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Boronic Acid
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Bioorthogonal Chemistry

Requirements of Bioorthogonal Chemistry
v' Selectivity

v" Biological inertness S —é—\s_shé -

v" Chemical inertness op, ' aoﬂ"f’}(ﬁ

v" Kinetics A + B —> AB

v" Reaction biocompatibility HERE . --oPog-

/ A . . . SX(&“ H-;.go ',%‘
ccessible engineering N 5

Usual Concerns of Current Biocompatible Chemistry:
v' Off-target labeling

v Unintended immune

v" Slow kinetics

v" Side reactions with endogenous molecules.

Bertozzi, C. R et al. Acc. Chem. Res. 2011, 44, 666-676. 4
Gao, J et al. Acc. Chem. Res. 2018, 51, 2198-2206.



Boronic Acid for Bioorthogonal Chemistry

A) and B)
both reversible and irreversible
products
A
" ™
A) Boronic esters
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B) Iminoboronates

HO.- .OH R4 7
E-""lx | X= NH,, NH,0,
@/J\Rﬁ NH,NH etc.
R = CHj, H

Hall. D. G et al. Angew. Chem. Int. Ed. 2018, 57, 13028-13044.

v" High kinetics
v" Reaction biocompatibility
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Boronic Ester with Sugars
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D-Sugar 3-1QBA
kon kos Calculated Literature
(M's™) (s7')  Ky(M™) K (M)
Fructose? 287 038 755 1493 + 25
Tagatose® 169 036 469 1183 + 367
Mannose® 17 038 45 84+ 16
Glucose? 0.6 0.13 5 46+12

Wang. B et al. Bio. Med. Chem. 2012,2957-2961.



Boronate-Mediated Biologic Delivery

S
Sl?rfe;!:e g 0 Role of Glycoproteins
& %ﬁ’ v" Cell-cell communication
G v' Infection
HO zgé v" Inflammation
HO v' Metastasis
% v Reproduction
&

Li—
Cell %J
Surface :?E
20

o
SR Biologic drug delivery helped by

HO :gé recognition parts of Glycoproteins

HO %
o

Raines, R. T et al. J. Am. Chem. Soc. 2012, 8, 3631-3634.

Protein



Boronate-Mediated Biologic Delivery

=
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Table 1. Values of K, (M™") for Boronic Acids and
Saccharides”
CHyOH OH e OH
o HOH‘C H OoH
HO o H
HO O COH
CHLOH HO OH ACHN I
oH "o 1o v Benzoxaborole has a greater
D-fructose D-glucose Neu5Ac afﬁnity than phenyl boronic
HO. ;-OH acid for each saccharide.
@ 128 + 20 5x1 13+1
HO,
B-O
336+ 43 28+ 4 43+ 5

Raines, R. T et al. J. Am. Chem. Soc. 2012, 8, 3631-3634.



Boronate-Mediated Biologic Delivery

o=y o>y
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v" Lec-2 have lower levels of
sialic acid in their glycoprotein
than Pro-5.

400

v" Fructose decreased the

Internalization (% of control)

SAANNNNNNNNNNNN

enhancement.
200 v Cell-surface sialic acid content
did not affect uptake
significantly.
? unmodified boronated
fructose - - + 4+ T o+ Limitation: irreversible of protein.

10
Raines, R. T et al. J. Am. Chem. Soc. 2012, 8, 3631-3634.



Boronate-Mediated Biologic Delivery

¥ N™ N A NH
H H H Qﬁ 3
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Ca go cellular Cargo
N f;
H I[}. OH esterase ﬂ (@] + H,N—Cargo
\
Trimethyl lock (TML)
11

Raines, R. T et al. ACS Chem. Biol. 2016, 11, 319-323.



Boronate-Mediated Biologic Delivery
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Raines, R. T et al. Chem. Sci. 2012, 3, 2412-2420.

ﬁ £~ t} o oF
2, XA
O
B-TML-NHS Ester

Ac-TML-NHS Ester

v" B-TML-GFP shows dramatic increase
compared with two others.

v" Fructose decreases the cellular uptake.

Advantage: reversible biomodification.

12



Boronate Assisted DNA Transfection

Polymer/DNA electrostatic
interactions

Ho-p=0 MO F=0 | HOP=0 5 p=oHOP=0
| @) HO-P=0 O [ O
O_ - o | 0 .

¥ H* H*

‘(/\H/\\/N\/\ /‘\VN\/’\ /\\,N)\

\ \ \n Improved Gene

Transfection
E HN; HN HNE I
: : .B. B: .B.
O O (@) o'°0 O O

BE formation with sialic]

v' Cations and anions interaction.
v Boronic ester improves gene cellular uptake (2 to 3 orders of magnitude).

13
Gois. P. M. P et al. Chem. Sco. Rev. 2019, 48, 3513-3536.



Rhodamine-derived Bisboronic Acid

A Ci(OH)z (HO).?BD

HN O
(L

co,©
HOo OH O
»\K '
" RhoBo

O OH

Kapp (HM)

[J; AC-WDSSPGSSK-NH- 0.45 £+ 0.11
2 Ac-WDAAPGGSSK-NH- No AF
3 Ac-WDSSPSSK-NH, No AF
4 Ac-WDSSKSSK-NH, No AF
5 Ac-WDSSPGGSSK-NH, No AF
6 Ac-WDSSGGSSK-NH, No AF
7 AC-WDTTPGTTK-NH> No AF
8 Ac-WDYYPGYYK-NH, No AF
9 Ac-WDDDPGDDK-NH, No AF

v' Cell-permeable
v" Turn-on fluorescent sensor

Kapp (UM)

Gal 29,000 = 5,000
Gic 13,000 £ 3,000
Man 29,000 = 6,000
Fuc 445,000 £+ 16,000
Sia 21,000 + 4,000
GIcNACc No AF

CHD No AF

10 0.35x 0.23

v SSPGSS in 1 shows high
affinity.

14

Schepartz. A et al. J. Am. Chem. Soc. 2009, 131,438-4339. Rhodamine-derived bisboronic acid (RhoBo)



Rhodamme derlved Blsboromc Acid
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[Peptide] (M) [Peptide] or [Monosaccharide] (M)
2 3 4 i & 8 10 Trp I Gle Man F Sia GlcNa
® 0 N NN K _N 4 = -+ & = =
A B
<
pDis;'JIay- r
. . o mCher .
v" High fluorescent intensity in vw Epi
the cytoplasmic region L
v Lower fluorescence intensity .+
in nucleus and outer plasma RhnEu| RhoBo
membrane.
Epi TIRFM
TIR-FM

Schepartz. A et al. J. Am. Chem. Soc. 2009, 131, 438-4339.

v" 1 and 10 show high

fluorescence change.
v’ 2-9 show no detectable
fluorescence change.

580 nm

580 nm

overlay




Tyrosinase-Mediated Bioconjugation

- T
1| ‘
e e

e

BN
Tyrosine
Tyrosinase
|| - OH RB{OH)E ;
Catechol u E;O
R OH

Site-specific oxidation

Tyrosinase-mediated
BE formation

v Applied to different proteins using the hemagglutinin-derived HA-tag that can
introduce exposed Tyr groups onto proteins.

16
Tirelli. N et al. Bioconjugate Chem. 2018, 29, 2550-2560.



Synergic “Click” Boronate/Thiosemicarbazone System

optimal - Vo
[substituents?] stability?) SN
A
aqueous

HQB@ media
+ T T"
HO ! \_7 74

.......................

nopoldiol ““{cnnjugatable]

v" Hindered, pre-organized vicinal diols mitigate the loss of entropy in the diol

substrate.
v" Tight-binding.

17
Hall. D. G et al. Angew. Chem. Int. Ed. 2016, 55, 3909-3913.



Synergic “Click” Boronate/Thiosemicarbazone System

_.-n.'-DH
ot Ok gy

@

KDN(MSI

1a 3.25
ppm
ar
LOH
L OH
O
1b 3.25
ppm

Entry 2a-k: R', R%, R’
(1a/b)

-

hydralytic

H2

i K r: _R?
stability
O
B

[M~'s 1M

1 (Ta) 2a: Me, H, H

2 (1a) 2b: F,H, H

3 (1a) 2c:CN, H, H

4 (1b) 2a: Me, H, H

5 (1b) 2b: F,H, H

6 (1b) 2c:CN, H, H

7 (1b) 2d: Me, H, CO,Me

8 (1b) 2e: Me, CO,Me, H

9 (1b) 2f: Me, H, OMe
0(1b) 2g: Me, OMe, H
1(1b) 2h:F, H, CONMe,
2 (1b) 2i:F, H, OMe
3 (1b) 2j: F, OMe, H
4 (1b) 2k: CN, H, CO,Me

Eq. (1) 0
(-1
[1b][2]

Hydrolytic Keq
stability®! x10°
(3/1aor4/1b) [m']H
3a/l1a:87:13 -
3b/1a: 78:22 -
3c¢/1a: 70:30 -
4a/1b: 93:7 180
4b/1b: 84:16 27
4c/1b: 83:17 25
4d/1b: 91:9 120
4e/1b: 90:10 91
4f/1b:92:8 130
4g/1b: 94:6 330
4h/1b: 75:25 15
4i/1b: 82:18 25
4j/1b: 85:15 40
4k/1b: 78:22 12

Hall. D. G et al. Angew. Chem. Int. Ed. 2016, 55, 3909-3913.

1.6+0.1
18 +4
> 501
2.3+0.2
3342
= 501
6.9+ 0.6
7.8+0.7
3.3+06
1.0+0.2
= 501
= 50
18+1
= 501

18



Synergic “Click” Boronate/Thiosemicarbazone System

H2
~OH
ot G
e {w

2a-k
1a ifﬁ ken (M5 Ja-c 3.23
m = - ppm
or hydrolytic ﬁ R?
stability
OH
@\/‘V\D,{—\Vﬂl (CH } Eqg. (1) [4] ﬁ:h/\/\u*f\v '}H{CH
?; ;’; " b)) da-k 3.22
Ppm
Entry 2a-k: R', R%, R’ Hydrolytic Koo kon
(1a/b) stability®! x10°  [m'sd
(3/1aor4/1b) [m ']
1(1a) 2a: Me, H, H 3a/la:87:13 - 1.6£0.1
2 (1a) 2b: F, H, H 3b/1a: 78:22 - 18 +4
3(la) 2c:CN,H,H 3¢/1a: 70:30 - > 501

Hall. D. G et al. Angew. Chem. Int. Ed. 2016, 55, 3909-3913.



Synergic “Click” Boronate/Thiosemicarbazone System

_.-n.'-DH
ot Ok gy

% % D““E

2a-k D%\"D%‘{EHg}E
1a 3.25 ken (M5 3a-c 3.23
ppm = - or 1 ppm
or hydrolytic R R2
AH stability
@{’/v\ A0 e [0 ] Rk R3
325 " [bli2] h][z] 4a-k 3.22
ppm ppm
Entry 2a-k: R', R%, R’ Hydrolytic Keq ko
(1a/b) stability!”! x10*  [m's')d
(3/1aor4/1b) [m U
4 (1b)  2a: Me, H, H 4a/1b: 93:7 180 23202
5 (1b) 2b: F, H, H 4b/1b: 84:16 27 332
N H H 4¢/1b: 83:17 25 4
7 (1b) 2d: Me, H, CO,Me  4d/1b: 91:9 120 6.9+ 0.6
g (ID) Ze: Ne, CO,Me, H 4e/Tb: 90:10 o1 78X U7
9 (1b) 2f: Me, H, OMe 4f/1b: 92:8 130 33+06
10 (1b) 2g: Me, OMe, H 4g/1b: 94:6 330 1.0+0.2
11 (1b) 2h: F, H, CONMe, 4h/1b: 75:25 15 > 50"

Hall. D. G et al. Angew. Chem. Int. Ed. 2016, 55, 3909-3913.
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Synergic “Click” Boronate/Thiosemicarbazone System

Me
Me
HO kDN =7.7 M1s1 "\OR 5
v B - AT
HO Keq=12x1O4M‘1 0
O Fast, stable,
but reversible
i ] rds
O HO/D | OH
~—~ B-Ar H~C (slow) HO O OH2
H Hd ——————— \.(\ml % B‘Ar
HO-B—Ar \
free boronic acid Hf; OH

(more reactive) -

* ortho-Me & jPr lower the rate (smaller kon]‘ i
H,0O due to steric effect fast | -H20
H(? 8 * ortho-F & CN increase the rate (larger kop) _
HO-B—Ar of first displacement due to increased boron Cs: B—Ar
HO electrophilicity bH

trihydroxy boronate |+ ».g(oH), of higher pKa leads to less side- | hydroxyboronate

"side-product” . i
[I:;ss Feaciive} | product, thus higher stability (larger Keq)

21
Hall. D. G et al. Angew. Chem. Int. Ed. 2016, 55, 3909-3913.



Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

Me
Me

O Fast, stable,
but reversible

v Undesirable cleavage!

D) New synergic design

aqueous =
~OH HO —|- media -‘”D""E-—<
. . h \
OH ,E-—{ } :

N) HO A\ ~pH 7.4
n 0~ "r? Fast?

g N )
- NH- - =
n=2 g o/m-R? = H, Me, Ph Synegy +° é

Higher stability?
reversible?

22
Hall. D. G et al. J. Am. Chem. Soc. 2017, 139, 14285-14291.



Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

"H NMR & HPLC-MS
analysis

phosphate buffer

HO

fi O-g N s
pH T .4/acetonitrile Gr" A Q" e
(6535 W) eat / ot }'I
noA n X

1 1a_}:f HdB 7 _I_\ Des;;zd_pggsuct Undesirec; products

hnad Xa N ve na! | ...contols:3fa-3fe

1::;_ n iE, X = NHPh 2a: Y = 0-CHO K :

tenzzxon, 2T o A

1n=2X=Ng 2d.Y=0COPn | oy -H0 N TN

26, Y =m-COPh *hemiaminal imine oxime |
entry  boronic  product (2 h) (1 product (24 h) (1  imine/oxime
(la—1f) acid mM) 3/17 mM) 3/1¢ formation?
1 (la) 2a 3aa/3aa"H,0/1a: 71/21/8 yes ™
11/67/22

2 (1a) 2c 3ac/la: 43/57 43/57 yesb

3 (1b) 2a 3ba/1b: 79/21 79/21 no

4 (1c) 2a 3ca/lc: 68/329 68/32 no

5 (1d) 2a 3da/1d: 86/147 86/14 no

6 (le) 2a 3ea/le: 100/0 100,/0 j,,fresh

7 (le) 2c 3ec/le: 100/0 100/0 yes”

8 (1e) 2d 3ed/le: 100/0 100/0 yes”

O (11) Ta Sta/ 1L 73727 73727 no

Hall. D. G et al. J. Am. Chem. Soc. 2017, 139, 14285-14291.

ENERN

n=2 as ideal length.
Second reaction
clearly improved the
conversion.

2a side selectivity

with N-terminal

cysteine.

2¢ exhibits lower

hydrophobicity.
23



Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

HO. ,-OH
©/U\ Negative controls:
2 _ HN 2 AN
'H NMR s)“NH S NH
10 mM PBS buffer/D,0 A l |
(9/1 viv) pH 7.4 S I'ilH
(k=4.2+04 M5 "
& © 1i 1
) | HPLC-MS ‘ g
= fluorescein 19 mM PBS buffer pH 7.4
% proportions of 1/3
entry 10 min 30 min 60 min 120 min 3.5h 24 h
1 (1h) 90/10 86/14 64/36 35/65 0/100 0/100
2 (1i) 73/27 (maximal conversion)
3 (15) 100/0 (no product)
24

Hall. D. G et al. J. Am. Chem. Soc. 2017, 139, 14285-14291.




Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

2c/2h
WOH (0.1 mM)
.OH 10 mM PBS buffer R
HPLC-MS analysis
N NH- *
#J,\ 1,2-¢is dicls (competitors)
S NH 0.3 mM fructose
' 8.0 mM glucose
1h (0.1 mM) 0.01 uM catechol
= i S0min,2h,3h,4h Jhc/3hh
fluorescein similar conversion
— competitors + compehitors — competitors + competitors
(50 min) (50 min) (50 min) {20 min)
1h th| |3hc 3hh 3hh v Biological inertness
3hc with biological diols.
W | 1h
| 1h“
N || i' t|
O LA ;.'Ll-_ J A
T T Pate Sl Sraaas Famaatanes mi;-, y

Hall. D. G et al. J. Am. Chem. doc. ZU1/, [3Y, 14285-142Y1.



Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

o \ | OH
OH HPLC results
OH N OH after2 h
o H on NHR [1h
NH - N
N- N2 2i (0.5 mM) N 0
.-;L. 2h - S&I\ NH |
S” NH 40 mM PBS buffer ' “
HPLC-M3 analysis 3hi |
not obsarved
1h (0.1 mM) HENGNHE 1h is unreactive -
tovweards reactive aldehydesﬂ
catalyst (10 mld) h
NHR lSH
.NH
HN e HN S0 ‘
same conditions
S%TH . SA‘NH
|
1i |
- le I1|
1i (0.1 mM) Gbé'r'ved N
NHE
NH ' '
i , HN'Nﬁ" 0 3mi
@ same conditions _ Imi*H.0 |
1m (0.25 3mi ! I
(0.25 mh) observed e
ova T 5
= fluorescein

Hall. D. G et al. J. Am. Chem. Soc. 2017, 139, 14285-14291.

v" Inert towards biological
electrophiles

26



Synergic “Click” Boronate/Thiosemicarbazone System (Irreversible)

i
B-OH
O
30 min
Live HEK293T - o T .
labeled with boronic acid Fast (9 M"'s™), irreversible
on cell membrane *Benign reagents, compatible

via SNAPtag approach . . .
with biological polyols

*Inert towards

_ biological electrophiles

27

Hall. D. G et al. J. Am. Chem. Soc. 2017, 139, 14285-14291.
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Iminoboronate

O’R’

R~ I{l
é,B(OH)z

Flz. O

R._NH oH R /N"IPIJI\R'
= B\O—:')H L é/B\OH
\\ RO /

é/B(OH)z 2-formayl phenylboronic acid (2-FPBA)

2-acetyl phenylboronic acid (2-APBA)

R: -H 2-FPBA

R: -CH; 2-APBA
i / \
S

0
N.
R N, © z I}I"S
B~0H BNig
OH OH

It

29
Gao. Jet al. Acc. Chem. Res. 2018, 51, 2198-2206.



Boronic Acid with g-residue Lysine

Reversibility upon the addition of fructose,
dopamine or glutathione

HO‘B’OH Rn
&10.5-OH 0 @ |
J\[/\ D,0,16h_ \+ N R’
R" P H @
25°C
_NH R
R' Boc
Boronic acid Conv. % Product Boronic acid Conv. % Product
dﬁO\B,OH d_IO‘B’OH
1 H 61% 11 5 H 56% 13
@)
O~/
O._._OH
g g 410 OH
14

4 HJ\/© 33% 12 5 71%
F

Gois. P. M. Pet al. J. Am. Chem. Soc. 2012, 134, 10299-10305.

30



Boronic Acid with N-terminal Cysteine

I x".—--*-.:
apd I

HC._.O .
8°'% _Hg0. RT, 30 min. _ N@—) | ‘ \___,... |
o N Y
g &
HEN\)LOH

HO ‘ﬁuf HO,, ﬁ.{, HO,_D~¢
B . HyO:CH4CN, RT s—(°N;
J:ﬁ/u‘[{ ‘ 23{] mir?.-Ed- h Q—‘\—j J—‘L_j @—/%_}

R=Hor CH, 2-91% yield; 3-74% yield; 4- 37% vield;
>20:1 dr 4:1dr >20:1 dr

Gois. P. M. P et al. Chem. Sci. 2016, 7, 5052-5058.

.-'

31



Boronic Acid with N-terminal Cysteine

0
HO
HEN\;JJ‘DH B-on M HG‘EPH@ 4
E _ ~

SsH AGMz11 N~ adf=a ® Py 0

+ AG=-4 / i AG=2 =

HO, ,OH ik
B O o6 -
t A,
O OHHO AG*=20

0P .\, $=O plsi

32
Gois. P. M. P et al. Chem. Sci. 2016, 7, 5052-5058.



Boronic Acid with N-terminal Cysteine

Potential % Implication

Inhibitor Inhibition
Fructose (5 mM) 0 Boron chelators do not interfere

Serine (5 mM) 0 1, 2-amino alcohols do not interfere
Lysine (15 mM) 0 Biological amines do not interfere
G5SH (5 mM) 0 Biological thiols/internal cysteines do not interfere

Cystine (1 mM) 0 Oxidized cysteines do not interfere
Cysteine (1 mM) 50 TzB formation is specific to 1, 2-aminothiols

33
Gao. J et al. Chem. Sci. 2016, 7, 4589-4593.



Boronic Acid with Oxyamines

Ha 10 uM Hp
@o HNO™ Ph O\)“ NN
10 MM KP, Ph
B(OH), oH=72 15 °C B(OH),
10 uM 2-FPBA (1) 2a
H,
10 uM 2-FPBA

10 uM reaction
at ~3.5 min

10.0 9.5 9.0 8.5 8.0 7.5 7.0

Gillingham. D et al. Chem. Sci. 2015, 6, 3329-3333.

34



React with Oxyamines

110 uM
O
X H,N~ "R X
A /&O > A )\\N,OR R =Bn or LYRAG
r r .
100 mM KP; pentapeptide
100 uM pH 7.2, ~1 min?
Entry Ar X  Product Cone (uM]  Conv® (%)
1 Ph H o e TE 100 <5
A I
2 | I/ H 2a 100 =08
- piom,
;ﬁq,}x P
3 » H 2a 10 =58
T B(OH
| a,_.-'}k .lfl.r'd-.f;:-“'hhl"hl"'l:'I
4 H - 100 =08
S BiOHL GARYL™ D
2y
r P — A
&e l L H 2e 100 <5
El:':-.:'l'll;
ey .f-::'x 4 ﬂm’ﬂﬂn
6 J|\j H S 100 <5
G o

Gillingham. D et al. Chem. Sci. 2015, 6, 3329-3333.
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React with Oxyamines

9

DMH2

0 CHO
TS s § j@r
B{OH) (HO):B

100 nM 100 nM
o ks> 10* M5
« proceeds in pH 7.2 phosphate buffer

= compatible with: proteins, carbohydrates,
biothiols, human serum

Gillingham. D et al. Chem. Sci. 2015, 6, 3329-3333.
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Boronic Acid with Hydrazides

CLe — L0 — G

Irreversible

OH HoN-. /O HO OH OH /@

OH OH
BI + 3 -
B‘N'R *N+R B..N+.R
i e EE— 1 I — O I
-~ N -~ N N
Aromatic-like

scaffold

v' Stable aromatic-like structure.

37
Gois. P. M. P et al. Chem. Sco. Rev. 2019, 48, 3513-3536.



Boronic Acid with Hydrazides

0
o)
N-o
O N NHz
H
NH,

Phosphate Buffer &
pH 7

A

N
W/O/ OH Phosphate Buffer
pH 7

Fluorescent BSA
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Short Summary

R!
|
H5C/H 0] g H3C/H. N
(é)H R'—NH, - \BfOH i
“OH Kq: 1-20 mM "OH
OH
Hg/\AO /\})L
H,C o
3 O OH *NH
é =
“OH Kq4: ~0.5 mM
Instantaneous equilibrium
OH
Hgﬁ/Ko /\T)J\
H =
© oH *NH i
é B,OH
“OH Kd ~5uM o
Slow dissociation
t11'2' >1 hour

Gois. P. M. P et al. Chem. Sci. 2016, 7, 5052-5058.

RI
9,
R__O
OH RN on
B. . . B.
OH ™ R"—O0-NH, = —~— OH
R Ky Dissociation Exchange
UM (ty2) (ty)
H 0.004 ND Yes (6.6 hr)
CH,4 10 Yes (<10 sec) NA
R_O

OH R._N.-Ph
B. . B

R Ky Dissociation Exchange
uM (tys2) (ty)

H ND ND ND

CH; ND ND Yes (4-6 hr)
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Summary

A) and B)
both reversible and irreversible

products
A
¢ !

A) Boronic esters
_OH

\
D\})’\A FEE HG]H" RE"

R3

B) Iminoboronates

__OH R s
HO. 5Ot R

R5 = CHj, H

X= NH2, NHzo,

I
@/J\Rﬁ NH,;NH etc.

Diol Sources:
v' Sugars

v’ Tetraserines
v’ Catachol
v Nopoldiol

Reversible order:
v' Primary amine, N-terminal

cysteine, oxyamine,
hydrazide (irreversible)

41



Appendix



Boronic Acid

Metal Catalysed
Cross Couplings

R'-R
A
R'-X [M] |
E Coordination with basic
nucleophiles
R"\ XRI
S 2 Y /B .......... > o I
P B. = R B‘ '‘OH
R XR" R'XH OH
Coordination with vicinal . ,
basic nucleophiles . R=X-Y-Z-R
: R!II
R’ v Sp3
~ X . S
L R™ Charged Tetrahedral
R B, Y] R Species
S

Rll

Coordination with tridentate
basic nucleophiles

OH 0. .0
- H,0
C‘\ OH —b
2(\[( fast
(e® o
1 2
- xR?Tfast
r1
C:(i} -R! (o]
= bt
X.
R? G R?
0 0
3 X=NH R; = labile moiety
4 X=0 R® = molecule of interest
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TCEP for Reversible Improvement

HO.©.OH® HO._.O
~ g 1 -
| TCEP (leq.) 5"
R PBS, D,0O R
iminoboronates 10 examples
98-100% vyield

Entry R Ri-NH, Yield % within 5 minutes
1 CHs S NH; 100
2 \:=>_NH2 100

HO '
3 N 100
4 H 24

HoN™ ™
5 HzN’O'“ 86
6 H ~_~_-NH 100
7 \J;f_ _\*\ NH, 100
8 /= NH, 100

\ /7~
9 HO_~ 100
1o HS —/\:, OH 100

N7

11 VN 99

HaN N/ O
12 HN___~ 98

HO™ =7 "0
13 ¥ 87

HoN™ ™ 44




Sugar

OH
HO O
HO

OH "OR

D-glucose (GLc)
2.5 %

DHOH
O
HO

NHAC OR

D-N-acetylgalactose (GalNAc)
4.8%

L-fucose (Fuc)
7.2 %

OH
HO O
HO

NHAC OR

D-N-acetylglucosamine (GLcNAc)

31.8 %

OH
OH
HO
OR

D-mannose (Man)
18.9 %

Sialic acid (Sia)
8.3%

HOOC
HO O
HO
OH “OR

D-glucuronic acid (GlcA)
0.3 %

HO O
HO

OH “OR

D-xylose (Xyl)
0.1 %

R = CH, or CH,OH

oH]"

0

HO
OH "OR

D-galactose (Gal)
24.8%

HO O
HO |
HOOC OoH OR

L-iduronic acid (IdoA)
0.1 %
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Boronic Acid with N-terminal Lysine

Gois. P. M. Pet al. J. Am. Chem. Soc. 2012, 134, 10299-10305.
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Tyr-

fcﬂ SUPWﬂEﬁ tyrosinase

Tyrosine residue
s +Site~s ecific oxidation

— E

iy enzymatu:
oxidation
-,f:m

/
J” oo

Melanins /
Polymerization products

HyA-APBA

‘MHa*

Bioconjugation oﬁk
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Boronic Acid with N-terminal Cysteine

a) H OCI)H Hs .
B. + H
o & H
2-FPBA CAL
b)
s o
NN A N
fB"clj-'H O 5 H 0 |
HO “'I '..‘
f |' .I__ o o ‘.'Jf[---—.—-.--.-—--—.-—m_-—.-.-n'-'l.I““‘w PSP L S
H OCIJH
B\OH
| Hl
ul',l B ithlll -~
HSN)\W \)L ¢
@ 9 8 1 6 4 3 2 1
ppm
C)
B(OH), 8
PO SR A e T J\V/\Q———m————“—‘
60 50 40 3 20 10 0 -0 20  -30

ppm
Gao. J et al. Chem. Sci. 2016, 7, 4589-4593.
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Boronic Acid with N-terminal Cysteine

Table 1 Design of boronic acid facilitated “click™ reaction

o X
| 5 min., room temp. X
R | v MeOHorMeCN L7y

Compound X Y R Isolated yield (%)
1 NH, OH 2-B(OH), —
2 NH, NH, 2-B(OH), —
3 NH, SH 2-B(OH), 5
4 NH, SH S-E[DHJE —
5 NH-» SH 4—E[DH:]2 —
6 NH, SH H 10
+ H+
oH M OH OH o.§H
HOLg o ”D*é:_:;}-:" R, OB R, MO + Ry 8- 6n .\ Re
7 H
| ~ - Hj)\ H — é);':l) | —_— H/\I)("N S I *  aH
. HS Rz R gt Ry
3 24 26
OH
E! By Q.
s gyt @ C@b@ﬂ Oa@ O«JCH @m
2
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Boronic Acid with Hydrazides

Entry | Inhibiting reagent Yield(%)
1 no inhibitor 94
2 Lysine (2mM) 82
3 Fructose (2mM) 90
4 Glutathione (2mM) 92
5 BSA (2mg/mL) 82

Gao. J et al. Chem. Eur. J. 2015, 21, 14748-14752.
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Combine BE and Iminoboronate

- » Ex
2-FBBA O
N

Hydrogel
Dissociation




