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Красители



Запахи: приятные и не очень



Лекарства



Средства защиты растений: пиретроиды и фунгициды





Органические соединения

 бывают очень сложны и ядовиты



Applications of organofluorine chemistry: Healthcare 

13

Hypolipidemic

Vonoprazan
(Takecab®)

Gastrointestinal ulcers disease

Fluoxetine 
(Prozac®)

Antidepressant 

Sitagliptan
(Januvia®)

Antidiabetic

Atorvastatin
(Lipitor®)

Roflumilast
(Daxas®)

≈ 20%

Anti-pulmonary disease



Applications of organofluorine chemistry: Food security 
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Prevalence of fluoro/non-fluoro-agrochemicals assigned new 

ISO common names (1998–2020)

iScience, 2020, 23, 101467

F-agrochemicals; 53%

non-F-agrochemicals; 47%



Some marketed fluoro-agrochemicals
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Teflubenzuron

(Nomax®)

Trifloxystrobin

(Flint®)

Benfluralin

(Balan®)

insecticides

25%

herbicides

40%
fungicides

17%



Applications of organofluorine chemistry: Materials 
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• highly fluorinated polymers

lubricants

Fomblin®

• refrigerants

Chlorofluorocarbons

Hydrofluorocarbons

HFC-134a
(CF3-CFH2)

protective clothing

Goretex®

coated cookware

Teflon®

• perfluorinated sulfonic acid 

membranes for fuel cells

®

Green Chem., 2015,17, 2081-2086



Catalytic Olefination Reaction - COR

up to 89 %

Tetrahedron, 2000, 56, 6557-6563
17



Chem. Rev., 2015, 973-1050 
18



19

Springer, 2014, 2 volumes, ~1450 pages



Variety of heterocycles based on β-fluoro-β-nitroalkenes
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pyrazoles

indolizines
pyrrolo-

[1,2-b]pyridazines

pyrazolo-

[1,5-a]pyridines

bicyclic 

nitroso acetals

pyrrolidines

pyrroles



Barton-Zard synthesis of F-pyrroles
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J. Org. Chem., 2023, 88, 10122–10136 

19 examples 
up to 77 % yield



A series of nitrostyrenes in the Barton-Zard reaction 
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J. Org. Chem., 2023, 88, 10122–10136 

X = H

X = Br

X = Cl

X = F

X = Me

0 %

0 %

0 %

74 %

83 %

0 %

0 %

62 %

16 %

0 %

target
product

side
product



Functionalization of 4-fluoropyrrole 

J. Org. Chem., 2023, 88, 10122–10136 20



Functionalization of 4-fluoropyrrole 

20J. Org. Chem., 2023, 88, 10122–10136 
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1968: first BODIPY

Fluorescent probes

Sensors based on PeT

Photoredox catalysis with 

halogenated BODIPYs

PDT with dyads

Solar cells

OLED

Understanding of photophysical

principles in dyads and dimers

Twisted BODIPY

New dimerization routes

Singlet oxygen generation and PDT

1970 1980 1990 2000 2010 2020

TTA-upconversion

Historical development of BODIPY dyes



OH·
O2

-

ROS

Cancer cells' death

PDT

Death of bacteria, fungi and viruses

aPDT

PDT principle



Enhancing photostability

Improving fluorescence

Decreasing pKa

Advantages of introducing fluorine into the structure of 

fluorophores
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F-Fluorescein

or Oregon Green

F-Rhodamine

Pennsylvania 

Green

F-Acridone
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Dyes Pigm., 2024, 221, 111822 

Novel core-fluorinated BODIPYs

до 99 %до 77 %

18 examples up to 92 % yield



24Dyes Pigm., 2024, 221, 111822 

Novel core-fluorinated BODIPYs

λmax
abs, nm

λmax
em, nm

527

593

527

593

530

601

531

602

532

605

534

602

536

611

537

615

536

612

535

609

542

612

Фfl ⩽ 0.02

Yield 27 % 74 % 75 % 53 % 42 % 68 % 53 % 92 % 57 % 72 % 64 %



25Dyes Pigm., 2024, 221, 111822 

Novel core-fluorinated BODIPYs

λmax
abs, nm

λmax
em, nm

516

549

522

568

527

578

530

594

531

597

540

618

530

601

557

-

Фfl ⩽ 0.05

Yield 27 % 69 % 65 % 65 % 62 % 75 % 55 % 67 %

electronic aspects

free rotation
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Structural modifications at the 1,7-positions of 

BODIPY-3,5-dicarboxylates

Rotational barrier, 

kcal/mol

X 1 2 Φfl ΦΔ

H 11.6 2.7 0.02 0.02

F 10.4 2.6 0.01 0.02

Cl 16.0 6.0 0.02 0.52

Me 18.5 7.8 0.14 0.20

568526

537535 627

600599

580
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Transition to efficient fluorinated fluorophores

Ar = 4-ClC6H4
99 % 73 %, Фfl = 2%



28

Transition to efficient fluorinated fluorophores

Ar = 4-ClC6H4
99 % 73 %, Фfl = 2%

up to 35 % up to 87% up to 89%

Фfl = 2% Фfl = 23%Фfl = 2%Ar = 4-ClC6H4



28

Transition to efficient fluorinated fluorophores

Ar = 4-ClC6H4
99 % 73 %, Фfl = 2%

up to 35 % up to 87% up to 89%

Фfl = 2% Фfl = 23%Фfl = 2%

62%, Фfl = 30%

Ar = 4-ClC6H4
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Novel core-fluorinated BODIPYs as efficient fluorophores

λabs
max

λem
max

Фfl 

62 %

519 нм

558 нм

0.30

64 %
 

519 нм

 555 нм

0.64

62 %

519 нм

554 нм

0.67

66 %
 

518 нм

554 нм

0.77

Yield



Novel core-fluorinated BODIPYs as efficient fluorophores

74 %

528 нм

586 нм

0.12

62 %

524 нм

565 нм

0.45

69 %

523 нм

564 нм

0.47

73 %

516 нм

554 нм

0.51

66 %

508 нм

546 нм

0.75

72 %

492 нм

508 нм

> 0.99

42 %

512 нм

540 нм

> 0.99

66 %

518 нм

554 нм

0.77

61 %

508 нм

556 нм

0.48

Yield

λabs
max

λem
max

Фfl 

30
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