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Reaction of boron

Hydroborylation Suzuki-Miyaura cross coupling

Pd Ligand, Base

R1_BY2 + R2_X > R1_R2

/— BHMe,
R -
R4, Ro= alkenyl, alkyl, aryl

\
Reaction of boron
/
via —B ~—_
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Matteson homologation
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Reaction of boron
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[ Few observation of nucleophilic boryl ]




Early attempts of boryl anion
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C. A. Kraus, et al. J. Am. Chem. Soc. 1952, 74, 3398.
K. Swaminathan, et al. J. Chem. Soc.,Dalton Trans. 1976, 2297 .
Attempt @
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[ PhoPh @ Ph
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eisintte
Ph,B
_. \ ' -

D. P. Maier, et al. J. Am. Chem. Soc. 1967, 89, 5153-5157.



Early attempts of boryl anion

Attempt @
= Na-K /—\ [—\
Bu~N-g-N-Bu 15-Crown-5 |Bu~N-g-N-By| BU-N-SN-B
B'r toluene-dg ) O e
9 ) 10 and/or 1

L. Weber, et al. J. Chem. Soc. Dalton Trans. 2001, 3459.

Boryl lithium could not be isolated and structurally analyzed.




Boryl lithium

First example of isolated boryl anion

iPr IPr
[\ « X-ray crystallography
N\ N * Bond length and angle
/

B - NMR
II__ * Reaction with several electrophiles

. 1.

iPr — iPr

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.



Boryl lithium

Boryl lithium can react with various electrophiles.

B B B B
| I | + |
Me n-Bu Bn Cl
34a-Cl
85%) (78%) (13%) (79%)
MeOTf\ n-BuCl| BnCl B
n-BuBr B
Et,0 J
B 34a-Br
o w Ar-F PTTTTT R : (100%)
r - v
65: Ar = Ph (10%) (12 h) ;Dip’ B’ N‘Dlp B, P':CHO (1 eq) B
66: Ar = CgFs (55%) : L -
: L 3sa Ph”” “OH
1)092 i Dip = 26-(I-Pr)2C6H3, 58
D\HE " 'osopmsssacanmsSase
8 ., B e Boub 1) PhCHO (3eq)  (81%)
OJ\OH OH or -/ PhCOX 2) H*
i (PhO),CO
63a (85%)
(11%) a 2 i .
BnO
Ro’go Ph/go Ph” 0 * (50%)*
61: R = +-Bu (73%) 60a *GC yield

62: R=Ph(59%) X=Cl (74%) O  Ph
OPh (71%) 59
OBz (76%) (51%)

M. Yamashita, K. Nozaki, et al. J. Am. Chem. Soc. 2008, 130, 16069.



Boryl copper complex

Addition of boryl copper complex to alkenes and alkynes

—-l/o\ /O\L'
_7 \

pinB[Cu]
CuCl/KOAc A/o\ N
B—B! - B—[Cu] : RC=C - + =
o A - DMF /o pinB [Cul [Cul
1 2 4a;R=CgH;

Bpin
5a-d 6a-d
= 4b: R=t-BuMe,SiOCH,
“. i c:R=tCyHo
‘ :
1
1
= 1

: /'ad:R=Ph
. _%\ B
Z=COR, CO,R, CN 2 “

/i H0 i =
O | v =
\ I,' pinB Bpin
3 ‘\‘ S 7a-d 8a-d
[ Nucleopr
suggested.

ucleophilicity of boron center in copper boryl complex was

N. Miyaura, et al. Chem. Lett. 2000, 982.
N. Miyaura, et al. J. Organomet. Chem. 2001, 625, 47.




Boryl copper complex

First example of isolated boryl anion

iPr
iPr

iPr
iPr

[N)>_ 0
Cu—B
i \O/T

[

J. P.
J. P.

X-ray crystallography

Bond length and angle

NMR

Reaction with CO, and aldehydes
as electrophiles

Sadighi, et al. J. Am. Chem. Soc. 2005, 127, 17196.
Sadighi, et al. J. Am. Chem. Soc. 2006, 728, 11036.



Boryl copper complex

Borylation of aldehydes

O  (ICy)CuOt-Bu, cat. OB(pin)

(pin)B—B(pin) + >
R)J\H CgHs, 22h, rmtemp R B(pin)

pinB—Q_ @)
CHR (NHC)Cu—Bpin |
pinB R

coordination

pinB,““Bpin OTCHR
metathesis

(NHC)éu—o\
CHR
T
pinB

Cu
>
NHC™ “Bpin

J
/
/

insertion nucleophilic
boryl here!

(NHC)Cu—O\ ”

CHR
pinB/

J. P. Sadighi, et al. J. Am. Chem. Soc. 2006, 128, 11036.

B,pin;



Boryl copper complex

Boryl copper complex can react with various electrophiles.

Borylation of ketone

0 O
+ -B = B .
0O ©

cat. CuClI /L* RY) (R4
K(O-t-Bu), MeOH

H. Ito, et al. Angew. Chem. Int. Ed. 2017, 56, 6646.

Borylation of dialkyl ketimine

N \ Nl
BF4

R3 R3 R3 R3
\P/ t. Cu(l) salt/L* P
N cat. Cu(l) sa
N0 " <pm>a HNT 0
L
R1 \R2 ,
dialkyl \ chiral a-amino tertiary
ketimines boronates

H. Ito, et al. ACS Catal. 2021, 11, 11, 6733.



Nucleophilic boryl

Application to nucleophilic boryl
Borylation of electrophiles

Boryl lithium Boryl copper complex

OPh (71%) 59

OBz (76%) (51%) K(O-t-Bu), MeOH

i
5 !
1 |Ar' = 2,4,6"Me306H2 . 1
B B B B : B(pin) O (pin)B/O\"A’
Me 8 Bn = 6 H O Me Clu >\—Ar' i
% aw (%) T9% i B(pin) = Me )\ H *
' \O Me Ar~NIN-AT n.CcHy, Ar<-NAXN-Ar
MeOTf\ n-BuCl BnCl n-BuBr | : Me \__ 7 rt 1 h -
Et,0 ’ =
AT . SO T 4 (314;05,:; | |Ar=26-(-Pr)oCeHg | (IPNCuB(pin) 91% 1
r 1
o N~ s 1)PhCHO(1 eq)
65: Ar = Ph (10%) (12 h) D Dip= h o i o
86: Ar = CqFs (55%) : : - ,2’>H—. XL i J. P. Sadighi, et al. J. Am. Chem. Soc. 2006, 128, 11036.
;;ﬁoz | Dip = 2,6-(-P),CeHs Ph = OH H
+ o lecepecccccccccsces 1
B B 2 1) PhCHO (3eq)  (&1%) 1
Pon OH 478 :;ho)%:rozo phcox\ 2) H* i
64a 2 H
63a (85%)  (11of) !
1 i i BnOH : 0 0 ¥ O\
ROAO Ph/go Ph)\o * (50%)* I j),\ " i '‘B-B' - HOX;\B‘O
% 60a * : . . g
62: R = Ph (5% X=Cl  (74%) P OOV i Rl R? o o é cat. CuCl /L* R1" T R2
i
1
1
1
1
1

K. Nozaki, et al. J. Am. Chem. Soc. 2008, 130, 160609. H. Ito, et al. Angew. Chem. Int. Ed. 2017. 56, 6646.



Other metal boryl complex

Electrophilic boryl was also detected. 0" N
B-O
o o}
\s/o\ 0 PH(PPhy),4 p
>=)K TP j»<~ toluene 20 h . 2
] O O \ oiuene O'B\O

‘ | AN

M. Srebnlik, et al. Organometallics. 2001, 20, 18, 3962.

/_\_
Beg egB-Beg
[ Pt—
reductive oxidative
elimination addition
Beg Beg
\N—Plt' ; I Beg
kéN N </
N Beg Q/
O
coordination insertio /
Beg electrophilic
/ boryl here!

(')Hl CiN\io S

Beg 7, Lin, et al. Organometallics. 2012, 31, 3410.



Transition metal boryl complex

Difference of reactivity of transition metal boryl complex

9-?.(;th
LnN:I ------ ‘éoryl LnM—O\
- chPh - Nucleophilicity
Path A
Boryl

<$-Bpin Path B L"M_C\HP“ o
Boryl= or . 7 Electrophilicity

PhHC=( Boryl

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



Transition metal boryl complex

Reactiyity of metal boryl complex is affected by 3 factors below.

Ln

»>=
/

-~
-~
~
... <
-,

(D Neighboring atoms

(@ Electronegativity
@ d electrons

Z. Lin, et al. ACS Catal. 2021, 11, 5061.
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2. Contents: Factors of reactivity of metal boryl complex
2-1. Stabilization of neighboring atoms
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(D Neighboring atoms




Model

Neighboring atom is O Neighboring atom is C
(NHC)Cu-Bpin .~ (NHC)Cu-BPh,

/ ; /
N O\L N _ _Cx
[N)>—Cu—B< o [N)>_Cu B\(©
\ \ —

-

Isolated as _
(lcy)Cu-Bpin (J. P. Sadighi, 2005) Not isolated

Many application
to borylation of electrophiles

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



DFT calculation

(NHC)Cu-Bpin

O=CHPh
(NHC)Cd--oC['B‘—O
LS
(NHC)Cu—O
\G¥=19.2 HPh
pinB
Path A
Cu-a1
O Nucleoph|I|C|ty
Path B
\G¥=30.4 (NHC)Cu—CHPh
R b
Prig -
(NHC)Cl------ 8-0 Cu-a2

O

X Electrophilicity |

(NHC)Cu-BPh,

55,
PhHC=0;

Cu-BPh;

. [ )>—Cu-“8\©

O=CHPh
(NHC)Ci-- 8
3 (NHC)Cu—OQ
AG =17.2 FHPh
Ph,8
Path A
Cu-b1
O Nucleophilicity
Path B
AG*=18.1 (NHC)C”_C\HP"
O
PhHC\Q thB/
Cu-b2

(NHC)Cd-

15

O Electrophilicity

Neighboring atoms affect electrophilicity of boryl.

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



nergy

w -1 ‘72 ev

@*

FMO calculation

C W B center
r§*§x

LUMO

LUMO is different.

LUMO

432 eV
-453 eV
4 \ HOMO
; HOMO \\
4594 eV

HOMO

HOMO is almost same.

E%c —C{ E@H —%

Neighboring atoms affect electrophilicity of boryl.

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



Effects of neighboring atoms

Push 1 electron E> Stabilization
T (Lose electrophilicity)

_p0 8
\
%

Example of stabilization of boryl lithium

CH; NH, OH F

Li—BZ_ Li—BZ Li—B_ i—B”
\CH3 \NH2 \OH Li B\F

Boron p, occ — 0.30 0.19 0.18

(occ= occupancy of boron p, orbital)

R. Schleyer, Inorg. Chem. 1995, 34 , 607.



Stable boryl lithium

Early attempt to generate boryl anion

Na-K

Mel

n-Bu,BCI  1-Bu,B- M n-Bu,BMe
1 2 3
H”Bu
rearrarijge "pr Pr g
ﬁ@ E%\f"Pr
nBu” o H "Bu 7?
”Bu

4 LAY
C. A. Kraus, et al. J. Am. Chem. Soc. 1952, 74, 3398. :
K. Swaminathan, et al. J. Chem. Soc.,Dalton Trans. 1976, 2297. :

First example of isolated boryl Iibhium

— 1) Mg —\
NN 2) BBrs N. _N
T “Ar— Ar” ~Ar
1 0°C-RT i
: 56% Br
Ar = 2.6'(!‘PI’)2CGH3 2
Li
naphthalene
THF

6 h. —46 °C Isolated

M. Yamashita, K. Nozaki. et al. Science. 2006, 374. 5790.




Stable boryl lithium

Boryl lithium can react with various electrophiles.

8 +
O)\OH

63a (85%)

B B B B
| ] [
Me n-Bu Bn Cl
55 56 57  34aCl
(85%) (78%) (13%)  (79%)
MeOTA\ n-Bucl| BnCl/ oo s
Et,O or J
58 ... X L 4 BaEpw Sl
/{r = = E N/=\N E ( ;
65: Ar = Ph (10%) (12 h) {Dig~"~pr"~Dipg T1 VFHCHOW8
66: Ar = CoF5 (55%) : 3 Li; 2 H - L
- P Ph”” “OH
1)CO, | Dip = 2,6-(i-Pr),CgH3!
2)H+ S e - 58
B (81%)
: = B 1) PhCHO (3 eq)
OH or -/ PhCOX 2) H*
Sk (PhO),CO
0,
(11%) 8 8 B o
n
ROAO Ph/go Ph)\o * (50%)*
61: R = +-Bu (73%) 60a *GC vyield
62: R=Ph(59%) X=Cl (74%) O  'Ph
OPh (71%) 59
OBz (76%) (51%)

M. Yamashita, K. Nozaki, et al. J. Am. Chem. Soc. 2008, 130, 16069.



Short summary

(D Neighboring atoms
Y=N,O,F

Push 1T electron

oy - Stabilized
é (Lose electrophilicity)

Z. Lin, et al. ACS Catal. 2021, 11, 5061.
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2. Contents: Factors of reactivity of metal boryl complex

2-2. Electronegativity of metal
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@ Electronegativity




Model

lectronegativity (Pauling
Cu:1.90 B:2.04 Au: 25

Electropositive metal (Cu) Electronegative metal (Au)
(NHC)Cu-Bpin - (NHC)Au-Bpin
/ /
N o/ N o/
[ )>_CU—B\ _ [ )>—Au—B\ B
N O N O
\ v \ T

Isolated as Isolated as
(Icy)Cu-Bpin (J. P. Sadighi, 2005): (IPr)Au-Bpin (S. P. Nolan, 2019)

Many application Low reactivity and high stability
to borylation of electrophiles :



(NHC)Cu-Bpin

DFT calculation

(NHC)Au-Bpin
O=CHPh Q=CHPh
(NHC)CJ—-.CE‘;;—O (NHC)AU-—--B-0
\
o\g<
(NHC)Cu—0Q | ¢ »  (NHC)AU—OQ
\G*=19.2 CHPh | 5 s AG*=56.8 CHPh
Path A Pie PhHC=0Q: Path A pinB
Cu-a1 . Au-a1l
ilicitv: / S age =
O Nucleophilicity: [N)>_A B/Oi X Nucleophilicity
. u—
Path B N ~o Path B
\G*=30.4 (NHC)Cu—CHPh \ \G*=42.3 (NHC)AU—CHPh
L \O Au-Bpin ——
— -/ 5 PhHC==
PhH?“(?. pinB O ping
(NHC)CU---- 8-0 Cu-a2 (NHC)AG-----5-0 Au-a2
o)

X Electrophilicityg X Electrophilicity

Transition metal affect nucleophilicity of boryl.

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



nergy
A

FMO calculation

0.34 eV ' .0.47 eV
; EUNO ~  Lumo
-1.72 eV

ﬁge LUMO is almost same.

-4.63 eV
¢ > -5.45 eV
i SR - e
p HOMO N ->+
: . . HOMO
-6.94 eV

HoMo Energy of HOMO is lower.
bt Gk

Transition metal affect nucleophilicity of boryl.

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



Electronegativity of metal

The charge population calculated by NBO analysis

species population of M (%) population of B (%)
[Au]—Bpin 43.69 56.31
[Au]—BPh, 43.70 5630 B of electron population
[Cu]—-Bpin 31.02 68.98 — lower
[Cu]-BPh, 30.74 69.26
PIO analysis
Pop (Au) = 0.76e Pop (Au) = O76e Pop (Cu) = 0.55e Pop (Cu) = 0.54e
.- \
Qg Ig(cdgk ):2(;0 | Due to Electronegativity
¢ Q i Cu:1.90 B:2.04 Au:2.54
ﬂ (Pauling)
4{ Electronegative metal loses
]:gwt,\zg 7%—»\& M | nucleophilicity of metal boryl
\1 complex i
Pop (B) = 1.24e Pop (B) = 1.24e Pop (B) = 1.45e Pop (B) = 1.46e '===m=m = — e e e !
(NHC)Au-Bpin (NHC)Au-BPh, (NHC)Cu-Bpin (NHC)Cu-BPh,
B of Popmber of electron)R
— lower

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



Au(NHC)Bpin complex

Reaction with electrophiles

Y o/

[ )>—Cu—Bi
N O/T
\ Electrophiles
EWG OH

o)
EWG | /
Bpin R)\Bpin
N/ oo L X
[N) Au—B_

0/ Lose nucleophilicity

S. P. Nolan, et al. Chem. Commun. 2019, 55, 6799.



Short summary

Y
Ln

B

ISR

Y

(@ Electronegativity
M<B (M: electropositive)
—B gets nucleophilicity

M>B (M: electronegative)
—B loses nucleophilicity

Z. Lin, et al. ACS Catal. 2021, 11, 5061.
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2. Contents: Factors of reactivity of metal boryl complex

2-3. d electrons of metal /Y .
Ln—M—-B A
A\
Y %

-
-
-

~ao -

~a

@ d electrons




Model

Electronegativity (Pauling)
: 2.04 Rh: 2.28 Au: 2.54

(NHC)Au-Bpin ~ (PH,);Rh-Bpin

/

N /O\L H3P O\L
[)>—Au—B\  HgP— Rh B

\ o\  HF 0T\

Isolated as Use as catalyze
(IPr)Au-Bpin (S. P. Nolan, 2019) Rh-Bpin (W. Zhao 2020)

Low reactivity and high stability B exhibits electrophilicity



DFT calculation

(NHC)Au-Bpin .~ (PH;);Rh-Bpin

O=CHPh 9?.(?th
(NHC)AG------$-0 (PH3)3RHA------ é\—o
: o)
— 3¢ » (NHC)Au—0Q MV S (PH3)3Rh—O\
* 5 AGE=56 8 / HPh g & \G:=339 . /CHPh
PhHC=0: Path A pinB PhHC=0; Path A s
. Au-a1 N Rh-a1
EN; oy T X Nucleophilicity: wr,. o, —1 X Nucleophilicity
Au—-B : b n”
| N>_ ’ \O:C Path B PR B\O:t Path B
) \G*=42.3 (NHC)Au—GCHPh i \G*=153  (PH;);Rh—CHPh
. H 33
Au-Bpin m<_’ Rh-Bpin - o)
o0 -/ : PhHCG=
pinB 5 O me/
(NHC)AU------8-Q Au-a2 (PH3)3RR----- B\-O Rh-a2
X Electrophilicity O Electrophilicity

Transition metal affect electrophilicity of boryl.

Z.Lin, etal. ACS Catal. 2021, 11, 5061.



FMO calculation

)
\/? ) - -0.47 eV \ @ P : ! ! -0.58 eV
; LUMO LUMO
- (¥
A.72eV ' a2
J LUMO LUMO is almost same.

Energy

Au B o-bond Rflsg)lvz orbital
Qe . ; | ﬁ 545eV \ ,9 ¢
»_AU_B i HOMO is different.

PH3 /O
H3P—Rh—B
NN
PH3

Have nucleophilicity of d orbital in transition metal
depending on transition metals

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



8 d electrons metal complex

Pt(I), Pd(II), Ir(I),Rh(I)
(Tetracoordination complex of 8 d electrons metal)

—Form square planar complex

d,>

X —y2

P>

\°~-..‘
. —

!
l

dx7 - }’7

https://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s27-05-crystal-field-theory.html



8 d electrons metal complex

A B

planar sp? structure pyramidalized sp® structure -
.-“°Z z ez
Z—Y, P LUMO

5

/\

metal square planar complex

Y=B,Al,Ga Z=H,FC|Br

d,2 orbital of square planar complex (Pt(II ), Ir( I )) has nucleophilicity
showed by natural atomic orbital analysis.

J. V. Burda, et al. Inorg. Chem. 2019, 58, 3616.



Nucleophilicity of transition metal

(PH,);Rh-Bpin

/ Rh d,2 orbital Ph,,
H=—C=0
N '9 » Nucleophilicity )
of metal /O
(PHa) B\o:&

HOMO :
Get electrophilicity

Z. Lin, et al. ACS Catal. 2021, 11, 5061.



Rh boryl complex

Via Rh (I) boryl complex (8 d electrons)

[RhCl{cod)]; (5 mol%) L
MePPh; (30 mol%), B,pin; (3.5 equiv) @ X

HCO,Na (50 mol%), THF (1.5 mL)
50°C,5h 5

( Bpin
- &@\@/Y
Z;I ’
Bpir

59, 86% 5b, 65% 5¢, 75%
Me, 5f, 85% OTBS, 5, 64%

iPr,59,71% OBn,5m,67% M Yoo
Ph,Sh,73% CO,Me, Sn, 58%
F,5,80%  SMe, 50, 76%

Cl5.77%  NMe,, 5p, 78% Me
OH, 5k, 54% Bpin, 5q, 66% S 81%
P SN Bpin Me Me SN Bpin
@V ) o : MeWo' : o
Su, 82% Sv, 44%
5';1!1 .
Bpin NP - Bpin
b | .
MeO Me™ g7 ~Me
Sx, 71% Sy, 78% Sz, 60% 5aa, 45% Sab, 58% Sac, 43%"°

W. Zhao, et al. J. Am. Chem. Soc. 2020, 142, 42, 18118.



Rh boryl complex

O
. OBpin
R/\/Bpln

M
D
A
Bapin, trophilic boryl
or HBpin
Rh-H
H  [RhCi(cod)l, Cycle | OBP'“
R ., . B,pin,, base . Rh-Bpin
‘Bpin 2P B2pin;
or HBpIn
Rh- OBpm
Bpln

Bpln
D C

Rh

W. Zhao, et al. J. Am. Chem. Soc. 2020, 142, 42, 18118.



Pt boryl complex
P

Via Pt (I ) boryl complex (8 d electrons)

B-O
o]
) \s/o\ o Pt(PPh) )_/\
* B-B f . ‘B, 2
— /),‘\O' o) - toluene 20 h 0" 0
1 | )WK
M. Srebnlik, et al. Organometallics. 2001, 20, 18, 3962.
/_\—Beg / egB-Beg
[ Pt—
eductive oxidative
%natlon addx
e e
\ .Beg
U“ﬁo L
N\O/ \ Q/ </

coordination

/

insertion/

Beg /- electrophilic
boryl here!

v

Beg Z. Lin, et al. Organometallics. 2012, 31, 3410.



Short summary

Ln

@ d electrons
8 d electrons metal (square planar complex)

Ph,
H——‘ :O
Nucleophilicity of metal )O
d
(PHa)RA—E :é

Gei electrophilicity

Z.Lin, etal. ACS Catal. 2021, 11, 5061.
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Summary

Reavtivity of metal boryl complex

/‘

Ln M B
AN
: Y

-
-
-
-
-
-
-
~ -
~

-
-
-
-
-
-
-
-

(D Neighboring atoms
Y=N,O, F

Push 1T electron

-
...
-
~,

Stabilized
(Lose electrophilicity)

@ Electronegativity

M<B (M: electropositive)
—B gets nucleophilicity

M>B (M: electronegative)
—B loses nucleophilicity

@ d electrons
8 d electrons metal (square planar complex)

Nucleophilicity of metal

Ph,
H=—C=0

)/O}
N

Gei electrophilicity

(PH3)
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Nucleophilic boryl

Example of nucleophilic boryl

Boryl lithium (K. Nozaki, 2006) Boryl magnesium (K. Nozaki, 2007)
N B B
Ar— ~||3/N\Ar Ar—N o N~
I
Li Mg-
Br- 13- THF
THF
Ar = iPr. iPr
Ar = iPr. iPr
Boryl copper (J. P. Sadighi, 2005) Carben stabulizgd m-boryl anion
' (H. Braunschweig, 2010)
; Ph
/0 ; Ph
lcy-Cu-B_ : N\
o : | Ph
: Ph ;3\ N-Mes
OO LD
N : /N
N N ; Mes
\=/ :



Difficulty of boryl anion

Difficulty @: 6e- structure
A

Jocy

H':.
H*@

6 valence
glggxrgns

H

0
H! .C 2 e N%L, ‘O% @@F%Cﬁ)i

L
satisfy the Octet (8 electrons) rule

Difficulty @: Low electronegativity
—Lower stability for boryl anions
B:2.04 C:2.55 N:3.04 O:3.44 F: 3.98

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.



Difficulty of boryl anion

Difficulty 3: Synthesis (Can’t use base)

of!

B O - 22'\,\'1",‘8\ « @fy the octe@
RoNrg_ g Base : Base
RoN 5 borate anion

O | RgNl-.O%
ANgx — M [ RN"
RoN 5 ~MX .

(X: halogen) | boryl anion

@on of ha@

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.




Design for boryl lithium

Design @

Boryl lithium has a singlet grand state.
H
I H
Singlet 20.0 kcal/mol

Triplet
Design @

Boryl lithium is more stabilized by N than O, F.

(F)
(8)
E)
NBO charges Y -0.99 -1.20 -1.00 -0.61
NBO charges B 0.19 0.36 0.50 0.58
Boron p? occ — 0.30 0.19 0.18

R. Schleyer, Inorg. Chem. 1995, 34, 607.



Design for boryl lithium

Stable carben

Stabilized|-...__
"":III;NL;\N
Ar— \B/ ~Ar
|
A L
::> - iPr

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.



Synthesis of boryl lithium

— 1) Mg —
NN 2) BBra N. N
Ar— ~Ar ——8 = Ar~ ‘B’ ~Ar
1 0°C-RT |
: 56% Br
Ar = 2.6-(I-Pr)2C5H3 2
Li — — =
naphthalene N‘ \N N‘ o ‘N X0 ’ \N
- Ar— ‘B’ R T LUALT YRty Sy ol | ‘B’ ~Ar
THF '
6 h, —45 °C X
= H (quant)

i® 4:X=H
4-D : X =D (82%)
Reduction of halogen borane

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.




X-ray crystallography

Crystal structure of the boryl lithium
with an included DME(1,2-dimethoxyethane) molecule.

<2 N1-B1-Li1 + 2 N2-B1-Li1
= 359.2°
— sp? character of boron center of 3-DME

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.



X-ray crystallography

N B N N & N N g N N g N N B N
e Ar— ~?/ ~Ar | Ar— ~$f Al H™Yg-""H Ar ~('3/ gr Ar= e Ay
i LieDME , @ H CI
4 3-DME 6 8 5
: 1.418(3) 1.465(4) 1.341 1.364
BlorC-N(A) 4 423(3) 1.467(4) 1.475 1.338 1.369
N-B(or C)-N (°)  105.25(16) 99.2(2) 97.72 107.6 101.4
reference this work this work 23 34 34

B-N length and N-B-N angle
« 3-DME is closer to 6 than 4.
« Structural change from 4 to 3-DME is similar to that from 8 to 5.

— Anionic character of boron center of 3-DME

Reference
23: N. Metzler-Nolte, New J. Chem. 1998, 22, 793.

34: R. Schmutzler, et al, Tetrahedron. 1999, 55, 14523.

M. Yamashita, K. Nozaki, et al. Science. 2006, 374, 5796.



