Literature Report Il

Catalytic Regio- and Enantioselective
Boracarboxylation of Arylalkenes with CO, and Diboron

Reporter: Kai Xue
Checker: Jian Chen
Date: 2024-03-18

Zhang, S.; Li, L.; Li, D.; Zhou, Y.-Y,; Tang, Y.* J. Am. Chem. Soc. 2024, 146, 2888



CV of Prof. Tang Yong

Research:
» Asymmetric Catalysis

Background:
O 1982-1986 B.S., Sichuan Normal University

O 1990-1993 M.S., SIOC (Prof. Huang Yao-Tseng)
O 1993-1996 Ph.D., SIOC (Prof. Dai Li-Xin)

O 1996-1996 Associate Professor, SIOC

O 1996-1997 Postdoc., Colorado State University
O 1997-1999 Postdoc., Georgetown University

O 1999-now Professor, SIOC

» Design, Synthesis and Application of Olefin Polymerization Catalysts

» Total Synthesis of Natural Products




Contents

Introduction




Introduction

CO,H

MeO I I

Naproxen
NSAID

Amoxicillin
Antibiotic

N

CO,H
Oﬁ oH

Oxivent

Ibuprofen
NSAID Anticholinergic
OH
O
HO,C
N / o
NT Xy—3S
S 4
N—N /
Me HN
Cefpiramide Me
Antibiotic

Zhang, S.; Li, L.; Li, D.; Zhou, Y.-Y.; Tang, Y.* J. Am. Chem. Soc. 2024, 146, 2888




Introduction

< L“Ni aq. HCI
. i N
L oY, COOH
H

L . cO
[Ni(cod)y] ———  [LoNi] ———2  »
N
LT \C/
— LNl
/\ \ l
- N\ ! § 2t
L,Ni 2 I Lo '\O/(';\ COOH
0=, "o H
0
co, 7 |
———— LNi- i

Hoberg, H.; Schaefer, S.; Burkhart, G.; Romao, M.* J. J. Organomet. Chem. 1984, 266, 203




Introduction

2a

Nickel catalyst

S~AF PPh; (2 equiv. to Nickel)

TsN ™ TSN
A N CO, (1 atm), Et,Zn (4.5 eq.) S
THF, 0 °C
1a then CH2N2

catalyst = Ni(cod), (20 mol%) or Ni(acac), (5 mol%)

CO2ant

TsN

CO,
TsN

A TsN
H2C=CH2

Takimoto, M.; Mori, M.* J. Am. Chem. Soc. 2002, 124, 10008
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Ni(acac), (10 mol%)
(S)-MeO-MOP (20 mol%)

] l PPh,

(R)-BINAP
52% yield, 12% ee

N  PPh,

(S)-PHOX
38% vyield, 15% ee

CO, (1 atm), R,Zn (4.5 eq.)

then CH2N2

Me
Fe Pph,

@Pth

(S)-(R)-BPPFA
62% yield, 11% ee

NMez

(S)-(R)-PPFA
66% yield, 43% ee

L

TsN

X,
Oy~ PPh,

PPh,

(R,R)-DIOP

75% vyield, 55% ee

8 examples
up to >99% yield
90-95% ee

PPh,

(S)-NMDPP
67% yield, 3% ee

\

(S)-MeO-MOP
71% yield, 93% ee
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J/

Takimoto, M.; Nakamura, Y.; Mori, M.* 3. Am. Chem. Soc. 2004, 126, 5956
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Ni(acac), (10 mol%)

T N/\/\/ (S)-MeO-MOP (20 mol%) 8 examples
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A N CO, (1atm), R,Zn (4.5eq.) TSN pgo-gs%oe{e
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CO,H
N [RhCl(cod)], cat. (5 mol%) . | N
R':— CO; (1 atm), ZnEt; (1.2 €q.) R
% DMF, 0 °C Z
18 examples
up to 91% yield
COzR Rh cat.* (10 mol%) ROC, COH
AgSbFg (10 mol?
N gSbFe (10 mol%)
R CO, (1 atm), ZnEt, (1.2 eq.) R'——
= DMF, 0 °C

12 examples
up to 69% yield
42-66% ee

Kawashima, S.; Aikawa, K.; Mikami, K.* Eur. J. Org. Chem. 2016, 19, 3166
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Cu(OAc), (5 mol%) CH,OH

X (R)-DTBM-SEGPHOS (6 mol%) _ 24 examples
CO, (1 atm), (Et0);SiH (8.0 eq.) up to 96% vyield
82-99% ee
Cyclohexane (0.2 M)
CsOAc (1.0 eq.), 60 °C

then NH4F workup

N Cu(OAC);, (2 mol%) 9 examples
X (R)-DTBM-SEGPHOS (2.2 mol%) up to 91% yield
CO, (1 atm), Me(Me0),SiH (10.0 eq.) 80-94% ee

Cyclohexane (0.1 M), rt
then NH4F workup

Gui, Y.-Y.; Hu, N.; Chen, X.-W.; Yu, D.-G.* J. Am. Chem. Soc. 2017, 139, 17011
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Gui, Y.-Y.; Hu, N.; Chen, X.-W.; Yu, D.-G.* J. Am. Chem. Soc. 2017, 139, 17011
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Introduction

Cu(OACc), (5 mol%)

(S,S)-Ph-BPE (6 mol%) _ @ cH:0H 54 examples
XX CO, (1 atm), Me(MeO),SiH (8 eq.) .A/\/. up to 90% yield
CyH (0.2 M), 60 °C 76-99.5% ee
then NH,;F/MeOH workup

Me, CHZOH _NHiFIMeOH  Me, CH,OSIR; L*Cu(OAc), Me
R,SiH )\/\
\Vj L*CuH
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R,SiH

Me, CH,OCuL*

A/\ L*Cu H
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ti
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— Ph CO;
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Chen, X.-W.; Zhu, L.; Gui, Y.-Y.; Yu, D.-G.* J. Am. Chem. Soc. 2019, 141, 18825

13



Project Synopsis

Cu-catalyzed Asymmetric Boracarboxylation of Olefins with CO,

| + C02 + Bz(pin)z —Cu*

N

oﬁ _OH
T 0O

(S)-Scopolamine

HO% _OH
T 0

(S)-Anisodamine

B(pin)

e

(S)-Tropicamide
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Optimization of the Reaction Conditions

CuCl, L*, base CO "
lvent, T, 72 h 2vle . .
X\ + CO, + By(pin), —b L B(pin) + xB(pin)
Ph” X 2 2(pin), o TMSCHN2 h/\/B(pln) * o NS N Y
1 1a 1b 1c
Ph, Ph O Me O
\N Et Me N N
i N —
\%N F \( \>-‘Ph D\ N \/ ! N\)—Ph
l] BF4 Bu PPh, N 4 Bn o Mes Mes/ V@ H
2 Ph BE, BF © Pn

4 Et BF,

L3 L4 L5 L6-(S,S)

Entry2 L Base Solvent Yield (%)° (1a/1b/1c) Ee (%) (1a)°

1 L1 NaO'Bu THF 96/0/0 18
2 L2 NaO'Bu THF 99/0/0 13
3 L3 NaO'Bu THF 23/45/0 -40
4 L4 NaO'Bu THF 43/5/0 35
5 L5 NaO'Bu THF 93/7/0 -40
6 L6-(S,S) NaO'Bu THF 93/<5/0 79

a1 (0.25 mmol), B,(pin), (0.375 mmol), base (0.50 mmol), CuCl (10 mol%), ligand (11 mol%), solvent (4 mL), 1 atm of CO,, ambient temperature, 72
h. bYields of 1a, 1b, and 1c determined by 1H NMR. cee of 1a determined by HPLC. 9Reaction temperature = =10 °C; reaction time = 96 h.
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Optimization of the Reaction Conditions

CuCl, L*, base N
o\ + CO, + Byfpin), —ee L 120 %OZMeB | /\)‘Ph
then TMSCHN, 5, ~~_~B(FN) Mes/N\?(qu)
1 1a . Ph
L6-(S,S)

Entry2 L Base Solvent Yield (%)° (1a/1b/1c) Ee (%) (1a)°
7 L6-(S,S) NaO'Bu Et,0 18/14/<5 85
8 L6-(S,S) NaO'Bu Pr,0 24/14/0 84
9 L6-(S,S) LiO'Bu THF <5/0/0 /
10 L6-(S,S) KO'Bu THF 53/<5/0 39
11 L6-(S,S) NaOtAm THF 88/<5/0 79
12 L6-(S,S) NaOEt THF 43/56/0 85
13 L6-(S,S) NaOCH,'Bu THF 75(74)/25/0 90
144 L6-(S,S) NaOCH,'Bu THF 70(70)/30/0 92
154 L6-(S,S) NaOCH,'Bu THF 72(70)/28/0 -91

a1 (0.25 mmol), B,(pin), (0.375 mmol), base (0.50 mmol), CuCl (10 mol%), ligand (11 mol%), solvent (4 mL), 1 atm of CO,, ambient temperature, 72

h. bYields of 1a, 1b, and 1c determined by 1H NMR. cee of 1a determined by HPLC. 9Reaction temperature = =10 °C; reaction time = 96 h.




Cu-Catalyzed Boracarboxylation of Styrenes

CuClI (10 mol%)

L6-(S,S) (11 mol% TMSCHN CO,Me
A X + CO, + By(pin), (5,5} ) > 2 > ;\/
NaOCH,Bu MeOH, DCM B(pin)
THF, -10 °C, 96 h 2h
CO;Me CO,Me
COzMe p|n pln
B(pin) )\/@/\/
MeO,C
R
9a, 65%, 94% ee 10a, 72%, -93% ee

1a, R=H, 70%, 92% ee
2a, R = Me, 87%, -92% ee COsMe CO,Me

3a, R =Bu, 71%, 93% ee B(pin) B(pin)
4a, R = OMe, 86%, 95% ee
5a, R = OPh, 52%, -92% ee

MeO

6a, R=F, 63%, 92% ee

7a, R = OAc, 53%, 90% ee

8a, R = SMe, 63%, -88% ee 11a, 65% (E/Z = 77:23) 12a, 62%, -78% ee
-83% ee (E); -84% ee (2)




Cu-Catalyzed Boracarboxylation of Styrenes

902Me
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21a, 61%, 85% ee
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COzMe
Meo\©/k/5(pin) MeoD/k/B(pi”) FD/K/B(W”)
MeO BnO

14a, 55%, -88% ee

COzMe

15a, 73%, -91% ee

16a, 45%, -90% ee

20a, 56%, 95% ee

COzMe

COZMG
QOQMG
. B(pin)
B(pin) 4
74
0 )
Me
18a, 68%, 92% ee 19a, 43%, -94% ee
COzMe
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23a, 60%, -92% ee

B(pin)
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Scope of a-Substituted Styrenes

Ar/k + CO, + By(pin),

24a, 59%, -92% ee

MeO,C, Me

MeS
28a, 48%, -92% ee

B(pin)

CuCl (10 mol%)

L6(S,S) (11 mol%) _ TMSCHN, _ MeO,
NaOCH,'Bu MeOH, DCM

THF, -10 °C, 96 h

MeOZC Me

%,
%,

R

25a, R = Me, 79%, 93% ee
26a, R = OMe, 70%, 94% ee

MeOZC Et

N
s“

B(pin)

29a, 39%, 88% ee

C,
Ar B(pin)

30a, 63%, 89% ee
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Scope of a-Substituted Styrenes

B(pin)

MeO
31a, 56%, -96% ee

MeO,C, ,Me
B(pin)

34a, 35%, 95% ee 35a, 42%, -97% ee

33a, 42%, 91% ee
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Gram Scale & Transformations of Products

CuCl (5 mol%) =
L6 (5 mol%) B(pin)

S (610) B, (pi
+ + ] >
2 2pin); NaOCH,'Bu
THF, -10°C, 96 h
1a’
1.05 g, 70%, 92% ee

1

5.15 mmol
N
CoH COH o. _oH
(pin)  Hy0y, NaOH OH ref 31 H
©/\/ ©/\/ 'e) :
70
/\

37, (S)-(-)-tropic acid
52%, 92% ee 38, (S)-(-)-scopolamine

1) AcCl, py
2) (COClI),
3) amine

HO
( Z N HO~%S OH
N N |

40, (S)-(-)-tropicamide _
56% over 3 steps 39, (S)-(-)-anisodamine
89% ee

"\

Ushimaru, R.; Ruszczycky, M. W.; Liu, H.-W.* J. Am. Chem. Soc. 2018, 140, 7433
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Gram Scale & Transformations of Products

CO,H
N 1) & Mgl 1) CH,Br,, n-BuLi
< r
2) I, NaOMe 2) H,0,, NaOH
then H*
41, 80%, 90% ee
CO,H
B(pin)
92% ee
CO,M O
- E%Li
NHBoc 1) NH,OMe, n-BulLi
< >
2) Boc, then Mel then NBS

42, 62%, 85% ee

CH,

43, 92%, 91% ee

44  71%, 89% ee
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Proposed Mechanism

[Cu]-OCH,Bu

Int-I
NaOCH,Bu
,t‘/
Q [Cul
\ 0
Arms —B\/
R @)
MeOZC" R
5 B(pin
Ar (pin)
[Cu] (pln)OCHztBu
Ar™y
R
Int-1ll

B(pin)OCH,Bu

[Cu]-B(pin)
Int-ll

23



Summary

MeO,C,

| : + CO, + By(pin), @_» OA/B(W
S
WA@ mA©

(S)-Scopolamine (S)-Anisodamine (S)-Tropicamide

O Enantioselective boracarboxylation of arylalkenes with diboron and CO,
O Mild reaction conditions, high catalytic efficacy, and excellent enantioselectivity

O Synthesis of bioactive compounds

24



Strategy for Writing The First Paragraph

oM FRIDFERER R ER MY

Hxa-REHNE KT E
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v Chiral carboxylic acids and derivatives bearing an a-

stereogenic center are one of the most prevalent func-
tional motifs among natural products and phar-
maceuticals and have therefore attracted the synthetic
community for decades to develop highly efficient and
direct synthetic methods.

In recent years, chemists have devoted extensive efforts
to the transition-metalcatalyzed carboxylation of suitable
nucleophiles with CO, for the synthesis of high-value-
added carboxylic acids via C—C bond construction.

v Among these, boracarboxylation of olefins with CO,

provides the most profound versatility because of the
many established transformations of the boron moiety.
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Strategy for Writing The Last Paragraph

BETE

v In summary, the first enantioselective boracarboxylation

protocol of arylalkenes with diboron and 1 atm of CO,
was developed. Featuring mild reaction conditions, high
catalytic efficacy, and excellent enantioselectivity, this
strategy provides access to a myriad of [-boron-
functioned chiral a-carboxylic acids.

In addition to a broad range of functional group tolerance,
the reaction can also be applied to styrenes with
asubstitution to deliver enantioenriched carboxylic acids
with achiral all-carbon quaternary centers that were
previously inaccessible. The synthetic utility was further
showcased by gram-scale reactions, product conversion,
and the synthesis of bioactive compounds.
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Representative Examples

® ... for the synthesis of high-value-added carboxylic acids (high-value-added, = Fin{&E
HY: 5 mE AR S EE = E R PRGN ERZIEM)

® ... has remained a formidable challenge (formidable, & ¥ AY)

® ... which furnished valuable enantioenriched alcohols with broad functional group

tolerance (furnish, #2).
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