ABSTRACT

The thesis entitled " Exploring new synthetic methods for u-aminodiborane: An in situ

generated reducing agent for organic substrates " presents the results obtained from the
research work carried out on the development, characterization, and application of u-
aminodiborane (ADB) as a reducing agent for organic substrates along with the reduction of
ferrocene-based carbonyl compounds using ammonia borane (AB). The results obtained have

been broadly divided into four parts. The accompanied research work has been divided into

seven chapters.

Chapter 1 provides a brief discussion of the chemistry and applications of boron-based
reducing agents. This chapter also contains a brief discussion of the literature around ammonia
borane and its dehydrogenated products. This is followed by a detailed discussion on the
reduction of various functional groups using ammonia borane and p-aminodiborane.

The chapter ends with the scope of the work carried out in this thesis.

Chapter 2 describes the general experimental procedures adopted in the synthesis of
metallocene compounds and the characterization techniques utilized. Specific synthetic details

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

Chapter 3 describes a new method for the synthesis of aminodiborane (u-NH2B2Hs), by the
reaction of H3N-BH3 and elemental iodine (I2). The in sifu-generated aminodiborane is used as
a reagent for the reduction of carboxamides to amines. This method is applicable to various
secondary amides, tertiary amides, and trifluoroamides with yields obtained in the range of 67-
94%. This protocol is also useful for preparing galipinine, cinacalcet, and tetracaine
hydrochloride, which are pharmaceutically important compounds. Control experiments and

DFT studies have been carried out to explore the mechanistic pathway. These studies indicate



that the active reagent in the reduction of secondary amides is aminodiborane and in the case

of tertiary amides, aminodiborane and polyaminoborane.

Chapter 4 describes an efficient methodology for the reduction of esters, carbonates, and
anhydrides to alcohols using in situ-generated aminodiborane from iodine and ammonia
borane. This methodology also finds use for the transformation of esters to iodides by varying
the stoichiometry of reagents. The protocol has a broad substrate scope for the transformation
of esters to alcohols and iodides with excellent yields. The method is also useful for
synthesizing pharmaceutically and industrially important compounds such as the cinacalcet
precursor, a streptoindole analogue, and 1,4-pentanediol. Control studies and DFT calculations
carried out to study the reduction mechanism of esters using aminodiborane indicate that a

dioxaborinamine intermediate is formed during the reaction.

Chapter 5 describes the dehydrogenation of ammonia borane in the presence of a variety of
Lewis acids, such as ICI, IBr, Brz2, CuClz, AICI3, GaCls, InCls, and [Ph3C]BF4 at a concentration
of 7.5 mol% was effective in selectively producing aminodiborane (u-NH2B2Hs, ADB) at 80
°C. Compounds such as ICI, IBr, Br2, AICI3, and GaCls at the same concentration could also
generate ADB at lower temperatures of 35 °C and 50 °C. In contrast, BX3 (X = Cl, Br) at the
same concentration of 7.5 mol% was found to give exclusively B2He. Further, the selective
synthesis of diborane or ADB was achieved by adjusting the stoichiometry of the boron
trihalides. A concentration of 7.5 mol% (up to 1 equivalent) of BBr3 favored the formation of
B2He, while 1 mol% BBr3 predominantly yielded ADB. Interestingly, both ADB and B2He
facilitated the reduction of acetanilides. A mechanism has been proposed for both diborane and

ADB formation using these Lewis acids.

Chapter 6 presents a methodology for the reduction of ferrocene-derived aldehydes and

ketones to their respective alcohols, employing ammonia borane as the reducing agent and



water as the solvent. I, also report the deoxygenation of the same precursors to the
corresponding alkyl ferrocenes when reactions are performed under solvent-free conditions.
Both methods are applicable to various carbonyl derivatives of ferrocene, and give product
yields in the range of 40-95%, and, in most cases, a product purification that does not require
column chromatography for product purification. The investigation for the deoxygenation of
alkyl derivatives was extended to the cobalt sandwich compound —[( CH3CO)CsH4]Co(n*-
C4Ph4) and ketone derivatives of ruthenocene as well. Ammonia borane has also been found
to be a convenient reducing reagent for the selective reduction of ferrocenium compounds to
their respective ferrocene derivatives at room temperature in water. Control experiments have

been carried out to explore the mechanistic details of these reactions.

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

future prospects with aminodiborane.
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