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Abstract

Boratabenzenes are six-membered aromatic borataheterocycle bearing six
n-electrons, which are isoelectronic and isostructural with the ubiquitous
cyclopentadienyl ligands. Their coordination properties are similar to that of Cp. In
addition, it is easier to modulate their electronic contributions by the choice of the
exocyclic substituent on boron.In this thesis, a series of half-sandwich ruthenium
complexes with boratabenzene ligands and relevant complexes have been synthesized
and well characterized. The reactivities of some complexes have also been studied.
This thesis consists of the following three chapters:

In chapter 1, the research progress of boratabenzene complexes including the
synthetic methods, organometallic chemistry and catalytic activities are briefly
introduced. The reactivities of CpRuCI(PPhs), are also summarized. In addition, the
objectives of this thesis are presented.

Chapter 2 is mainly about of the reactivities of boratabenzene complexes
(n°-CsHsBC=CPh)Ru(PPhs),Cl (2-4). Neucleophilic substitution reaction of 2-4 with
different alkynyl neucleophiles and alcohol neucleophile have been investigated,
which probably proceeded via neucleophile attack at the boron atom followed by
intramolecular migration of the phenylalkynyl from boron to the ruthenium center to
give a series of boratabenzene ruthenium complexes with different alkynyl
substituents at boron. The interconversion between the acetylide complex
(n®-CsHsBC=CPh)Ru(PPhs),(C=CPh) (2-5) and the vinylidene complex
{(n®-CsHsBC=CPh)Ru(PPhs),(=C=CHPh)}BF, (2-9) has also been investigated.
Boratabenzene ruthenium carbene complexes were obtained quantitatively from the
reactions of complex 2-4 with w-alkynols. In addition, the acetonitrile complex
(n®-CsHsBC=CPh)RUCI(CH3CN)PPh; (2-12) has been synthesized. Treatment of
complex 2-12 with PhC=CH vyielded the expected ruthenium vinylidene complex
(n®-CsHsBC=CPh)RuUCI(=C=CHPh)PPh; (2-14), which, upon heated in benzene



Abstract

solution, led to the formation of the alkenyl-phosphonio product 2-15, thereby
supported the proposed mechanism for the formation of 2-15 from the reaction of 2-4
with terminal acetylenes. Treatment of complex 2-14 with PPh; led to the
isomerization of the vinylidene ligand to terminal alkyne.

In chapter 3, the synthesis and reactivity of (n°-CsHsBPh)Ru(PPhs).Br (3-8)
have been studied. The phenyl-boratabenzene was synthesized, which was allowed to
react with RuCl,(PPhs)s directly without isolation to afford the phenyl-boratabenzene
ruthenium complexe 3-8. Complex 3-8 could undergo ligand substitution reactions
readily with dppf or PMes. The reactions of complex 3-8 with hexyne or HC=CTMS
gave the corresponding alkenyl-phosphonio complexes
(n°-CsHsBPh)RuBI[k3-CsH4PPh,HC=CHCH;CH;CH,CH3)] (3-11) and
(n%-CsHsBPh)RuBr[k3-CeH4PPh,HC=CH,)]  (3-12).  Acetonitrile  complexes
(n°-CsHsBPh)Ru(PPh3)(CH3CN) Br (3-13) and {(n®-CsHsBPh)Ru-
(PPh3)2(CH3CN)}PFs (3-14) have been obtained. It is interesting to find that
complexe 3-13 could be dimerized via ligands redistribution upon heating in solution.

In chapter 4, the research work of the thesis is concluded.

Keywords: Boratabenzene; Ruthenium; Half-sandwich Complex; Alkyne; Vinylidene.
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K R

IR MK (Cp) AHURER R I S FUAR 3 B o4 IR FIn— 2 AR (R 14 5T, fE
BEATARAN AT = 0 A 0 B SR L & VAT A5 LIRSE , 2 8@ A B 2 Hh B i A
BRI 2 —, R &R A WL R i e b 28 56 S B AR, i g o
(boratabenzene, borabenzene) &5 6 A~ RIS B IEAIR, "/EAN Cp M4 H
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Vit & e ot S SR b, R, X SEPR A ) XORT R I FIAE LI Cp Bo &4
SR ) ) S AR BT A A SR A R 45 B0 AS [F] AR =)o kA, Bl 2R R4
A AT A T e ) A R O 5 A P e B A TR A R, AT R 5 TS S 4
FA S BE PR 5 o R, 3 8 ) 2R P I 5 ) R S S B 51 T AT TR K %
PTG 3K S A PO I 3T U 4 R R - 4 O S D B R R TR A A
07 TR 92 B IR — 4Tl 2T I 72 05 1 2 — 10,

borabenzene boratabenzene
B [
— = m®
B B
l |©
L X

L= neutral Lewis base X=anionic Lewis base

Scheme 1.1
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(n°-CsRs)RuXL, (X = ClI, Br; L = 2e donor ligand) A HAH4b &% B+ 5 114
BANALEMR, a8 RANLERRGHLE Rh R SR Z R P, 24
BENMER RS —.

ARG A AR ST TN A, 2R OREC B DL K IO B I T, AR L AT
BC &4 (n°-CsRs)RuXL, (X = ClI, Br; L = 2e donor ligand) (6T 7% 2 & 3747 47 B A
@A

1. 2 Boratabenzene {3

1.2.1 BEBNER

1970 4, Herberich®12E \JRIE 7 w5 BB 24 A AT A 1-2 (& . %%
1-1 5kek: — pd LBl RBX, [ 345 2577 () BR 2 [A146 A 2] Cp P b il 2R B &
W) 1-2 /DB 1-30 SR AL R I LER 4 SR LA W) o] LU E AL Y) MCN 45 fi#
BENEE M4 1-4 (Scheme 1.2) ¥,

@ {DBR (D BR N
RBX, [ | MCN |
Co —> Co + Co _— _ M@
<= <= B Bo
11 1-2 1-3 1-4

Scheme 1.2
AR, Ashel1ZE N R I 1,4-7% —he (1-5) % & B 2% 2 o 4 26
(CsHsB-R)™ (1-6) HIH#IT77% (Scheme 1.3).

\\ /D rHasnBu; O O ]
2RBX,
15
Scheme 1.3
1996 4, Ful'l & A\ S fE b SE R Bk R T — A Ak vk B 2 2
(CsHsB-PMes) (borabenzene) (1-7)11 /1% X2 —4 PMesin&4, EREM—FK
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FIT B T 3R 2R I AR BB B AN RIS (H, NRy, OR, PRo) 1Bl 44 2% £h
(CsHsB-Nu)™ (1-8) (Scheme 1.4) M1, 554 il b & AN [RIBUAR L (Rl 4 4240 7 —
AN T

PM63 N

i + o
Me;Si B
1) H,SnBu, °3 B._ PMe B M-Nu @
\ ety )
N/ G 010

( Nu =H, CCSiMes, NMez, OEt, Pphz)

Me;Si

1-7 1-8

Scheme 1.4

1.2.2 Boratabenzene ECE&HIRIE X

2R 24 KA AR (boratabenzene, Bb) S5& )@ MXn S v 2 il g £
MCE P DT, AR 2% &R B S e & . FH SR ik vT LUR TS
A5 4 VI crlt?l Ze 18 Felll Ry i OSISI Al 2 25 5L S0 AL &) (Scheme
1.5).

R=Me, Ph
M=V,Cr, Fe, Ru, Os, Zr

Scheme 1.5

40 CsHsBRLI (1-9)5 FeClM e MAR 75 5 A= il e 00 BB 24 K it &4 1-10,
[FIE, 5 ZrCI,T s 5 T Ak g A REFRITE &4 1-11 (Scheme 1.6).

R
<
R B-Ry
& |
\ Cl ZrCly B.O FeCl, |
o T Ok i
~ Li
Cl aR, = NiPr, R, = Ph @
Q b R, = Ph, < B-R;
B~g,
1-11 1-9 1-10

Scheme 1.6
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NS 1 B 4 A o e I % -2,5- 38 . — A L i ¢ 1-12181 (Scheme 1.7)
A% I AP BB 2 R A 1-7 B9 (Scheme 1.8) Hi%, 2 & Rl 24 B &1
AR

B-Ph Ph B—Ph
Ni(COD), B Co(acac); / COD

Ni - | | Co

=ty Y,
1_12 EE
Scheme 1.7
_Ph
B
e o,
PhaSC(THF), | OB‘_ PMes \ _Ph
O B= PM63 C,O“"SC\ SC\O
THF I >pn THF @ Q
Ph B~pp
1-7
Scheme 1.8

1 KT B4 254k & P AR IE R A AR L1 (Fiure 1.1)P002Y 0 | #R08y = 2 3%
O B G Je 0 B S W . Bl 2011 A Rk GE 1 K 5K Y [Cp*RuCl], Al
1-boratabenzonitrilel® i b 7] 15 51| 5 03 B 7= 4 1-13 (Scheme 1.9).

y e T
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R = CHj, Me
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‘ —0
R FLU ﬁ Oerl

a
bR

Figure 1.1

S}

B—C=N
: :9 Ru,Cly(n-CsMes),
OB—CEN i Rui

1-13

Scheme 1.9
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1.2.3 Boratabenzene ELSHINERBENHEF MR

1. LR
IR BE IIE S (1-14) B8 SRR ARk ML S 8023, 2% B 8 o R

IWAREET &R A K M n Ak (1-15), B35 kA Zr-C it 2t
IR E, RIETEEGHTNC-C 8, mA4EMEY) 1-16 (Scheme 1.10).

"8
ZN
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~ O\ A
1-14 — (C5H5BPh)22r<j -
= Zr®
H———H

1-15 1-16
Scheme 1.10
20034, Bazan /NH KT K EL S S 401-175 = 3R 3L O AE— B 4%

PEFRER AT 3R P, 41 n8-BCOT (boratacyclooctatetraene) Bl (AL & 4
1-18 (Scheme 1.11),

M Me
_Me !
@B B._TMs

_ H—=—=—TMs

Ti—CO .
@ toluene,150°C Ti

Me
1-17 1-18
Scheme 1.11

2 BB
2008 4E, Chen!®/NH T-418 T Bb-PMes S5EMIEMY R M153] -CHPMe,

PREMFIA (ansa) ACE 1-19. XML G YA RIS S47 A A B 4 P Rh
P/

FRHBLAR (Scheme 1.12).
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