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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,
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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 ICl, IBr, Br2, CuClz, AICl3, 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 ICl, IBr, Brz, AICl3, 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 B2Hs. 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
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equivalent) of BBr3 favored the formation of B2He, while 1 mol% BBr3 predominantly
yielded ADB. Interestingly, both ADB and B2Hs 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*-C4Phs) 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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"u-SHHITSERA & forg =3 Ridfess faftrl &t Wier: Hrefe sbee & g T 37-
e RS R e Wiie areh R F1efie geuee ¥ i Regfi toie
& U H p-HISERT & faem, demr 9o iR oy W fy U oy &g §
T TR} &) URd BT €, T & ST SR BT IUANT HRab WRIRH- TR
Hafta AT Bt wt off Hret 81 e uRome &) A 3R R IR YT H v
o 7T B | 1 H T T =iy S 1 A1 Srearal # fauiford fean g

AT 1 YR BT Ugell SR IRMH-SYURA SUare Toicl & 0 a7 3R
AN @ T Tl § GEfid B 39 o ® emifAmr SR iR 39
SeRgercs UG & IR B e &t wiéd =t Hf 2nfird g1 39 a1g St
IR 3R TS BT ITIRT B fafiw Hraferd Tig! & HH W faxga 9df 31 18
g1 3 g § fhT U S & TRR & 1Y AT gl &, ford ¥y o uqa
foraT T g

A 2 § ey Dbl & A0 § 3(UETS T8 I TS Ufsharait
3R IYTNT &) 775 ARl deb-itp! 1 faarur faar mar g1 Ry & aftfa
MRy TRl o ARy Teawor faaror +f v fee MU §|

3T 3 § H3N-BH; 3R HIfi NS (1) &t Ufafshar gRT TRASaRT (u-
NH;B:Hs) & IR0 & forw o =5 fafy &1 qui o man g1 39 dig IRes
TAAIFSERA &1 YT HETaHIZ ST B THTZH H HH B & ol fHHS & &4
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¥ fobar ST 81 g fafer fafiet feciaes ThTSS, i THISS 3R IRUgSiRMIES |
AN B B, TRt SUS 67-94% Bt AT § U Sl ¥1 T8 Wdipra e,
Rribede iR 3 TRSIHIRIES JAR 3 & R +f Swnft &, S shwefa wu
T Hedqul AiffTe g1 Tifd ART &1 Udl T & fore K=o TR iR DFT S1eaad
fpU 1Y 81 T 3remg Fobd <l € b fecfiaes wrrgs & = # Afpy siftieHe
TRFIEERA § 3R gt Tiss & g &, TRFITSERT iR tiehufPmeia 3|

ST 4 T STIER SR ST AR § 3 Wiy TR USSR BT ST
PP TR, PET 3R TIERIRS Bl 3ehied H HH B & [T T H TGl
&1 quiF foar T 31 U8 ughy sifiede! &) WRHHS & JeadmR Tk &I
3MEES B seaH & forg off Swanft 81 Meleia § IFY Ue[R & A1y TR &Y
31 3R TNSZS H FeeH P fIT U Tsde Wiy 8| I8 faf priegfes
3R SMENF FU A Ayl Ae! o¥ 5 A ae fiewR, RPESId T ok
1,4-UATE3NT & URAfd A & forg +ff Iuainht 31 wfmifEaRe &1 S v

TR & AT 7 BT 3HeTT B & foIU fohT T fRE=07 31y 3R DET 0T I
Topd frean g fo ufaferar & SR Ue S8 3iTeIaIRATHTS Hegad! ad1 g |

e 5§ faftd qE9 sfal S ICI, 1Br, Bra, CuCly, AlCls, GaCls, InCls, 3R
[Ph3C]BF, 1 IURRIFA & 7.5 mol% B Figal UR HAAT IR o fAgIZgISHIDhRU &1

quie forar AT §, S 80°C R g ®U F URAISERA (u-NH.2BoHs, ADB) I

IATET B H UHTIT ATI JHH JigdT W IC, IBr, Bry, AlCl, 3R GaCl; W Aifie

35°C 3R 50°C & 49 dIaH W+t ADB IUF B Jbhd 2| 39 [AURId, 7.5 mol%
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B! GHAM Figdl W BX; (X=Cl, Br) $ad B,Hg Gdl UK Tl SHb fardl, IR
CIZRTEgY Bl WIRDHIHC! DI FHNT HXd fSEIRT TT ADB T TGS HRANUT
U T 771 BBrs @1 7.5 mol% (1 THIed dah) TGl BoHe b FHIUN &Y Sgral gl
&, SI§1% 1 mol% BBr; T U I ADB Sdd %l ¢ | faeray a1d 98 & f& ADB 3R
BoHe GHI 7 TRICIMAREY & Taa & H 111 S Js9 TRIS &I SuanT
ISP SR 3R ADB Gl & 00T & T U o vRanfad fopan T 51

AT 6 TRINH-JUT UEERE 3R BIeH Bl Id A&Id fehigd H &1
B & fo Ueb BRA Tl Ul bRell &, Torad ST SRk 1 A R dled Toie
3R faam® & =U H g U HI IUANT {61 S g1 59 ufaferar faaras-gad
uRRRUfl # 1 St g, @ 57 Heldd Teeblzd BRIRM & T THM 3fvrgdl &
Sraifadiomee 31t ROié #=a 81 BRIRA & e Sreia ogast R ar] !
faferar 40-95% t W # Iaure B UgraR <eft € 3R, e i JrAel #, Tb IadTa
Yl e foIT Bl PIRCIUTE! B SATTLIHdT el 8l 8 | TebIsd I &
SRS @t S Pldlee Ysfad M@ - [(COCH3)CsHalCo(n*-CaPha) 3R
EINRA & BicH Gd! ad o fawaia &1 78 | smifar IkA &1 siay ared
H HIR & AIEH W BRI TS BT 36 Jafid BIRH gaa 3 g s
FY Y HY B & (o8 T GAUSHS Uarde ieHe & w0 o Hf Suarh ar
T 51 3 Ufafshanedl o T fdaRun &1 yar @ o fog = ganT fbu e B

T 7 TIHM 3Heg H fobT 71T Iq0f Hrd & 9 sy el 3 |
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