THE UNIVERSITY
OF ADELAIDE

AUSTRALIA

NHC-supported mixed
halohydrides of aluminium
and related studies

A thesis submitted towards the degree of Doctor of Philosophy

Sean Geoffrey Alexander

November 2011



Table of Contents

N o151 =T OSSPSR iv
D =Tod o = 1 o] o SRRSO v
ACKNOWIEAGEMIENTS ...ttt e e e e te e e s be e teeneesaeesseaneesraenreas Vi
Chapter 1: General INTrOUCTION ........c.ooiiiiiiiiies e 1
1.1 Group 13 ChEMISIIY ...oviiiiiiicieee e 1
1.2 Trihydrides of aluminium and gallium............cccoov i 3
121 BaCKGIOUNG. ..ottt 3
1.2.2 The thermodynamics of alane and gallane .............cccccco oo, 4
1.2.3 Structural trends in aluminium and gallium hydride complexes............cc.ccocvvvnnes 5

1.3 Lewis base adducts of alane and gallane..............cccoviveiieii e 6
1.4 Aluminium and gallium trihaldes...........cooiiiiiiiiie e 7
1.4.1 Selected Lewis base adducts of aluminium and gallium trihalides...................... 8
Chapter 2: Lewis base adducts of group 13 mixed halohydrides .........c..ccccoooviviiieiicinennn, 12
2.1 INEFOAUCTION ..t bbbt enes 12
2.2 SIGNITICANCE OF FESEAICN.......iiiiiiiiiiie s 12
2.3  Mixed halohydrides of aluminium and gallium ...........ccccccooviiiii i 16
2.3.1 Known compounds and synthetic methods ... 16

2.3 11 ATUMINIUM ..ottt 17

2 T 7 1| 110 o ST 20

2.3.2 Uncoordinated halohydrides of aluminium and gallium ...............cccooeiiennnnnn. 25
2.3.3 General COMMENES .....cuiiieiiee ettt aeene e re e e 25

2.4 Infrared spectroscopy of halohydrides of aluminium and gallium................ccccoeee. 25
2.5 StADIE CAMDENES ..o s 28
2.4.1 Ground-state carbene spin MUItIPIICItY........c.ccoveviiieiiei e 28
2.4.2 Electronic effects of carbene SUDSLITUENTS ..........ccocveiieriiiiiniee e 29
2.4.3 Steric effects of carbene SUDSTITUENTS..........ccovviiiiiiii e 30

2.6 N-heteroCyCliC CArDBNES ........ooiiieieiee s 30
2.6.1 Other synthetic routes to free NHCS.......cccooii i 32
2.6.2 USES OF NHCS UP £0 2010 ...t 33
2.6.2.1  OrganoCatalyStS ........ccceiiveiiieiiiieie e e 33

2.6.2.2  Support ligands in homogeneous organometallic catalysis.............cccccevvenee. 34

2.6.2.3 NHCs as stabilising ligands for unusual p-block Species.........c.cccevvvvveireenenn, 37

2.6.3 NHC adducts of group 13 Metals .........ccoovvieiiiiieree e 38
2.6.3.1  Group 13 triNYdrides......c.cooveieiieiieie e 38

2.6.3.2 NHC adducts of group 13 trinalides...........ccccoviiiiininiiieeee e 40

2.6.3.3 NHC-supported group 13 trialKyl SPECIES ........cccvevviriiiiieiecic e 43
2.6.3.4 Reactions of NHCs with subvalent group 13 halides...........ccccccviiiiiiinienne, 43

2.7 RESEAICN ProPOSAL.......cccviiiieie ettt 48
2.8 RESUIES AN AISCUSSION ......vviiveeieeiie ettt neesneeeeeneenres 49
2.8.1 The preparation of tertiary amine adducts of chloroalanes ...............cccccoeeeiienen. 49
2.8.2 The preparation of tertiary amine adducts of bromoalanes............cccccecvevviinnen, 52
2.8.3 The preparation of NHC adducts of haloalanes.............ccccoccevvevviieiiieiecesiens 53
2.8.4 SPECLIOSCOPIC AALA ...ttt ettt b et ne e 55
2.8.5 CrystallographiC STUAIES ........c.coveieeeciese e 58
2.8.5.1 Tertiary amine adducts of chloro- and bromoalanes .............ccccoeovevieeiicinnene, 63

2.8.5.2 NHC adducts of mono- and dihaloalanes............cccceveririiineninininieeee, 64



29 CONCIUSION <. 67

0 T o= 1T | SRR 68
Chapter 3: Selected reductions using aluminohalohydrides............ccccoeviieviieieiieiieeie e 76
3.1 [T L8 T 1 To] 4 TSP U PR PRSP 76
3.2 SIgNIfiCaNCe OF FESEAICH .......ouiiieiieee e 76
3.3 Reductions using DOronYdrides..........ccccovveriiieiieeiice s 76
3.3.1 D] 1o ] -V LTSRS 76
3.3.2 Yo Lo 10Tl T 0] 1) Y/0 [ o < USRS 77
3.3 Reductions using Lewis base adducts of alane and gallane.............cccooeveiniencinne. 79
3.3.3 THF adduct OF @laNne..........ooviiiiiiiii e 79
3.34 Tertiary amine adducts of alane and gallane............ccccooviieiii i 83
3.35 Lewis base adducts Of INANE ..........ccccviiiiiiiiii e 86
3.3.6 Reductions using group 13 mixed halohydrides..........ccooeiiiiiiiieneninnienceeeee 87
3.3.6.1  “MIXEU” SYSIEIMS ...c.vieieieieieieie ettt ettt e e e sae e sreenreenee e 87
3.3.6.2  “True” mixed halohydride redUuCtIONS...........ccoeiieriiiiiieiiee e 89

3.4 RESEAICN PrOPOSAL .....ccuveiiiiieiiieie ettt neenrn 92
3.5 RESUIES aNd dISCUSSTON .....ueiiiiiieieiie ettt 93
3.5.1 Reaction with carbonyls and epoXides..........cccevvvieiiiieiiesiiere e 93
3.5.2 Reaction With an o-0HMINE.........ooi i s 97
36 CONCIUSION ..ttt bbbttt bbb nne s 100
3.7 EXPEIIMENTAL ... e 101
Chapter 4: N-terphenyl-substituted triazenide adducts of aluminium and gallium .......... 103
41 INEFOTUCTION ...ttt ettt este e nrs 103
4.2 Significance Of reSEarCh.........ccoiv i 103
4.3 Sterically hindered lgands..........coooiiioiiii e 104
4.3.1 AMIAINGte ChEMISIIY ....veiiieiece e e 106
4.3.2 Stabilisation of group 13 species using bulky dinitrogen ligands....................... 107
A.3.2. 1 AMIAINALES ....eiitieiicie ettt et e e nrs 107
4.3.2.2  p-Diketiminates in group 13 ChemMIStIY.......cccovreieieiieniiinieiee e 109
4.3.2.3 Reactions of p-diketiminates with group 13 hydrides .........cccccooeviriniinnnnne 111

4.4 Triazenides in group 13 CeMISTIY......cccciieiiiiece e 113
441 Preparation Of trHHAZENES. .........oviieiei e 113
4.4.2 Group 13 triazenide COMPIEXES ......ocveeiveeieiieiee e 115
443 Synthetic routes to terphenyl triazenide Precursors..........cccoeverereneneseseseenns 116
4.5  RESEAIrCH ProPOSAl ......civiiiiiiiitie ittt ns 119
4.6 RESUIES aNd DISCUSSION .......ecveiiiieiieiiesiie st see st e et et ae e steeeesneesseenneas 120
4.6.1 Preparation of 1-terphenyl substituted 1,3-bis(aryl)triazenes..........cccccceevevvvenen. 120
4.6.2 1:1 Reaction of triazenes With LI[AIHa] ....coooiiiiiiiieee 122
4.6.3 1:1 Reaction of triazenes wWith Li[GaHs] ......cccoovviviiiieiiiieceeie e 131
OO0 o] U1 [ o OSSR 133
4.8 EXPEIIMENTAL.......ccoiiiiiiieie ettt re e nes 134
Chapter 5: Preparation of a super-bulky silver N-heterocyclic carbene complex and related
] 0T [ TSSOSO TP TP PR PRPROPO 142
5.1 L1 oo U od o] TS PR 142
5.2 Significance of reSEArCh...........coviii i 142
5.3 SyNthesis OF NHC PrECUISOIS.......c.cciviiiiiiitisiiriiaiieiee ettt 143
531 1,3-Substituted imidazolium SaIES...........coveeriie i 143
532 Bulky N,N’-disubstituted-1,4-diazabuta-2,3-dienes (DAB) ...........ccccvvvrvrinnnnn. 145



5.3.3 Preparation of bulky anilines...........cccoiiiiiiiiii e 146

5.34 ST AV L L= To [0 [ Tos £ 147

5.4 RESEAICN PrOPOSAL.....cc.eiiiiiiiiieieiie ittt ettt 149
55 RESUILS NG ISCUSSION ...ttt srbe e srra e e eneeas 150
5.6 (0] 1 [od 11 o] oL OURRROPR 157
EXPEIMENTAL ..o et e re et e e re e e e e 158
=Y (=] (= 101 162

Appendix 1: Summary of related published articles................cooiiiiiiii 177



Abstract

Chapter 1. General introduction
This chapter comprises a comprehensive overview of group 13 chemistry, including the elements
of group 13, the trihydrides of aluminium and gallium and their Lewis base adducts, and a brief

overview of aluminium and gallium trihalides and their respective Lewis base adducts.

Chapter 2. Lewis base adducts of group 13 mixed halide-hydrides
This chapter consists of an overview of the existing mixed halohydrides of aluminium and
gallium, and an introduction to carbenes, including NHCs. The synthesis and discussion of

numerous new mixed halohydrides of aluminium and gallium is presented.

Chapter 3. Selected reductions with mixed halohydride reagents
This chapter discusses the application of compounds from Chapter 2 as organic reducing agents
and comparison with literature concerning hydrometallation with trihydride congeners.

Chapter 4. Triazenide complexes of alane and gallane
This chapter includes the synthesis of several new triazene species and their precursors, and their
application as support ligands for aluminium and gallium mono- and dihydrides.

Chapter 5.
This chapter includes the synthesis of several “super-bulky” NHCs, their precursor

diazabutadienes and terphenyls, and preliminary use in coordination chemistry.
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