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ABSTRACT

The thesis entitled Chemistry of metal sandwich compounds: Sudies on C-H
functionalization, design of novel ligands and use as catalysts.” presents the results
obtained from the research work carried out on the synthesis, characterization and
exploration of the chemistry of ferrocene and cobalt sandwich compounds. The

accompanied research work has been divided into the seven chapters.

Chapter 1 is a general introduction providing the background and literature required for
the understanding of the actual experiments carried out and presented in the subsequent
chapters. As the work described in this thesis has mainly been focused on the metal
sandwich compounds, this chapter includes types and applications of ferrocene and cobalt
sandwich compounds of the typ@-CsHs)Co*-C4Phy). This chapter also deals with a

brief discussion on the literature around C-H functionalization: through chelation and
short contacts. Under the chelation mediated C-H activation, different monodentate,
bidentate, traceless and transient directing group assisted C-H bond functionalization has
been briefly described. Under short contact driven C-H activation, template assisted
remote/distal C-H bond functionalization has been discussed in brief. A detailed
discussion on the transition metal mediated C-H bond activation of metal sandwich
substrates has also been provided. In the last section of this chapter, a brief background
for the oxidation of benzyl amines and use of metal sandwich compounds in organic
transformations has been portrayed. Necessity of oxidizing benzyl amines using
atmospheric air and water as the solvent using a ferrocene/ferrocenium redox catalyst has
been addressed and existing challenges have been identified. The chapter ends with the

scope of the present of work carried out and reported in the thesis.
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Chapter 2 describes the general experimental procedures adopted in the synthesis of new
compounds and details of characterization techniques utilized. Specific synthetic details

of the starting materials described in the thesis are also presented.

Chapter 3 describes the unprecedented isolation of Cu(l) complexes as product in a
Sonogashira coupling wherein the coupled product holds CuX (X= 1, Br) as a "classical
side-on" type complex which has been found to be highly air and moisture stable. The
use of cuprous acetylide of ethynyl ferrocene yielded the same product and this
observation indirectly proves that cuprous acetylide is formed in the copper cycle of the
Sonogashira coupling mechanism. The spatial arrangement provided by the coupled
product is sufficient for one monomeric Cu-X fragment to be present in it. Treatment of

the above monomeric copper complexes with ag. ammonia in DMF yielded the metal free
Cu(l) specific ligands in quantitative yields. This metal free compound could bind

recyclably to Cu(l)X salts almost quantitatively and within 1 minute time, even from a

suspension of mixture of various metal salts.

Chapter 4 describes the bidentate directing group assisted C-H bond fuctionalization of
the ferrocene and cobalt sandwich substrates. Carbon-boron, carbon-silicon and carbon-
selenium bond formations have been achieved using bis(pinacolato)diboron,
hexamethyldisilane and diphenyl diselenide as the reactive species, respectively. A
catalytic C-H borylation reaction was achieved using pyritNrexide as the directing
group. A stoichiometric borylation was also attained using 2-(methylthio)phenyl as the
directing group. Identities of some of the palladacycle intermediates were confirmed by
single crystal XRD studies. Palladium catalyzed C-H silylation was achieved using 2-

(methylthio)phenyl directing group using hexamethyldisilane as the silylating agent, on

Vi



cobalt sandwich substrates. Palladium catalyzed C-H selenation was successfully
achieved using 8-aminoquinoline as the directing group on palladacycles of both

ferrocene and cobalt sandwich compounds.

Chapter 5 describes the synthesis of multi-aroyl derivatives of ferrocene using palladium
catalyst and oxime-ether as a directing group. The reactions were carried out under air
and aldehydes were used as the acylating agents, under the influence of agtreous
butyl hydroperoxide (TBHP) as the oxidant. The multi-aroyl derivatives obtained
following this method is difficult to synthesize in traditional methods. A detailed
optimization of the mentioned method has been discussed in the thesis. Substrate scope of
the aldehydes and benzyl alcohols were investigated and the mechanism of the reaction
was proposed by taking in account the literature reports and control experiments.
Straightforward deprotection of the oxime directing group was possible using acidic
hydrolysis. The rate and order of the initiation reaction was also determined by kinetic

experiments.

Chapter 6 deals with the oxidation of benzylamines to the corresponding imines in
purely aqueous medium. A ferrocenium based catalyst was used for this transformation.
Iron being the second most abundant metal on the earth’s crust and atmospheric air being
the most inexpensive and safest oxidant, this method has a considerable scope in the
imine chemistry. The substrate scope showed the applicability of this reaction in presence
of electron-donating as well as electron withdrawing substrates. Mixture of two amines
gave the cross-coupled imine products in low to moderate yields. Different literature

reports and control experiments enabled us to propose the mechanism of the oxidation

vii



reaction. A ferrocenium salt played a dual role as a catalyst and initiator for chain

reaction in the above reaction.

Chapter 7 gives the overall conclusions of the entire work carried out in the present

study.
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NAT "FAE 316 Aca dsfag FuEsa; TS 3 A-Ta GFrTaearnd, B 3w
dAde foeisd U5 ggr 39 Fcforcd” @eevor, fadvdar R e 3R #eee dsfaw
IifTent s TEGST ATET & I=AWOT &I Wiol TR fhT a0 My Hrdf & gred gRomA T
AT ¢l AT FI AT AT H Ser T4 gl
AT ¢ T AT URTT § ST 916 & I H fhw a0 aredias 99l & g7t & fov
e JSSfA 3N AfEed Taret i &1 =i 38 Nfdw 7 aftta w1 7eg w9 & arg dsfaa
I W HRT &, 570 3T F (n°-CsHs)Co(n™-C4Phy) TR & T 3 Fiaree dsfaw
TRl & FehR 3R 3TorteTr QNfAe &1 I6 3T Yol 3R DI AUl & Aead § d-va
FAadd & IHIME Hlfgcd I U Hiaed I § Fafd & | deled ALY A-va fhgor &
g, 3eleT-37edT HAledsee, fasee, ¢l 3R &1foreh Aéer wog &1 Feraar & @-a s
FAead Gaiq # afvla forar ar=r g1 dfaied dus danferd d@-vg @fshaer & dgd, eFdele
HETIT GIEY | GIEY HI-UY dles Hraileadsl T =al $HT 78 §| T Asfad Faeeeq & ThaAvl
T ALTEY W-U Sios FlhI0T I Teh TaEqcl ==t 3ff Terel 1 318 | 59 ey & 3ifdA Ts H,
SISl 3TATSS & JHTFHRIOT 3N Frelfeieh TRacAT & e dsfaw et & 39T & fov wh
afered geasfA fRafEd &1 915 &1 S8 3ATSH S aGAST arg, Ulelt i [deges & &9 &
3R T BATHA / BAATATH 818 3cReh T YT Fleh HTFHIRIOT Flel I AT I
Fahfere fomam arar § 3R Hisier goifaat it ggare &y a1$ &1 Nfdw 7 v v writ & ada s
TR 3 T 3TEATT FATCT g1 § |
IEATT R H AT JAFT & GLwor 3R 3TN Fr 975 AT it F fqaRor H 379418 TS
AT TAETcAS Uihar3it &1 gufe fomar a=—r &1 NfAw & aftta ki@ awel & faftse
e fawor ot v fore S €1
371Ear 3 & Cu(l) IRERT & 37$[TYA 3elaTTd & qUTeT FIATTRRT Jadel & 3cUIe & &9 H foham ara
¢ oree oA 3cure # "FoTilshel WISS-3i1e" YR TR & & # CuX (X = |, Br) glar & S
37T gar 3R T TR arr STar g | veuee BRI & Hug vfAersdss & 39ATeT o dar
3cqTe; e foham 3R Tg rdelichet 39cTeT &9 & FIed T & fof FIAWTRRT J9A o= & drem Ish
# Y TACTSS T ISt BIdT &1 FHHT 3cUIE GaRT Felel i IS TUToleh cTaEUT Teh HATA RS
FL-TFE TS H Al gl & foT gAied g1 3Wierd AARe dier aREt & SuATs 7 oy
IATAAT @ ITAR o AAIcHS 3T A T Akl Cu(l) fafrse ferdist ot siew feam| 78 arg HJea
2T Cu(l) THFE STTOT T o377 AATeH & F 3R ¢ FATe & 3R JoeTdleiantor T HahvelT 8,
IgT deh T Faffiee et oeh & AT & foveiaer @ off|




LA ¥ TAEAF HAG W-U dles BarleTelSale Hl HERIAT § B 3 HiaToe dAsfaw
TIECTH FI JUIT AT ¢ | PIeA-IRIeT, FHIA-TATolehleT AR FIT-Hol AT T TAITAT HeLl:
gfafsrareler genfaat & &7 & fiw (Radem) B3R, traaffesfaa ik Bk
38elaTgs &1 3uNer aeh gl T 918 g1 TAEUF HAg & T H IdiS-UA-3i 58 1
3T ek 3 W-TT ITererst Siafshar ared &1 a5 | fders dHg & §9 7 2- (AT
hitel T 3UANET I T TisTARCS SRIGRET o grod fhar 11| $o JeesHiehel
STAITSUCH ol UgdTel Uehel fshecel Uard 3TX ST 3ETYA! SaRT YfSe I a7g Y| Foifsas scaika
Or-vg A FT FleTec Asfaa Tereed W, Rerarsier toe & ¥ & gramiafes@ea
T 3TATT e 2- (ATAATAAN) Bicter [AEAT TH T 3TN ek g1ider fovam arar 1| deifsas
3R W-Tg Jod &I g ufAAIFaAoT & WA 3R Fleree dsfag it &
AorrsHehel W TG 2reh THg & & H T 3UANT hleh HohelcTqaeh gIidel Tl 31T AT

eI 9 A R THE & T # YATSTH I 3 rAA-SUT T 3TANT aleh BT &
9g-Wisel 3NAfRT & Ao 1 guler R a7 & JirdSe & T A ST ey
gEgviFass (SEuadl) & T H, §aT & ded Jidiehdre & rar Af 3R vesgsEa #r
THRETT Tole & ®T H 3UAET AT STAT 47| sﬂﬁﬁra}?mwa@uﬂsﬂ%ﬁ—aﬁaqﬁqﬁ%ﬁ
IRl & HAT el HRehol & | NTAT A Teaiare [afer &1 veh [aEge 3teqehoret o =l &1 75
€| UesEIss 3R SSISel ehlgel & HeHee A[SS T ofid T a1$ 3R Aifge S R 3R
o oT STt P €Tt 3 Tt G SR ST T T foham IrT| JHTera SRRereH el Fafg
T Wrerm T30 33l gTSaIfelfia T 39T Hich THT AT| Srafr gfafshar &hr eX 3K wa ot
aifarelier watelt ganT fetRa fomar arr o)

HEATY & I e U STl ATLTA H SolSelTHISH o HaTtd SHISAT H JiTerdTeor @ Fafeid g
58 ARECT o ToIT Teh HAATATH TR ST T 3TN T 17 2UT| G2l kT Il W ellg
GERT {EH TR AT &1 & 3R agHseT gar God Tl 3N GRiava siferdise g, 34 fafer v
SHATSST THIIA AT H HTHT ST & | FHEE ThIT o FoAelel-Glel el & HIY-HTY Folaglel I
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