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248'2+2(5)! )%+5&%2(,! 2<! 1%2/2).96).,:1 E'%,! ,.98%2(! $%))! 26&)%(.! &.!/2,&! 92//2()-! 6,.7!
&AB&.+%. 1<2411%292(F6+58%2(0!7.85%)%(+12&'1&'.%41/27 FAE58868L(!5(71)%

|

I"HU ] $Y6&(&)*+,%&-%6.-/(+%6&()-*&'-01'(23)¢

|
G(12<1&'1<%4,&! ,&458.+%.,| 4.@24&. 7! <PAGHYE) )%+5&%2(! 2<! 1%2/2).96).,!1$5,1 &'.!
59%7%9!H @LIMIIO2(7.(,5&%2(12<!A.&2(.,I5(715)7."-7.,1$%& 15(15/%(.|&215<<247109'%<<!15, !
%(&.4/.7%5&.,! HPY%-+641HK06).! &'.,.1 <6(9&%2(5)%&%! (2&! 92/@).&.)-! 51,.(&! <42/!
19%2/2).96).,0! &'.%4! /5))! . %R.1 5(7! -(&'.&%9! 599.,,%1%)%&-! 4.(7.4.7! & /! 58&&A598%*.1 <241 &'
7.%)2@1.(& 2<!1%292(F6+58%2(!/.&'272)2+%.,:1 277%&%2(5))-0! &'.-154.1.5,%)-1 %6 (&. +45&.71 %(&
)%*%(+! -, &.1,01<64& . 41%(94.5,% (3@ BI%95 1%) %8
!
S%, @)5-%(+1&".168%)%&-12<1& %%, 1/.&'272) 2-+-() SEBHRIRAE.. 718, 1%6(&. +45&%2(12<151A.&2(.!
5,1 51 9./%95)! '5(7).! <24! &.! [27%<%958&%2(! 2<! 9.))! ,64<59.! +)-92@42&.%(,! A(2$(! &2! 1.!
2% 4.8@4.,,.7!%(! 5! *54%.&-! 2<1 95(4.F % (+! 5! (2Q58&645)! ,%5)%9! 59%70! &' .-1$.4.151).1 &2!
%(&42769.1514.598%* 1A.8&2(.1<6(98%62(5)%&-12(&2!9.))!,64<59.1,%5)%9!59%714.,%76.,:IE".,.1127%
,64<50.1/54A.4,1$.4.1&" .(14.598.7!$%&1 5(! 5/%(22B-4%*5&%@A21. P &5%(%(+! 5(! UVW!
(5(9.4! H)5(&'5(%7.! %2(! 9'.)5&.NO! @42*%7%(+! 5! (2*.)! 5(7! +.(.45)! @)5&<24/! <24! 95(9.4!
7%5+(2, &YEHHA4 BIUBBTISIA.&2(I27%<%.7!@".(-)5)5(UK2!, YR@ . 9% <% IBPRA@ 2458
4.598%*.154-)1A.&2(.,1%(&2!4.92/19GBER. %(,0! <648 .417./2(,&458%(+1&' 5@ @)%95&%2(12<!8'Y
&A5E A<1]
!
D'%).!6,.<6)0! &.!,)2$! A%(.&%9,! 2<! A.&2(.X5)7."-7.192(7.(,5&%2(HPFAR2! #EI U ¥ ¥NI
(.9.,,%&5&.,! %+ 92(9.(&4ABEIB<! &' 4.5+.(&,! &2! .(,64.1 .<<%9%.(&! )51.))%(+0! 4.,6)&%(+! %(!
9%(94.5,.71828%9%8&-12<1&'%, KA38.2%:401&'.14.C6%4./.(& 2<159%7%9! @1!<24!,699., <6))-!



I"H$%& () +%$'+,-) ) 0) 1'%  2"83#AH+%5)6,%(& THR)#")<&,2;;'(,+&=)<,>9,+& V5) 1 '#(#+?94%& 1+
@%"+,)A%R'E

!
@.4<24/%(+1&'.14.598%2(1)%/%&,| &'%, ! &ATERHELPIO.))364<59.1)51.)) %5, 2@&%/5)!
92(79%8%2(,! 54.1 7%<<%96)&! &2! 2185% (! T5(RUFS)E)B4}&459.))6)54! 5@ @) %958%2(,! 2<! &%,
1.&'272)2+-154.1%/%&.7176.1& 2 Bebd+.&!.<<.9&,1$%& 195 8L FAP6(+/.8&512) %K.,

!

"#"4l 5+*6',&7(8-9,7*+,%

D'%).1 &'.1 4.598%2(1 1.&$..(! 5! @'2,@'%(.! 5(7! 5(! 5R%7.! $5,! %6(%6&%5))-1 7.,94%1.7! % (! #>#>1 1-!
O&567%(+ A% &' 14.7%,92% 4-12<18'%, ! &45&.+-11-!; A& RFRYH!"QQQ! @5*.7!&'.1$5-!
<241(6/.426,!5@ @)%958%2(,1%(19"./%95)11%2)2-+-IH Y64, 1#:KN:

!

2)&'26+' 1&".124%+%(5)!/.&'272) 2+-15<<247.71&" .1 <24/58%2(1 2<!5! @4%/54-15/%()OF59'15,!

HOO' /.1 #:=Nt1 &'.1 4.%06,%&.7! O&567%(+.41)%+58%2(! .(51).,! &' <24/58%2(! 2<! 5(! 5/%7.1 12(7!
H),- NOL.)%/%(58%(+! @427698%Z(25186.3 ., %&Y* . |SRBH7.1%(&.41. 7% 5Y.

|

OMe

R

PPh,

1.49 o o
R.—P: Staudinger H
3 ligation
1.47 PPh,
Staudinger

act 150 O
Q—NH, reaction Q—Ns

]

H
1.48 1.27 O/N
C traceless E
Staudinger 0 129
ligation
o
RS
PhyP 1.28 |

J0&1&'()2)" E'.17%<<.4.(&*54%5 EBHETI&56 7% (+.414. 5OBYES(,:

!

W(!&'%,192(&.880! &.| O&567%(+.41)%+5&%2(! ./@)2-,!5! @'2,@'%(.! &5&! 5),2! <6(9&%2(,!5,! 5(!5
72(24:1E'.1 @'2,@'246,1<%4,&! 5&&59A,1 &' .| 5R%7.1&21 <24/ 5(1%/%(2@'2,@'245(.0! $'%69'1 %, &.(!
50-)5&.71&214.).5,.1 (%8&42+.(1+5,:|E'%, 4., 6)& 1%4/58%2(1 2<!5(15/%72@'2,@'2(%6/! ,5)&!
$%9'016@2(1'-742)-,%,0!-%.)7,1&'.17.,.%4.715/067 K12(2&" . 41%.4,%2(12<18'%, 14.598%2(01 &
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@%"+)A%R'&
|

[&459.).,\|0&567%(+.41)%+58892(Q! 5!9).5*51).1)%(A.4 H&-@%95))-15(!.,&.41241518'%2.,&.4N
&'5&1-%.)7,15(159-9)%9!5/%72@'2,@'2(%6/!,5)&014.,6)&%(+1%(1&. .15/ Y BAGHAZTGOEL. !
@'2,@'%(.128%7.1/2%"-:

!

G(12<1&"/5(-11.(.<%&, 12<1&" . |O&567%(+.41)%+5&%2(1%, 1%&, 16,.12<I5(|HRRA . BRH) Y-!
51,.(&!1<42/1)%*%(+! -, &.1,15(71%, 1$'2))-1%(.4&!&2$547 11%2)2+9%95)1<6(9&%2(5)%&%. | E'. %4l /5)
J%R.0! %(&.4/.7%58&.! @2)54%8&-1 5(7! %(51%)%&-! &2! @54&%9%@5&..! %(! 5(-! ,%+(%<%95(&! -7
ISAI& N16()%A.)-1&2! @.4&64111%2/2).96)54! & AGAEB(I&Y62 (| P64& 4/24.01&'.14.59&%2(!
1.8$..(15(5R%7.15(7!5!@'2,@'%(.1%, "%+)-1,.).98%*.15(71@429..7,1.<<%9%.(&)-16(7.41/%) 7!5(7!
@'-,%2)2+%95)192(7%8%2(,01<6)<%))%(+!/2,&12<1&' 194%8&..4%5!(.9.,, SARARDAPERY6*.| 1962
)%-+5&%2(;

!

D'%).112& I5RUF7!@'2, @'%(.!/2%.&%.,154.1.5,%)-19%(924@245&.71%(&2!1%2/2).96).,0/5R%7 ., !54.
6,65))-! @4.<.44.7176.18&21&" %4! /5))! %R.15(7!"%+" .41, &51%)%&-16(7.4! @'-, %2)2+9695)!92(7%&%
E'.1%(924@245&%2(12<!5(!5R%7.1%(&2! @42&.%(,01+)-95(,12412)%+2(6 9 PR&TIT'IB5(! 1.159
9'./%95)1/27%<%958%2(,12411%2, -(&'.8%69! @5&'$5-,| H VS HEA! PEXI01 (6/.426,|5RYE7
127%<%.711%2/2).96).,154.15*5%)51).IHP%+64. 1#: YNI5(71&.19'2969.12<!I5!, @.9%<%9!2(.!1$%))!7.@
2(1&.1854+.818&2!1.1%(*., 8% #5&..7:

!

- 4&2RRE)VIFEDO., <6))-14.@24&.71&'.16,.12<I5(15R%7.15, BULR+2(5)14. @24&.41<241+)-95(!
%/5+%(FU6(924@ 24524 FIR%7259.&-)/5((2,5/%((), 2 H?QU5(]?RN: KW(96158%62(12<!
NB4ABEID.)),1$%8& 1, 599'54YRT14.,6)&. 71 %(1%&, |%(924@2458%2(1%(&2!+)-95(,| &'426+'1&.! %5)%:
59%7! 1%2,-(&'.&%9! @5&ISH2R! 6(%&,! $.4.1 ,61,.C6.(&)-! *%,65)%,.TH @.4<@%(+! 5!
O&567%(+.41 )%+58%2(! $%&'1 5! GZIBYK.7! 1%28%(! @421.! $%9'0! 6@2(! &4.58/.(&! $%&!
<)624.,9.98(51.)).7! 5*%7%(0! 5<<247.7! 5(! %(94.5,.1 %(! &'.! <)624.,9.(9.! 2<! &'TURFREYs(
92/@).8:!

!

E'.17.%)2@1.(& 2<!5R%B2(&5%(%(+1 &'-/%7%(.1 5(5)2+6.,05,69),* 15(7!(),, 0!'5,!5),2!
@.41%&8&.71&'.1,699.,,<6)! <6(98%2(5)%,5&%2(! 2<! S]?:! P24! .85/@R)HBBERR4&.7! &'.!
9%(924@24589%6KBIL7%<%.71(69).2,%7.1&4%@'2, @'5&.116%) 7%(+11)29A,1%(&2!5!1+42$%(+!S]?!
&AS(TIAS]?!@2)-/.45,.. YIPB(9&%2(5)%,5&%2(12<1&'.1S]?1$5,1&".(1,699.,,<6))-159'%6.*.7!
7'%O&567%(+.41)%+58%2(,1$%&1@'2,@'%(.,!1.54%(+,.*.45)!<6 (€80 BEISHA2628 % (:

|



I"H$%& () +%$'+,-) ) 0) 1'%  2"83#AH+%5)6,%(& THR)#")<&,2;;'(,+&=)<,>9,+& V5) 1 '#(#+?94%& 1+

@%"+)A%R'&

IHGOOR (V4 *, +(-. (-18A(# (D162, +&*( Y834 * & (H# *(4()%+2)%5

"HEONLIB(LH*61H H(A()%+2)%5

1 HSYR(SHIHIES + - Yo HS%%]

o
N3
NH N ONH
NAO N’go
HO HO.
o o
OH OH
AdU AmdU
154 155 |

'#$%&' (),)' W(924@2458%2(! 2<! 5R%7.! <6(9&%2(5)%&-! % (&ACIHBBLAFY6I! %(924@245&%2(! 2<! 5R%?7.!
<6(98%2(5)%&-1%(&2!1%2/2MDEB5/@)., 12<I5RYFR7 %<%.7!1%2/2).96). 1

!

O%B@.9%<%91%(922@24BL% <987 ,!'5,!1..(14.@248&.7!1-109'6)&R)VIER6(+!5!6(%CB6.!
9272(L&V]?!'@5%4!$%&'15!19244.,@2(7%(+'5/%BZBI&'.&5,.. YNE'%,!,&45&.+-14.)%.,12(!

&' +.(.458%2(! 2<! 5(! 24&'2+2(5)! &V]?! &'5&! %4.928{(%,.71-! 5(-! (5&645)! 5/%(259-)!
~(&'.&5,.,:1?,15!4.,6)8&0!2()-1%8&,|5R¥BT %<%.7!2?1%,1%(,.4&.7'%(14.,@2(,.|&2!&".!5/1.41,&2@!
9272(:!].8&0!5!,-(&'.&5,.1%,!<5,'%2(.7!&2!,@.9%BREIZ), & %, 6(%C6.1& V] ?:|E'.4.<24.0!
%8&,!,61,845&.!,@.9%<%9%&-! %, W PI*P&R()-! &'.! 7.,%4.7! (2(I5&645)! 220! 5(7! (2!
(72+.(26,122:/E'%,! ,&45&.+-195(11.16,.7!&2! .<<%9%.(&)-1%(924 @245&.!5!)54+.1*58%.&-1 2<! (2(
(5&645)!?2?1%(&2! @42&.Bo((BY6(B'%) (#50!-.5,&0!5(7!/5//5)%5(19.)),:Y;-15@ @)-%(+!&'%,!
,&458&.+-01"2A2-5/5K.) Yd5E09.,,<6))-1%(8&42769.7! SRATH<%.7! @'.(-)5)5(%(.| YVEBRH#5")
&45(,94%@&,! $'%9'0! <2))2$BHFY0OE4! )%+5&%2(,0! 4.,6)&.7! J@.9%E€%9! @42&.%(!
127%<%958&%2(,:

|
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|

2)&'26+'! (6/.426,! .85/@).,! 2<! 1%292(F6+5&YPYb &' O&567%(+.41 )%+5&%2(! '5*.1 1..(!
7.,94%1. 708, 128%75&B3P068&%*.| @42@.4&%.,12</@'2, @'% (382B34T.&512)%9.(R-/. !
745/589695))-17.94.5,.,\B@ @)%951%)%&-12<1&' HMIBI&N28. 2* 40! A%(.&%9!,&67%.,'5* !
2$(18'5&1&'.16,.12<1,&51%)%,.7'@'2,@'%(.,0',6933!5(7!()*4 IHOQ' /. 1#:=N0!7.94.5  1&".!
458.12<14.598%2(16 @BEDB(&'6,1%/@2,%(+1&..16,.12<1'%+'192(9. (& AR&U T+ (&Y

|

" $:,<$:5-22%0):2,&(-9,7*+,%&

|
2(15)&.4(58&%*.1 &2! &'.1 O&567%(+.4!)%+5&%2(! %,! &1 9-9)2@42@.(2(. HB@GNX@'2,@'%(.! )%
$.4.15!B@G!%,14.598.7!$%&KR! (69).2@'%).0!,69'5,184%54-) @'2, @ '%(.| HPYBEBA. 1 #KN:
)5&8&.41%(%&%5&..,!5BRUD BY 7%8%2(1& Z)B@THI'016 @2(14%(+12@.(%(+01<24/,151A.&..(.!
)%7.1%(&.41.7%5&.:1 D'%).! ,.(,%8&%*.| &21 (69).2@'%)%9! 5&&59A0! &', I'B*&., [2$]%67.
(2641 ,&51%)%&-! &PYA,2)5&.7! 6(7.4! 5/1%.(&0! /2% RB4! 92(7%&%2(,:! 12$.*.40! &'.,.!
12%.8%.,154.1,6,9.@&%1).1&2!45@%7!4.59&%2 (! $%&"!, &4 2 (B DA I | HH4.<24.0!
&' 15/%(. D2(&5%(%(+! @'2, @OA('5,! 1..(17.,%+(.7! &2! %(8.5,.1 &'.! ,.).9&%*%&-! 2<! &'%,!
)%+58962(: E'%,!"./%5/%(5)! 95(1 &'.(16(7.4+2!.)%/%(58%2(X @428 2(1 &45(,<.41 &2! @42*%7.1&'.1<¢
)%+5&.7!@420R38(71& 14.+.(.45&.7!@'2,@'%(.!
!
0%/%)541 &2 SRB@®B4.1,/5))!5(7017.@.(7%(+! 2(1&'. %4 ,61,&%&6&% 2P BHUH, U8 84
19%2)2+%95)!<6(9¥WBBEAR. . 4/24.B@G 54.1<26(71% (1 (58645)! @42769&,!5(7! ,-(&'.&%69! 746+,0!
6++.,&%(+! &'5&! &'.-1 54.1 /.8512)%95))-! ,&51).:! h4.19&N%SB.! ' 2$(! &'5&! &'.,.!
<6(9&%2(5)%&%.,1926)7!4.57%)-! 1.1%(924@2458.. 7 PRI GRAEUYA, &4-: YAE' -!
@4.@54.7'5/@6(2(%95)12?192(&5%(%(+!5!1B@G!5(7!%(924 @245&.71%&1%(&2!cPb*%5!5/1.41927
6@@4.,,%2(:IE".1/5%55(&5+.12<1&'%,15@ @4259'1%, |8 BRERDAY | (2(3.598%+.1&2$547!
28 A1YRA4& ' 2+2(5)!)%+58%2(!, &45BAMD9)2577%E&%2(NO&.1)%+5&.7! @427628D!,69'15,!
HP%+64.1 #:KNO!'5,1 1..(1,'"2$(! &2! 4.59&! $%&1 5R%7.,0! ,692/@TEI1%)%& & 3088
)51.))%(+!.8@.4%/.(&,!
!
S.,@%&.1&"I57*5(&5+.,12<1&'%,1/.&'272)2+-01&".1,)2$! A% (. &IGLUF, ¥NE(7!,.(,%&Y6*%6&!
&2$547,128%758% D% @ @)% 958 %2TBAB@.4%/.(&,:1V.9.(&)-0!b4.,9'(.48) Y.
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|

4.@24&.716@'&BEANK5,&.41)%+58&%2(,'$".(14. @ BEB3%&19-9)2@42@.(.&'%2(.,'HB@OO!
PY%+64.1#:KNB@O! 7%<<.4,1<42/\B@G!1-12()-15!,%(+).|5&2/15(7! &' .4.<24.1 15%(&5%(,! /% (%/5)!
@.4&64158%2(1.<<.9812(1&54+.& 1% N|IOBTYALIE2( @ 427698, 17.4%* 71<42/1&. 1) %+5&%2(!
2<IB@OI$%& @'2,@'%(.0! &263DBBA.1$%7.)-16,.71%(1<)624.,9.(9.1C6.(9'%(+15(7! 2&. 4!
1%2@'-,%95)!.8@.4%/.(&,!$%& 1 @428&.%(,017./2(,&458%(+1&".%4!,&51%)%&-151RMH6 292/ @58%:
12$.%.401$'%). 1&'%,!,&45&.+-15,.( |'2$(18211.1.<<%9%.(&!<241)51.))%(+!1%2/2 1 TBR. H
5(719%(19.))!)-,58.01&".128% 7 B0BB&Y*.| @42@.4&-12<1@'2, @'%(.!, &%))!)%/%&,1%&,!5@ @) %951%
HI7'TH,&67%)

|

g 0?,'(<01@3&(-$3A1%*" +,%8&)
|

HH SURHSYE ()

Cu(l) n=N
O_N3 = O Ligand N/ :
NaAsc O/

1.27 1.38

|
E'..8@)245&%2(! 2<BH0:@2)54! 9-9)2577%8%2(,! 1.+5(! %((86(.854&"! 9.(&64- $'.(!
B64&IB5(701)5&.401:69'(H4.@24&.71&' 1<% A FWE2)SAR577%8%2(12<! &'.1 T%5R259.&%9!
& AISY8M04B(,586458.7).,8.4,IW(1&'.1,61,.C6.(&!-.54,01*54% BBAHE2) 5419-9) 257 7%E&%62(,!
5% 11..(17%,92*.4.7019%(9)67%(+1&" ISP (2$(1S%.),R)7.414.59&%62:

W(I#>M=0116%,+.(14.@24&.71&".1&' 4/5)19-9)2577%&%2(11.&S..(I5(15R%7.15(7!5(15)A-(.1&2!<24/!
128 1#OK!5(7 1 #BL, &% &A&A%SR2))EH 5(7!()5( 0109' /. 1#:KN: I E'.1<24/58%2(12<!& .| &$2!
4.+%2%,2/.4,1$5458%2(5)%4,-7&".1 <2))2$%(+! @".(2/.(5:! P%4,&)-0! 24+5(%9! 5R%7.,! 92(&5%(!
&'4..1)%(.541(%&A42+.(,I5(7 BUR+).12<##Kd0!$'%9'/6,&!1.(71764%(+1&.1598%*5&%2(!@429.,,!
&21/5A.192(8&598!$%&. 1832 (71 2<!&".15)A-(1E'%, 14.,6)&,1%(142858%2(154 26 G2 (7B

58%, |@4%2418214%(MOPEAT)-0124+5(%9I5R %7 .,14.59&!$%&15(+6)54)-1, &45%(.7!1&4% @).112(7,
$%8&1.(&'5)@-15)6.,11.8$..(1al&2H#YA95)X/2)I5(7.(&42@-1*5)6., 1. &BQI&RA Q195) X 7'
E'.1/27.45&.1.(&'5)@-").(7,194.7.(9.1&215192(9.4&.7'@429.,,1$'%).1&' .'%+'0(.+5&%*.1.(&42@-!
6++.,8,1&'5&1.<<.9896*.192))%,%2(,1$%&1&'.19244.9&! BION(RSBBARI54.)-01&'6,14.,6)8%(+!
%(1&.1<24/58%2(12<1&" 1&$214.+%2%, 2/.4,:1P%(5))-0!&4%5R2).1<24/58%2(14.,6)&,1%(1&..194.58&%
&$29R12(7,).(,64%(+!5!+59%(12<1<4..1.(.4+-1&'58192/@.(,5&.,|<241&" ) BIAKT!.(.4+-12<!
&'.14.5985(&,:

|
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! Ry

N, N,
™ Ju
N Ry N
R2 Ry
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a) Standard ABPP:
Probe

c e

Protein

Limited to in vitro application due to the
poor cellular uptake of the probe

b) ABPP using CUAAC chemistry:

‘N3 N = ﬂ/ﬁ Nen
- . 3 - > N
cu(l) \7%
Ligand

Protein

Suitable for in vivo application due to increased cellular uptake,
minimal perturbation of targeted molecules
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