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Riboflavin Biosynthesis
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Flavoproteins

flavodoxin old yellow enzyme yeast FMO EpiD

90 Flavoproteins found in the human genome

84% contain FAD and 16% FMN
located in the mitochondria
90% perform redox reactions, 10% are transferases, lyases, isomerases, 
and ligases

FAD first isolated in 1879 from bovine milk
FAD structure determined in 1934

Ghisla,	S.;	Massey,	V.	J.	Biochem.	1986,	239,	1-12.
Fraaije,	M.	W.;	Mattevi,	A.	Trends	Biochem.	Sci.	2000,	25,	126-132.



Flavins: A Bio-Inspired Approach to Photocatalysis

Conference
19th International Symposium on Flavins and Flavoproteins

Organised by RUG
Date Sun 2 July 2017 until Thu 6 July 2017

Venue Groningen

Newly discovered flavoproteins
Flavin-based chemistry

Flavoenzyme mechanisms & structures
Flavoenzyme engineering

Flavoproteins & light
Flavoenzymes & health

Flavoenzymes & industrial applications
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Riboflavin Biochemistry

oxidative catalysis

reductive catalysis

Conrad,	K.	S.;	Manahan,	C.	C.;	Crane,	B.	R.	Nat.	Chem.	Bio.	2014,	10,	801-809.
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Korvinson,	K.	A.;	Hargenrader,	G.	N.;	Stevanovic,	J.;	Xie,	Y.;	Joseph,	J.	Maslak,	V.;	Hadad,	C.	M.;	Glusca,		K.	J.	Phys.	Chem.	2016,	120,	7294-7300.
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Riboflavin Mechanisms
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Riboflavin Mechanisms
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Riboflavin Mechanisms
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Riboflavin Mechanisms
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Direct Benzylic oxidation

benzylic oxidation
Me Me

Odirect

- first oxidation is difficult ( > 1.8 V)
- catalyst deactivation by O2
- competing O2 sensitization

air

simple benzylic oxidized product

Nicewicz,	D.	A.;	Nguyen,	T.	M.	ACS	Catal.	2014,	4,	355-360.
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Direct Benzylic oxidation
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Wolf,	R.;	Muhldorf,	B.	Chem.	Commun.	2015,	51,	8425-8428.
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Direct Benzylic oxidation
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Direct Benzylic oxidation
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(E) to (Z) Isomerization
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HMeMe
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OH

Me Me
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Nature 1967, 215, 1483.retinal

the squalene conundrum
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Me

selective functionalization of polyenes

Scott Miller, Yale
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(E) to (Z) Isomerization
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HMeMe
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MeMe
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OH

Me Me
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Nature 1967, 215, 1483retinal
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OR
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402 nm
MeCN, rt

R R

ORO
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(E) to (Z) Isomerization
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(E) to (Z) Isomerization
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24%, 99:1
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(E) to (Z) Isomerization

(-)-riboflavin (5 mol%)
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O O

R
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R
O OMeO
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(E) to (Z) Isomerization
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OO

R
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PCET

O O

R

O2 RF

Merger of energy transfer 
and SET catalysis

ET

(E)-cinnamic acid coumarin
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(E) to (Z) Isomerization
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(-)-riboflavin
hυ

E Zisomerization
X

conjugated deconjugated(Z)
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(E) to (Z) Isomerization
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E Z
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Z -(E) quenches 10x  faster than (Z)

Stern Volmer quenching study
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(E) to (Z) Isomerization
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(-)-riboflavin (5 mol%)

402 nm
MeCN, rt

R R

ORO

Z/E

R

R

O

mechanistic hypothesis

E
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consistent with triplet energy transfer
 (ET) mechanism
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(E) to (Z) Isomerization
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* No reaction without photocatalyst

scrambled
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(E) to (Z) Isomerization
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52%
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R H F Me Et Pr

increasing Z/E ratio

consistent with radical stability
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(E) to (Z) Isomerization
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94%, 27:73 quant, 41:59
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catalytic esterification
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O

R
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Concluding Remarks

Flavin photoredoxcatalysis is still under-ultized in synthetic organic chemistry

Flavin photocatalysis is an emerging field

Flavins serve an essential role in biochemistry
The unique photoredox properties of Flavins make them interesting photocatalyst


