Synthesis of Self-Immolative Rhodamine Based Theranostic Agent

g;'\\lr\IJVFERFi\Sr\IJHs gg Jonathan Alexander, Alessandra Rivera, Nathaniel Garrison, and Herman Nikolayevskiy*
University of San Francisco, Department of Chemistry, San Francisco, CA 94117

A \ T ~ /N AA
! < rKyY
A AW L L

Abstract Results and Discussion Future Work

Theranostic agents, a class of molecules that simultaneously serve both Failed NBS Radical Bromination Completion of the Rhodamine Synthesis
a diagnostic and therapeutic function, enable in vivo imaging for early Scheme 7. Proposed mechanism of rhodamine formation

diagnosis and targeted drug delivery within a single entity. Due to recent Scheme 4: Failed radical bromination due to hydrolysis | HO NH,
advances in the synthesis and photophysical properties of the rhodamine OTBS OH N
. . . . OH OTBS Dioxane/H,O HO O'iiH OH
scaffold, rhodamine dyes present a promising new direction for TBSCI, imidazole NBS, AIBN (1:1) Q S 3 hd
: - : | e > o) P  HO o) —
theranostic research. Toward the goal of exploring rhodamine dyes as ACN LI NO, Reflux NO, ~ f . 5
- . B W S 'Y S A N ol |

. : . : : NO ’ NO
self-immolative prodrugs for theranostic applications, we have ? 2 l S

synthesized a rhodamine precursor via a telescoped radical 5 1 0% EtOAcHox 6 y O4H \P \p 2 N 8
bromination/hydrolysis. Upon completion of the full rhodamine synthesis, | = fF-------: OTBS OH OTBS OH ' oS N o N OH OH " .
we will explore and optimize the kinetics of its “turn-on” fluorescence and T o 2 O k 2 o O O 2
drug release in vitro. :1> ' NO, N, NO, ACN, reflux o HO fo _tw OH
Theranostic Agents Br OH OH o Br O © o
« Many cancers go undetected until late-stage, when prognosis Is o © 8 ° * ° L ' l e N |
poor!; thus early detection is vital to improving patient outcomes2 | si’ o o Derivatization of Commermally Available Rhodamines
* Theranostic enables simultaneous In vivo T °'/‘ hd o 0 is o ws wo s s 83 w0 75 7o 65 o s s 4 w0 35 s 5 2 ow o o) Scheme 8. Functlonallzatlon of Rhodamine 6G
iImaging for early diagnosis and ¢ ( f,ﬁ;;f;;g Figure 3. H NMR spectrum from attempted radical ™ -~
targeted drug delivery within a )\ o ) o o bromination, showing disappearance of TBS protecting group, ! RN /NR RN O _~N
single entity?  Delivery A 96““;\ - _F-0-0-- ' O P 1) NBS, AIBN HO oH
» Single-molecular theranostic / ‘2\ WL thodamize o
agents (SMTA) ofter the ( e 3 =% | - Originally, we attempted to obtain phenol 4 via a radical bromination to yield bromide 7. This : O/\ 2 o~
benefit of synthetic modularity, Ko ey would be followed by hydrolysis with dioxane/water. o Bromination O
higher membrane permeability, Fiqure 1. Cancer theranostic enables | TLC and H NMR from the attempted NBS bromination suggested the product quickly Y M + | 11
easier renal clearance, gure 2. o . underwent hydrolysis to form a mixture of products, including the originally desired alcohol 4 - : Rhodamine 6G
and a cheaper cost of production* bOt.h diagnostic imaging and drug as the major product (figure 3) ' inati i
delivery’ N _ _ . _ Testing Kinetics of Self-Immolative Process
. * This inspired us to experiment with a telescoped bromination and hydrolysis (scheme 5)
Self Immolative Molecules _ — . Dye/Spacer
Scheme 5. Telescoped radical bromination and hydronS|s Telescoped NBS Bromination and Hydrolysis - PPN
« They consist of three parts: self-immolative spacers, trigger moieties, OTBS \BS AlBN OTBS Dioxane/H,0 : ol . . . . ) . . Trigger (7 E \ﬂ/ ‘ ‘ \ﬂ/ h
and a substrate such as drug? NN, hofio et * Telescoping is a tech_nlque In organic S)_/nthe_5|s In which a reactant Is ;
» Upon stimulus, cleavage of the trigger moiety occurs along with a > NO, ol subjected to successive chemical reactions in one flask. . E\Hf O \H/S
cascade of disassembly reactions which result in the release of the N2 i * By teles_c_opmg the NBS brqmmaﬂon and hydrolysis, an intermediate workup Substitute for Drug ,O/ \@.
substrate® 6 ] r and purification step is avoided (sch_eme 5) | | |
anal\u self-immolation *Requires purification via * The product of the telescqped reaction was confirmed via *H NMR (figure 4) « Test the kinetics of the self-immolative drug release mechanism by
_ - Dye _ w3 ‘@ rash chromalography and mass spectrometry (figure 5) -~ . attaching a fluorinated reporter to the labile thiocarbonate and a
OTBS NBS. AIBN OH Y Scheme 6. Synthesis of para-functionalized Rhodamine disulfide-based tr o th "
spacer gger 1o tne aniline.
m ‘9 e AET relx > O on OTES OH « Monitor the progress of the self-immolation reaction via the release of
Figure 2. OverVIeW of a self-immolative prodrug process NO, e O o2 ' o DS e Fe, NH,CI, H,0 the fluorinated motif using °F-NMR
o o N o w. o e - Based on the data collected from these tests, the optimal isomer will
Scheme 1. Mechanism of self-immolative prodrua = S imiates oxia urification step O 2 o0% "oz 25% over 2 steps o 2 | be further modified to improve the time it takes for the drug to be
u for bromide intermediate 5 6 4 released

3575.51
3572.92

X X ] +
Trigger \©\/ Activation - @ Elimination CO, H,O X
O.__Drug DTFEWQ ' — .
\[r + O\/DH I 2 1A, Acetone OH HO H2N O NH2 ConCI USIOnS
2

_-3798.29
—3789.75
__-3684.84

0 _ o “@\ ; {7 Q 0, (balloon) HO OH
X=Electron Donating Group N, i Treno. soe 0 O « We have synthesized a para-rhodamine precursor in 2 steps and
Rhodamine l, on 5 22.5% overall yield
« The goal of this research Is to explore rhodamine dyes as self- M M " S 1 Deviloped a tele?ff:qpetd radtlrcl:al _brofrrtuhnatlr(])ndand_ hydrol?clfs.lliI ttr;]att
Immolative prodrugs for theranostic applications J“U“\ o 10% EtOAc/Hex I ™ OTBS gierr?ilsjt:srg(r)\rzxetr:\lsgrkiynanedsIsu?i ficaeti(r)nostaelmme =cario a
« We aim to develop an efficient synthesis of polysubstituted ———————————— e FT T P P P
rhodamines and optimize the kinetics of “turn-on” fluorescence and ft (o) NO, Ack led
drug release in vitro S pu g cknowledgments
Scheme 2. Example application and mechanism of self-immolative st os tooow. | © USF Chemistry Department
rhodamine based theranostic agent NO, e F 2 T | 347.04 (97.3%), « Special thanks to John Hendrix and Jeffery Oda
L 67 [[FSee Toe s | am 18125 ([1%es ), Llgss  Jj1es 1t || 2y B0 | ] : :
_ , Water o o R R R T N N NI N D D M I I I  The whole Nikolayevskiy Group
Trigger-_0 0y -Trigger OH Fbnercs [ _ . .
;,T 5 TI/H HND i on « SFSU Chemistry Department and Dr. Mark Swanson for allowing our
D O g . . 180004 B5 .
drug. © O o. /iG> r% e | group to use their NMR
O T R 14000 %5
O O o Near-Infared Fluorophore i N 12000/
ad a g | H N NO; References
SCheme 3: RetrOSyntheSIS Of Para FunCt|Ona||Zed RhOdamlne ‘ = ! . Jod L - 5000 5 55 58 77 il OH (1) Collins, G. S.; Altman, D. G. Identifying Patients with Undetected Colorectal Cancer : An Independent Validation of QCancer ( Colorectal ). 2012,
--F-@ - ® - 4000 A Exact Mass: 169.04 No. May, 260-265.

Multiple-Functionality Tumor Therapy. Dye. Pigment. 2019, 166 (February), 72—-83.

HoN O NH» OH OH | S l %2
O O 5 888 8 - ‘ ‘ 107 b (2) Kim, H.; Park, S. Y.; Jaehoon, J.; Kim, J.; Hahn, S. Y.; Shin, J. H.; Oh, Y. L.; Ki, M.; Kim, H. I.; Kim, S. W.; et al. Improved Survival after Early
HO oH <> 4t VY = ———————=———————V Y —— s —— ——————————— ; En|| aniniEEEniin el 110 el o 1R 1, 163 Detection of Asymptomatic Distant Metastasis in Patients with Thyroid Cancer. 2019, 1-8.
0O — o + 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 s a0 e e e e T i ik e Tk T b T (3) Zhang, J.; Ning, L. Chemical Science Activatable Molecular Agents for Cancer Theranostics. 2019.
Q NH; f1 (ppm) (4) Qu, X.; Yuan, F.; He, Z.; Mai, Y.; Gao, J.; Li, X.; Yang, D.; Cao, Y.; Li, X.; Yuan, Z. A Rhodamine-Based Single-Molecular Theranostic Agent for
O © OH
2 3

F|gure 4. 1H NMR SpeCtI’a from teleSCOped NBS radical bromination and Flgure 5. TLC and mass SpeCtra from ’[eleSCOped NBS radical bromination and (5) Yan, J.; Lee, S.; Zhang, A.; Yoon, J. Self-immolative Colorimetric, Fluorescent and Chemiluminescent Chemosensors. Chem. Soc. Rev. 2018,
. . 47 (18), 6900—-6916.
hyd I’O|ySIS Hyd rOIyS|S (6) De Groot, F. M. H.; Loos, W. J.; Koekkoek, R.; Van Berkom, L. W. A.; Busscher, G. F.; Seelen, A. E.; Albrecht, C.; De Bruijn, P.; Scheeren, H. W.
_ OH Telescoped Elongated Multiple Electronic Cascade and Cyclization Spacer Systems in Activatible Anticancer Prodrugs for Enhanced Drug Release. J. Org.
Catalytic NBS Bromination OH Chem. 2001, 66 (26), 8815-8830.
Hydrogenation and Hydrolysis (7) Lee, M. H.; Sharma, A.; Chang, M. J.; Lee, J.; Son, S.; Sessler, J. L.; Kang, C.; Kim, J. S. Fluorogenic Reaction-Based Prodrug Conjugates as
g g Targeted Cancer Theranostics. Chem. Soc. Rev. 2018, 47 (1), 28-52.
NO, NO
2
OH

4 )



