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Research in the Braunschweig group covers a wide range of organometallic and
main group element chemistry.
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Transition metal complexes of boron; borane- (l), boryl- (),
bridged borylene (lll), and terminal borylene complexes (IV)

OC\ :QO /SiMe3 ﬂ SiMe; -
OC—Cr=B-Si—SiMe; ~V=B=N ) 7Ny
/" oc/‘ “co ) Me;Si_ -, s _SiMes
oc® To  'siMe, oc SiMe; \ \
SiMe;  SiMe;

6, Terminal bis-
(borylene) complex

4, contained coordinatively 5, half-sandwich,

and electronically unsaturated B terminal borylene

Angew. Chem. 2001, 40, 4198 Angew. Chem. 2003, 42, 205 Angew. Chem. 2010, 49, 9517
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From Boryl to Borylene Me i ?r ﬁ
PCy3 ~ ! H
I Br + - Pt(PCys), B Br M(PCys), '
Br,B Br-PIt-B“ 1, Na[BAr',] '.Dc_yﬁ I Z i ~Fe—BBr; ———5 “~E4—p( —— 3  OCHinFe: ./ro
&~ PiPCys), PCy, QI 2, 4-MePyridine ' RtBu, - & oc" )f PCy; E—M—PCy,
N — Fe > PCy; f X
Fe ) '+ [BAry, o Cy;P1 Pt
! r.t. benzene - CD,Cl, Fe ¥s ; TBr
@ C} @ 17 Br
7 8 According to the DFT calculations result, the molecular orbitals 18, M = Pd
Organometallics. 2004, 24, 5545 that are involved in bonding with the boron center are composed| 19, M = Pt

Angew. Chem.Int. Ed. 2005, 44, 5651

Importent Principle: Intramolecular, particularly a-hydrogen, migrations within
organometallic compounds are thought to be kinetically favorable, if through the
shift a coordinatively unsaturated species can be converted into coordinatively

more strongly saturated compound.

Br PCy; Na[BAror «  pcy; |
P{PCys); = % 1 S
BBr, — 3 B-Pt-Br KIB(C6Fs)4] -Q‘szit—sr
r.t. benzene PCy, CD,Cl, PCy,
9 10
Angew. Chem.Int. Ed. 2006, 46, 3979
Boron as a Bridging Ligand
a b Br 0
1 Na[Co(CO),] o \—CO(CO)S
“Fe—BCl, B —_— \
oct | 11 (OC)sMn” Min(CO)s B
oc | | 14 (OC);Mn™  Mn(CO)s
Na,[M(CO),] Na[BAr,] 16

:Fe—B=M(CO)n
oc
ocC

12,M=Cr,n=5
13, M=Fe,n=4

+
OC\ 90 oq \\\CO_| a. Angew. Chem.Int. Ed. 2008,

OC—ME':B‘—‘-IMQ—CO 47, 4931; b, Angew. Chem.Int. Ed
oc/ tcooc “co 2009, 48, 5837.

15 [BArf]

[BX, |

of rather complicated mixtures of boron s and p orbitals.

Angew. Chem.Int. Ed. 2006, 45, 1066

Reactions of Terminal Borylene with Metal Complex

a) Stepwise research of intermetal borylene transfer.
Me;Si, SiMe;
N

oc, :90 SiMe; Re-type transfer Il
OC—W=B=N_  cccccaaannn > oc,, /B\
“ . . “Co—Co™~
oc” To , siMe; .. G, p N
RGP <> 2 “co
CpCo(CO), gy
hv, -30 °C T Hexane,
R N -35°C,32d
Me;Si_ SiMe,
N .
oc B > ﬂ /e
“, “Co=B=N
“, /N THF,r.t. 14 h
Co—W(CO)s oc” \SiMe3
<= 4 21

Angew. Chem.Int. Ed. 2007, 46, 5212
b) Borylene transfer to metal-carbon double bond.

@-\ =2 Rh
Rh ,

oc, Co SiMe, co RsP” . ~CO
oc \M‘: B=N R;P” °C R P—Rh\c§ .
—Mo=B=
/7 _ N \ﬁ/ —X> g=C=
ocC co SiMe; 22 N(SiMes), (Me;Si),N=

- (n5-C5Hs)Rh(CO)(PR;3) Angew. Chem.Int. Ed. 2011, 50, 9462
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Reactions of Terminal Borylene with Unsaturated Compound

a) The reaction with olefine

c) Reactions of M=B=M type borylene

( Background ) Two typical boron-gold coordination modes zero valent

H\B/,N(SiM%)z

OoC_ CO  siMe, H. gz N(SiMes),

3 Me;CCH=CH, ( oc)\
Borane Gold complexes Boryl Gold complexes OC—/CIFB:N h—> H A —H / H
< . V.
Discovered by Bourissou Group Discovered by Yamashita & Nozaki oc co SiMes  THF, rt,40n MesC Me.d
3
Borane ligand as pure c-acceptor Boryl ligand as pure c-donor 2 25 26
Angew. Chem. Int. Ed. 2008, 47, 5978
Example: :
P Example: b) The reactions with alkyne
I\Illes ;?r
i . N N : : LP(N)-p(B) p(B)~=(CC)
2|Pr-P\ /BR 2 [ > > Au<—B: i oc .90 SiMe;, R—=— R Me:,,Sl\N _SiMe; o
Au N N o/ I R
el . . OC—M=B=N —_— B :,; ™S
Mes Ar / - \ . hv.. THF
oC [ 0) SiMe; v.,
J. Am. Chem. Soc. 2006, 128, 12056 Angew. Chem. 2007 119 6830 R R N B R
w. . , )
9 M = Cr, Mo 27
Tethered phosphine groups bind

. Two-electron stabilizing donation from the (CC) molecular orbital to the pz-atomic

orthogonally to the B-Au axis The B-Au-L axis is effectively linear _ Pbiizing dor the =(CC) e P _

(B-Au-L : 79 - 84 ©) orbital at boron in borirene is substantially higher than the corresponding electronic
donation from the nitrogen atom lone pair LP(N).

g

J. AM. CHEM SOC. 2009 131, 8989

7 B Dur

\<

- —< >—N
= O(i /co_| (ITol)AuCl NQ\
N o u <
Mn:B:Mn/\ﬁ - /Q\ /A{J co
M

oc” %o THE Mn=B_| ~ oc B (Dur) (Me;Si),N=B
oC I \CO 4 R—————R
. + oc oc—Fe = >“""'\,- <
[Li(dme);] <S— / B - > R F R 29, R = Me
0C  "N_a hv., Hexane ~E~co .0
2 24 N—siMe, oc” | 30,R = Ph
Me,Si R R co
[The parameters of 24 which are related to the gold—boron moiety bisect those 28 H
of known boryl gold and borane gold systems. \ ‘B—D
(MeSiN=E N/ BTOu J
/Fe\
Angew. Chem. Int. Ed. 2009, 48, 9735 oc” | ~co
Intermediate A co Angew. Chem. Int. Ed. 2012, 51, 7839
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c) Borylene metathesis Ar =

Brauschweig' work

ﬂMn:B‘Bu

S\
0C co DCC
Ph,c=0 31

S

OC“"'M ‘\\CO oc,“',l\hn‘\\co
:’:>C<O/\ B-1g, CyN:c{ﬁl,Bun
32 Cy 34
r.t. 65 °C
in CgDg
[9 "o
ﬂancph2 oc™ \—N Cy
oc” %o o g
33 35

Angew. Chem. Int. Ed. 2007, 46, 8071
J. Am. Chem. Soc. 2013, 135, 8726

ME3P
\ ~CO
§° PhC=0 o he No furth
= o further
Me,P-Fe=B 2 o oc”/ B ——
/7~ J / reaction
OoC <To Ph*: —O
Ph

Aldridge' work

ﬂFe'B/ N
OC\C \O iPr/ \IPI'
Ph
ocC 39
ph H The [BAr]- ion is

omitted for clarity
Angew. Chem. Int. Ed. 2006, 45, 3513
Angew. Chem. Int. Ed. 2007, 46, 2043

a) Reduction reactions

\
(OC)sCr=B—Ar oc-Gr o B—Ar [K(THF),]1,

2 (OC)sCr=B=N(SiMe,),

TMS group migration? Q

b) Homocatenation of boron

Hexane, 48 h

N . .
/N‘SIMe:), (M93Si)2N 7

Iminoboryl Complexes
l Synthesis '

40

(M93Si)2NBBr2

Angew. Chem. Int. Ed. 2006, 45, 162

N_B/siM93
(@] + K3[Cry(CO)40]
B=N
i SiMe,
44 45

Angew. Chem. Int. Ed. 2013, 52, 10120

N(SiMe,), ,”I‘(S"‘"es)z
]
B Dur
),_co co OC.., £ #B

|
—> e
7 \XB

CO  Hexane, OC B” TDur

]
80°C,2h 1
N(SiM93)2
47

Nat. Chem. 2012, 4, 563

CysP—M—FPCy;| —> Cy,P—M—PCy;,

- Me;SiBr

Br
48, M = Pt;
49, M = Pd
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i Reactivity
( Examples of reactlons)
vey, PC[AI(pftbmz PCy, PCy,
¥ Ag[Al(pftb [Bu,N]JSPh
e N . =0 4
) SiMe, Me3Si  AICI; PN M Br—Pt-B=0 ———— phs—-Pt-B=0
SiMe; | \N/ Pt—B_ B—Pt _ AgBr -[BuyN]Br
H—N__. 1 PCy
\B/O"' H,0 B AICI, I PCy, PCy, : PCys
|  —— I pftb=0C(CF3); 57 58
Cy;P—Pt—PC Cy;P—Pt—PC — Pt
Vs Vs Y3 ys CHyCl, CysP—Fht PCys The dramatic consequences of abstracting the bromide ligand trans to BO triple bond
Br 48 B should be considered as the subtle influence the platinum fragment exerts on the oxoboryl
r 50 . . .
. W, MeOH moiety rather than a innocuous spectator ligand. Angew. Chem. Int. Ed. 2010, 49, 5993
Me S, ~CNa IS|Me3 Boron Heterocycles
3 Z
aniline ©/ H=N_ 0.
H— N~ N—H ‘B Me a) Synthesis of a ferroborirene ﬁ
PC :
| v CysP—Pt—PCy; SiMe, !
Fe
Cy;P—Pt—PCy;  Ph—=—=—Pt—B=N—SiMe; - _ + hv oc™ ' ["~co
53 Br OC‘\‘ITE__B_C'-(CO)5 // b t 05? A
PC 52 51 Me-Si enzene, r.i., V. =
Br ¥a oc 3 MesSi” 5o “SiMes

JACS. 2007, 129, 10350

Boron-Oxygen Triple Bonds JACS. 2008, 130, 7974

Synthesis
PC i PCy
OSiMe; Ys OSiMe; ?
Pt(PCy;), + Br—B —» Br—Pt-B ——= Br—Pt-B=0 + BrSiMe;
Br l Il
Br
55, PCy; PCy,
in dilute toluene 56 57

At room temperature, the reaction reaches a stationary point, with the two reaction
products 56 and 57 in a ratio of approximately 1:4.
Removal of all volatile components in high vacuum at ambient temperature and

redissolution of the residue affords complete conversion of 56 to 57.

Science, 2010, 328, 345

b) Synthesis of free boroles

Angew. Chem. Int. Ed. 2007, 46, 5215
i
B The boroles are antiaromatic.

Me Me

antiaromatic

Snh Ph Ph
Ph Ph RBX, M Moreover, the
—_— .
j\_/Z/ character of 60 is more

- MeZSnXZ Ph Ph
Ph Ph 60 R = Ph. X = CI pronounced than the one of 61
61, R=Fc, X=Br
c) Synthesis of the 1,4-azaborine tBu
tBu
tBu—B=N—tBu . ~ R
i [(iPrsP);RhCI];  tgu—B Acetylene \[ :l
_—
— N THF, r.t. 24 h Rh CSHG, 80 °C
N\ 10 min
Cl 62 PiPr; 63 tBu

J. Am. Chem. Soc. 2016, 138, 8212
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Reduction reactions of boron heterocycles

a) Synthesis of carbene-stabilized n-boryl anion

Ph Ph
Ph Ph Ph Ph +
SIMes KCyq K
I\ — ]\ — > Ph Ph
Ph” 87 “Ph CH,Cl, Ph”” “B” “Ph Et,0 A
|
& CI/ N,Mes M93~N/\N’Mes
Mes—-NO
64 65

Angew. Chem. Int. Ed. 2010, 49, 2041
b) Synthesis of neutral borolyl radical

Ph Ph Ph Ph R=Me Ph”™ "B~ "Ph
_ _ / Mes
+ Me3E ’
K / =N
Ph Ph  R.ECI Ph Ph Mes—N
)\ > }\ 66, E = Sn
Mes\N,\N,Mes Mes\N,\N—Mes \ 67.E=Pb
Ph Ph
65

L - ER, J r=Ph /@\
Angew. Chem. Int. Ed. 2014, 53, 5453
Neutral borolyl radical |:> Mes\N)\N—MeS

c) Synthesis of negative bipolaron by comproportionation
68

Ph
Ph Ph kPh Pph

”U — P“)§v%

69 + 70 —

Comproportionation to dianion

Angew. Chem. Int. Ed. 2013, 52, 12852

CAAC-Stabilized Neutral Boryl Radical

Background 1 Previous report about the neutral boryl radicals

. . N N
Dipp Dipp . Dipp” ~B” “Dipp
BH,

: H, Mes” \Mes F
by Lacote, Curran by Lalevee by Gabbai by Nozaki, Yamashita
only spectroscopic stable unclear structure minimal spin minimal spin
desities at boron desities at boron

Background 2 Cyclic (alkyl)(amino)carbenes (CAACs)

- Li0
Dipp—N 1. LDA TfOTf LDA Dlpp—
N B —— Dlpp—N —_— Dlpp—
2. O N
H _‘> H O~ |
Guy Bertrand Angew. Chem. 2005, 117, 5851

CAACs have been widely utilized as ligands for stabilizing unusual reactive molecules,

such as phosphorus radicals, a parent borylene, and a boryl anion. It is characteristic for
CAACSs to exert stronger c-donating and r-accepting properties than NHCs, and moreover,
the steric demand of CAACs is different from that of NHCs owing to the presence of a
quaternary carbon atom next to the carbene center.
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H

Dipp Dlpp Dlpp ' Dlpp

N BBr3 5 KCq
. L BBr3 —_—
Toluene

Guy Bertrand Science, 2011, 333, 610
Synthesis

DurBCIz 7CP 115 CsMes),Cr _N_
|

hexane r.t. benzene, rt
CI“"‘B\Dur c1~®~bur
72 cl 73 74
Angew. Chem. Int. Ed. 2014, 53, 7360 Science, 2019, 363, 1329 B«/N\H 80
1
Application 1 Nitrogen fixation \

- - \\ ’D.
Application 2 Reduction of CO, N—TIPP

~

Dur
Dier A, a
N~ >cI N /cp
Dipp/ 2 cp3lA| Dipp” \;Al

.. —_— B

74 ' - [CpAICI], i

75, 69% . Ph

KCg, Ar ° Ph/Ei 'cl
cl 82
ambient air 81 P A A to,
E toluenie, -30 °C
+ Dipp—N :
NTNgzco | co, ° :
1 Dipp 83 o,/ . Ph—B fo) - - :
N N Ph < D g N BT Ngga
“Di + : Cp v P>
°P N : OYO Dipp pp, !
o= AlI-Cp* ' i ACIE, ASAP
76, 799 , ° ; . ‘ ,

6, 79% Science, 2018, 359, 896 77, 74% O ! 0 D c H

...........................................
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Mes\NQ B-B triple bond

Dip 4 eq. . =
Mes (o]] \ Mes_ N Synthesis \N/§ Dlp—N/\\\N
\ _ / + N\ > B_B \ - N
/B B\ /N\/“ Mes / “, Mes Br Oe N+ D|p
Cl Mes Mes .. toluene Mes (\:I"CI Br _ ,B" IDip Br) Dip 2
84 85 >B—B{_ ————>Dip —B—p /4
entane, \ r 4
J. Am. Chem. Soc. 2011, 133, 19044 Br Br P N \B, THF, -78 °C B

- o -

93 78 °C @N\ . 94 Dip_ /< 95
Dip N—-\N .

Reactivities Science, 2012, 336, 1420 | /" PP

Base-induced Diborane(4) Rearrangement

Mes X L Mes Q<]IIVIes
>B-B

@X\DOX

4 — e
B—B — B, ~— Mes—B—B\ e _ X . Dip
x “Mes X 0 X L Mes’ ®0 L Mes 0 b% DIp\N/E \N®N Dip.
- Lewi Dip 1 at —B '
L = Lewis base 0=< IB o :om Dip\ BZ 94 Dip. \B=B \Dip
i ides? > Br
R\B—B X . L Different halides? Dip B= ~0O - Ni( —_— \N—<
X’ R 3 Different substituent group? \ &/N\ . CgDg, r.t. @N
® Different Lewis base? N\( 96 “pip %

Dip
1 atm 2eq.CO Comproportionation
co -78°C S
\ Di / \ ? Dip,
P, \

¥
¥
7 -

: Br ¥ Br tBu_ ° o . ’>
L Ml R ¥ B AR ,L\> N /Lk\
' ', 1 : » ! 1 | '
: Br” | “PEt ¥ Br” | “PCyMe :: Cl'" g9 'tBu : N B=B NYB-,‘S'B I
: Mes Mes SN :'. { \}7" Dip A \l 5—s Dip
: 86, major " 88, minor ettt i : 97 \ 98
! : ] 1p = = = 1l . Di
: Mes LPEt; " Mes, _PCy,Me ::R NMeg, X = Br, L = SiMes, | Dip P
' B—B’ " B—B ' L v Nat. Chem, 2013, 5, 1025;
: Mes/ \,,’ 1 : M / \',’, o MezN ®/ '
! Br ¥ es Br 3 \ By i ACIE, 2015, 54, 10271
' Br ' Br i B—B\ B tBu
i : " . ' ' S
: 87, minor " 89, major :', Br' g1 NMe, : E PCy, ©\Sn‘—tBu
R RRRRREEECEECEED R RRRCLELEELE Prmmmmmmmmmmmomeees : oCl Ti | &
| —-Be" wiBu
Mes - /5 Mes\N/§ Mes es : Pt Be\M [ Sn‘“ \
2 KCq \N \ H ! e ~“tBu
Mes Mes > B_lI /< i PCys
“B—B BB | B |
, -, Mes -2KClI >, Mes N ! 101
Mes' ‘ "CI ] 99
cl H Mes |
85 TH 92 ! ACIE, 2009, 48, 4239 Nat. Chem, 2016, 8, 86gAm. Chem. Soc. 2011, 133, 5780




