1. Serine protease inhibitors

2. Enzyme inhibitor discovery
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Covalent binding of a ligand to its associated protein triggered by light
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Photoaffinity labeling

Major photoaffinity functional groups and their reactive intermediates

much better than phenyl
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Productive and nonproductive reactions of carbenes.
The carbene species generated by photolysis of trifluoromethylphenyldiazirine (red) undergoes many possible
reactions to give productive capture of targets (blue) or destructive side reactions (green).
Smith, Collins Future Med. Chem. 2015, 159



Photoaffinity labeling

Photoactivatable group

Reactive species

General features

Ar—Ngo
Nitrenes

- Small in size;

- Easy for synthesis;

- Chemical stability in dark;

- Maximal absorption less than 300 nm;
- Form C-N or labile X-N bonds.
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Diazo compounds
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Diazirines

- Small in size;

- Easy to synthesize;

- Maximal absorption around 360 nm;

- More active than nitrene;

- Form more stable C-C or C-O bonds;

- React with diverse nucleophiles;

- More efficient in hydrophobic environments than in
aqueous medium.

- Diazirines share similar properties as diazo
compounds;

- Aryl diazirines display improved thermal and
chemical stability.

Ar _N; x- ® =
Diazonium salts

Carbocations

- Highly reactive and form stronger cross-linkage than
nitrene and carbene;

- Usually less stable;

- Electron-donating substituents confer stability and
absorption greater than 300 nm.
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Diaryl ketones
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Radicals

- Increased chemical stability;

- Relatively easier synthesis;

- Reduced sensitivity to ambient light;

- Activated at above 350 nm;

- Preferential reactivity with C-H bonds;

- Lower reactivity in water or with bulky nucleophiles.

Xia, Peng Chem. Rev. 2013, 7880




Mechanism: photoactivation of benzophenones
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Sumranjit, Chung Molecules 2013, 10425



Mechanism: photoactivation of aryl azides

side reactions
singlet nitrene benzazirine 1, 2-azacycloheptatetraene
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@"Na — @—N: p—— Q and/or \ ) — polymer
l RSH
target
bonding

l NHR,

Sumranijit, Chung Molecules 2013, 10425



Mechanism: photoactivation of diazirines

N= hv N2
RTR R)LR'
.- target

singlet carbene

Sumranijit, Chung Molecules 2013, 10425



Diazirines synthesis

0 N,OH N,OTs
o oF, HONHpHCI | CF, T5Cl '

- » TBS CF;

EtOH/pyridine EtaN, DMAP

TBS 60 °C,12h TBS CHClg, 11,12 h 8S
85%
- HN—NH Ne
3 » T1BS CF3 l2 - TBS CF,
THF, rt., 48 h EtsN, MeOH
60% TBS rt, 30 min TBS

74%

Ueno et al. Chem. Comm. 2010, 7367



Photoaffinity labeling examples
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Diazirine-biotin photoaffinity probe

Smith, Collins Future Med. Chem. 2015, 159



examples

Benzophenone-biotin click /\‘/k‘
photoaffinity probe
oﬁ\/ M

PLING. i IO NH,
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9 Diazirine-fluorescent click
éNM)V\ N%N g (7 hotoaffinity probe
cl O 2 N R ”/\/NM P yPp

Smith, Collins Future Med. Chem. 2015, 159



Wy formation of

(Q an amide bond
. S 2 SDS-PAGE
Y- 2 analysis or
N

further
digestions

(™ formation of
a covalent bond

Staudinger-Bertozzi
ligation

Ns 0 \ <
cuson@\ CHOH
PhyP
N detectable tag:
derivative fluorescent marker or biotin

a: UV transilluminator b: CBB staining
1 2 3 4 5 lane 1 2 3 4 5
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SDS-PAGE analysis of digested peptide fragments.
Suzuki et al. Org. Biomol. Chem. 2004, 637



A simple photo-affinity labeling protocol
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Peptide fragments
Biotin BPP N=N Biotin HO
CF.
x /\//O :
N CF3 - /\/OH +
—N
N : y
—_— -
; Site A ot
Site B NO, Y
MS/MS

Bifunctional photoaffinity probe

* Irradiation simultaneously label + fragments the probe

Nakanishi et al. Chem. Comm. 1999, 365



Bifunctional photoaffinity probe

o)
Ligand—OJ-I—CHNz

1. ester coupling
ﬂ o 2. incubation
Ligand—0—LLPePide (P) 3. irradiation
4. proteolysis
5.

amine reaction

I

HN—L—p

MS-MS

b o 3
Y : N N—l—p
S = 3 \/\S_s/\/
o}
a) avidin column
b) EtSH
H ”
P

O
N
LC-MS-MS

MS-MS

Nakanishi et al. Chem. Comm. 1999, 365



Bifunctional photoaffinity probe
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Knight et al. Beilstein J. Org. Chem. 2010, 810



Photoaffinity labeling

Covalent binding of a ligand to its associated protein triggered by light
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Can also be used to study protein-protein interactions
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