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Catalysis to Increase Complexity

Selective modification of abundant 
functional groups

Synthesis of modulable 
building blocks

synthetic 
handle

Bpin Bpin

pinB

Bpin

Ø Versatile functional group
Ø Configurational stability C-B bond

Ø Few synthetic stereoselective methods 



Copper-Catalyzed Desymmetrization

J. Am. Chem. Soc. 2014, 136, 15833

Angew. Chem. Int. Ed. 2016, 55, 6969
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Cyclopropyl Amino-Boronic Esters
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Cyclobutyl Spirocycles

Spiro[3,3]heptanes Spiro[3,4]octanes Spiro[3,5]nonanes

Poorly explored regions of chemical space

Expanded toolbox to modulate physicochemical properties

Well-defined exit vectors

Four-Membered Ring-Containing Spirocycles: Synthetic Strategies and Opportunities. Carreira, E.; Fessard, T. C. Chem. 
Rev. 2014, 114, 8257
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Cyclobutyl Spirocycles
Common strategies
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Spirocyclobutenes
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Cyclobutyl Spirocycles

NaOtBu (0.6 equiv)
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Novoa, L.; Trulli, L.; Parra, A.; Tortosa, M. Angew. Chem. Int. Ed. 2021, 60, 11763 



Selective Cross-Coupling

 45%
pinB Bpin

Pd(OAc)2 (5 mol%)
RuPhos (5 mol%)
KOH (3.0 equiv)

PhBr (1.5 equiv)
THF:H2O (10:1), 80 ºC, 16 h

pinB Pd
Ar

β-boryl elimination

L:Pd = 1:1
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OiPriPrO

RuPhos

β-boryl elimination: Miyaura, N.; A. Suzuki, J. Organomet. Chem. 1981, 213, C53–C56
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L:Pd = 2.5:1
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X



Selective Cross-Coupling

pinB
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Novoa, L.; Trulli, L.; Parra, A.; Tortosa, M. Angew. Chem. Int. Ed. 2021, 60, 11763 



Selective Functionalization

pinB Bpin pinB OH
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Enantioselective Diboration

single recrystallization
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Diboration of cyclopropenes
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R1 R2
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Enantioselective cross-coupling: challenges involved



R1 R2
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Enantioselective cross-coupling: challenges involved
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Enantioselective cross-coupling: challenges involved
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Amines as building blocks
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(Neurotransmitter)

Amphetamine
(Adrenergic)
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(Antiviral)

✓Structural diversity          ✓Abundant          ✓Commercial
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80 Kcal/mol
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metal = Ni, Pd, Fe, Rh, 
R1M = MgX, ZnX, B(OR)2
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R1Ni cat
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+
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79%
er = 99:1

es = >99%J. Am. Chem. Soc. 2017, 139, 8448



Light-mediated deaminations 

Watson: J. Am. Chem. Soc. 2017, 139, 5313
Recent review, Wu: ACS Catal. 2019, 9, 8943 
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Rovis: J. Am. Chem. Soc. 2020, 142, 18310
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Light-mediated deaminations 
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Isonitriles as radical precursors

N CN CNH2

• Hydrolysis
• Ugi reaction
• [4+1]-cycloaddition
• Polymerization
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> 100 Secondary 
metabolites

>C10 alkyl isonitriles are 
odorless and chemically stable

NC

grapefruit odor



Isonitriles as radical precursors in light mediated reactions

Bu3SnH

AIBN/(t-BuO)2
110 ºC, Tol

N C
N SnBu3

Bu3SnCN

H

Saegusa: J. Am. Chem. Soc. 1968, 90, 4182

Barton: Tetrahedron Lett. 1979, 20, 2291–2294 

Barton-Saegusa radical hydro-deamination

X High temperatures
X Bu3SnH, radical initiator

HAT

N C
Si

N SiR3

PC

H
HAT



Light-mediated hydrodeamination

Angew. Chem.Int. Ed. 2024, e202317683

 

MeCN (0.2 M)
16 h, rt
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Light-mediated deutero-deamination
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MeCN (0.2 M)
16 h, rt

N C
(TMS)3Si D

DNH2
activation

 (λmax = 440 nm)



Light-mediated hydro and deutero-deamination
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Light-mediated hydrodeamination
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MeCN (0.2 M)
16 h, rt
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 (λmax = 440 nm)
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Light-mediated hydro and deutero-deamination

Transient Absortion 
Spectroscopy

400 500 600 700
-0.05

0.00

0.05

0.10

DO
D

l (nm)
400 500 600 700

-0.05

0.00

0.05

0.10

l (nm)

DO
D

A                                                                                                                            B                                                                                                                            C                                                                                                                            

D                                                                                                                            E                                                                                                                            F                                                                                                                            

G H I

+ DABCO + SbCl5

400 500 600 700
-0.05

0.00

0.05

0.10

0.15
 0 mM
 50 mM
 100 mM
 200 mM

DO
D

l (nm)

400 500 600 700 800 900
0

30

60

90

120

150

180

0 50 100 150 200
1.0

1.5

2.0
 I0 / Ii
 Linear Fit

I 0
 / 

I i

Quencher concentration (mM)

 0 mM
 50 mM
 100 mM
 200 mME

m
is

si
on

 in
te

ns
ity

 x
 1

04  (a
.u

.)

l (nm)

A                                                                                                                            B                                                                                                                            C                                                                                                                            

D                                                                                                                            E                                                                                                                            F                                                                                                                            

G H I

+ DABCO + SbCl5

+
 (λmax = 440 nm)

4CzIPN (1 mol%)
MeCN

(TMS)3Si HN C H

400 500 600 700
-0.05

0.00

0.05

0.10

DO
D

l (nm)
400 500 600 700

-0.05

0.00

0.05

0.10

l (nm)

DO
D

400 500 600 700
-0.05

0.00

0.05

0.10

0.15

400 500 600 700
-0.03

0.00

0.03

 200 mM
 Smooth

DO
D

l (nm)

 0 mM
 50 mM
 100 mM
 200 mM

DO
D

l (nm)

0 100 200 300
0.001

0.01

0.1

1

Time (ns)

Lo
g 

no
rm

al
iz

ed
 in

te
ns

ity

 0 mM
 50 mM
 100 mM
 200 mM

Delayed decay

Prompt decay

400 500 600 700 800 900
0

30

60

90

120

150

180

 0 mM
 50 mM
 100 mM
 200 mME

m
is

si
on

 in
te

ns
ity

 x
 1

04  (a
.u

.)

l (nm)

A                                                                                                                            B                                                                                                                            C                                                                                                                            

D                                                                                                                            E                                                                                                                            F                                                                                                                            

G H I

+ DABCO + SbCl5
4CzIPN

400 500 600
-0.05

0.00

0.05
DO

D

l (nm)

 CzIPN·+

 CzIPN·+ + 2a

400 500 600 700
-0.05

0.00

0.05

0.10

DO
D

l (nm)

A                                                                                                                            B                                                                                                                            C                                                                                                                            

D                                                                                                                            E                                                                                                                            F                                                                                                                            

G H I

+ DABCO + SbCl5

CzIPN

CzIPN

+ R3SiH



Light-mediated hydro and deutero-deamination

ΦBn = 1.1 Transient Absortion 
Spectroscopy

β-fragmentation
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PC*PC

C N RR
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(TMS)3Si CN
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Isonitriles in light-mediated C-C bond formation

N C
PC Si

C-C bond formation

N C

N

CN Si· PC
N

NH2

MacMillan: Science 2011, 334, 1114−1117 

NMe3I

Yu, Zhou: Sci. China Chem. 2019, 62, 1519

benzylic substrates



Isonitriles in light-mediated deamination

PC E1/2
red (PC*/PC) = +0.92 V

E1/2
red (PC/PC) = −1.92V

3DPA2FBN
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F F

NN

CN

Ph

Ph

Ph Ph

Ph

Ph

N

CN

radical-radical 
coupling
-CN

Csp3 - Csp2

product

β-scission
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PC*

PCPC

Si·

SET

N SiR3
imidoyl 
radical

R3Si CN

SET

Si

N

CN

C N (TMS)3Si H

 BDE(Si-H) = 84.7 Kcal/mol
 Epa = +1.67 V

not ideal reagent

N
Si(TMS)3

Si·

H

✓ > BDE(N-H) (~111 Kcal/mol)
✓ more nucleophilic silyl radical
✓ low oxidation potential (Epa = +0.75V)



Isonitriles in light-mediated deamination
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Acetone, r.t., 24 h
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Si· PC

(1.3 equiv) 5 mol%



Isonitriles in light-mediated deamination
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Me

Me

Me
Me

H

 61%
from leelamine

N
Me

96%
from rimantadine

N

24%
from α-D-galactopyranose

O

O

O

O
O

Me

Me

Me
Me

N

N

Me
Me

OMe

Me

84%
from gemfibrozil

CbzHN
OMe

O

44%
from lysine

N

OMe

O

48%
from methionine

MeS

N

OtBu

O

N

HO

45%
from tyrosine

OMe

O

HN

48%
from tryptophan

N



Acknowledgements 

ERC-Starting Grant DAUBOR
ERC-Consolidator Grant SCAN


