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Background

2013 (Keisuke Takahashi, MR)

Mono-, Bis-, and Tris(phosphine)/Borane-Ligated Complexes
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“PBP” Pincer Ligand-Supported Complexes
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Bidentate Boryl Ligand Rigidgels[i[e3d[e]g

“PBP” pincer ligand vs. bidentate boryl Ligand

N/_P\R2 |'Q L/\N/Q
'5—M (M =Ir, Rh, Pt, Ru, Co, Ni) &N'B JEN
’ / N’ \M R

(M = Ir, Pt)
" /
\ PR, —
PBP pincer ligand bidentate boryl ligand
rigid coordination sphere more flexible coordination sphere
more stable boryl group potentially less stable boryl group
applications in catalysis: many application in catalysis: rare

Mostly borylation




EIGERIENCR T QVNRTERER Examples of Complexes

Reported examples
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By Roper & Wright

By Roper & Wright
Organometallics 2002, 21, 1714.

By Eisenstein & Crabtree
Angew. Chem. Int. Ed. 2000, 39, 948.

Organometallics 1995, 14, 1168.
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By Wesemann,

By Braunschweig,
Chem. Commun. 2014, 50, 2738.

By Braunschweig,
Angew. Chem. Int. Ed. 2006, 45, 8048.

Angew. Chem. Int. Ed. 2005, 44, 5647.

No catalytic reaction developed by above ones




ERNRATCRCLIAYRRCERCN C—H Borylation (Li, 2015)

Inspiration of Ligand

Iridium’s reactivity towards B—B bond

. . Bpin
Bopin; Bopin; -
Ir—X » |[r—Bpin > Ilr—Bpin

Bpin

Synthesis of N,B-bidentate Ligand (via B—B activation)

X &
H NN .N’Q
N, N [Ir(cod)Cl]» I | BN
'B_B:N:© hexane, 70 °C - N-E Ir"‘\
H Ay =
N\_/ Complexation via B-B activation

J. Am. Chem. Soc. 2015, 137, 8058.




ERNRATCRCLIAYRRCERCN C—H Borylation (Li, 2015)

Comparison with tmphen Ligand

1 mol% [Ir(OMe)(COD)],
2 mol% 1 or tmphen

Ar—H ' _ > Ar—Bpin
1.0 equiv. Bypin,
4 CPME, 100 °C 5
Preligand 1 tmphen
Product
Conv. (%)" | Yield (%)" Conv. (%)* | Yield (%)

MeO

Bpin 98 98 (95) 94 81(78)
MeO 5a
MEzN

Bpin 94 94 (93) 50 50 (49)
MezN 5b

J. Am. Chem. Soc. 2015, 137, 8058.




ERNRATCNCLIARNELN Directed C—H Borylation (Li, 2017)

Synthesis of Complex (via B—Si activation)

FN | 7% N/\NH
N NH NH, ?(N’Prz)z XN N‘B’NH [IrCl(cod)], B’
| SiPhMe,(?) || . 0.5equiv. /IS | |
N 2N SiPhMe, 0 NI
V/ | /
Cl
1a: R=H, 7 =ortho-phenylene 3a78% 4a 85%
1b: R=H, —=1,8-naphthydiyl 3b 92% 4b 78%
1c: R=OMe, ™ =1,8-naphthydiyl 3¢ 91%
; ZNH | | LN
| N N\E/ | N N\B,NH | T E
_N _N H 2
OMe
3a 3b 3c

J. Am. Chem. Soc. 2015, 139, 91.




ERNRATCNCLIARNELN Directed C—H Borylation (Li, 2017)

Optimization of conditions

2 mol% [Ir] and ligand BN Cin

i N CO,;Me : - CO,Me COzMe
\ N‘B’NH (IrClicod), N, g-NH ©/ 1 equiv. B,pin, _ ©/ . @[
0.5equiv. »/~I[SI | | n-hexane, 80°C , 8 h Bpin

| ]
N Ir
== BIEIMeF—— /N"| 5a 6a 6a’

R
6 conv. Ratio of
gab 57;20//(; :ab 3222 entry precatalyst (%)? yield (%) o/(m + p)°
3¢ 91% 1 3a/[Ir(OMe) 89 4 (6a) 5:95 ‘
JRE, P morfhoshienyt (COd)]12 p Negative selectivity
Lo o el [T ‘
¢: R=OMe, — =1,8-naphthydiyl complex 7a ,
4  3b/[Ir(OMe) S8 36 (6a) + 4 (6a’) 69:31
(cod)],
5 3b/ [IrCl(cod)], 22 19 (6a) + 1 (6a’) 91:9
Q 6  complex 4b 43 35 (6a) + 3 (6a’) 91:9
NH NGLN 7 3c/[IrCl(cod)], 84 70 (6a) + 13 >99:1
| N N\Ez | N N\B,NH | ! H (63,)
2N NP 8  3c/[Ir(OMe) 20 7 (6a) 35:65
OMe (Cod]2
3a 3b 3c

“Reaction conditions: methyl benzoate Sa (0.5 mmol), B,pin, (0.5
mmol), [Ir(X) (cod)], (0.005 mmol), preligand (0.01 mmol) or
complex (0.01 mmol) in 1.0 mL of n- hexane, 80 °C, 8 h.
PConversions, yields, and ratio were based on 'H NMR analyses of
the crude products with Sa as the limiting reagent.

J. Am. Chem. Soc. 2015, 139, 91.




ERNRATCNCLIARNELN Directed C—H Borylation (Li, 2017)

Compatibility

DG

o
@

1-2 mol% [IrCl(cod)],

2-4 mol% 3c

Bpin

“
\/\
R

7

1-2.5 equiv. Bopin,

[+ 7
L
(o]
o

1 mol% [IrCl(cod)], 2
R COR® ) ol 3c ol COZR iICOZRz
X 1.0 equiv. Bypiny \ Bpin Boin
8 n-hexane, 80°C, 820h ¢ o 6a"6p" P
CO,R R = Me, 6a, 68% (70%), 6a', (13%) zEt
Bpin R = Et, 6b, 70% (72%), 6b", (12%) Bpin
R ='Pr, 6¢, 75% (77%), 6¢', (8%)
R = 'Bu, 6d, 78% (90%), 6d", (0)
6p, 97%
CO,R R = Me, X = 6-OMe, 6e, 95% ,
s\ -Bpin R =Me, X =6-Me, 6f, 98% N COZPr
| R = Me, X = 6-Cl, 6g, 98% \
5x/ 7 R = Me, X = 6-Ph, 6h, 96% Boin

@O

Bpm
9a, 70% (88%)

R = Et, X = 6-F, 6i, 95%
R = Me, X = 4-F, 6-Cl, 6j, 95%°
R = Me, X = 5-Me, 6k, 91%
R = Me, X = 5-CF3, 61, 93%

MeO
Ad 6q-a 25% + 6q-p3, 62%

Bpin =
R = Me, X = 4-Me, 6m, 70% =

A

9b, 71% (78%)

Bpin
9¢, 80% (85%)

X = H, 8a, (72%"),
OAc phenol 8a', 68%
X Bpin X = CF5 8b, (94%")
phenol 8b', 88%
X = Me, 8¢, 83%
X = OMe, 8d, 75%

OCONEt,

8k, 76%

CONMez
Bpin

81, 47%

X O

pin

X = Me, 80, 89%
X =OMe, 8p, 78%

NMe,

Bpin Bpin Y.

Bpin

8aa, 81%

J.Am.

8q, 67%

OCONR;
6 X\ Bpin

X
5 \F
4

= Et, 8f, 78%

,R = Et, 8g, 91%

I, R = Et, 8h, 91%
Fa, R = Et, 8i, 70%
e, R = Et, 8j, 51%

I\IAe
O~ _N__O

Me, 8e, 47%
Et,

XX XX XX
oo
POPOTT
zoom;u,U

CONMe2

8m, 68% 8n, 91%
/

Bpln ©/Bpln

8r, 67%° X =C, 8s, 58%°
X =0, 8t, 68%°

X =H,Y =Bpin, 8v, 80%

X = OMe, Y = Bpin, 8w, 94%¢
X =0OMe, Y =H, 8x, 65%

X =CFs, Y =H, 8y, 73%

COzMe

cagaat;

CONEt,

_NOMe
Bpin

(I)Me
Me /N
X = H, 8ab, di-, 90%
Bpin X = 5.F, 8ac, di-, 92%
X = 4-CF3, 8ad, di-, 92%

Bpin

Chem. Soc. 2015, 139, 91.




ERNEAACRETIRRNENRRR Asymmetric C—H Borylation (Li, 2021)

Synthesis of chiral ligand

o0 1) (R)-tert-butyl- o)
EtO,C sulﬂnamlde> Et0,C .
p 2 2) HCI o5
EtO,C EtO,C
(£)-3 (+)-3
Rl
' S B(N’Pr2)2
1) R2C(OM€)2 o N N/ SlPhMe2
2) o-nitroaniline, NH,, H
Pd cat.
0 0O
3) Hp, Pd/C
? R><R

1) NH,OH s
2) Fe, Ac,0 o Cl N
3) POCl,, DMF
4) DIBAL-H OH OH
(+)-4
[Sl]
R R

PL2-1:R=Me;R'=H

PL2-2: R=Bn;R'=H

PL2-3: R=Ph;R'=H

PL2-4: R = 3,5-Bu,-CgH3; R'= H
PL2-5: R = Ph, R' = OMe;

ACS Catal. 2021, 11, 7339.




ERNEAACRETIRRNENRRR Asymmetric C—H Borylation (Li, 2021)

Ligand optimization

s O
[Ir(OMe)(cod)], 3 mol%
N PL2 7 mol% :/ N Bpin
O O B,pin,, n-hexane, 60 °C
1a 2a
2 2 b c “Unless otherwise noted, all of the reactions were carried out with 1a
n ligan 1d (9 9 )
entry 82 d ne d (K)) ee (A)) (0.1 mmol), [Ir(OMe)(cod)], (0.003 mmol), PL (0.007 mmol), and
1 PL2-1 85 45 B,pin, (0.15 mmol) in n-hexane (1.0 mL) at 60 °C for 6 h. Yield of
2a was determined by 'H NMR using 1,3,5-trimethoxybenzene as the
2 PL2-2 79 62 internal standard. “After an oxidative workup, the corresponding
phenol was isolated and the enantiomeric excess was determined by
3 PL2-3 89 84 HPLC on a chiral AD-H column. “The reaction was carried out in a
4 PL2-4 92 83 solven(t mi)xture containing n-hexane and 2-MeTHF (5:1, v/v).
[IrCl(cod)], was used.
S PL2-5 54 83
d
6 PL2-3 93 94
R
e
7 PL2-3 58 76 . o~
8 PL3 86 35 N"N
HN—B_
9 PL4 79 6 [Si 050
10 PLS 83 =S R R
11 PL6 70 10 PL2-1:R=Me; R'=H
. PL2-2: R=Bn;R'=H
12 PL7 EECULow yield PL23: R = Ph; R'= H
13 PLS trace PL2-4: R = 3,5-Buy-CgHj; R' = H
PL2-5: R = Ph, R'= OMe;
M
e\ Me o
» L) JBu @*N\N’ 0 Q\‘\/ @\\\,
@N N* @N N HN—B o NN 1o N"TNT e
HN—B HN-B OMe \[Si] v HNTBL Oy HN-B S
‘s Me Me \Isi] o 51 g et [Si]
PL3 PL4 PL5 PL6 PL7 PL8

ACS Catal. 2021, 11, 7339.




ERNRAT RN RERN Asymmetric C—H Borylation (Li, 2021)

Compatibility

Boping,
[Ir(cod)(OMe)],, PL2-3

n-hexane/2-MeTHF (5:1)

! NaBOg, [~ 2X=Bpin — ¢ )
THF/H;0 =7 X =0H® | MeOH/H,O
8 X=CI¢
| X 7a R =H, 82% yield, 94% ee; 7f R = Ph, 92% yield, 96% ee;
_N OH 7b R = Me, 86% yield, 89% ee; 7g R=F, 88% yield, 90% ee;

: 7¢ R = t-Bu, 85% yield, 88% ee;  7h R = Cl, 89% yield, 83% ee;
7d R = OPh, 85% yield, 95% ee;  7i R = Br, 85% yield, 89% ee;
7e R = OCF;3, 82% yield, 82% ee; 7j R = CF3, 90% yield, 88% ee;
R R SN
A A | ~ | N
N N ¢ Z" ¢l

PN 7k R = Me, 73% yield, 86% ee; & |

2" OH 71 R = Cl, 87% yield, 94% ee; OH 2N on ‘ 0 O
Me Me® Sl OMe  OMe
e

. 7m R = Br, 80% yield, 89% ee; .
O O 7n R = CF;, 80% vyield, 91% ee; O
70 R = Ph, 81% yield, 89% ee; Me
R R Me

M 7t 81% yield, 48% ee 8a 77% yield, 94% ee 8b 78% yield, 88% ee
7p 76% yield, 90% ee
@ O
MeO
[ 2N ¢ 2N ¢
ZN : :
=L ’ ‘ O
O O MeO OMe MeO OMe o
Me Me OMe OMe
7q 74% yield, 91% ee 7r 92% yield, 90% ee 7s 90% vyield, 85% ee 8c 76% yield, 94% ee 8d 74% yield, 90% ee 2b 34% yield, 94% ee

ACS Catal. 2021, 11, 7339.



ERNRAT RN RERN Asymmetric C—H Borylation (Li, 2021)

TS for C—H activation step

a)

TS-S,,:: most feasible

TS-S;, 0.0 kcal/mol TS-R;, +4.2 kcal/mol TS-Syyt -1.8 kecal/mol

b)
TS-Sin

. : Very similar parameters
J\ P Hd ® R Ir-H length

£ Ir-C1 length

Ir-H 1.6355

Ir-H 1.6392
Ir-C1 2.1881 Ir-C1 2.1980
C1-H 1.6426 C1-H 1.6720

£C2-C3-C4 11521 £C2-C3-C4  121.48 Different parameters

Cl1-H length
V. Ts'sout Ts'Rout
JC)—A ¢ fﬂ\ ) +C2-C3-C4
o
\
IrH 1.6377 e Ir-H 1.6416 -
Ir-C1 2.1896 Ir-C1 2.1860
ol N g g ACS Catal. 2021, 11, 7339.




ERNRAT RN RERN Asymmetric C—H Borylation (Li, 2021)

TS-S,,i: A weak interaction

TS-S,,t -1.8 kcal/mol L &)

TS-Sout front view N 1y TS8-Syt side view

ACS Catal. 2021, 11, 7339.




ERN AT RN NERN Asymmetric C—H Borylation (Ke & Xu, 2019)

Introduction
A: Asymmetric C(sp?)-H Activation Borylation (Shi, Hartwig): Relay-directed

chiral dinitrogen B /k
SiMe,H ligand pin SIMGQH B, \‘:I’I Ph
N—Ir—
N B = Bpin

B: Ir-catalyzed C(sp2)-H Borylation Using Chiral Boryl Ligand (This Work): Chelate-directed

Bpin NR, R'=R" NR, R # R" Bpin NR,

N N = L/Ir, Bopin, N N L/Ir, Bopin, s N
R | R desymmetrization R | 2R " kinetic . R | IR
Z & F Z resolution Z Z

In-situ generation of active species

I\ 7
_ Ph
Ph N szinz = N \N
w N [Ir(cod)Cll; _(\. | O
): B—SiMe,Ph > PR B, L
N /Ilr\EI

THF, 80 °C
Ph Ar Bpln
Ar Complexation via B-Si & B-B activation Bpin

J. Am. Chem. Soc. 2019, 141, 5334.




ERN AT RN NERN Asymmetric C—H Borylation (Ke & Xu, 2019)

Computational study on mechanism

AG/AH FE T#
(kcal/mol) B-
N ¢ NB, ] ~°
— IV pathway O [ fB—'Ir'\ B -
NN
— I pathway Lo ?‘jH ©\ NoH, ph @\
— B-B addition pathway ENfBilir"\/Q N ? = = l = N 5\)@
N N B—Ir. B—Ir
i Cy gj\Ni: 5321308  |on N .
- 1 RN 2 N yHz P —_— UHz
X " TSg\ N =
. 45.2/27.7 B A
[N'B%Ilr:’l-l' /’E\\‘*{ e \,, ‘:--——%-2-—'0/3?.1
NN J 0 Ta180280. s T
z |H2 Ph ,, |M4 \\‘ N
L S o J \\\
22.4/5. ;
S e /19.5/1.9 \
S TSy NA7.8-10 . -— \
Q 8, et TN 16.513.4
B (el ; IM; _ 5 13.8/-4.4.-—" ‘TSz,
[N'BB"’Ilr—El NN * il k 3
B= N ) X L \
| =z 2 Ph A IM \ e
= / I:N,B4|;r\ Wz IM;
0.0/0.0 ¥ 0.2/-14.4 NN -
"7 RC By | LRI pas “PC;
Cat-s [N'Bﬁ||r N
NN B NB,3/ [N.B—'Ilr'"'p 1ot
2NSH, Ph - B=| N H ool B
U 2 EN_éEfil\r/ EN. A:‘/NQ \ENJHZ Pn | s g S p
A Notb, P LS 4 U N_N"pn
N<H, Ph S YA lk:
U : NN pn X
X . | Ho

J. Am. Chem. Soc. 2019, 141, 5334.




ERN AT RN NERN Asymmetric C—H Borylation (Ke & Xu, 2019)

Proposed mechanism

18

Ms,.
Io,) ‘
Vil SIrE j,
— |rY/!l pathway N/ \\B N7

— Ir'" pathway | e

— B-B addition pathway F

J. Am. Chem. Soc. 2019, 141, 5334.




ERN AT RN NERN Asymmetric C—H Borylation (Ke & Xu, 2019)

Asymmetric C—H borylation of cyclopropanes

A: Catalytic asymmetric cyclopropanation of alkenes

R' R
/=§_ L*/Cu : L*/Cu Bpin
R LG Bopiny R\\-AB - © N,CHR' "
R =H P R' = CO,Et

B: Catalytic Asymmetric transformations of cyclopropenes and cyclopropanes

; R, R
R, R LRhorlycu_ R R LvPd(l) g
A & lepinz, O

HBpin or B,Pin, H H
....................... \ R = H, R'= CONHArF
i The yield of the ring-opening
F by-product is comparable
CONRAr | to that of cyclopropylboronate

_______________________ J

R = aryl, alkyl .
R' = alkyl, ester :

C: Iridium-catalyzed C(sp®)-H borylation of cyclopropanes (this work)

o (L. Ph, Ph
R, ,CONRR" L/[IrCl(cod)], R, LCONRR" |L: N
A i - ,5 N. _N
H H szlnz pinB / N ?
/NPh,SiMez
RJ

M Single diastereomers M No ring-opening by-products *
M High enantioselectivities ¥/ Useful synthons

J. Am. Chem. Soc. 2019, 141, 10599.




ERN AT RN NERN Asymmetric C—H Borylation (Ke & Xu, 2019)

Proposed mechanism

B = Bpin plausible models for i-Pr

o the explanation of j-Pr
*(N_ : simplified ligand structure the stereochemistry:

wﬁz/lH A O

3 s
L7 Y B\l % Ph ;
[Ir(cod)Cl],| 1aa N— " : Rh— I/'” B
i Y ) r— 5
B2pin, l INT3 \o NE2 _ oxidative i BN\ /| Bu
B addition ! O g
INT2 ;
i (1R,2S)-INT2 (disfavored)
* B * B = :
\?m N_\”v Ph ! Vs
N \;B H| \O/ NEt, | j-Pr
B i i-Pr
INT1 INT3 E
reductive E
HBpin . B\? elimination E : | W O
N_lr“I H 2aa E Ph—s /r”l-B -
B,pin, | BN\ / R
3 | Op
INT4 !

(1S,2R)-INT2 (favored)

J. Am. Chem. Soc. 2019, 141, 10599.




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Regio- and enantioselective C—H borylation of sulfoximine

Silyl Silyl CBL:
O _N CBL/Ir \\ _N Bpin

\‘\S’ .
OB L. G
39 examples

up to 96% ee 1
[l non-annulated chiral sulfoximines [V high enantioselectivities bulky side arm enhances
[ broad substrate scope [V useful synthetic platform regio- and enantioselectivity

Challenges on the substrate

D: C-H activation that leads to non-annulated chiral sulfoximines (this work)

Challenges Our Work
P ' _ _ . DG s||y| Silyl FG' '
| allenge | relative weak interaction "‘H’@ CBL/Ir O\\//N Bpin O\\/,N FG2

SécN with metal: low reactivity ;],\ H = - — o .
B.,, | ..Bpin ‘ ‘ 2Pin, @ @ @ :
Challenge Il * Ira '
© @ competitive site-selectivity Bl L) N~ é \solv (or sub) i

pin :
solv: solvent; sub: substrate S ,/— bulky side arm

Challenge IlI: O and N competitive coordination fades chiral induction non-annulated chiral sulfoximines

PG
H\© | B
k o4 N\\ /p

Ph

broad substrate scope

) / |
v
PG H-_ ! Y Nyl N
B o Re ) % A Eli \Q M high enantioselectivities
\ |
|

v o/ Y - AN N v j
BB 3 — S, ' S <— (B, B SiMe; functionalizable both N-Silyl and C-Bpi
AT / - \ i - -bBpin
* N’Ilr\N/|s|‘Ph Ph/ @ : © \Ph * Nllr\O/S\Ph a seful synthons ’
B,LO ! B N CBL with a bulky side arm REISE
opposite configurations PG (Ar = 3,5-t-Buy-CgHa)

Angew. Chem. Int. Ed. 2023, 62, €202217130.




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Ligand optimization

BS Ar p
\\ /N
2
©®Bwo @ O @
/N
TBS o IBS _SiMe, s|Me2

0,
0, /N CBL (5 mol%) ) N Bpin

g [IrCl(cod)], (2.5 mol%) s”
©‘ e Y TBS CB'-1 CBL3: R = R? = Me, Ar = Ph
i QN CBL4: R'=R2 = Me, Ar = 3,5-Me,CgHs

o S CBL5: R1 R2 = Me, Ar = 3,5-t-Bu,CgHs
1aa 2aa / \2 N \Q CBL6: R'=H, R? = Me, Ar = 3,5-t-Bu,CgHs
R1= 2 _ = 4
] Bp|n /N SIMez CBL7:R'=H,R = Et, Ar = 3,5-t BU2CGH3

4a Ph” CBL8: R'=H, R? = j-Pr, Ar = 3,5-t-Bu,CgHs
CBL2 CBL9: R'=H, R? = t-Bu, Ar = 3,5-t-Bu,CgHs
rr = 2aa/3aa+4aa
Entry!® CBL ! Yield [96]" ee [%]
1 CBL1 81:19 60 —26
2 CBL2 19 66
3 CBL3 69:31 52 66
4 CBL4 83:17 63 83
5 CBL5 54:46 4] 91
6 CBL6 61:39 50 91
7 CBL7?7 71:29 56 91
8 CBL3 81:19 64 90
9 CBL9 62:38 51 82
10t CBLS 95:5 74 89
111 CBL8 88:12 65 90
1208l CBLS 96:4 79 93

[a] Unless otherwise noted, all the reactions were carried out with Taa (0.20 mmol), B,pin, (0.30 mmol), CBL (0.01 mmol), and [IrCl(cod)],
(0.005 mmol) in THF (2.0 mL) at 80°C for 24 h. [b] The rr values were determined by gas chromatography (GC) analysis. [c] Isolated yield of 2aa.
[d] Enantiomeric excess (ee) was determined by HPLC on a chiral stationary IC column. [e] n-hexane (2.0 mL) as the solvent. [f] [Ir(OMe) (cod)], in
lieu of [IrCl(cod)],. [g] The reaction was carried out at 60 °C for 36 h.

Angew. Chem. Int. Ed. 2023, 62, €202217130.




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Optimized ligand (CBLS8)

Side arms on pyridine clearly show steric effect

congested environment around

oyridine =77y bulky side arm

9 s o A ?&N‘ - ’ § : s
Wy R .
Y g e e { 2 NN N
Ly | W2 wnal/ N N i @
o {\ Dt /i . Ph i-Pr
—>\< I/ |I| CBL with a bulky side arm
\\ : @5 (Al" = 3,5-t'BU2'C6H3)
*d
/\/

Angew. Chem. Int. Ed. 2023, 62, €202217130.




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Computational study

(o2a |
B
AG (kcal/mol) B,l¢

—Ir--;:

C (B, 7
o ph Nj!lr_;::B
JEN
; Ll . N-TS1g-trans 4 »S. TBS
S, - O ph -
. 5.7
(|)| “ 4.7 i 4.5 Bopin,
s N-IM2g-trans™-.. A N TR ArANE s T s
0.0 TBS\N//S\Ph LT’B R e 04 N-TSZR-trans N-IM4g-trans .. 0.2
Bat & o Nt?llr—B * B? N-IM3g-trans * ?H HBpin Cat.+ 2aa
\\\ '/ - 2N * B”' &
. 6.9/ N-TBS N—Ir—H B N—IF
~— = C | B | H B |
N-IM1g-trans d Ph ICN N—Ir-B ¢ N
///S’/ \TBS C/ \ i \TBS
O Ph &N Y "Ph
.S, TBS
O Ph
, L s
N7 —Ir B —Ir—
Cat.

A

C(sp?)-B formation ;I
Angew. Chem. Int. Ed. 2023, 62, €202217130.

= C(sp?)-H activation -




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Discussion on TS1 (OA of C—H bond is the enantio-determining step)
Selectivity on 1) N-/O-atom; 2) trans-/cis- of C/B; 3) R/S of sulfoximine

N-TS1g-trans
AAG: 0.0 kcal/mol
Ir-B: 2.083
Ir-C: 2.214
Ir-H: 1.618
Ir-N': 2.527
B'-H: 1.899
C-H: 1.523

O-TS1R-trans
AAG: 8.8 kcal/mol
Ir-B': 2.081
Ir-C: 2.265
Ir-H: 1.630
Ir-O: 2.364
B'-H: 1.874
C-H: 1.439

N-TS1-cis
AAG: 8.3 kcal/mol
Ir-B': 2.078
Ir-C: 2.212
Ir-H: 1.618
Ir-N': 2.625
B'-H: 1.899
C-H: 1.539

O-TS1R-cis
AAG: 3.8 kcal/mol
Ir-B': 2.080
Ir-C: 2.189
Ir-H: 1.618
Ir-O: 2.448
B'-H: 1.813
C-H: 1.597

AAG: 9.5 keal/mo

O-TS1g-trans
AAG: 2.4 kcal/mol

N-TS1g-trans

Ir-B': 2.087
Ir-C: 2.212
Ir-H: 1.625
Ir-N': 2.720
B'-H: 1.971
C-H: 1.488

Ir-B': 2.075
Ir-C: 2.229
Ir-H: 1.627
Ir-O: 2.376
B'-H: 1.850
C-H: 1.522

N-TS1g-cis
AAG: 2.0 kcal/mol
Ir-B': 2.078
Ir-C: 2.191
Ir-H: 1.618
I-N': 2.519
B'-H: 1.866
C-H: 1.612

Ph Ph
7—;“ Me
Me
N‘B’N
1B .
/N;II_;\:‘/B

O-TS15-cis
AAG: 3.4 kcal/mol
Ir-B": 2.071
Ir-C: 2.156
Ir-H: 1.614
Ir-O: 2.376
B'-H: 1.814
C-H: 1.619

Angew. Chem. Int. Ed. 2023, 62, €202217130.




ERNRAT NI NGERN Asymmetric C—H Borylation (Ke & Xu, 2023)

Discussion on ortho- and para-borylation
Selectivity on 1) N-/O-atom; 2) trans-/cis- of C/B; 3) R/S of sulfoximine

4-N-TS1-trans
AAG: 2.7 kcal/mol _

3-N-TS1g-trans
AAG: 3.2 kcal/mol

Ir-B": 2.060 Ir-B': 2.057
Ir-C: 2.159 Ir-C: 2.209
Ir-H: 1.629 Ir-H: 1.610
B'-H: 1.933 B'-H: 1.960
C-H: 1.597 C-H: 1.503

Angew. Chem. Int. Ed. 2023, 62, €202217130.




ERSEA AN LIGURNGERE Ethylene Polymerization (Nozaki, 2022)

B,P-type ligand-supported Ni complex (Nozaki, 2022)

Angew. Chem. Int. Ed. 2022, 61, €202111691.

B,P-type ligand-supported Ir complexes (Nozaki, 2022)

PPh; ~ |BARF24 ~ |BARF24
G | .co . @
P—_Ir_H P——Ir uH

7|

iPr
5 T
N~

[

Pr
N
N~

neutral cationic cationic

Organometallics 2022, 41, 1063.




Conclusion

Flexible coordination
Nature of bidentate ligand enables various stereo structures, where the

rational choice of substituent could direct the reaction process selectively.

Limited reaction variety
Most developed examples were C—H borylation (racemic of enantioselective
borylation).

More catalytic applications are expected.
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