The Cyclodextrin Company

Synthetic Strategies for the Preparation of Multifunctional
Cyclodextrin Derivatives
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Outlines

/*:*Cyclodextrins Reactivity \

“*Most Important Cyclodextrin Intermediates
* 6-Monotosyl-BCD
* Per-6-halo-CD
« Sugammadex
= 2-O-propargyl-BCD
* Per-2-O-propargyl-BCD
“*Fluorescent CDs
‘*Folate-appended CDs

“* Amphiphilic CDs
vCD polymers J
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 Solubility improvement of the CD (and its complexes) in
desired solvent, usually in water;

« better fit and/or association between the CD and its guest, with
concomitant stabilization of the guest by changing its reactivity;

« more appropriate mimic of a binding site (e.g., in enzyme
modeling) via attachment of specific groups; or

« formation of insoluble or immobilized CD-containing
structures, polymers (e.g., for chromatographic purposes).

BCD

Why to modify Cyclodextrins?

OH




“‘"’“’l‘“‘ Characteristics of the Hydroxyl Groups

Less acidic, most nucleophilic

2

More acidic, less nucleophilic Most acidic, more nucleophilic

Cl= anomeric carbon

C6= methylene unit (-CH,-)

C2= easy accessible

C3=most hyndered, difficult to modify
C4, C5=not inolved in reaction




Cyclodextrins are CYCLIC Oligosaccharides

cvcmlnnb

Reagents may interact with CDs in unexpected ways!



“‘"’“’“‘"5 Most Important “Single Isomer” CD Intermediates

X
@
O;|/
X 6,7.8

Mono-6-Substituted Cyclodextrin: @ J/@}

Per-6-Substituted Cyclodextrins: @}
Mono-2-Substituted Cyclodextrin: @ J/b%

Per-2-Substituted Cyclodextrin: @%



Creiols Mono-6-Tosyl-CDs (in Pyridine)

ﬂ
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o O:S CH
Es
Pyr, r.t.
;|/ OH + HCI

7
g o .o N
BCD + @ * > +

The most nucleophilic OH reacts with TsCl!

\//

A

Tang W. et al., Nature protocols, 3, 4, 691-697, 2008



3“3“'““‘ Mono-6-Tosyl-BCD (in H,0)
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NaOH, H,O

> % OH O
@) )
1) CusQ,, aq.NaOH , OH OH + HCI
- O
OH

s 2) TsCl, CH,CN

@) @)
O /O \\Sf
e’
CI
i +
@) @)
* Darcy R. et al., Organic Synthesis,10, 686, 2004 8

* Defaye J. et al., Patent : US6570009 B1 (2003)
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Mono-6-Tosyl-CDs (Pyridine vs H,0O)

Pyr, r.t.
NaOH HZO
Pvridine
a-, B-, y-CD

Fast reaction
Over-tosylation
Dry conditions
Difficult work-up
Hazardous solvent

@H@} e

H,0
Green solvent
Possible scale-up (B-CD)
Only BCD
Low yield
Hydrolysis of product
Excess of TsCl
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Mono-6-Tosyl-BCD, the Key Intermediate!

(Br /1), (N3), (NHz)l

N,H,, Pd/C
BCD H,O-MeOH
Reflux

Kl, KBr
DMSO, A

r(OTs)l

Ts-Cl . NH,,- (CH2)3 OH
BCD
Pyr, r.t.

NaSH
DMF, A

(SH),

(NH(CH,),OH),

-

(CN),

C [

(COH),
|/
- . -

=
@)
!.

10
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C Per-6-Halogen-CDs

‘ [
Ve
|
O
PPh;, DMF OH
70-80 °C O
OH 6,7,8
Br
O
+ NBS _PPh;, DMF OH
(Br,) 70-80 °C @)
OH 6,7,8
Cl
+ PCl DMF |
} >"70-80 °C O
+ NCIS PPh,;, DMF OH }/
> O
OH 6,7,8

8 70-80 °C

11
Gadelle A., Defaye J., Angew. Chem. Int. Ed. Engl. 30 (1991) No. 1, 78-80.



“‘"’“’l‘“‘ Per-6-Halogen-CDs, Regioselective Synthesis

OH
O @)
- + I, _PPhyDMF, OH
7. OH 6,7,8

I

OH 6,7,8

The less hindered OH reacts!

12
Nobel A. et al., Patent: US 6,670,340 (2003)



“‘"’“’l‘“’ Per-6-Halogen-CDs, Side-Reactions

OH I
O @)
OH + L, PPh., DOMF* OH
0 70-80 °C O
OH 6,7,8

OH 6,7,8

Vilsmeier-Haack type reaction

O , | ROH | -DME R—I
MN/CHB_) \N+’CH3 - R\O/\NJMCI_|3 /
: |
C|2H c|:H ! s \\
3 3 Hydrolysis™ _.O._O

R

Both pathways occur!

Hodosi G. et al., Carbohydrate Research, 230, 327-342, 1992

13



Creiols Per-6-Halogen-CDs, Versatile Compounds

$

‘.\I

O

O '
CH
m N\
O/‘/—O O
PPh;, DMF NaOCH,, MeOH OH ,
2 _ o~ g
70-80 °C o r.t. o
6,7.8 OH 6,7,€
| Ny NH,
@) O 0
OH } NaN,;, DMF OH N,H,, Pd/C OH } "
o 70-80 °C O H,0, EtOH @
OH 6,7,€ OH 6,7,

OH 6.7.€ Reflux

% Ashton P. R., Stoddart J. F. et al., J. Org. Chem., 60, 3898, 1995
% Jicsinszky L., lvanyi R., Carbohydr. Polym., 45, 139-145, 2001 14



“el  2010-FDA granted HPRCD Orphan Drug Status

OCH CHOHCH
Ph. Eur.
S 7 H,O, NaOH BCD=15%
Propylene Glycol £ 2.5%

OCH CHOHCH Degree of Substitution

MALDI-TOF HPLC TLC

DS: 2 3 4 5 6 7 8 9 10

150 -

100

50
o

1200 1400 1600 1800 2 . : £ = £ = ‘ ’ ' ‘
DS: 2 3 4 5 6 7 8 9 10 11 12 " p-

‘
_J

Eluent: n-propanol: EtAc: H,O: NH,OH (25%)

8 8 8 8 8 =

DS 33 46 63 6.7 1.1

00000

- 4
S=6
u -

] ot

500 ol
0 T T T T
2 4 6 8

1200 1400 1600 1800
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4%

7.00
| —

55 50

Information on the Positions of Substituents (NMR!)

13C-NMR

C6-unsub.
3
8
1H-NMR -CH, |
ap Q
HPBCD DS=5.9 —0
o g
R
j o)
;
53.50 17.68L OR
45 4.0 3.schemica|3£hin(ppm)2-5 2.0 15 1.0 05 ™
— 20
DEPT-ed-HSQC E o =
6 unsub. g
c 6 sub. 3 :,é)
‘* 2 unsub. — 60 —
K f T
o
.@\ — 80 N
- caics 1/ 3
@ C2 sub. ~ 100
s a5 a0 '35 3025 20 a5 ib

F2 Chemical Shift (ppm)
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c"““'léfb Solubilizing Capacity of HPBCDs with different DS
A

Diclofenac-Na | Hydrocortisone | Voriconazole Cholesterol Lovastatine
cl N/T\lfg
NH 9H
Cl O'Na' F 7 F
5 82Ny

80.0 0.30 0.025
_10.0 ~0.25 0.020
=60.0 E 00 '
250.0 Diclofenac-Na = \ 0.015
400 _ =0.15 Cholesterol
S300 Hydrocortisone £ 4.101 0.010
Q _ S e g Lovastatine
©20.0 Voriconazole ©o0.05 0.005

10.0

0.0 w w - 0.0 w ~0.000
0 5 10 15 0 ) 10 15
DS DS




cv““'léf\ Cytotoxicity of HPBCDs with different DS
{

\J

oy g

HPBCD cytotoxicity

140.00

—-— DS 3.3

120.00

Cell viability (%)

- DS 4.6

100.00 — ks

80.00

—— DS 6.3

60.00

- DS6.7

40.00

-~ DS 97

20.00

0.00 ‘ | J | - DS 111

0 50 100 150 200 250

HPBCD concentration (mM)

Regioselective with appropriate base and temperature.
Degree of Substitution can be controlled.
High solubility in water.
Challenging to characterize!
5-1000 kg scale production




“‘"‘“’“‘"5 Sugammadex: Selective Relaxant Binding Agent!
N‘ |

G
Y

ONa

Oyj O?ONa
0
OHO
0 o070 HO 0
N\ HO O
OH o ONa
L
HO
0 —_ >
HO
OH
oH ONa
5 OH OH o)
0
f O
NaO™ ~O WYO K,=25.000.000 M*
ONa
Rocuronium Bromide . q
Aminosteroid uga.m.ma®ex
(Bridion®)

* Schaller S. J., Fink H., Core Evidence, 2013 19
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G
AN

Axon terminal of
motor neuron

Myelin sheath

Action potential
propagation
in motor neuron

Terminal button

Voltage-gated Vesicle of Voltage-gated
Na* channel acetylcholine N Ca?* channel

Rocuronium Bromide

. . Plasma membrane Action potential
Aminosteroid of muscle fiber propagation
. . . i le fibe
Non-depolarizing blocking S

agent

20



“‘"’“’"“5 Nicotinic Receptor, Rocuronium and Sugammadex
R

G
Y

Inside

No autonomic instability!

No need of co-administration of
antimuscarinic agent (atropine)
as for
acetylcholinesterase inhibitor

(neostigmine) 21

Acetylcholine

Rocuronium

Sugammadex
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Building-up of Sugammadex

“““ﬁ:

In vitro reversal activity vs ~90%

In vivo reversal activity vs ~90%

No. of Glucose Units
Cavity Diameter (nm)
Height of Torus (nm)

Compounds block by rocuronium * block by rocuronium
(isolated mouse hemi- (i.v., guinea-pigs}
diaphragm)
Compound R Prep. Mw Purity © ECs, max reversal, % EDsq, max reversal, %
No. Method uM (conc., uM) pmol/kg (dose, umol/kg)
4 OH na.® 972.9 | >98%* > 360.0 8.7+ 3.0 1575.0 ¢ 84+38
(360) 1025.0 (1018)
5 SCH>CO;Na A 1549.3 | >99% > 18.0 22.8+ 130 > 21 36
(18} (21
[ SCH-CH;CO;Na A 16335 | >70% >360.0 0.0£0.0 > 16 32
(360) (16)
7 SCH,CH,CH>CO:Na A 1717.7 | >92% >18.0 53+3.4 > 16 34
(18} (16)
8 OH nat | 11351 | >98%"° > 360.0 29.0 154 20070 929103
(360) (113)
) SCH,CO:Nu A 18076 | >88%" 65+15 97.3+ 16.2 0.9320.26 896+ 12.8
(16.2) (9.6)
190 SCH,CH,CO,Na A 19058 | >90% 33+07 100128 0.75:0.35 813+904
(9 (2.6)
11 SCH,CH,CH,CO-Na A 2004.0 | >90% 50+07 953+ 52 0.49£0.10 996+ 0.1
(14.4) (32)
12 OH n.a. 12972 »98%° | 346% 104 94.1+2.0 40:00 104.7+B6
(144) (47)
13 SCH;CO,Na A 20858 | >97% 12302 938+2.7 0.10£0.05 103.3£43
(3.6) (0.5)
14 SCH,CH,COsNa A 20000 | >97% 12+0.8 951£2.3 0.030.00 925153
(3.6) (0.3)
15 SCH,CH,CH,CO,Na A 22002 | »97% 14200 985145 0.06 £ 0.01 93.4 + 10.6
{3.6) (0.3)
16 SCH,CH,CH,CH,CO,Na A 24025 | >97% 1.8% 0.1 989z 5.2 0.07 £ 0.00 990z 235
(5.4) (0.3)
17 SCH,CH,CH>,CH,CH,CO,Na A 25147 | >70% 7.0+04 81.7+126 0.740.10 78477
(12.6) (2.5
18 ortho-S-Ph-CO;Na A 25624 | >00% | 2267 +65.4 423+ 138 nt’d nt?
(216)
19 meta-S-Ph-CO:Na A 268624 | >80% 33405 957+23 0.28+ 0.05 1020£57
(7.2) (1.3)

22




CvctoLas Synthetic Strategies for Sugammadex COONa

’N
s
\\ ')
]/ PPhs, I, DMF Hs ™ “OH <
70-75 °C, 6 h NaOCH,/MeOH 0

DMSO, r.t.,, 2 h OH 8

/ — COOCH
Ji ONa \ A

NaG % ONa HS/\/\OCH3 /@ 025°0.5
HO 12
Aor . DMF, K,CO, J/ P
ﬁ} % 6070 °C 41 20-25 °C, 8 h

ONa

‘

O
ONa

OH M
(/AS NaOCH,, DMF
1) S:< o
Naofo Lo 65 °C, 12 h
\ one / 65 °C 8 h P
Sugammadex NH + u iOCH
2) HO > 2 3
65 °C, 2h 23

Adam J. M. et al., J. Med. Chem., 45, 1806-1816, 2002
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Mono-2-O-Propargyl-BCD

$

‘.\I

OH

LiH, Li-l O
60 °C, 1 h

\4

CH,CN:H,0:NH;=10:5:2

1,4-Dioxane:NH;:n-propanol=10:7:3

Reaction Monitoring

Casas-Solvas J. M. et al., Carbohydrate Chemistry: Proven Synthetic Methods, Vol. 5, 2019 (under publication)

OH

OH

24



BVﬂlﬂlﬂB Per-2-O-Propargyl CDs

‘ L

‘.\I
OH
O LiH, Li-|
OH ]/ + BrH,C-C=CH DMSO
O 60 °C, 1 h
OH 7 (
CH CH, HCZ®
3
H,C——CH, H,C—CH,
H,C-Si-CH, H,C-Si-CH,
O 0
Br @)
© HC=— NH, HF
4 MM
OH > OH >
o]/ NaH, DMF O MeOH
OH —67¢ (O 8,78 (
/ _C
HeZ® HC?

* Darcy R. et al., Biomaterial, 33, 7775-7784, 2012 25
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Fluorescent CDs as Tools for Biological Investigation

Ns | OCHs NHL OCH, |_
NaN, CHjl N,H,, PAIC, RBITC,DIPEA
DMF, 70 e ‘ cp k NaOH HZO ‘@cu‘ H,0-EtOH ‘WU‘ DMF, 80 °C
reflux
OCH3 OCH3

(n+m)~12 (nﬂn) ~12

(n+m)~12
Rho-RAMEB

N

OTs NH2 YN}
. 1
_ NaN; N,H,, PAIC RBITC DIPEA ' CHil
SCPUA DvE 70°c L BCY H,O-EtOH | HCP DMF, 80 °C we@‘ NaOH, H,0
reflux r.t.

26




ﬂ‘mlﬂlﬂ" Application of Fluorescent CDs

(n+m)~12
Rho-RAMEB

Réti-Nagy K. et al, Int J Pharm. 2015, 30, 496(2), 509-517

.\ Fluorescent microscopic images

of rhodamine-labeled random
methylated B-cyclodextrin (Rho-
RAMEB) in Caco-2 cells (top left).
Rho-RAMEB is localized in large
(red) vesicles. Cell nuclei are
labeled with blue DAPI staining.
Confocal microscopic images of
Flutax-Rho-RAMEB complexes in
Caco-2 cells. Flutax (green, A) and
Rho-RAMEB (red, B) containing
vesicles can be detected alone, but
together in the same vesicles
(orange, C) as well. Cell membrane
IS stained in blue.

27



Cyciolns
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BCD-Porphyrin Conjugate

H3C
/7
s\
/>0
\i/zﬂ HO OH
OH
o HO 0 O Q OH
HO
0 o .
o HO + NaOH, DMSO \ on
g o OH O
o 40 °C, 4 days Q" [oHro HO
HO O O HO (0]
0
OH on
HO O OH HO OH g
o HO
OH OH
(0]
HO HO (e}
6-monotosyl-BCD meso-tetra(m-hydroxyphenyl)-21H,23H OH OH o
porphyrin (nTHPP) O HO OH Z/Z/
HO
HO
6-mono(mTHPP)-BCD 28

V. Kirejev, A. R. Congalves et al., Photochem. Photobiol. Sci., 13, 1185-1191, 2014



Photosensitizers and Delivery System!

cvcml<n:35 BCD-Porphyrin Conjugate,
£

PBS EtOH 50% DMSO 4%

BCD-mTHPP

FLIM average lifetime (B,D)

D 12.7 ns
5.0ns

o
T

FLIM intensity fraction T, (C,E)

D 100 % E

0%

Confocal fluorescence image of a cluster of cancer cells T

incubated with BCD-mTHPP in 4% v/iv DMSO-PBS showing Improved aqueous SO|Ub|“ty'

overlay of cellular autofluorescence in green (500-550 nm) Improved CytOSOHC_ Up_tak_e as monomer.

and BCD-mTHPP emission in red (660740 nm). Improved biodistribution.

Multifunctional system upon complexation.
V. Kirejev, A. R. Congalves et al., Photochem. Photobiol. Sci., 13, 1185-1191, 2014
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Folate appended-CDs

A
J
G"‘

\ Ho

% ﬁ

NaOOC

O

NH
NH\/©/
|

( OTS

NH2 (CHZ)ZNHZ
BeD

50 °C

Caliceti P. et al., Bioconjugate Chem. 2003, 14, 899908

el

Hooc/L ﬁ

(

HOOC

DCC NHS[DMSO Pyr

30
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Folate / Folate-Receptor Interactions

— Pteroic Acid Aloh
—— Amino-oxopteridine bha
—— L-Glutamic Acid O '{;DEH
O NT
N_ L~ H

HN ~ ‘N COzH

/l% | w H Gamma
HoN© N N (pKa=4.7)

Folic acid drawbacks
* Low solubility
« Dicarboxylic acid
* Only Gamma-modified-FA interacts with FR
e Susceptible to racemization!

Pteridine ring of FA is perpendicular to PABA moiety

Chen C. et al., Nature, 500, 486-489 (22 August 2013) 31
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Folate appended-CDs Crude Composition

‘

-&’
O FAyY1- BCDEn \/[ I/ (|)| FAY2- BCDEn \): I/ H»
\/NH\/\NH NH\/\NH
— yel .

Hooé | | ool I

ﬁ FAGlBCDEn\/i::ji;/ ) FAGZBCDEnN/I::I;/

\\V/NH

NH \ NH,
[ NHf 2 ]1 \ \/NH\/\NHH FA(BCDEN),
| ( N\ NH,

BCDEN

HOOC



3‘"3“'““’ Folate appended-CDs Analytical method

‘
‘,
[ ] ELSLA, Voltage (Folate-CD 2019-05-17\FA-CDEN_MO04_12.D)
mV _
) l
14 -
12 - BCDEn
] / FAGZ'BCDE“ FAal-BCDEn
10 /
g @ FA(BCDEnR),
6 Fsz-BCD\
: X( BCD BCDEn
4 — by-product EA
: 16.72% 18.08% 29.98% 35.22%
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
5 10 15 min 33




3"’“'1& Amphiphilic Cyclodextrins (Original Version)
J’ﬂ

CH
CH o
//
| ch03
CH, 0 C,,H,s-SH T™U, 150 °c
tBUOK
[ T QH
S O DM, 80 °C NaOCH; / MeOH
OH 7 4 days
r.t., 1day
0
CH O n
O CH H
5 , OH
j NIS, PPh,
0 n DMF
Ph,P, NH
H < s _ NaNg 70-80°C, 4 h
- DMF DMF, 100 °C
2 45 °C, 1 day 4 days NaOCH, / MeOH
SC,,-PEG-NH, ~ toh
H 11 days O

N, H 34

Mazzaglia A., Darcy R. et al., Eur. J. Org. Chem. 2001, 1715-1721 |
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=
J
G"‘

%

O n

-

NH,

SClz'PEG'NHZ
BCD

Iy
@}

Amphiphilic Cyclodextrins (Updated)

C1oHp5-SH

DMF 80 °C

CH

N,H,, Pd/C

%
H,O-EtOH
Reflux, 2 h

O

-

NaOCHSIMeOH

CH

3

4@}

NaN,

D S

DMF, 80 °C

" NaOCH, / MeOH

-

rt.2h

5 days

//

|<2c:o3

TMU, 150 °C

NaOCH; / MeOH

r.t., 1day

4 oH,

S
o)
OH
O
O 7

l,, PPh,
DMF
80°C,4h

<<
-

35



BYﬂlﬂlﬂﬂb Cell Penetrating CDs and DNA carriers
x‘ '

G
AR

BCD-(NH-(CH,);-NH,),

Lipofectamine 2000

Expression of eGFP
protein

Confocal microscopy slices of immobilized Hela cells

Optical and fluorescence microscopy images
showing expression of eGFP protein in HEK
293T cells and comparison with Lipofectamine
2000 as control.

N. Mourtzis, et al., Chem. Eur. J., 14, 4188 -4200, 2008.



Cvciolas Cell Penetrating CDs and DNA carriers: Syntheses

=
s z H\/\/NH
0 HAN. A~ _NH, FITC, DIPEA, DMF
OH
oJ/ 65-70°C, 8 h 70°C, 12 h l

{ \
O O DMF, DIPEA / N
OH OH < N
0 OJ/

o +
70°C, 720 Ay
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Cyclodextrin-Based Polymers

BCD

Epichlorohydrin

Polymerization ‘

Citric

o}
\ ..\"'w. R

Oy.CH
o)
s n
OH
) O
%,OHO [R o
O)k/\)J\ 9]
OH /
i
0 o)
A

OH

A\

Fyeity
)

O OH
52
OH
OH
OH
AKM [}
. s

)

OH

38
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Epichlorohydrin Cross-linked CD Polymers

BCD

cl))\/CI , NaOH
H,0, 3 h, 60-70 °C

CD content=60%
Mw=100 kDa

0.015

§ 0010

1 1H-NMR

DS=(56-42)/5=2.8

KC/RoP (1/kDa)

0.0091
0.008+

0.007

0.006

0.005
0.004 +
0.003 1

0.002 +

0.001

0.000

0. OOO 0. 001 0 002 0. 003 0] 004

DEBYE PLOT (STS)

r40

Concentration (g/mL)

r100

*90

80

70

80

50

r30

20

10

0005 0.006 0.007 0.008 0009 0.010

(sdoy) Bueneog peloadlod

39



Cyciolns

G
Y

1) PPh,, 1,,DMF
50 °C, 1 h

2) CH;OH, NaOCH, Pd/C
r.t., 30 min .

3) NaN,, DMF (15%'70 C
80 °C, 2 h

RBITC, DBU

" Pyr, 60-70 °C.
18 h

40
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cm"lé:fb Application for Rhodamine-labelled BCD polymer
s

Topical delivery of B-cyclodextrin polymer
o labelled with RBITC
g
£
O
=
o
o
g
S
£
()
=
[aa]
o
[m)]
()
o

Cryosections

R. Gref, V. Agostoni, S. Daoud-Mahammed, V. Rodriguez-Ruiz, M. Malanga,
L. Jicsinszky, P. Horcajada, C. Serre: French Patent Application, N°12/55065.



cvcmm Modification Pre-Polymerization

Na,S, TEA

H,0, r.t.
1 day

=N,
@ZN'O
& , CH,CN

H,0, 60-70 °C.
5 h

Malanga M. et al., Beilstein J. Org.Chem. 2014, 10, 3007-3018

42
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Applications for NBF-labelled
BCD polymer

Cationic B-cyclodextrin polymer
labelled with NBF enters
Human Cancer Cells

43



Cyciolas
Cﬂ‘ Citric acid Cross-Linked yCD polymer
A 4

0.0
— m CA/NCD=5
m + Ho OH > i*l/‘k

OH NaH,PO, cay
Citric Acid (CA) 140°C, 30 min oy on
O
(B) DOX+py-CyD (after 1h) OJK/OH
- "ol Y i e
AT /_f‘ oY
g ™ 4 AT O/k/
o3 S0 N AR ¥ & £ VR
e : bag CD content=60% (HPLC)
et ‘ Mw= 50-70 kDa (SLS)

oot 585 An647 44
Anand R., Malanga M. et al., Photochem. Photobiol. Sci., 2013,12, 1841-1854
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NBF-labelled
Citric Acid Cross-Linked yCD Polymers

CA/yCD=5

»

o]
oH NaH,PO, (Cat) )?\Oj:}k @
140°C, 30 min o 0
CD content=50% (HPLC)
Mw= 60-70 kDa (SLS)

Cl

' CuBr

@ + O
NaN3 DMF [Ts]
. 1

80-90 °c 6h ﬁ TSCl
— £
i Pyr

N I
¢ = 15-25 °C, 1h m

45



CvcroLas

=
J
Gb

A Photoactivable Bichromophoric CD-system

HO

(@]

O HO o
OH HO

Il

* Drug encapsulation — DNA targeted drug delivery
* Enhanced solubility
* Enhanced membrane penetration
» Antimicrobial activity of QA-CDs
* Potential interaction with the phosphate backbone of the DNA

46



Absorbance

Absorption and Emission Spectra

Absorbance

LAAAAY LALAS LA LA RALAS LAAAE)
300 310 320

T
300

Wavelength (nm)
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“““'mb Anthracenyl-NO-donor FRET
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cvc“mb‘ Light Irradition (Photolysis)
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cvcmlnn Nitric Oxide Photorelease
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ﬂvcmlnnb Ongoing Studies

Conclusions

Synthesis and applications of:

« NO-photodonor appended CD
« Anthracene appended BCD

« Bichromophoric BCD

Future perspectives

« Two photon fluorescence microscopy for
3D visualization of bacterial biofilm
(optical sectioning, irradiation in sections)

» Quantitative analysis of CD diffusion

* NO release trafficking on biofilms

S. epidermidis culture 18hr growth. 2PM imaging, near IR excitation. LIVE/
DEAD stain + Quaternary ammonium-6-monoanthracenyl-B-Cyclodextrin
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“"““"C“:fb Fluorescent Nitric Oxide-Releasing BCD-Polymer
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