, 21.7.
M S (FAB) for Cz,H34N,0s, calcd (M): 526.25; found: 526.46.



68 Chapter 2

Di-tert-butyl 1-(5-diphenylmethylene)-4-(4-methoxyphenoxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36i
Following the general experimental procedure, Hicyleydrazine34c (138
mg, 0.30 mmol), 4-methoxy phendba (25 mg, 0.20 mmol), dppf (11 mg, 10
mol%), Pd(PP¥$); (12 mg, 5 mol%) and }CO; (28 mg, 0.20 mmol), in 4 mL of
dry THF at r.t. for 1.5 h gave the prod@& as light brown powder in 60% (71
mg) yield.
Mp 94-96 °C. R: 0.35 (6:4 Hexane/ethyl acetate).
IR (KBrvma: 3333, 3057, 2978, 2932,
1748, 1711, 1504, 1393, 1368, 1238, 1157,
1032, 968, 752 cth
'H NMR (500 MHz, CDC)): § 7.34-7.12
(m, 10H), 6.68-6.66 (m, 4H), 6.35 (s, 1H),

Ph PhHNJ( k 6.09-6.01 (m, 1H), 5.84-5.80 (m, 1H), 5.39
o\é,N' OO (m, 1H), 5.09-5.06 (m, 1H), 3.68 (s, 3H),
\O© ) 7( 1.34 (s, 9H), 1.21 (s, 9H).
3C NMR (125 MHz, CDC)): & 155.8,
155.1, 154.9, 141.1, 140.8, 135.0, 134.8,
132.4, 129.8, 129.7, 128.9, 128.8, 128.7,
128.0, 127.6, 127.4, 116.0, 80.8, 80.0, 61.8,
61.6, 55.6, 28.2, 28.1.
M S (FAB) for CssH4oN2Os, calcd (M): 584.29; found: 584.82.
Di-tert-butyl 1-(5-(diphenylmethylene)-4-(p-tolyloxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 36
Following the general experimental procedure, Hicylaydrazine34c (157
mg, 0.34 mmol),p-cresol35b (25 mg, 0.23 mmol), dppf (11 mg, 10 mol%),
Pd(PPh)4 (12 mg, 5 mol%) and #C0O; (32 mg, 0.23 mmol), in 4 mL of dry THF
atr.t. for 1.5 h gave the prodwgfj as light brown powder in 55% (72 mg) yield.
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Mp 156-158 °C. R: 0.54 (6:4 Hexanel/ethyl acetate).
IR (KBr)Vpax: 3337, 3050, 2984, 2938, 1752,
1717, 1506, 1389, 1371, 1226, 1148, 1031,
961, 751 cril.
'H NMR (500 MHz, CDC)): 6 7.44-7.34 (m,
on o JZ k 3H), 7.25-7.15 (m, 7H), 7.03-7.00 (m, 2H),
HN" N 6.75-6.73 (m, 2H), 6.48 (s, 1H), 6.20-6.15 (m,
/@(“&’NW/OK 2H), 5.96-5.88 (m, 1H), 5.28-5.20 (m, 1H),
36 O 2.28 (s, 3H), 1.40 (s, 9H), 1.28 (s, 9H).
3C NMR (125 MHz, CDCJ): & 154.9, 154.8,
153.3, 141.0, 135.1, 135.0, 132.4, 132.2, 130.3,
129.8, 128.9, 128.7, 128.0, 127.7, 127.4, 116.6,
80.4, 79.1, 61.6, 28.2, 21.0.
M S (FAB) for CasHaoN,Os, caled (M): 568.29; found (M+1): 569.01.
Diethyl 1-(5-adamantalylidene)-4-(4-methoxyphenoxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 38a
Following the general experimental procedure, Hicybydrazine 37a
(112 mg, 0.30 mmoal), 4-methoxy pher88a (25 mg, 0.20 mmol), dppf (11 mg,
10 mol%), and Pd(PRh (12 mg, 5 mol%) and CO; (28 mg, 0.20 mmol ), in 4
mL of dry THF at r.t. for 1.5 h gave the prod@8a as light green viscous liquid
in 76% (76 mq) yield.
R : 0.54 (6:4 Hexanel/ethyl acetate).
IR (KBr)Vmax: 3306, 3054, 2909, 2856, 1753,
1707, 1504, 1412, 1302, 1225, 1063, 955, 756
cmt.
'H NMR (500 MHz, CDC}): & 6.88-6.76 (m,
4H), 6.57 (s, 1H), 6.25-6.16 (m, 2H), 5.87 (m,
1H), 5.38 (m, 1H), 4.21-4.19 (m, 2H), 4.07-
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4.06 (m, 2H), 3.77 (s, 3H), 2.81-2.77 (m, 2H),

5 1.95-1.92 (m, 12H), 1.27-1.25 (m, 6H).

H,N*KO/\ 3C NMR (125 MHz, CDC}): & 156.4, 155.8,
/@/O N7],o\/ 153.7, 135.1, 133.3, 130.1, 129.9, 121.9, 115.8,
o 38a © 77.7, 62.4, 61.7, 55.8, 40.2, 39.5, 38.5, 38.3,
36.8, 35.3, 34.8, 28.0, 14.7, 14.3.
MS (FAB): for CogH3gN,Og Calcd, M: 496.26; Found: 496.32.
Diethyl 1-(5-adamantalylidene)-4-(p-tolyloxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 38b
Following the general experimental procedure, Hicyleydrazine37a (127
mg, 0.34 mmol)p-cresol35b (25 mg, 0.23 mmol), dppf (11 mg, 10 mol%), and
Pd(PPh)4 (12 mg, 5 mol%) and $CO; (32 mg, 0.23 mmol ), in 4 mL of dry THF
at r.t. for 1.5 h gave the produgdb as light green viscous liquid in 73% (81 mg)
yield.
R¢ : 0.52 (6:4 Hexane/ethyl acetate).
IR (KBr)Vmy: 3308, 3057, 2916, 2850, 1758,
1714, 1502, 1414, 1302, 1225, 1063, 968, 750
cmt,
'H NMR (500 MHz, CDCY): § 7.07 (d, 2H,J =
8.5 Hz), 6.83 (d, 2HJ = 8.5 Hz), 6.54 (s, 1H),
0 6.27-6.26 (m, 1H), 6.17-6.16 (m, 1H), 5.88 (m,
HINJ(O/\ 1H), 5.44 (s, 1H), 4.26-4.18 (m, 2H), 4.05-4.04
/@O N7l/o\/ (m, 2H), 2.80-2.74 (m, 2H), 2.29 (s, 3H), 1.97-
o 1.82 (m, 12H), 1.60-1.26 (m, 4H), 1.13-1.11 (m,
2H).
3C NMR (125 MHz, CDC)): & 156.4, 155.8,
153.7, 135.1, 133.1, 130.0, 129.9, 121.9, 115.8,

77.6, 62.4, 61.7, 61.3, 40.2, 39.5, 38.5, 38.3,
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36.8, 35.3, 34.8, 28.0, 20.5, 14.7, 14.3.

M S (FAB) for C,gH36N,Os5 calcd (M): 480.26; found: 480.32.
Diethyl 1-(5-cyclohexylidene-4-(4-methoxyphenoxy)cyclopent-2-
enyl)hydrazine-1,2-dicar boxylate 38c
Following the general experimental procedure, Hicyleydrazine37b (109
mg, 0.30 mmol), 4-methoxy phen8ba (25 mg, 0.20 mmol), dppf (11 mg, 10
mol%), and Pd(PR), (12 mg, 5 mol%) and }C0O; (28 mg, 0.20 mmol ), in 4 mL
of dry THF at r.t. for 1.5 h gave the prod@8c as light yellow viscous liquid in
78% (70 mg) yield.
Rf : 0.72 (6:4 Hexane/ethyl acetate).
IR (KBr)vmax: 3308, 3057, 2916, 2850, 1758,
1714, 1502, 1414, 1302, 1225, 1063, 968,
cm™.
'H NMR (500 MHz, CDC})): § 6.87-6.68 (m,
4H), 6.41 (s, 1H), 6.14-6.10 (m, 2H), 5.77-5.71
HN/( (m, 1H), 5.29 (s, 1H), 4.17-4.15 (m, 2H), 4.02
/@,o N o__ (m, 2H), 3.70 (s, 3H), 2.16 (m, 4H), 1.56-1.53
o 0 (m, 6H), 1.21-1.09 (m, 6H).
3C NMR (125 MHz, CDCJ): § 156.0, 155.7,
153.4,132.8, 132.6, 127.1, 125.1, 124.8, 116.0,
64.9, 62.8, 61.8, 60.4, 55.6, 26.0, 25.9, 22.6,
22.2,21.0, 14.6, 14.2.
M S (FAB): for C,H3,N,0s Calcd, M: 444.23; Found (M+1): 445.03.
General Experimental Procedure: [Pd(ally)Cl, (5 mol%), 1,1-bis-
(diphenylphosphino)-ferrocene (10 mol%) and NaH) (@quiv.) were taken in a
Schlenk tube, placed under vacuum for 15min. Fyedistilled THF (2 mL) was
degassed and then added to the mixture at roomeramope. The solution was

stirred for 15 min. Active methylene compour{@.0 equiv.) and bicyclic
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hydrazine (1.5 equiv.) dissolved in THF (2 mL) werdded and was stirred at
room temperature until TLC analysis indicated ftdhversion. The solvent was
removed under reduced pressure and the residusubgsted to chromatography
[silica gel (100-200 mesh), EtOAc—hexane, 40:60]afford the substituted
alkylidene cyclopentene in good yields.
Diethyl 1-(4-(1,3-dimethoxy-1,3-dioxopr opan-2-yl)-5-
(diphenylmethylene)cyclopent-2-enyl)hydrazine-1,2-dicar boxylate 40a
Following the general experimental procedure, Hicylsydrazine34a (113
mg, 0.28 mmol), dimethyl malonat9a (25 mg, 0.19 mmol), dppf (6 mg, 10
mol%), [Pd(allyl)CI} (4 mg, 5 mol%) and NaH (5 mg, 1.0 equiv.), in & af dry
THF at r.t. for 1.5 h gave the prodyla as a white solid in 93% (94 mg) yield.
Mp 122-124 °C. R: 0.52 (6:4 Hexane/ethyl acetate).
IR (KBrvma: 3317, 3049, 2981, 2940, 2900,
1730, 1720, 1601 1489, 1370, 1216, 1061, 750,

705 cn
- . 'H NMR (500 MHz, CDC)): & 7.35-7.20 (m,
o 10H), 6.15-6.10 (m, 1H), 5.90 (s, 1H), 5.78 (m,
o HINJ(O/\ ) (m, 1H), 5.90 (s, 1H), 5.78 (
o NG o 1H), 4.46 (m, 1H), 4.18-4.10 (m, 4H), 3.67 (s,
7 i\ Z// " 6H), 3.28 (m, 1H), 1.26-1.10 (m, 6H).
40a

3C NMR (125 MHz, CDC)): & 168.7, 168.4,
156.5, 156.0, 141.0, 135.1, 134.8, 128.6, 128.1,
127.6, 127.4, 127.0, 126.7, 63.0, 61.7, 61.4, 53.4,
45.2,28.3, 14.7, 14.5.
M S (FAB): for CygH3,N,0g Caled, M: 536.22; Found: 536.30.
Diethyl 1-(4-(1,3-diethoxy-1,3-dioxopr opan-2-yl)-5-
(diphenylmethylene)cyclopent-2-enyl)hydrazine-1,2-dicar boxylate 40b
Following the general experimental procedure, Hicybydrazine34a (97
mg, 0.24 mmol), diethyl malonat8db (25 mg, 0.16 mmol), dppf (6 mg, 10
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mol%), [Pd(allyl)CI} (3 mg, 5 mol%) and NaH (4 mg, 1.0 equiv.), in & of dry
THF at r.t. for 1.5 h gave the prodylb as a white solid in 86% (78 mg) yield.
R : 0.50 (6:4 Hexane/ethyl acetate).
IR (KBrvm: 3324, 3046, 2975, 2936, 2910,
1730, 1722, 1584, 1493, 1368, 1223, 1061, 760,

705 cni.
'H NMR (500 MHz, CDCJ): § 7.35-7.13 (m,
Phy Ph JZ 10H), 6.11 (m, 1H), 5.89 (s, 1H), 5.77 (m, 1H),
-° HNTNo\ 4.45-4.40 (m, 1H), 4.18-4.10 (m, 4H), 3.93-3.89
PO Nw/o\/ (M, 2H), 3.74 (m, 2H), 3.28-3.22 (M, 1H), 1.26-
O 4 © 1.19 (m, 6H), 1.05-0.96 (m, 6H).

3C NMR (125 MHz, CDC)): & 168.4, 168.1,
156.4, 154.2, 144.5, 143.8, 142.0, 141.8, 141.3,
141.1, 135.4, 135.1, 135.0, 128.6, 127.0, 62.4,
61.7, 61.3, 53.1, 29.8, 14.5, 14.1.
MS (FAB): for C33H3¢N,Og Calcd, M: 564.25; Found: 564.93.
Diisopropyl 1-(4-(1,3-dimethoxy-1,3-dioxopr opan-2-yl)-5-
(diphenylmethylene)cyclopent-2-enyl)hydrazine-1,2-dicar boxylate 40c
Following the general experimental procedure, Hicyleydrazine34b (104
mg, 0.24 mmol), diethyl malonat8db (25 mg, 0.16 mmol), dppf (6 mg, 10
mol%), [Pd(allyl)CI} (3 mg, 5 mol%) and NaH (4 mg, 1.0 equiv.), in & of dry
THF at r.t. for 1.5 h gave the produyiic as a white solid in 76% (70 mg) yield.
Mp 122-124 °C. R: 0.63 (6:4 Hexane/ethyl acetate).
IR (KBr)vmax: 3312, 3055, 2981, 2936, 2908,
1726, 1715, 1597, 1489, 1371, 1223, 1061,
754, 705 crit.
'H NMR (500 MHz, CDC})): § 7.20-7.18 (m,
10H), 6.14-6.08 (m, 1H), 5.89-5.88 (m, 1H),
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5.80-5.70 (m, 1H), 4.89-4.88 (m, 1H), 4.54-

0
J(o/k 4.40 (m, 2H), 4.13 (m, 2H), 3.94 (m, 2H), 3.29-

N
(@) -
P 7]/ 7/ 3.22 (m, 1H), 1.21-0.83 (m, 18H).
o 40c o

3C NMR (125 MHz, CDCJ): & 168.1, 167.7,
155.5, 153.6, 141.8, 141.2, 135.1, 134.7, 130.4,
128.7, 128.5, 128.3, 127.9, 127.2, 126.9, 126.6,
69.5, 69.3, 63.9, 61.1, 60.9, 45.4, 26.9, 22.1,
21.9, 14.0, 13.7.

M S (FAB): for CzaHoN,Og Calcd, M: 592.28; Found: 592.93

Diethyl

1-(4-(1,3-dimethoxy-1,3-dioxopr opan-2-yl)-5-

(adamantalylidene)cyclopent-2-enyl)hydrazine-1,2-dicar boxylate 40d

Following the general experimental procedure, Hicylsydrazine37a (108

mg, 0.29 mmol), dimethyl malonat&a (25 mg, 0.19 mmol), dppf (4 mg, 10
mol%), [Pd(allyl)CI} (6 mg, 5 mol%) and NaH (5 mg, 1.0 equiv.), in & of dry
THF at r.t. for 1.5 h gave the prodyifld as viscous liquid in 79% (76 mg) yield.
R : 0.50 (6:4 Hexanel/ethyl acetate).

IR (KBr)vimax: 3308, 2980, 2907, 2849, 1728, 1711,
1694, 1504, 1412, 1306, 1219, 1061, 959, 812.cm

'H NMR (500 MHz, CDC})): 8 6.05-6.01 (m, 1H),
5.92 (s, 1H), 5.79-5.76 (m, 1H), 4.19-4.16 (m, 4H),
3.92 (d, 1H,J = 9.0 Hz), 3.75 (s, 6H), 3.42-3.40
(m, 1H), 2.79-2.75 (m, 1H), 2.54-2.50 (m, 1H),
1.92-1.80 (m, 12H), 1.25 (s, 6H).

C NMR (125 MHz, CDC)): & 168.9, 168.7,
156.0, 155.2, 150.8, 137.1, 130.5, 121.8, 62.4],61.
57.4, 52.4, 44.9, 39.2, 38.8, 38.6, 36.7, 35.05,34.
27.7,14.6, 14.5.

M'S (FAB): for C,eHs6N,Og Calcd, M: 504.25; Found (M+1): 505.05.
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Diethyl 1-(4-(1,3-diethoxy-1,3-dioxopr opan-2-yl)-5-
(adamantalylidene)cyclopent-2-enyl)hydrazine-1,2-dicar boxylate 40e
Following the general experimental procedure, Hicybydrazine37a (89
mg, 0.24 mmol), diethyl malonatgdb (25 mg, 0.16 mmol), dppf (6 mg, 10
mol%), [Pd(allyl)CI} (3 mg, 5 mol%) and NaH (4 mg, 1.0 equiv.), in & af dry
THF at r.t. for 1.5 h gave the produffle as a light brown viscous liquid in 70%
(60 mgq) yield.
Rf : 0.63 (6:4 Hexane/ethyl acetate).
IR (KBr)Vma: 3311, 2975, 2910, 2849, 1730,
1715, 1698, 1510, 1414, 1306, 1225, 1064, 950,
754 cm',
'H NMR (500 MHz, CDC})): § 6.07-6.04 (m,
1H), 5.91 (s, 1H), 5.79-5.76 (m, 1H), 4.32-4.14

O
o M (m, 8H), 3.93-3.91 (m, 1H), 3.47-3.35 (m, 1H),
A N NoL
J . 2.80-2.77 (m, 1H), 2.57-2.54 (m, 1H), 1.94-1.62
0]
~ O =" (m, 12H), 1.27-1.26 (m, 12H).
40e 3C NMR (125 MHz, CDC)): 5 168.7, 168.4,

155.9, 155.2, 150.7, 137.3, 130.2, 121.9, 62.8,
62.3, 61.6, 61.3, 57.8, 44.6, 39.2, 39.0, 38.7,
36.7,34.9, 34,5, 27.7,14.5, 14.0
M S (FAB): for CygH4oN,Og Calcd, M: 532.28; Found: 533.009.
Diethyl 1-(3-(1,3-dimethoxy-1,3-dioxopr opan-2-yl)-2-
(adamentylidene)cyclopentyl)hydrazine-1,2-dicarboxylate 41
The compoundiOd (300.0 mg, 0.59 mmol) was dissolved in anhydrohylet
acetate. Pd/C (10% on carbon) (catalytic) was adaeldthe reaction mixture was
stirred under 1 atm pressure of, ldt room temperature for 6 h. After the
completion of the reaction as indicated by TLC, taaction mixture was filtered

through a pad of celite. The solvent was removeatkuneduced pressure and the
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residue was subjected to chromatography [silica (§6D—200 mesh), EtOAc—
hexane, 30:70] to affordil as colorless viscous liquid (298.6 mg, 100%).
Mp 136 °C . RO. 51 (6:4 Hexane/ethyl acetate).

IR (KBr)vmex: 3312, 2978, 2907, 2849, 1732, 1697,

1616, 1416, 1384, 1220, 1126, 1061, 925, 758
-1

cm-.
'H NMR (500 MHz, CDCJ): 6 4.25-4.11 (m, 5H),
o 3.74 (s, 6H), 3.50-3.40 (m, 2H), 2.68-2.63 (m, 2H),
o’ HINJ(O/\ 252-2.50 (m, 1H), 2.32-2.26 (M, 1H), 2.04 (m,
0 N o___ 1H), 1.81-1.56 (m, 14H), 1.30-1.23 (m, 6H).
© L, O C NMR (125 MHz, CDC)): & 169.2, 168.4,

156.3, 155.2, 150.6, 128.3, 62.3, 61.8, 61.1, 53.6,
52.4, 40.8, 39.2, 38.4, 36.7, 35.2, 33.6, 29.69,28.

22.5,14.4,14.2.
M S (FAB): for C,gH3gN,Og Calcd, M: 506.26; Found (M+1): 506.81.
Diethyl 1-(3-(1,3-dimethoxy-1,3-dioxopr opan-2-yl)-2-

oxocyclopentyl)hydrazine-1,2-dicar boxylate 42

Compound41 (160.0 mg, 0.32 mmol) was dissolved in a 1.1 mixtof
CHsCN and CCJ (10 mL). Sodium periodate (409.0 mg, 1.92 mmol¥waedded to
the solution and the mixture was stirred. A solutad ruthenium trichloride (7.8
mg, 0.03 mmol) in water (5 mL) was added in ondipor and vigorous stirring
was continued for 5 h. The reaction mixture wasatdd with water (10 mL) and
was extracted with C}€I, (3x20 mL) and filtered through a pad of celite.eTh
filtrate was concentrated under reduced pressutdtanresidue was subjected to
chromatography on a silica gel (100-200 mesh) columsing ethyl
acetate/hexanes mixture as eluent affortieds colorless viscous liquid (92.0 mg,
74%).
R¢ 0. 65 (6:4 Hexane/ethyl acetate).
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42

IR (KBr)Vmax: 3308, 2984, 2957, 1744, 1713, 1506,
1435, 1415, 1383, 1228, 1161, 1059, 926, 762cm

'H NMR (500 MHz, CDCJ): § 4.21-4.10 (m, 4H),
3.93-3.92 (m, 1H), 3.77 (s, 6H), 2.73 (m, 1H), 2.45
(bs, 1H), 2.22-2.05 (m, 2H), 1.86-1.85 (m, 2H),
1.28-1.26 (m, 6H).

BC NMR (125 MHz, CDC)): § 211.7, 168.5,
168.0, 156.3, 155.4, 62.9, 62.3, 60.4, 52.8, 29.7,
24.3,22.0, 14.4, 14.2.

MS (FAB): for C;¢H.4N,Og Calcd, M: 388.15; Found: 388.17.
Diisopropyl  1-(5-(diphenylmethylene)cyclopenta-1,3-dienyl)hydrazine-

1,2-dicar boxylate 43

Compound36f (53.0 mg, 0.10 mmol) and chloranil (73.8 mg, 0.3 at)nwere

dissolved in xylene and heated at £@for 3 h. The solvent was removed under

reduced pressure and the residue was subjectdadmatography [silica gel (60—
120 mesh)], EtOAc—hexane, 20:80] to afford the pomd3 in good yield (30.0

mg, 74%).

R; 0. 39 (6:4 Hexane/ethyl acetate).

g

IR (KBr) Vi 3312, 3055, 2981, 2936, 2908, 1726,
1715, 1597, 1489, 1371, 1223, 1061, 754,
705 cnf.

'H NMR (500 MHz, CDC)): & 7.36-7.24 (m,
10H), 6.80-6.66 (m, 1H), 6.40-6.39 (m, 1H), 6.14-
6.12 (m, 1H), 4.90-4.83 (m, 2H), 1.27-1.12 (m,
12H).

®C NMR (125 MHz, CDC)): & 155.9, 154.3,
141.5, 140.5, 138.0, 132.4, 131.8, 130.3, 129.1,
128.4, 127.8, 125.0, 124.2, 70.0, 69.7, 22.2, 22.0.
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M'S (FAB) for CygH2gN,Oy, calcd (M): 432.20; found: 432.86.
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Chapter 3

Palladium Catalyzed Ring Opening of Fulvene Derived
Azabicyclic Olefins with Aryl Halides: An Efficient

Synthesis of Functionalized Cyclopentenes

3.1. Introduction

Transition-metal-catalyzed reactions provide edintiand powerful methods
for the synthesis of carbo- and heterocyclic mdesand have played an
enormously decisive and important role in modemgaaic synthesis. It enabled
the synthetic organic chemist to construct increglgi complex carbon frame
works and thus, facilitated the syntheses of a awymf organic compounds.
Among the transition metals, palladium is argualbiiye most versatile and
ubiquitous metal in modern organic synthésBalladium-mediated processes
have become essential tools, spanning countledgagns in the syntheses of
natural products, polymers, agrochemicals, and rpheguticals. There are a
number of well-known name reactions that feature mhetal, including the Heck,
Suzuki, Stille, and Buchwald-Hartwig cross-couptinghe Wacker procesand
the Tsuji-Trost allylatiof. In addition, Pd also enables hydrogenation:;
hydrogenolysis; carbonylation; the formation of C-&-O, C-N, and C-S bonds;
cycloisomerization; and even pericyclic reactidrihis chapter deals with the
palladium catalyzed ring opening of pentafulveneveel azabicyclic olefins with

aryl halides leading to the stereoselective symhassubstituted cyclopentenes.
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3.2. Heck Coupling or Mizoroki Heck reaction
The Heck reactiorfScheme 3.1) (also called the Mizoroki-Heck reamtis
the palladium-catalyzed C-C coupling between asfides or vinyl halides and

activated alkenes in the presence of a base todmubstituted alkene.

. Pd(0 . _R
R=X + R Toee™ R X~
1 2 -HX 3

R = aryl, alkyl, vinyl
X = halide, triflate etc

Scheme 3.1
The first examples of this reaction as we wouldoggize it today were
reported independently by Mizoroki (1978nd, in an improved form, by Heck
(1972f (Scheme 3.2).

Mizoroki et al. 1971

PdCl,, CH;COOK O // O
>
Q' * f@ CH4OH, 120 °C
6
4 5

2 hrs
Yield 90%

Heck et al. 1972

Pd(OAc),, n-BuzN / O
| + >
/ no solvent
4 5

100 °C, 2 hrs 6
Yield 75%

Scheme 3.2
The Heck reaction now stands as a remarkably randefficient method for
carbon—carbon bond formation, particularly in thengration of tertiary and
guaternary stereocenters and intramolecular ringndtion, and remains a
flourishing area of research. The mechanism ofHleek reaction is shown in
Scheme 3.3.
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Base HX

Pd(0)L,

Base .
Reductive
iminati Oxidativ
. Elimination Addition
2
X—Pd(ll) "2
H X=Pd(ll)
R}
R X = Br, I, OTf etc N\
2 Insertion
R X L,
1
Pd(ll) R X L2
H oA H_ L Pd(Il)
/—/ B-Elimination P_<
R \/ R R'
Scheme 3.3

The reaction begins when the active Pd(0) catalyatts with the organo
halide RX in a so-called oxidative addition. Instlieaction the oxidation state of
palladium formally changes from Pd(0) to Pd(ll) kvithe formation of an
organopalladium compound RPdX. In this processva p&ladium-carbon bond
is formed. In the next step the olefin co-ordindtepalladium, and the olefin and
the R group are now assembled on the metal andeaah with one another. In the
next step the R group on palladium migrates to oh¢éhe carbons of the co-
ordinated olefin and palladium will shift to thehet carbon of the olefin. This
process is called a migratory insertion and gemerdlhe carbon-carbon bond.
Finally, the release of the organic group ocauasa 3-hydride elimination which
forms the new olefin in which the R group from thrganohalide RX has replaced
a hydrogen atom on the substrate olefin. In thap st short-lived HPdX species is
formed, which loses HX to give Pd(0). The Pd(0O)cspe formed is now ready to
enter another catalytic cycle.

A great advantage of the Heck reaction is the vedestrate scope ranging
from simple olefin to activated alkends.has been used for the syntheses of

number of different natural products and biolodicalttive compounds.
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3.3. Heck reaction in total synthesis

The intermolecular and intramolecular variants adck reaction has been
widely applied in more than 100 different synthesdésnatural products and
biologically active compounds. The first exampler fthe applications of
intramolecular Heck reaction was in the total sgsth of the natural product taxol
by Danishefsky and co-workers (Scheme 3.@he intramolecular cyclization of
the cyclohexene moiety of triflateonto the pendant terminal alkene was brought
about by treatment with [Pd(PBR}] and K.CO; in refluxing MeCN, thus effecting
the closure of the central eight-membered ringetioegate the tetracyclic prodgct
in 49% vyield.

[Pd(PPhy),]
M. S. (4 A°)
K,CO3, MeCN, 90 °C

Intramolecular
Heck Reaction

(49%)

9: taxol

Scheme 3.4

Rawal and coworkers employed the Heck reactiondtal syntheses of the

alkaloid dehydrotubifolinell. In this instance, the palladium-catalyzed process
was used to forge the final carbon—carbon bond @l the final ring of the

polycyclic structure of the target in 79% vield Sofe 3.5
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Me

4

N H | Pd(OAC)z, K2CO3

N
—
S nBu,NCI, DMF, 60 °C Me
> -~ *,
N H

Heck cyclisation
reaction

N A 11: (£)-dehydrotubifoline

10
Scheme 3.5

Overman and co-workers have successfully utilizesl galladium-catalyzed
reactions in the synthesis of the scopadulcic damily of diterpenes. The
intramolecular Heck cyclization of substituted ©jatptenel2 was triggered by
the addition of Pd(OAg)(10 mol%), PP (20 mol%), and AgCOs to a refluxing
solution of iodidel2 in THF. This intermediate could then be elaboratec
number of steps to complete the total synthesgopadulcic acid Bl4 (Scheme
3.6)?

] Pd(OAc), (10 mol%)
o PPh; (20 mol%)
I Ag,CO3, THF, 70 °C
I intramolecular
H heck cyclization

Scheme 3.6
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Steroid research can be regarded as one of thmpthisi of 28 century
science. An alternative approach to the steroidesie, based on palladium-
catalyzed Heck reactions, was recently introdugedibtze and co-workers by an
elegant, enantioselective total synthesis of themafe sex hormone estrone
(Scheme 3.7). Specifically, these researchers dsed that treatment db and
16 with catalytic amounts of Pd(OAcand PPkin the presence afBusNOAC in
a mixed DMF/MeCN/HO solvent system at 7 led to the selective formation
of the intermolecular Heck reaction prodd@t The Heck reaction produdf on
treatment witha catalytic amounaf the novel palladacycl#8 in the same solvent
system, but at a slightly higher temperature (41}f led to the generation of the

estrone core structu@9 in quantitative yield?

t
Br Br Me O'Bu
Pd(OAc),, PPh;
= nBuy,NOAc
MeO DMF/MeCN/H,0 Br (l-;b
Me otBuJ Intermolecular ﬁeo F 17

heck cyclization

18, PPh,

> heck cyclization | NBUsNOAc
A 99% DMF/MeCN/H,0

16 116 °C

Intramolecular

\

t,
MeOBU

Scheme 3.7
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3.4. Reactivity of Aryl halidestowards Alkenes

The Pd -catalysed arylation or vinylation of alkengenerally referred to as
the Heck reaction, should in principle serve asiiractive alternative preparative
route to some of the important dienes with regiest@lity, and the concomitant
desilylation reaction can be suppressed. In 1988|bkerg et al. reported the
synthesis of a series of 1-trimethylsilyl-1,3-disnky the palladium-catalyzed
coupling of trimethylvinylsilane, with vinyl halideor triflates in presence of

silver salts (Scheme 3.8).

SiMe3
/—SiMe3 | /—SiMe3
| / 21 / 21 oTf
Y -
©/ Pd(OAc),, Et;N Pd(OAc),, Et;N
AgNO;, DMSO, 50 °C 23 DMSO, 50 °C
Scheme 3.8

Palladium-catalyzed carbomethoxyvinylation of iodobene in water in the
presence of a base and a phase-transfer cataly&) (Brovidedtrans-methyl
cinnamate in 98% yieldThe presence of water determines the efficiency of
guaternary ammonium salt (QX) in palladium-catadlysenylation of organic
halides using an alkali metal carbonate as the,hkbasehich QX could be a
chloride, a bromide or a hydrogensulfate. The [R@OL/QX] catalyst system
was even used for performing the reactions in wakaéthout organic solvent
(Scheme 3.9%

5% [Pd(OAc),, 2PPh;] Ph
Phl  + = —
COOMe
K,CO5/ QX, H,0
4 25 50°C, 2h 26 COOMe
Scheme 3.9

In 1997, Walker and coworkers reportedhaterogenous Heck-reaction of
methyl acrylate25 with 5-iodo-2,4-dimethoxypyrimidin27 under aqueous phase-

transfer conditions at room temperature (Schem@) 331



88 Chapter 3

OMe OMe
N )ﬁ/l =/002Me Pd(OAc),, PPh; NN CO,Me
M )I\ ~ ' K,CO3, Bu,NHSO, )I\ P
e N H,0,rt.  MeO” N
27 25 28
Yield 90%
Scheme 3.10
Heck reactions have been conducted in homogenaueoas systems in the
presence of water soluble phosphines TPPMS and $PHReactions of
iodoarenes and iodoalkenes in aqueous MeCN couldobducted under very
mild conditions at temperatures not exceeding 4[PAQ(OAc) (2.5 mol %), 2
TPPTS, NE, MeCN-HO (15:1), 25-40 °C]. Notable is the ease and high
regioselectivity of reaction with cycloalkenes, igy exclusively 3-

arylcycloalkene81 (Scheme 3.11Y!

| n Pd(OAc),, TPPTS
0 22 e O
MeO

NEt;, MeCN- H,0 n
29 30 25-37 °C. 31 Yield 91%
Scheme 3.11

In 1995, Herrmann and co-workers reported the Hgleetivity of Pd
complex33 and related species in the Heck coupling of aajides with simple

alkenes (Scheme 3.19).
I R

33 xR
+ R/\ EEm—— +
base
-HI
34 35

4 32

P(o-tol),
/

Pd
SOAc
33
2

Scheme 3.12
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Recently Nevarro and co-workers synthesised theldRjN,C-complexes38,
based on (R,2R)-1,2-diaminocyclohexane and applied them to Heget
coupling reactions (Scheme 3.18)Attempts to apply these catalysts to the
asymmetric hydroarylation of norbornengé (Scheme 3.13) showed no

enantioselectivity.

O
Ar !
Pd catalyst F;d N

+ ArX > X \; H

" 47 HCOZH, EtoN, DMSO 20

MeO OMe

- 38a, X =0Ac
b, X=Cl

Scheme 3.13
The reaction of organic halides with 7-heteroatdm®nzonorbornadiene
derivatives in the presence of Pd(PRBI, and zinc powder yieldedis-1,2-
dihydro-1-naphthol or methyl Ne{s-1,2-dihydro-I-naphthyl) carbamate

derivatives stereoselectively (Scheme 314).

R R' XH
X R
PdCl,(PPh;)
y/ A RI 2 32 O‘ X =0, NCO,Me
Zn
R1 R2
40 41 R1 R2
42

Scheme 3.14

3.5. Background to the present work

Kaufmann and co-workers reported the first pallad catalyzed
hydroarylation of the N,N’-diethoxycarbonyl-substéd derivative with triethyl
amine as a base. It gave the hydroarylated proddcwith N-arylated 3,5-
disubstituted cyclopentents as a side product (Scheme 3.1%5The proposed
structure of45 appeared to be incorrect and it is probably tlagrfrentation
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product of general structud, as proposed by the same authors in a subsequent

patent:®
Ph EtO,CHN
N N ;
ﬁE\N' SCOEty ppy  —NOACk AsPhs HE\N “CO,Et 4 @
“CO,Et Et;N, HCO,H CO,Et % _Ph
43a 4  DMF,65°C,16h 44 as N
Et0,C
NHCO,Et
Q""NCOzEt
Ph 46

Scheme 3.15

Further investigations from the same group showeat sterically more
hindered and more rigid tri- and tetracyclic suditets also afforded hydroarylated
products along with 3,4-disubstituted cyclopentenesinor amount$?

We have recently developed the stereoselectivéhssgis of cyclopentene-
annulated benzofuran and indole derivatives bypakadium catalyzed tandem
ring opening and ring closing of cyclopentadienaveel azabicyclic alkenes with
2-iodophenol or 2-iodoanilin€. The reaction was effectively tuned towards the
exclusive formation of either cyclopentannulatedoduct or substituted
cyclopentene. This was the first report on the #sigk formation oftrans-3,4-
disubtituted cyclopentenes by the palladium catdying opening of azabicyclic
olefins with ortho functionalized aryl halides. Unfortunately it wgeneral only
for 2-iodoanilines and 2-iodophenols. The reactieas not working with other
unsubstituted aryl halides and hetero aryl halidéss made us to investigate the
reactivity of various aryl iodides with fulvene dexd azabicyclic olefins by
changing the reaction conditions which resultedd&veloping an exclusive

synthesis of functionalized cyclopentenes.
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3.6. Resultsand discussion

The starting materials for our investigations wprepared according to the
literature procedure. For example, the 2,3-diazabicyclo[2.2.1]hept-5-d8a
was synthesized by the Diels-Alder cycloadditiorpehtafulvenet7 with dialkyl
azodicarboxylatd8 (Scheme 3.16).

E.
N Cyclohexane
1
+ N —_—
‘E RT, 24h / N'N ~E
~
47 48 492 E
49a = E = CO,Et

49b = E = CO,Pr
49c =E = CO,'Bu

Scheme 3.16

3.6.1. Reactions of pentafulvene derived bicyclic hydazines with aryl halides
We initiated our experiments with the reaction adtlalyl 7-cyclohexylidene
2,3-diazabicyclo[2.2.1]hept-5-ene-2,3 dicarboxyld®a with 2-iodophenok0 in
the presence of Pd{gPPh/Et;N in CH;CN at 80°C (Scheme 3.17). This
experiment resulted in a sluggish reaction. Lowgerihe reaction temperature
increased the yield of the reaction. The reactibmoam temperature afforded
substituted alkylidene cyclopentefg in 75% yield. The structure of the product

was assigned with the help of various spectrosdegitniques

OH |
. —>
©: — | NHCOE
| N

N .
/7 N, \COZEt 50 COZEt

49a  “CO,Et “ 51
ol )

i = Pdclz, PPh3, Eth, CHSCN, r.t.

Scheme 3.17
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The structure of51 was assigned based on spectral analysis and by
comparison to the literature report. IR spectrundloshowed a strong absorption
due to the carbonyls at 1740 and 1720tim.'H NMR spectrum o51 (Figure
3.1), the olefinic protons at Cahd C-2resonated as multiplet at6.35-6.25 ppm
andé 5.91 ppm. The multiplet at 5.09 ppm was assigned to the proton at C-4,
while the proton at C-3, appeared &t4.41-4.32 ppm along with the four
methylene protons of the carboethoxy group respslgti The aromatic protons

were observed in the regidr/.15-6.48 ppm.

Figure3.1. *H NMR spectrum ob1

The *C NMR spectrum (Figure 3.2) d51 positioned the characteristic
carbonyl absorptions at 156.2 and 156.0 ppm. The carbons C-4 attached to
nitrogen resonated at 60.4 ppm. High resolution mass spectral analylse a

supported the structure assignment with the madecoh peak ain/z414.15.
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O
e

O

7,12 8114 3 ‘
| | ,

Figure 3.2. *C NMR spectrum o051

Detailed optimization studies (Table 3.1) were iedrrout with substrates
49a and50 to find out the best condition for the reactionff@ent organic and
inorganic bases were examined andNEwas found to be the best for the
exclusive formation of alkylidene cyclopentene. Thactions with bases such as
NaOAc and KCG; failed to afford the product (Table 1, entry 7-8ther organic
bases such as DIEA and DIPA could only effect threnfition of the product in
lower yields (Table 1, entry 5-6). Various catasystich as Pdgl[Pd(allyl)Cl],,
Pd(PPh), were screened from which Pd@ave the highest yield (Table 1, entry
4, 9-11). Among the different solvents examinedz;CMN was found to be the best
(Table 1, entry 4, 12-15). On the basis of theseestigations, the optimal
conditions for this reaction are as follows: 1:3Xmre of iodophenol/olefin with
10 mol% Pdd], 1.5 equiv. of EN and 3 mL of CHCN for 16 h.
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NHCO,Et
NCO,Et

N /CozEt @KOH catalyst
AN + L
N “CO,Et I base, solvent HO
16h, T°C

Catalyst/

Entry Ligand Solvent Base T (°C) Yield (%)?
1 PdCl,/PPh; CH4CN Et;N 80 0
2 PdCl,/PPhg CH4CN Et;N 50 49
3 PdCl,/PPh, CH5CN Et;N rt. 75
4 PdCl, CH;CN EtsN r.t. 90
5 " " DIEA " 63
6 " " DIPA " 11
7 " " NaOAc " no reaction
8 " " K,CO, " no reaction
9 Pd(OAc), " Et;N " 16
10 [Pd(allyl)Cl], " " " trace
11 Pd(PPhs), " " " no reaction
12 PdCl, DMF Et;N " 72
13 PdCl, THF " " trace
14 " Toluene " " 9
15 " Dioxane " " 10

Reaction Conditions:alkene(3.0 equiv.), aryl halide (1.0 equiv.),catalyst (10 mol%),
base (1.5 equiv.), solvent (3 mL),temp, 16h.a Isolated yield
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To explore the scope and generality of the mettiasreaction was repeated
using different fulvene derived bicyclic hydraziaed aryl halides. The results of

the investigations are summarized in table 3.2.

Table 3.2. Palladium catalyzed ring opening of fulvene detivaicyclic

hydrazines with aryl halides.
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Table 3.2. Palladium catalyzed ring opening of fulvene derived bicyclic
hydrazines with aryl halides

Entry Bicyclic olefin Aryl halide Product Yield (%)?
OH COLEt
1
N, -COsEt 90
7 No | 5 H
N\ COQEt 50 “
CO,Et HO@ 51
49a
OH i
) QOQIPT i 86
N . N, CO;'Pr
71\ “COJPr | N
N\ H 50 -, H
CO,Pr -
49b HO,@ 5
COQ‘BU
3 :i\\N OH @N\ 'CO,Bu 78
/ N/\ C(t)ztBU | / H
CO,'Bu 50 g
49¢ HO 53
OH CO,E
N J@i N\N,COQEl 91
/ N
4 N CO,Et Ph | N
CO,Et 7 -
49a 54 HO’Q
55
OH pozipr
5 . /C[ N, ~COZPr 8
7 Neojpr PN ! ., H
N COZPr -,
*CoPr 54 HO@»Ph
49b 56
CO,Et
6 NHAcC N. CO,Et
7 N @[ A %
N\ COQEt | “,
CO,Et ,@
AcHN
49a 57

58
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ﬁ NHAc
, “CO,Pr |

IQ=O

CO,Pr
i
N CO2PF 80
CO2'PI’ 57
AcHN
@[NH2 CO,Et
ii\\ %m CO,Et 80
{ "CO,Et O,N |
49b “CO,Et 60
NH, CO2'Pr |
N. CO2Pr 83
2 O,N I
COZ'Pr
60 No2
HaN 62
| COJPr -
N. CO,Pr
\ N
, *CO,Pr |S -, H 64
49b co,Pr [ 64
2 63 NS
QOziPr )
OoN NO, N_ ,CO,'Pr
N
N-co,pr \CEI -, H 81
COZ'Pr 66

»
[}
o
N

=z

pd

o

N

Reaction Conditions:alkene (3.0 equiv.), aryl halide (1.0 equiv.), catalyst (10 mol%),
base (1.5 equiv.), solvent (3 mL), temp, 16 h.2 Isolated yield

The products were characterized by usual spectpascanalysis which
provided adequate support for the assigned stestuiR spectra of all the
products presented a broad absorption band in égéorr 1750-1710 cih
matching the carbonyl absorptions. In all the caS€sNMR spectra spotted the
carbonyl peaks in the regionl50-156 ppm.
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In the proton NMR spectrum &R, the methine protons of isopropyl moiety
appeared as singlet &4.91 and as multiplet &t4.85-4.80 ppm. In th&€C NMR
spectrum, the methine carbons appearesl @.0 and 69.0 ppm and the carbon
bearing hydrazine moiety was spotteds&1.9 ppm. In53, *H NMR spectrum
located the methyl protons of thert-butyl group as two distinct singlet &t1.49
ppm andd 1.42 ppm. In thé’C NMR spectrum, the two less intense peakd at
82.1 and 80.7 ppm corresponds to the quaternabpurarof thetert-butyl group
and the carbon bearing phenyl substituent was wiigde atd 57.2 ppm. ThéH
NMR spectrum o065 positioned the aromatic protonssar.59 (m, 3H), 7.51-7.39
(m, 1H), 7.35-7.30 (m, 1H), 7.06-6.89 (m, 2H), 6&81 (m, 1H) ppm. The
proton attached to the carbon bearing the phenglappeared as multiplgét4.24-
4.03 ppm along with the methylene protons of cattimey group. In thé*C NMR
spectrum, the methylene carbon was spottédsat5 and 61.3 ppm. THel NMR
spectrum o066 located the methine protons as multiplets &t80 and 5.53-5.51
ppm and the corresponding carbonda?0.0 and 68.7 ppm in thEC NMR

spectrum.

In 58 the CH-CO- singlet atd 2.20 ppm and the proton on the carbon
bearing hydrazine substituent &t.00-4.95 ppm respectively. In théC NMR
spectrum, the carbon bearing the hydrazine growgspatted ad 61.9 ppm. 159
the methine protons of the isopropyl moiety andgh@on on the carbon bearing
hydrazine moiety resonated as multipléts4.99-4.88 ppm. In thé’C NMR
spectrum, these methine carbons were observédrat3 and 70.8 ppm and the
carbon bearing the hydrazine group was spottédbdts ppm.

The 'H NMR spectrum o1 the alkene protonsere seen as two distinct
multiplet atd 6.75 ppm and 6.22 ppm. In th%C NMR spectrum, the carbonyl
carbons appeared & 156.2 and 155.9 ppm. In théed NMR spectrum of

compounds2 the alkene protonsere seen as multiplets@6.76-6.75 and 6.19-
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6.13 ppm. In thé®C NMR spectrum, the carbonyl carbons were seeh147.0
and 156.8 ppm.

The proton NMR spectrum @4 showed the olefinic protons at6.16 and
5.92-5.78 ppm as multiplet. The signalda4.90 ppm was assigned to proton on
the carbon bearing hydrazine moiety and the methiotns of isopropyl moiety.
The*C NMR spectrum showed the carbon bearing the hjtanoiety ad 62.0
ppm. The signal ab 48.0 was allocated to the carbon having the phengl In
the *H NMR spectrum of66 the aromatic protons were discernible5aB.76
(singlet), 8.35 (doublet), and 7.60 (singlet) pprhe two olefinic protons were
resonated as multiplet &t6.59-6.40 and as singlet&6.77 ppm. In thé’C NMR
spectrum, the carbon bearing hydrazine substitwastdiscernible ab 61.4 ppm
and the cyclohexyl carbons were observed betwesn9-26.4 ppm.

In all the cases, the structures of the produasewurther confirmed by
mass spectral analysis, which cited the molecaarpeaks within the approved
limits.

3.6.2. Mechanism of thereaction

The first step of the catalytic cycle involves adide addition of Pd(0) into
aryl iodide to form Ar-PdLX. In the next step the [ArPdX] adds to the C-Claeu
bond givingB. Attack of the nucleophile and successive elimamabf L,PdNu
along with the ring opening results in the formatad the hydrazine cyclopentene
D. The addition of the species RRdb the double bond is synaddition which
results in the formation of thieans-3,4-disubstituted alkylidene cyclopentene as

the product.
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NHCO,Et
N.
CO,Et
D Ar - /> PAOkn
NU\ Ar \
XPd N~ “oEt [ArPdX]

~
o A

)‘*OEt

Ar
XPd N OEt

B O%OEt
Scheme 3.18

3.7. Conclusion

In conclusion, we have developed a mild, simple effidient strategy for the
exclusive synthesis of alkylidene cyclopentene® génerality of the method was
established by the reactions of various bicyclidriayines with aryl and heteroaryl
iodides.The products of the developed methodology be used as potential
intermediates towards a number of biologically valg molecules.
3.8. Experimental Details
General information about the experiments is gimeBection 2.6 of Chapter 2.
General experimental procedure: Bicyclic hydrazine (3.0 equiv.), aryl halide
(1.0 equiv.) and Pdg[10 mol%) were charged in a Schlenk tube and dedass
The mixture was dissolved in acetonitrile (3.0 ndr)d EtN (1.5 equiv.) was
added and allowed to stir at room temperature f6ér hburs under argon
atmosphere. The extent of reaction was monitore@ly and on completion the

reaction mixture was evaporated and the residue sudgected to column
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chromatography on silica gel (100-200 mesh) usihgleacetate/hexane mixture
as eluent to afford the product in good to excéNesids.
Diethyl 1-(2-cyclohexylidene-5-(2-hydr oxyphenyl)cyclopent-3-enyl)hydrazine-
1,2-dicar boxylate 51
Following the general experimental procedure, Hicyleydrazine49a (221
mg, 0.69 mmol), 2-iodophend&0 (50 mg, 0.23 mmol), Pd&l4 mg, 10 mol%)
and EtN (0.04 mL, 0.35 mmol), in 3 mL of dry GEN at r.t. for 16 h gave the
product51 as a colourless viscous liquid in 90% (86 mg)dyiel
Rs: 0.52 (6:4 Hexane/ethyl acetate).
IR (KBr)Vmax 3452, 3286, 2934, 2844, 1740, 1720,
1465, 1410, 1366, 1130, 1055, 920, 751, @i00"

'H NMR (300 MHz, CDCL): & 7.83 (s, 1H), 7.15-
7.10 (m, 1H), 6.94-6.81 (m, 3H), 6.67-6.48 (m, 1H),
Oyo 6.35-6.25 (m, 1H), 5.91 (m, 1H), 5.09 (m, 1H), 4.41
4.32 (m, 5H), 2.34 (m, 2H), 2.03 (m, 2H), 1.67-1.56
(m, 4H), 1.43 (m, 1H), 1.29-1.27 (m, 5H), 1.12-1.10
(m, 2H).
3C NMR (75 MHz, CDC}): § 156.2, 156.0, 141.0,
139.4, 135.4, 129.9, 129.7, 128.3, 123.0, 113.4,62
61.3, 60.4, 50.3, 31.9, 31.4, 27.8, 27.3, 26.59,14.
14.6.
MS (FAB): for C,sH3oN,Os Calcd, M: 414.22; Found: 414.15.
Diisopropy! 1-(2-cyclohexylidene-5-(2-hydr oxyphenyl)cyclopent-3-

)=o

R
Z
IZ

enyl)hydrazine-1,2-dicar boxylate 52

Following the general experimental procedure, Hicyleydrazine49b (240
mg, 0.69 mmol), 2-iodophend&0 (50 mg, 0.23 mmol), Pd&€l4 mg, 10 mol%)
and EtN (0.04 mL, 0.35 mmol), in 3 mL of dry GEN at r.t. for 16 h gave the

product52 as colourless viscous liquid in 86% (87 mg) yield.
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Rs: 0.56 (hexane/ethyl acetate = 6:4).

Y

ﬁ\"

N,
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H
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IR (KBr)Vmax 3444, 3268, 2920, 2844, 1733, 1714,
1465, 1408, 1236, 1116, 1032, 919, 751°tm.

'H NMR (300 MHz, CDC}): § 7.72 (d,J = 8.0 Hz,
1H), 7.30-7.27 (m, 2H), 6.92 (m, 1H), 6.40-6.35 (m,
1H), 5.98 (m, 1H), 5.06 (m, 1H), 4.91 (s, 1H), 4.85
4.80 (m, 1H), 4.45-4.30 (m, 1H), 2.49-2.42 (m, 2H),
2.36 (m, 2H), 1.68-1.62 (m, 2H), 1.53 (m, 2H),
1.42-1.40 (m, 2H), 1.23-1.16 (m, 12H).

3C NMR (75 MHz, CDC4): & 156.1, 155.4, 140.7,
139.8, 139.2, 135.2, 134.7, 130.1, 129.5, 128.4,
123.0, 112.9, 70.0, 69.0, 61.9, 57.2, 32.1, 311%,3
28.1,27.2, 26.7, 22.3, 21.9.

MS (FAB): for CpsH34N,Os Calcd, M: 442.25; Found: 442.20.

Di-tert-butyl

1-(2-cyclohexylidene-5-(2-hydr oxyphenyl)cyclopent-3-

enyl)hydrazine-1,2-dicar boxylate 53

Following the general experimental procedure, Hicyleydrazine49c (259
mg, 0.69 mmol), 2-iodophend&0 (50 mg, 0.23 mmol), Pd&€l4 mg, 10 mol%)
and EtN (0.04 mL, 0.35 mmol), in 3 mL of dry GEN at r.t. for 16 h gave the
product53 as a colourless viscous liquid in 78% (84 mg)dyiel
R : 0.48 (hexane/ethyl acetate = 6:4).

Qr
N,
N
H

‘e,
’

@

IR (KBr)Vmax 3458, 3300, 2914, 2854, 1725, 1710,
1414, 1352, 1220, 1056, 951, 751, ¢m.

'H NMR (300 MHz, CDC}): § 7.11 (m, 2H), 6.94-
6.79 (m, 2H), 6.59 (s, 2H), 6.19-6.15 (m, 1H), 5.90
(m, 1H), 5.04 (s, 1H), 4.41-4.34 (m, 1H), 2.35 (m,
2H), 2.03 (m, 2H), 1.49 (s, 9H), 1.42 (s, 9H), 1.29
(m, 6H).
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3C NMR (75 MHz, CDCY): 6 156.1, 154.9, 140.6, ,
139.4, 136.2, 133.8, 133.1, 131.3, 129.7, 127.9,
123.0, 112.4, 82.1, 80.7, 64.6, 57.2, 32.0, 3207,
28.1, 27.8, 26.8, 26.4.
MS (FAB): for C,;H3gN,0s Calcd, M: 470.28; Found: 470.25.
Diethyl 1-(2-cyclohexylidene-5-(4-hydr oxybiphenyl-3-yl)cyclopent-3-
enyl)hydrazine-1,2-dicar boxylate 55
Following the general experimental procedure, dicyisydrazine49a (163
mg, 0.51 mmol), ) 2-hydroxy-iodobypherty (50 mg, 0.17 mmol), Pd&(3 mg,
10 mol%) and &N (0.04 mL, 0.26 mmol), in 3 mL of dry GEBN at r.t. for 16 h
gave the produdi5 as a colourless viscous liquid in 91% (76 mg)diel
Rf : 0.54 (hexane/ethyl acetate = 6:4).
IR (KBr)Vmax 3457, 3204, 2934, 2818, 1736, 1717,
1501, 1432, 1233, 1078, 867, 752 ¢m.

'H NMR (300 MHz, CDC}): & 7.99 (s, 1H), 7.59

°§,ol/ (m, 3H), 7.51-7.39 (m, 1H), 7.35-7.30 (m, 1H), 7.06

N, { 6.89 (m, 2H), 6.76-6.71 (m, 1H), 5.99 (s, 1H), 5.81

n N )o 5.79 (m, 1H), 5.53-5.52 (m, 1H), 4.24-4.03 (m, 5H),

HO—Q’P“ 2.65-2.51 (m, 2H), 2.17-2.11 (m, 2H), 1.57-1.42 (m,
55 6H), 1.25-1.22 (m, 6H).

3C NMR (75 MHz, CDC}): 6 156.3, 155.5, 139.2,
137.9, 135.5, 128.9, 128.2, 127.3, 126.8, 112.8,
107.3, 65.8, 62.5, 61.3, 57.4, 32.0, 31.5, 27.83,27
26.5, 14.6.

MS (FAB): for CygH34N,0s, Caled, M: 490.25; Found: 490.28.
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Diisopropyl 1-(2-cyclohexylidene-5-(4-hydr oxybiphenyl-3-yl)cyclopent-3-
enyl)hydrazine-1,2-dicar boxylate 56
Following the general experimental procedure, Hicylaydrazine49b (177
mg, 0.51mmol), 2-hydroxy-iodobipheng# (50 mg, 0.17 mmol), Pd&(3 mg, 10
mol%) and EN (0.04 mL, 0.35 mmol), in 3 mL of dry GEN at r.t. for 16 h gave
the producb6 as a colourless viscous liquid in 86% (76 mg)diel
Rf : 0.56 (hexane/ethyl acetate = 6:4).
IR (KBr)Vmax 3452, 3206, 2934, 2822, 1741, 1712,
1501, 1352, 1252, 1091, 878, 767 ¢m.

o 'H NMR (300 MHz, CDC}): & 7.98 (s, 1H), 7.51-
Y0 7.32 (m, 6H), 7.00-6.97 (m, 1H), 6.77-6.67 (m, 2H),
/ N“HJ(O 5.99 (m, 1H), 5.80 (m, 1H), 5.53-5.51 (M, 1H), 4.26
HO_@_/%K 4.22 (m, 1H), 2.44 (m, 2H), 2.17 (m, 2H), 1.64-1.61
(m, 6H), 1.46-1.41 (m, 6H), 1.22-1.16 (m, 6H).
3C NMR (75 MHz, CDC}): § 156.0, 155.5, 139.2,
137.8, 135.3, 130.1, 128.8, 128.3, 127.3, 126.7,
113.0, 70.0, 68.7, 62.1, 57.1, 31.9, 31.5, 27.82,27

56

26.4, 21.9.
M S (FAB): for C3;H3gN,0s, Calcd, M: 518.28; Found: 518.24.
Diethyl 1-(2-(2-acetamidophenyl)-5-cyclohexylidenecyclopent-3-

enyl)hydrazine-1,2-dicar boxylate 58
Following the general experimental procedure, Hicylsydrazine49a (182
mg, 0.57 mmol), N-(2-iodophenyl)acetamig&(50 mg, 0.19 mmol), Pd&(3mg,
10 mol%) and &N (0.04 mL, 0.29 mmol), in 3 mL of dry GEN at r.t. for 16 h
gave the produdi8 as a colourless viscous liquid in 96% (82 mg)diiel
Rf : 0.44 (hexane/ethyl acetate = 6:4).
IR (KBr)Vmax 3433, 3206, 2928, 2824, 1750, 1717,
15°4, 1320, 1252, 1065, 928, 821 ¢m.
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'H NMR (300 MHz, CDC}): & 8.60 (s, 1H), 7.24-
7.22 (m, 1H), 7.00-6.95 (m, 2H), 6.62 (m, 1H), 6.47
6.36 (m, 1H), 5.88 (m, 1H), 5.00-4.95 (m, 1H), 4.33
4.01 (m, 5H), 2.33 (m, 2H), 2.20 (s, 3H), 2.03-1.99
(m, 2H), 1.89 (s, 2H), 1.29-1.24 (m, 4H), 1.12-1.07
(m, 6H).

3C NMR (75 MHz, CDC}): 8 169.8, 156.7, 156.0,
136.4, 135.8, 133.8, 131.5, 127.6, 127.2, 125.8,
124.9, 123.9, 110.9, 62.8, 62.4, 61.9, 49.5, 30.4,
28.2, 26.4, 25.6, 24.8, 23.9, 14.4.

M S (FAB): for CysH33N30s, Calcd, M 455.24; Found: 455.19.
1-(2-(2-acetamidophenyl)-5-cyclohexylidenecyclopent-3-

Diisopropyl

enyl)hydrazine-1,2-dicar boxylate 59

Following the general experimental procedure, Hicyleydrazine49b (198
mg, 0.57 mmol), N-(2-iodophenyl)acetami@@ (50 mg, 0.19 mmol), Pd¢&l(3
mg, 10 mol%) and BN (0.04 mL, 0.29 mmol), in 3 mL of dry GEN at r.t. for
16 h gave the produ8® as a colourless viscous liquid in 83% (102 mghdyie
Rs: 0.48 (6:4 Hexane/ethyl acetate).

Y
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IR (KBr)vmax 3399, 3278, 2902, 2813, 1744, 1720,
1463, 1415, 1256, 1134, 1055, 920, 751tm.

'H NMR (300 MHz, CDC}): & 7.22-7.06 (m, 1H),
7.03-6.94 (m, 2H), 6.62 (m, 1H), 6.21 (m, 1H), 5.91
5.87 (m, 1H), 4.99-4.88 (m, 3H), 4.33-4.24 (m, 1H),
2.33 (m, 2H), 2.22 (s, 3H), 1.66-1.61 (m, 2H), 1.47
1.42 (m, 4H), 1.24-1.22 (m, 4H), 2.00 (m, 2H), t.64
1.55 (m, 6H), 1.32-1.23 (m, 12H).

3C NMR (75 MHz, CDC}): 8 156.3, 156.0, 141.0,
139.4, 136.5, 135.1, 134.0, 131.4, 127.2, 124.6,
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123.7, 71.3, 70.8, 64.5, 49.8, 32.1, 30.3, 29.71,28

27.8, 22.1,21.8.
MS (FAB): for C,;H3/N30s Calcd, M: 483.27; Found: 483.22.
Diethyl 1-(2-(2-amino-5-nitr ophenyl)-5-cyclohexylidenecyclopent-3-

enyl)hydrazine-1,2-dicar boxylate 61
Following the general experimental procedure, Hicylosydrazine49a (182
mg, 0.57 mmol), 2-iodo-4-nitroaniliné0 (50 mg, 0.19 mmol), Pd&(3 mg, 10
mol%) and EN (0.04 mL, 0.29 mmol ), in 3 mL of dry GBN at r.t. for 16 h
gave the produdil as a colourless viscous liquid in 80% (70 mg)diiel
Rs: 0.60 (6:4 Hexane/ethyl acetate).
IR (KBr)Vmax 3345, 3052, 2876, 2634, 1740, 1726,
1698, 1516, 1254, 1112, 1058, 965, 758 tm.

'H NMR (300 MHz, CDC}): & 8.59 (s, 1H), 8.18 (s,
1H), 7.29 (s, 1H), 7.06-7.03 (m, 1H), 6.75 (m, 1H),

o o// 6.22 (m, 1H), 5.94 (s, 1H), 5.03-4.87 (m, 2H), 4.26
2’ o 4.25 (m, 5H), 2.37 (s, 2H), 2.20-2.17 (m, 2H), 1.65
[ N o 1.62 (m, 6H), 1.32-1.15 (m, 6H).
N / ﬁ,z 3C NMR (75 MHz, CDC}): 156.2, 155.9, 154.8,
" 138.5, 132.4, 131.0, 127.3, 125.5, 124.1, 113.8,,70

69.5, 63.3, 49.0, 36.1, 35.4, 31.6, 22.0, 21.96,14.
14.2.

MS (FAB): for C,sH3oN,Og Calcd, M: 458.22; Found: 458.22.

Diisopropy! 1-(2-(2-amino-5-nitr ophenyl)-5-cyclohexylidenecyclopent-3-
enyl)hydrazine-1,2-dicar boxylate 62

Following the general experimental procedure, Hicyleydrazine49b (198
mg, 0.57 mmol), 2-iodo-4-nitroanilin@0 (50 mg, 0.19 mmol), Pd&3 mg, 10
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mol%) and EN (0.04 mL, 0.29 mmol ), in 3 mL of dry GBN at r.t. for 16 h
gave the produ@2 as a colourless viscous liquid in 83% (76 mg)diel
Rs: 0.60 (6:4 Hexane/ethyl acetate).

IR (KBr)vmax 3350, 3052, 2965, 2934, 1730, 1698,

/( 1607, 1500, 1254, 1202, 1055, 978, 753tm.
/i 'H NMR (300 MHz, CDC}): & 8.59 (s, 1H), 8.21-
HN
P 0 8.18 (m, 1H), 7.29 (s, 1H), 7.10-7.07 (m, 1H), 6.76
(0]

N
g" 7/ 6.75 (m, 1H), 6.19-6.13 (m, 1H), 5.94 (s, 1H), 5.77
N QNOZ (s, 1H), 5.11-4.89 (m, 3H), 4.19 (s, 1H), 2.362(4),
. 2.09 (s, 2H), 1.64 (m, 6H), 1.33-1.28 (m, 6H).
3C NMR (75 MHz, CDC}): 157.0, 156.8, 150.9,
138.7, 135.0, 132.1, 126.2, 112.2, 106.7, 70.51,70.
63.2, 50.1, 31.4, 31.1, 29.7, 28.3, 26.3, 22.0.

M S (FAB): for CysH34N,Og Calcd, M 486.25; Found: 486.20.

Diisopropy! 1-(2-cyclohexylidene-5-(thiophen-3-yl)cyclopent-3-
enyl)hydrazine-1,2-dicar boxylate 64
Following the general experimental procedure, Hicyleydrazine49b (250
mg, 0.72 mmol), 3-iodothiopher& (50 mg, 0.24 mmol), Pd&(4 mg, 10 mol%)
and EtN (0.04 mL, 0.36 mmol), in 3 mL of dry GEN at r.t. for 16 h gave the
product64 as a colourless viscous liquid in 64% (67 mg)dyiel
Rs: 0.64 (6:4 Hexane/ethyl acetate).
IR (KBrvmax 3366, 2980, 1748, 1716, 1676, 1577,
1444, 1386, 1223, 1105, 1065, 754, 702°tm.

'H NMR (300 MHz, CDC}): & 7.86 (s, 1H), 7.01 (s,
1H), 6.65-6.47 (m, 2H), 6.16 (s, 1H), 5.92-5.78 (m,
1H), 4.90 (m, 3H), 4.46-4.37 (m, 1H), 2.43-2.03 (m,
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4H), 1.63-1.55 (' m, 2H), 1.45-1.40 (m, 2H), 1.28-
1.22 (m, 12H).

3C NMR (75 MHz, CDC}): § 156.0, 155.1, 140.1.
134.7, 128.8, 127.3, 127.0, 126.8, 123.7, 71.7,70.
62.0, 48.0, 32.0, 29.7, 28.0, 27.1, 26.0, 22.0.

MS (FAB): for CxH3:N,0,S Caled, M: 432.21; Found: 432.109.

Diethyl

1-(2-cyclohexylidene-5-(2,4-dinitr ophenyl)cyclopent-3-

enyl)hydrazine-1,2-dicar boxylate 66

Following the general experimental procedure, dicyisydrazine49a (163
mg, 0.51 mmol), 2,4-dinitroiodobenzef® (50 mg, 0.17 mmol), Pd&(3 mg, 10
mol%) and EN (0.04 mL, 0.26 mmol), in 3 mL of dry GEN at r.t. for 16 h gave
the produc®B6 as a colourless viscous liquid in 81% (67 mg)dziel
Rs: 0.50 (6:4 Hexane/ethyl acetate).

Y

N,
N
H

/@..

I/
o)

ek

A

IR (KBr)Vmax 3330, 3118, 2967, 1724, 1704, 1523,
1412, 1320, 1236, 1056, 1079, 947, 754'cm.

'H NMR (300 MHz, CDC}): 6 8.76 (s, 1H), 8.35 (d,

J = 8.10 Hz, 1H), 7.60 (s, 1H), 6.92 (s, 1H), 6.59-
6.40 (m, 1H), 5.77 (s, 1H), 5.70 (brs, 1H), 4.164.
(m, 5H), 2.34-2.20 (m, 4H), 1.61.69 (m, 6H),
1.32-1.24 (m, 6H).

3C NMR (75 MHz, CDC}): 8 156.6, 156.0, 155.4,
149.0, 139.4, 135.3, 129.6, 128.2, 123.0, 116.0,62
61.6, 61.4, 48.4, 31.9, 31.4, 27.7, 27.2, 26.4514.
14.3

MS (FAB): for C,sH,gN,Og Calcd, M: 488.19; Found: 488.28.
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Chapter 4

Synthesis of Highly Functionalized Heterocycles by
Palladium Mediated Reactions of Pentafulvene Derived

Bicyclic Hydrazines

4.1.Introduction
The development of new methods for carbon-carbamd Hormation is a prime
topic inorganic chemistry. In the past three desattemendous effort has been
devoted into the transition-metal catalyzed reastfovhich permits the formation
of carbon-carbon or carbon-heteroatom bonds in @ that is not accessible
through traditional methods. Among the myriad ofpartant transition metal
catalyzed synthetic transformations, palladiumiga&d processésas gained
widespread use in industrial and academic synthatemistry. Among various
types of palladium-catalyzed transformations, theutation reaction and related
chemistry occupy a special place. Annulation prsesshave proven quite
valuable inorganic synthesis because of the eask which a variety of
complicated hetero- and carbocycles can be ragioistructed. Combining two
or more independent acyclic moieties to form sdvé@nds in one process
potentially provides an opportunity to rapidly dyasize complex molecules
without having to spend time and resources ongbhktion of intermediates and
their reintroduction in subsequent steps. Thisspeeially attractive in this age of
high-throughput and combinatorial chemistryEqually important is the
minimization of waste brought about by a decreagbe amounts of reagents and
solvents required for a single-step operation gmsed to a multistep endeavor.
Palladium reagents have been used extensivelyeigape various carbo- and

heterocyclic compounddyy both cyclic carbopalladation and annulatiddne of
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the most important factors contributing to such esikead application of
palladium catalysts is their tolerance of most intgoat organic functional groups.
In these processes only catalytic amounts of paltadare employed, and the
palladium catalyst is quite stable to air and mogst The present chapter discloses
a simple, one pot strategy for the carboannulatmin fulvene derived
azabicyclichydrazines with 2-iodophenol under ghillen catalysis.
4.2. Palladium catalyzed annulation reactions

In recent years, a number of novel new routes terbeycles and carbocycles
that involve the heteroannulation or carboannutati@f appropriately
functionalized aryl or vinylic halides or triflatemto carbon-carbon unsaturation
have been develop&@he following section discusses in brief, the depetent
and application of Pd-catalyzed annulation chemistr

Larock et al. reported the synthesis of a variety of heterosyblg a two step
process. The first step involves the palladium muedi reaction of functionalized
aryl or vinyl mercurials with 1,3- and 1,4-dieneswaell as vinyliccyclopropanes
which is followed by base promoted cyclisation bé tinitially formed reallyl

palladium intermediate (Scheme 4'1).

CH
ClHg  C(CH;)OH 1-"”'“‘,3,3(()""‘*‘3")2’ HiC [ b
+ y
; i 2. NaH, 51%
H cl 3 o X
1 2 3

Scheme 4.1

A variety of five and six-membered lactones, 28ydrobenzofurans,

benzopyrans and 2,3-dihydroindoles were prepardisrmanner. This chemistry
was subsequently extended to acetoxy-substitutedigénes (Scheme 4.2)The
major drawback to this approach was the use ofchutminetric amounts of

palladium salts and toxic organomercurials.
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o)
CO,H
N MOAC 1. Li,PdCl, o]
HgCl 2. K,CO,4
9 99% A onc
4 5 6

Scheme 4.2
Later Larock and co-workers have expanded the dabewulation to a wide
range of cyclic and acyclic 1,3-dienes using appabgly functionalized aryl
iodides and 5 mol% of a suitable palladium cata{gsheme 4.3)2-lodophenols
afforded 2,3-dihydrobenzofurans;iodobenzylicalcohols produce benzopyrans,
and o-iodoaniline ando-benzylic amine derivatives generate the corresipgnd

nitrogen heterocycles.

XH
X
= 5 mol% Pd(OAc
I ase n-C.H
7 8

9

X Yield (%)

o 15
CH,0 56
NAc 63
NTs 84
CH,NTs 81

Scheme 4.3
The palladium catalyzed heteroannulation chemisiag provided a most
direct route to naturally occurring 2,3-dihydrobefurans like Tremetond3
(Scheme 4.4J.

OH _>= Pd (0) o) 0
+ —_— + \
| =
o
0 10 11 o 12 13

Scheme 4.4
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The palladium catalyzed annulations of oxygen suliet 1,3-diened5 with
different o-functionalized aryl halide44 was reported by the same group. The

products easily undergo hydrolysis to form carbaoyhpounds (Scheme 43%).

CO,Et EtO,C
Cat. Pd(0) CO,Et
CO,Et » \
14 15 16 (94%)
Hzol HCI
EtO,C
Z\ _CO,Et
CHO
17 (100%)
Scheme 4.5

The heteroannulation chemistry also afforded thst fexamples of 1,4-
annulation of a 1,3-diene as minor products (Scheh®. Apparently, the
directing effect of the oxygensubstituent is powkgnough to produce a product

21 of a less favourable larger ring siZe.

t. Pd(0
|

Scheme 4.6
The palladium-catalyzed hetero- and carboannulatioin unsaturated
cyclopropanes and cyclobutanes by aryl halidesimgartho functionality were
also reported by Larock and co-workers. They hawews that these olefinic
substrates that produceallyl palladium intermediates on annulations colgdd

to interesting carbocycles (Scheme 417).
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Scheme 4.7
Larock and co-workers extended the annulation nuetlogy to allenes. Aryl

halides bearing heteroatom- or potential carbacmmtaining functionality in the

ortho position react regioselectively with 1,2-dienesha presence of a palladium
catalyst and a carbonate base to afforded carbexyéln array of acyclic and
cyclic 1,2-dienes have been successfully annulayed variety of functionalized

aryl iodides as depicted in scheme 4.8.

OH cat. Pd(0) 0
+ H,C:=C —_—
I
18 26 27

CO,Et CO,Et
CH(C3;H;)n CO,Et
CO,Et '& cat. Pd(0) 2
—_—
+ 11
I CH(C3;H;)n \
14 28 29

Scheme 4.8
In 1998 Catellani and Del Rio reported severahgias for the formation of
oxygen- and nitrogen-containing heterocycles by thalladium-catalyzed
heteroannulation of norbornene, norbornadiene anyclo[2.2.2]octene byo-

halophenols and -anilines (Scheme 4°9).
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XH kt\n PA(OAC), . Wa
©:Y * 4 BuyNBr

DMF, 80-100°C

30 31 ’ 32
Y =B, n=12 899
X=0, NH 30-89%
Scheme 4.9

At the same time Larock and co-workers also broughtt the
heteroannulation of norbornene and bicyclo[2.2.@Joe. They also extended the
annulation chemistry to other bicyclic alkenes likdenes under the conditions
used for the annulation of norbornene. They obthitveo products, the desired

heteroannulated produBd and undesired Heck produgb as shown in scheme

4.10M
OH Pd(OAc),
Cl D~
| Bu4NCI DMF OH

18 23 100°C, 1d

35 (68%)
Scheme 4.10
The palladium catalyzed coupling ofiodoaniline and the corresponding N-
methyl, acetyl and tosyl derivatives with a wideigty of alkynes were examined
by Larock et al. By these reactions, they introduced a valuablderdowards

substituted indoles (Scheme 4.13).
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NH, cHy cHy Pd(OéAc)z
LiCl
+ HC=C—C=C—C—CH; — »
I ' K,CO3, DMF

OH

36 37 100°C, 1d CH;

38 (70%)

NHAc Pd(OAc),

LiCl, PPh3

+ H;C—C=C
N32C03, DMF

100°C, 1d

41 (75%)
Scheme 4.11

Later the same group extended the scope of alkgnalation chemistry to
the synthesis of a wide variety of oxygen heterteg/clike benzofurans,
benzopyrans etc (Scheme 4.12).

OH Pd(OAc); o _
_ LiCl SiMe;
+ Me;Si—C=C—CH; — 3 //
I K,CO3, DMF

18 42 100°C, 1d CH;
43

Me Me Me Me

Pd(OAc),
OH LiCl, PPh, o
+ Ph—C=C—CMe,OH — >
| Na,CO;, DMF

o CM920H
44 45 100°C, 1d

46  pp
Scheme 4.12

These are some of the available reports on paladatalyzed annulations of
different o-functionalized aryl halides with unsaturated stdiss. The reactivity
of azabicyclic alkenes, have been extensively igated with monocentered
nucleophiles” 8 These investigations resulted in the formatioreittier 3,4- or
3,5-disubstituted cyclopentenes. The easy avaiyabdnd well documented
reactivity of variouso-functionalized aryl halides prompted us to invgste the
reactivity of these bicentered nucleophiles towadidsene derived azabicyclic

olefins under palladium catalysis.
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4.3. Results and discussion

4.3.1. Palladium catalyzed reaction of azabicyclic alkeneswith 2-iodophenols
Our studies commenced with the reaction of 2-ioéoh 18 with the

cyclohexylfulvene derived bicyclic olefid7a in the presence of Pd(OA€)

Bu,NCI-K,CO; catalyst system in DMF at 60C. The reaction afforded

functionalized benzofurafBain 17% yield (Scheme 4.13).

OH i
/ 70 17% N,
N CO,Et | o NI CO,Et

N\
47a  CO.Et 18 48a “CO,Et
i = Pd(OAc), (10 mol %), Bu,NCI (1.0 equiv.), K,CO; (1.0 equiv.), DMF, 60 °C, 24 h

Scheme 4.13

The structure ofi8a was assigned through a detailed spectral analisesIR
spectrum showed the characteristic carbonyl abismptat 1747 and 1702 ¢
'H NMR spectrum ofi8a (Figure 3.1) located the proton at C-2 and the fimg
junction protons at C-3 and C-4 as muliplet in thgioné 5.04-4.89 ppm. The
proton on the carbon C-1 appeared as broad siagd8.93 ppm. The methylene
protons at C-7 and C-10 resonated as multipleh@anregiond 4.27-4.13 ppm,
whereas the multiplets frod2.31-1.20 ppm were assigned to the methyl protons
of the carboethoxy group and the methylene prowinsyclohexyl ring. The

aromatic protons resonated betw@eh19-6.68 ppm.
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Figure 3.1'H NMR spectrum o#i8a

The *C NMR spectrum (Figure 3. showed the characteristic peak
carbonyl group ad 161.t ppm. The carbons at C-1, C-2,3Cand (-4 of the
cyclopentane ringappeare at 6 49.7 80.6, 71.6, 63.ppm respectively. Th
methylene carbonef the carboethoxy groi resonated ad 62.7 ppm, while the
methyl carbons showlheir signals ad 14.5 ppm.The signals at 32-26.0 were
of the carbons of cyclohexyl rirMass spectrum well supported the structure
the molecular ion peait m/z (M+1): 413.23.
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T T T I T 1 ! i v T I
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Figure 3.2 *C NMR spectrum ofi8a

Unambiguous evidence for the structure and stesuistry of the product

48a was obtained by single crystal X-ray analysis (Fag8.3).

Figure 3.3. Single crystal X-ray structure of compou#gh
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Detailed optimization studies were carried out itwl fout the best catalyst

system.

Among

different

catalysts (see

Tablel) 4.screened,

PdCL/BusNCI//K,COswas found to be the best catalyst system and uthdse
conditions,produc#8a was obtained in 88% yield.

Table 4.1: Optimization studies for suitable catalyst system

Entry

Catalyst

Solvent Base Additive Yield (%)?

1 Pd(OAc), DMF K;CO;  BusNCl 47b

2 Pd(OAc), 25

3 Pd(OAc), 33
(4 PdCl, ” )

5  [Pd(allyl)CI], .

6  Pd(PPh;),

7 PdCIy(PPh;),

8 PdCl, BuyNBr 15

9 PdCl, BuyNI 8

10 PdCl, Licl 7

11 PdCl, BuyNCI trace

12 PdCl, Et;N BuyNCI i

13 PdCl, Cs,CO3  Bu,NCl 24

14 PdCl, CH;CN K,CO; 65

15 PdCl, THE 45

Reaction Conditions: bicyclic alkene (3.0 equiv.), 2- iodophenol (1.0 equiv.), catalyst (10 mol%),
base (1.0 equiv.), additive (1.0 equiv.), solvent (3 mL), r.t., 16 h. ? Isolated yield, b go oC.

The generality of the method was proved by thetr@awmf 2-iodophenol

with a number of bicyclichydrazines derived fron6-8yclohexylfulvene and

various dialkylazodicarboxylates. The details afs investigations are described

below.

When the bicyclic hydrazing7b derived from 6,6-cyclohexylidene fulvene

and diisopropyl azodicarboxylate was subjected #&lagium catalyzed ring
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opening with 2-iodophendl8, benzofuran derivativd8b was obtained in 75%
yield (Scheme 4.14).

OH i
—_—
I Mcoee ©: 75% N
bN 2 | 0 N CO.Pr
18

Nco.i
47 CO,'Pr 48b \Cozipr
i = PdCI, (10 mol %), BusNCI (1.0 equiv.), K,CO; (1.0 equiv.), DMF (3 mL), r.t., 16 h

Scheme 4.14

The produc#8b was characterized on the basis of spectral datapéctrum
confirmed the carbonyl absorptions in the regioM31725 cnit 'H NMR
spectrum marked the methine protons of isopropyketyalong with the two ring
junction protons and the proton near to oxygerharegiond 5.01-4.86 ppm as
multiplet. **C NMR spectrum gave the carbonyl signalbat57.3 ppm. Further
evidence for the structure was obtained from mpestgl analysis which showed
a molecular ion peak at/z (M+1): 441.21.

The bicyclic hydrazinet7c prepared from 6,6-cyclohexylidenefulvene and
di-tert-butyl azodicarboxylate followed similar reactioratpway under same
conditions as mentioned above. The prodi8ctwas isolated in 67% yield and the

reaction is presented in scheme 4.15.

OH ;
—
/ /N‘co By * ©i 67% N,
N 2 | (o] N COztBu

N
47¢  CO,'B \
02 u 18 48¢c C021BU

i = PdCI, (10 mol %), BuyNCI (1.0 equiv.), K,CO; (1.0 equiv.), DMF (3 mL), r.t., 16 h

Scheme 4.15
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Spectral analysis was carried out for the struatlweidation. In théH NMR
spectrum of48c the methyl protons of théert-butyl group resonated as two
distinct singlet a6 1.53 ppm and 1.46 ppm:>C NMR spectrum positioned the
carbonyl groups ab 161.4 ppm. The less intense peakd &2.1 ppm correspond
to the quaternary carbons of tteet-butyl group. All other signals itH, **C NMR
and mass spectra well supported the structure ramsigt. The results obtained

with different bicyclic hydrazinesare summarizedable 4.2.



126 Chapter 4

Table 4.2: Reaction of cyclohexyl fulvene derived bicyclic hydrazine with different 2-iodophenols

Entry Alkene 2-iodophenol Product Yield (%)
1 OH
47a @[ 48a 88
/ N\ ! N\
N_ CO,Et 18a o] N CO,Et
CO.Et *CO,Et
2
47b OH 48b 75
2 N'N\CO iPr | N
2 s i
‘co.i 18a o N_ CO.'Pr
C02 Pr COZIPI'
3
47¢ OH 48c
67
/ /N\ 1, @ ,N\
N_ CO,'Bu | o N CO,Bu
CO,'Bu 18a c0,'Bu
4 47 Fh
a OH
48d
/’ N\ /@
N_ CO,Et Ph I N 63
CO,Et 18b o N CO,Et
*CO,Et
Ph
5
48e
47b OH .
N /CE N
N\ C02 Pr Ph | (0] Nl CQzIPr
CO,'Pr 18b 'Cco,'Pr
6 . Ph
¢ OH 48f
N’N‘co 'Bu /@ N ®
2 Ph I AN
co,'Bu 18b o] N CO,'Bu

*co,'Bu
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Usual spectral analysis was carried out for thecstire elucidation. In thiH

NMR spectrum o#8d, the characteristic aromatic protons resonatedarrdiyion

0 7.48-6.75 ppm. The two ring junction protons alomigh the proton near to
oxygen appeared as multiplet &5.08-4.94 ppnt’C NMR spectrum positioned
the carbonyl groups &161.1 ppm. In théH NMR spectrum ofi8e the 5 proton
multiplet in the regiond 5.07-4.81 ppm includes the methine protons of the
isopropyl moiety, the two ring junction protons ahd proton near to oxygen. The
aromatic protons resonated in the reg®i7.49-6.75 ppm*C NMR spectrum
positioned the carbonyl groups &t 161.1 ppm. The signal a 71.5 ppm
corresponds to the methine carbons of the isoprgpglp. In the'H NMR
spectrum of48f the methyl protons of théert-butyl group resonated as two
distinct singlet at5 1.53 ppm and 1.48 ppnt>C NMR spectrum placed the
carbonyl carbon ab 161.4 ppm. The less intense peakd 8P.1 ppm correspond
to the quaternary carbons of tleet-butyl group. All other signals itH, *C NMR

and mass spectra well supported the structurerassigf.

4.3.2. Reactions of 6,6-adamantylidene fulvene derived bicyclic hydrazines

In the next phase of the present investigationhaxe checked the reactivity
of 2-iodophenol with adamantylidene fulvene derimcyclic hydrazines and the
results of these experiments are discussed irotloeving section.

When the reaction was carried out using 6,6-adayhidene fulvene derived
adduct49a and 2-iodophenoll8a, the substituted dihydrobenzofur&fa was

obtained in 70% vyield. The reaction is presenteithénfollowing scheme.
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OH _
N, + I—o> N
2 N_ COzEt I 88% 0 N/ COEt
492 COEt 18a 50a “CO,Et
i = PdCl, (10 mol %), BusNCI (1.0 equiv.), K,CO; (1.0 equiv.), DMF (3 mL), r.t., 16 h
Scheme 4.16

The structure of the produbfa was assigned by spectroscopic analysis. IR
spectrum confirmed the carbonyl absorptions inrdgion 1752-1703 cri. The
characteristic adamantyl protons resonated as imgless atd 2.65 andd 2.26
ppm in the'H NMR spectrum. The carbonyl groups resonated #1.4 ppm in
the *C NMR spectrum. The peaks corresponding to the adgrhcarbons were
located in the regio® 38.9-27.8 ppm. A well defined molecular ion peaknéz
465.20 (M+1) provided another convincing evidermetiie structure.

4.3.3. Reactions of 6,6-cyclopentyl fulvene derived bicyclic hydrazines
The bicyclic hydrazind9b prepared from 6,6-cyclopentylfulvene and diethyl
azodicarboxylate also reacted similarly to prodtite compounds0Ob in 43%

yield. The reaction is depicted in scheme 4.17.

OH
/ A * @ 43% N
(4
N_ COzEt | 0 N COEt

N
49b N
COqEt 18a 50b CO,Et

i = PdCI, (10 mol %), BuyNClI (1.0 equiv.), K,CO; (1.0 equiv.), DMF (3 mL), r.t., 16 h

Scheme 4.17
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Usual spectral analysis was employed to estalbiisistructure of the product
50b. IR spectrum presented the carbonyl peak at 1Ad9Z17 cm’ In *H NMR
spectrum, the aromatic protons resonated in betweed7 ands 6.60 ppm and
the signal referring to the methylene protons eboathoxy groups were appeared
as a multiplet in the regiod 4.27-4.13 ppm:C NMR spectrum o60b showed
the carbonyl peak &t 158.7 ppm, and the cycloalkyl carbons producedigsals
within the permissible region. Mass spectrum welbmorted the structure
assignment by providing a molecular ion peakvat399.20 (M+1).

4.4 M echanistic Pathway

The mechanism of heteroannulation of the fulvene/dd azabicycle is similar to
that of heteroannulation of norbornene and relatgstems? The mechanism
starts with the oxidativeaddition of carbon-halogband of aryl iodide to
palladium catalyst (intermedia#®). This is followed by the aryl palladation of
double bond through thexo phase of the alkene to form intermedid@e
Oxypalladation result in the formation of the sixembered palladacycle
intermediateC, which undergoes reductive elimination of the qdilim species to
generate the heteroannulated proddand regenerate the Pd(0) to continue the

catalytic cycle (Scheme 4.18).

@'\ f 2“@

D 002R N
N COZR
COZR )\
HO L
\/
Fd N COZR
X
L COZR N 002R

COzR

Scheme 4.18
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4.5. Conclusion

In conclusion, we have developed a simple anciefft strategy for the
exclusive synthesis of dihydrobenzofuran annulddyclic compounds. The
generality of the method was established by cagrgiat the reactions of various
bicyclic hydrazines with different 2-iodophenolshel products with multiple
points of functionalization can be easily manipegato biologically important
molecule.
4.6. Experimental details
General information about the experiments is giveBection 2.6 of Chapter 2.
4.6.1 General experimental procedure for the reaction of fulvenederived
bicyclic hydrazine with 2-iodophenol.
Bicyclic hydrazine (3.0 equiv.), 2-iodophenol (XQuiv.), BUNCI (1.0 equiv.),
K,CO; (2.0 equiv.) and PdgI(10 mol%) were taken in a Schlenk tube. The
mixture was dissolved in DMF (2 mL) and stirredrabm temperature for 16
hours under argon atmosphere. After the complatiothe reaction, the reaction
mixture was extracted with ethylacetate, dried oMe¥SO,. The solvent was
evaporated in vacuo and the residue on silica 6D-00 mesh) column
chromatography using 15% ethyl acetate in hexafuedsfd the product in good
yield.
Compound 48a

Following the general experimental procedure, tiheydic hydrazine47a
(221 mg, 0.69 mmol) 2-iodophent8a (50 mg, 0.23 mmol), BINCI (54mg, 1.0
equiv.), KCO; (63 mg, 2.0 equiv.) and PdQ¥ mg, 10 mol%) were taken in a
Schlenk tube. The mixture was dissolved in DMF (&) and stirred at room
temperature for 16 hours under argon atmosphere tigv productt8a as white
solid (83 mg, 88%).
Rt 0.66 (hexane/ethyl acetate = 8:2)
Mp:118-119°C.
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IR (KBI) Vs 2936, 2927, 2857, 1747, 1702, 1481,
1307, 1325, 1243, 1191, 1017, 914, 862, 777"cm.
'H NMR (500 MHz, CDCJ): & 7.19 (brs, 1H), 7.08
(t, 1H,J = 7.50 Hz), 6.83 (t, 1H] = 7.50 Hz), 6.68
(d, 1H,J = 8.00 Hz), 5.04-4.89 (m, 3H), 4.27-4.13

o)
NJLO/\ (m, 4H), 3.93 (brs, 1H), 2.31-2.27 (m, 1H), 1.91-
X N 1.83 (m, 2H), 1.75-1.62 (m, 3H), 1.32-1.20 (m, 10H)
o>/’_°\_ *C NMR (125 MHz, CDCJ): 3 161.5, 136.9, 129.1,

125.5, 124.8, 123.7, 120.7, 109.4, 80.6, 71.6,,63.5
62.7,49.7, 32.1, 27.9, 27.1, 26.0, 14.5.
HRMS (FAB) for C,3H,gN,Os, cacld (M): 412.23 Found(M+1): 413.23.

Compound 48b
Following the general experimental procedure, tieydiic hydrazine47b
(240 mg, 0.69 mmol) 2-iodophentBa (50 mg, 0.23 mmol), BINCI (64 mg, 1.0
equiv.), KCO; (63 mg, 2.0 equiv.) and PdGQK.0 mg, 10 mol%) were taken in a
Schlenk tube. The mixture was dissolved in DMF (&) and stirred at room
temperature for 16 hours under argon atmosphere dglae product48b as
colorless viscous liquid (76 mg, 75%).
Rs: 0.56 (hexane/ethyl acetate = 8:2).
IR (neatVnax: 2980, 2944, 2854, 1749, 1725, 1475,
1368, 1262, 1110, 914, 824, 778¢m.

'H NMR (300 MHz, CDCJ): &7.20 (brs, 1H), 7.11-
7.06 (m, 1H), 6.85-6.83 (m, 1H), 6.69-6.68 (m, 1H),
5.01-4.86 (m, 5H), 3.94 (brs, 1H), 2.31-2.27 (m,
2H), 1.92-1.81 (m, 2H), 1.31 (m, 6H), 1.29-1.14 (m,
12H)

13C NMR (125 MHz, CDCY):3 157.3, 155.3, 140.6,
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139.0, 134.7, 134.2, 133.7, 133.2, 130.0, 128.5,
o 128.1, 127.9, 127.7, 127.1, 126.8, 69.8, 69.1,,61.6
NJJ\OJ\ 55.3, 22.1, 21.5.
\ N HRMS (FAB) for CpsHaN,Os, calcd (M+): 440.23;
O}/—O Found (M+1): 441.21

>_

Following the general experimental procedure, theydiic hydrazine47c
(260 mg, 0.69 mmol) 2-iodophentBa (50 mg, 0.23 mmol), BINCI (64 mg, 1.0
equiv.), KCO; (63 mg, 2.0 equiv.) and PdGK.0 mg, 10 mol%) were taken in a

Schlenk tube. The mixture was dissolved in DMF (&D) and stirred at room

Compound 48c

temperature for 16 hours under argon atmosphere gag product48c as
colorless viscous liquid (72 mg, 67%).
R¢: 0.44 (hexane/ethyl acetate = 8:2).
IR (neatV,.: 2981, 2934, 2856, 1744, 1725, 1479,
1369, 1329, 1232, 1158, 1006, 852, 745tm.
'H NMR (300 MHz, CDC}): &7.18 (brs, 1H), 7.09-
Q J< 7.06 (m, 1H), 6.82 (s, 1H), 6.67 (d, 18= 8.00
INJ\o Hz), 5.09-4.97 (m, 1H), 4.84-4.72 (m, 2H), 3.935(br
o N o 1H), 2.29-2.27 (m, 1H), 1.94-1.67 (m, 4H), 1.53 (s,
o >L 9H), 1.46 (s, 9H), 1.34-1.13 (m, 5H).
3C NMR (125 MHz, CDC)): 5 161.4, 136.1, 129.1,
125.7, 124.8, 124.0, 120.7, 109.3, 82.1, 81.8,,72.0
65.4, 49.7, 31.9, 28.1, 27.2, 26.9.
HRMS (FAB) for C,7H3¢N,0s, caled (M): 468.26; Found (M+1): 469.27.

Compound 48d
Following the general experimental procedure,tiegclic hydrazined7a
(163 mg, 0.51 mmol) 2-hydroxy-iodobyphery8b (50 mg, 0.17 mmol), BINCI
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(47 mg, 1.0 equiv.), ¥CO; (47 mg, 2.0 equiv.) and PdGB.0 mg, 10 mol%) were
taken in a Schlenk tube. The mixture was dissolmweldMF (2.0 mL) and stirred
at room temperature for 16 hours under argon atherspgave the produd8d as
colorless viscous liquid (52 mg, 63%).
Rs: 0.68 (hexane/ethyl acetate = 8:2).
IR (neatV,a:2982, 2934, 2856, 1748, 1710, 1478,
1374, 1277, 1191, 1046, 914, 863, 766'tm.

'H NMR(500 MHz, CDC}): 57.48 (d, 2H,J =
O 7.50 Hz), 7.41 (t, 3HJ = 8.00 Hz), 7.32-7.29 (m,
. 2H), 6.75 (d, 1H,) = 8.50 Hz), 5.08-4.94 (m, 3H),

o \ j\ 4.28-4.17 (m, 4H), 4.00 (brs, 1H), 2.34-2.30 (m,
N o 1H), 1.91-1.86 (m, 2H), 1.73-1.39 (m, 3H), 1.29-
0 N}/_O 1.14 (m, 10H).
© BC NMR (125 MHz, CDCJ): 5161.1, 141.1,
134.7, 128.8, 128.3, 126.8, 126.4, 123.5, 109.6,
80.6, 70.6, 63.7, 62.8, 49.7, 32.6, 32.2, 29.79,27.
27.0, 26.0, 14.5
HRM S (FAB) for CygH3,N,0s, caled (M):488.23; found (M+1): 489.20.
Compound 48e
Following the general experimental procedure, tieydlic hydrazine47b
(178 mg, 0.51 mmol) 2-hydroxy-iodobypheriy@b (50 mg, 0.17 mmol), BINCI
(47 mg, 1.0 equiv.), ¥CO; (47 mg, 2.0 equiv.) and PdB.0 mg, 10 mol%) were
taken in a Schlenk tube. The mixture was dissolweldMF (2.0 mL) and stirred
at room temperature for 16 hours under argon ath@yspgave the produd8e as
colorless viscous liquid (53 mg, 60%).
Rs: 0.59 (hexane/ethyl acetate = 8:2).
IR (neatVyu: 2977, 2933, 2858, 1746, 1719, 1478,
1375, 1277, 1103, 1008, 913, 823, 765'cm
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Compound 48f

'H NMR (500 MHz, CDC})):8 7.49-7.48 (m, 2H),
7.42 (t, 3H,J = 7.50 Hz), 7.33-7.31 (m, 2H), 6.75
(d, 1H,J = 8.50 Hz), 5.07-4.81 (m, 5H), 4.00 (brs,
1H), 2.33-2.30 (m, 1H), 1.94-1.85 (m, 2H), 1.72
(m, 2H), 1.33-1.24 (m, 17H).

3C NMR (125 MHz, CDC)): 5161.1, 141.1,
134.7, 128.8, 128.3, 126.9, 126.8, 123.7, 109.5,
80.5, 71.5, 70.5, 64.0, 49.9, 32.0, 29.7, 28.01,27.
26.0, 22.0.

HRMS (FAB) for GCsH3gN,Os, caled  (M):
516.26; found (M+1): 517.24.

Following the general experimental procedure, theydlic hydrazine47c
(192 mg, 0.25 mmol) 2-hydroxy-iodobyphery8b (30 mg, 0.25 mmaol), BINCI
(64 mg, 1.0 equiv.), ¥CO; (2.0 equiv.) and Pd&I(10 mol%) were taken in a

Schlenk tube. The mixture was dissolved in DMF (&D) and stirred at room

temperature for 16 hours under argon atmosphere thavproducti8f as colorless

viscous liquid (54 mg, 58%).
Rs: 0.44 (hexane/ethyl acetate = 8:2).

IR (neatVime 2981, 2934, 2856, 1744, 1725, 1479,
1369, 1329, 1232, 1158, 1006, 852, 745tm.

'H NMR (500 MHz, CDC)): &7.48-7.46 (m, 2H),
7.40 (t, 3H,J = 7.5 Hz), 7.33-7.30 (m, 2H), 6.67 (d,
1H, J = 8.00 Hz), 5.07-4.95 (m, 1H), 4.84-4.72 (m,
2H), 3.95 (br s, 1H), 2.29-2.26 (m, 1H), 1.92-1.65
(m, 4H), 1.53 (s, 9H), 1.48 (s, 9H), 1.34-1.13 (m,
5H).
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3C NMR (125 MHz, CDCJ): & 161.4, 136.1, 129.1,
125.7, 124.8, 124.0, 120.7, 109.3, 82.1, 81.8,,72.0

Ph

7 65.4, 49.7, 31.9, 28.1, 27.2, 26.9.
N," o HRMS (FAB) for CsgH4oN,Os Calcd (M+): 544.68;
(0]
>/"° Found (M+1): 545.71.
(o)

Compound 50a
Following the general experimental procedure,tiegclic hydrazine49a
(257 mg, 0.69 mmol) 2-iodophent8a (50 mg, 0.23 mmol), BINCI (64 mg, 1.0
equiv.), KCOs; (63 mg, 2.0 equiv.) and PdQK.0 mg, 10 mol%) were taken in a
Schlenk tube. The mixture was dissolved in DMF (D) and stirred at room
temperature for 16 hours under argon atmosphere d¢la® product50a as
colorless viscous liquid (56 mg, 70%).
Rs: 0.63 (hexane/ethyl acetate = 8:2).
IR (neatymax: 2980, 2912, 2851, 1752, 1703, 1596,
1463, 1306, 1223, 1116, 1014, 936, 871, 75Tcm.

14 NMR(500 MHz, CDCY): 57.16 (brs, 1H), 7.05
(t, 1H,J = 7.50 Hz), 6.80 (t, 1H} = 7.50 Hz), 6.65
(d, 1H,J = 8.00 Hz), 5.03-4.92 (m, 3H), 4.25 (m,
J\o/\ 4H), 3.91 (brs, 1H), 2.65 (s, 1H), 2.26 (s, 1H),
1.86-1.81 (m, 2H), 1.75-1.67 (m, 5H), 1.60 (brs,
o 1H), 1.39-1.25 (m, 10H).
3C NMR (125 MHz, CDC)): 5161.4, 144.2,
129.0, 125.6, 124.7, 120.7, 119.3, 109.4, 82.4,
69.6, 62.7, 61.9, 49.6, 38.9, 36.8, 31.5, 27.85,14.
14.0.
HRMS (FAB) for C,7HzoN,Os, calcd (M):464.23; Found (M+1): 465.20.
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Compound 50b
Following the general experimental procedure,biegclic hydrazine49b
(156 mg, 0.69 mmol) 2-iodophentBa (50 mg, 0.23 mmol), BINCI (64 mg, 1.0
equiv.), KCO; (63 mg, 2.0 equiv.) and PdGK.0 mg, 10 mol%) were taken in a
Schlenk tube. The mixture was dissolved in DMF (&0) and stirred at room
temperature for 16 hours under argon atmosphere gag product50b as
colorless viscous liquid (29 mg, 43%).
R¢: 0.36 (hexane/ethyl acetate = 8:2).
IR (neatVymx: 2982, 2918,2854, 1749, 1717, 1595,
1465, 1307, 1244, 1120, 909, 836 ¢m.

'H NMR(500 MHz, CDCY): 57.17 (br s, 1H),
7.12 (t, 1H,J =7.50 Hz), 6.87 (t, 1H) = 7.50 Hz),
6.60 (d, 1H,J = 8.00 Hz), 5.06-4.89 (m, 3H), 4.27-
0 4.13 (m, 4H), 3.97 (brs, 1H), 2.60 (s,1H), 2.3172.2
INJ\O/\ (m, 1H), 1.93-1.84 (m, 2H), 1.75-1.64 (m, 4H),
o N 1.31-1.23 (m, 6H).

0>_0\_ 3Cc NMR (125 MHz, CDC})): 6158.7, 154.1,
141.8, 137.2, 136.7, 135.7, 133.7, 133.1, 129.8,
129.6, 128.7,128.2, 128.1, 127.7, 110.3, 105.7,
64.8, 63.2, 56.2, 49.2, 14.3.

HRM S (FAB) for C,,H,6¢N,Os, calcd (M):398.18; Found (M+1): 399.20.



Reactons with 2-iodophenol 137

4.7. References

1 a) Tsuji, JTransition Metal Reagents and Catalysts. Innovations in Organic
Synthesis; John Wiley & Sons: New York2000. b) Beller, M.; Bolm, C.,
Transition Metals for Organic Synthesis, 2nd Ed.; Wiley-VCH: Weinheim,
Germany, 2004. c) deMeijere, A.; Diederich, FMetal-Catalyzed Cross-
Coupling Reactions, 2nd Ed. Wiley-VCH: Weinheim, Germany2004.

2 (a) Stille, J. K Angew. Chem. 1986, 98, 504;Angew. Chem. Int. Ed. Engl.
1986, 25, 508. b) Heck, R. F. i@omprehensive Organic Synthesis, Vol. 4
(Eds.: B. M. Trost, I.Fleming), Pergamon, Oxfoi891, p. 833; c) Miyaura,
N.; Suzuki, A.Chem. Rev. 1995, 95, 2457. d) Diederich, F.; Stang, P. J.
Metal-Catalyzed Cross-Coupling Reactions, Wiley-VCH, New York, 1998;
e) Luh, T.-Y.; Leung, M.-K.; Wong, K.-TChem.Rev. 2000, 100, 3187; f)
Hiyama, T.J. Organomet. Chem. 2002, 653, 58. g) Negishi, E.; Hu, Q.;
Huang, Z.; Qian, M.; Wang, Q\ldrichimica Acta 2005, 38, 71. h) Trost, B.
M.; Crawley M. L.Chem. Rev. 2003, 103, 2921. i) Nicolaou, K. C.; Bulger,
P. G.; Sarlah, DAngew. Chem. 2005, 117, 4516;Angew. Chem. Int. Ed.
2005, 44, 4442. ) Surry, D. S. Buchwald, S. Angew. Chem. 2008, 120,
6438; Angew. Chem. Int. Ed. 2008, 47, 6338. k) Hartwig, J. Mature 2008,
455, 314. 1) Denmark, S. E.; Regens, CA&. Chem. Res. 2008, 41, 1486.

3 a) Jung, M. ETetrahedron 1976, 32, 3. (b) Posner, G. HChem. Rev. 1986,
86, 831. (c) Molander, G. AAcc. Chem. Res. 1998, 31, 603.(e) Larock, R.
C.; Yum, E. K.J. Am. Chem. Soc. 1991, 113, 6689. (f) Larock, R. C.; Yum,
E. K.; Refvik, M. D.J. Org. Chem. 1998, 63, 7652. (g) Roesch, K. R;
Larock, R. C.Org. Lett. 1999, 1, 1551. (h)Roesch, K. R.; Larock, R. L.
Org. Chem. 2001, 66, 412. (i) Larock, R. C.; Yum, E. K.; Doty, M. Bham,
K. K. C. J. Org. Chem. 1995, 60, 3270. (j) Larock, R. C.; Doty, M. J.; Han,
X. J. Org. Chem. 1999, 64, 8770. (k) Larock, R. C.; Han, X.; Doty, M. J.
Tetrahedron Lett. 1998, 39, 5713. (l) Larock, R. C.; Doty, M. J.; Cacchi, k.



138 Chapter 4

8

9

Org. Chem. 1993, 58, 4579. (m) Roesch, K. R.; Larock, R. £ Org. Chem.
1998, 63, 5306. (n) Roesch, K. R.; Zhang, H.; Larock, RJOOrg. Chem.
2001, 66, 8042. (o) Huang, Q.; Larock, R. Org. Lett. 2002, 4, 2505. (p)
Tian,Q.; Pletnev, A. A.; Larock, R. G. Org. Chem. 2003, 68, 339. (q)
Larock, R. C.; Doty, M. J.; Tian, Q.; Zenner, J. 3.0rg.Chem. 1997, 62,
7536. (r) Larock, R. C.; Tian, Q. Org. Chem. 1998, 63, 2002.

(a) De Frutos, O.; Curran, D. B. Comb. Chem. 2000, 2, 639. (b) Miao, H.;
Yang, Z.0rg. Lett. 2000, 2, 1765.

(a) Tietze, L. FChem. Rev. 1996, 96, 115. (b) Trost, B. MAngew. Chem. Int.
Ed. Engl. 1995, 34, 2509.

(a) G.H. PosnerChem. Rev. 86, 1986, 831. (b) N.E. SchoreChem. Rev. 88

1988, 1081. (c) M. PfefferRecl. Trav. Chim. Pays-Bas. 109,1990, 567. (d) B.

Trost, Science 234,1991, 471. (e) Negishi, E.; Cope'ret, C.; Ma, S.; Li&y,

Liu, F. Chem. Rev. 96, 1996, 365. (f) Ojima, I.; Li, Z.; Donovan, R. J;

Tzamarioudaki, MChem. Rev. 96, 1996, 635. (g) Larock, R. Cl. Organomet.

Chem. 576,1999, 111.

Larock, R. C.; Harrison, L. W.; Hsu, M. H. Org. Chem. 1984, 49, 3662.

Larock, R. C.; Song, Hsyn. Commun. 1989, 19, 1463.

Larock, R. C.;Berrios-PénN.; Narayanan, KJ. Org. Chem. 1990, 55, 3447.

10Larock, R. C.; Guo, L.Synlett, 1995, 465.
11(a) Larock,R. C.; Yum, E. KTetrahedron, 52, 1996, 2743.(b) Larock, R. C.;

Yum, E. K.Synlett, 1990, 529.

12Larock, R. C.; Fried, C. AJ. Am. Chem. Soc.,112, 1990, 5882. (b) Larock, R.

C.; Bemos-Pen N .G.; Fried, C. AJ. Org. Chem. 56, 1991, 2615. (c) Larock,
R. C.; Tu, C.; Pace, B. Org. Chem. 63, 1998, 6859.

13Catellani. M.; Del Rio, ARuss. Chem. Bull.1998, 47, 928.

14Emrich, D. E.; Larock, R. Gl. Organomet. Chem. 2004, 689, 3756.



Reactons with 2-iodophenol 139

15(a) Larock, R. C.; Yum, E. KI. Am. Chem. Soc. 1991,113, 6689. (b) Larock, R.
C.; Yum, E. K.; Refvik, M. DJ. Org. Chem. 1998, 63, 7652.

16Larock, R. C.; Yum, E. K.; Doty, M. J.; Sham, K. &.J. Org. Chem. 1995, 60,
3270.

17 (a) Storsberg, J.; Nandakumar, M. V.; Sankarana@ys.; Kaufmann, D. E.
Adv. Synth. Catal. 2001, 343, 177. (b) Luna, A. P.; Cesario, M.; Bonin M.;
Micouin, L. Org. Lett. 2003, 5, 4771. (c) Pineschi, M.; Moro, F. D.; Crotti P, F.
Macchia, F.Org. Lett. 2005, 7, 3605. (d) Bournaud, C. ;Falciola, C.; Lecourt,
T.; Rosset, S.;Alexakis A.;Micouin, 10rg. Lett. 2006, 8, 3581. (e) Crotti, S.;
Bertolini,F.; Macchia F.; Pineschi, MChem. Commun. 2008, 3127. (f)
Menard, F.; Weise C. F.;Lautens, rg. Lett. 2007, 9, 5365. (g) Menard
F.;Lautens, MAngew. Chem. Int. Ed. 2008, 47, 2085. (h) Palais, L.;Mikhel, 1.
S.;Bournaud, C.;Micouin, L.;Falciola, C. A.;Vuagned'Augustin, M.;Rosset,
S.;Bernardinelli G.;Alexakis, AAngew. Chem. Int. Ed. 2007, 46, 7462; (i)
Bournaud, C.; Chung, F.; Luna, A. P.; Pasco, Mra#tr, G.; Lecourt T,
Micouin L. Synthesis 2009, 869.

18(a) Radhakrishnan, K. V.; Sajisha, V. S.; Anas, S§/amkrishnan, KSynlett
2005, 15, 2273. (b) Sajisha, V. S.; Mohanlal, S.; Anas,Radhakrishnan, K. V.
Tetrahedron 2006, 62, 3997. (c) Sajisha, V. S.; Radhakrishnan, KAM. Synth.
Catal. 2006, 348, 924.

19(a) Tsuji, J.Palladium Reagents and Catalysts: Innovations in Organic
Synthesis; John Wiley & Sons: Chichester, New York, Brisbaderonto,
Singapore1995; (b) Negishi, EHandbook of Organopalladium Chemistry for
Organic Synthesis; Ed.; John Wiley & Sons: New York, NY, 2002; Vols.and
2; (c) Emrich, D. E.;Larock, R. Q. Organomet. Chem. 2004, 689, 3756.



141

SUMMARY

The thesis entitled “PALLADIUM CATALYZED CARBON-
CARBON/CARBON-HETEROATOM BOND FORMATION REACTIONS
UTILIZING PENTAFULVENE DERIVED BICYCLIC HYDRAZINES”
embodies the results of our investigations in the area of palladium catalyzed
desymmetrization of pentafulvene derived bicyclic hydrazines.

The introductory chapter presents an overview of pentafulvenes with special
emphasis on synthetic applications of their cycloadducts. A definition of the
present work is also incorporated in the chapter.

The second chapter describes the palladium mediated ring opening of
pentafulvene derived bicyclic hydrazine using various soft nucleophiles viz
phenols and active methylene compounds resulting in the synthesis of cis-1,2-
disubstituted alkylidene cyclopentenes. The  possibility for  further
functionalization was effectively demonstrated by the synthesis of substituted
cyclopentanones and 2-hydrazino fulvenes (Scheme 1). This has been published in
Synthesis 2010(21): 3649-3656.
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Scheme 1
The third chapter of the thesis describes a novel synthesis of trans-disubstituted

cyclopentenes via palladium catalyzed desymmetrization of fulvene derived
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azabicyclic olefins with various aryl halides. By utilizing the developed strategy
we could introduce different functionalities like aryl, heteroaryl and aryl groups
with different functional groups to the cyclopentane skeleton. An illustrative
example is presented in scheme 2 and these results are published in RSC Advances
2013, 00.

NHCO,EE

OH
N ¥ @[ > " coset
N 2
21\ CO,Et | .
'CO,Et
HO

i = PdCl, (10 mol%), Et;N (1.5 equiv.), CHyCN (3.0 mL), r.t,, 16 h
Scheme 2

The last part of the thesis describes the palladium catalyzed
cyclopentannulation of pentafulvene derived bicyclic hydrazines with 2-
iodophenols towards the synthesis of benzofuran fused bicyclic hydrazines
(Scheme 3). The generality of the methodology was established by the reactions of
various fulvene derived bicyclic hydrazines with differently substituted 2-
iodophenols and these investigations are published as a full paper in Tetrahedron,
2012, 69, 152-159.
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Scheme 3
In conclusion, we have unraveled a novel reactivity pattern of pentafulvene

derived azabicyclic olefins with soft nucleophiles, mono and bicentered
nulceophiles. Our investigations in this line have resulted in the development of
general methodologies for the stereoselective synthesis of substituted alkylidene

cyclopentenes. We have also developed a novel palladium catalyzed protocol for
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the synthesis of benzofuran fused bicyclic hydrazines from fulvene derived

bicyclic hydrazines and 2-iodophenols.
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