Accepted Manuscript

Evaluation of fluorogenic aminonaphthalenesulfonamides and 6-
hydrazinobenz[de]isoquinoline-1,3-diones for the detection of bacteria

Jia Lin Luo, Terry Jin, Linda Varadi, John D. Perry, David E. Hibbs, Paul W.
Groundwater

PlI: S0143-7208(15)00378-2
DOl: 10.1016/j.dyepig.2015.09.031
Reference: DYPI 4942

To appearin:  Dyes and Pigments

Received Date: 19 June 2015
Revised Date: 19 September 2015
Accepted Date: 22 September 2015

Please cite this article as: Luo JL, Jin T, Varadi L, Perry JD, Hibbs DE, Groundwater PW, Evaluation
of fluorogenic aminonaphthalenesulfonamides and 6-hydrazinobenz[de]isoquinoline-1,3-diones for the
detection of bacteria, Dyes and Pigments (2015), doi: 10.1016/j.dyepig.2015.09.031.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.dyepig.2015.09.031

Evaluation of fluorogenic aminonaphthalenesulfordeai and 6-

hydrazinobenzjelisoquinoline-1,3-diones for the detection of baete

Jia Lin Luo™ Terry Jin™ Linda Varadf John D. Perry,David E. Hibbs Paul
W. Groundwatet?

®Faculty of Pharmacy, University of Sydney, Science Road, Camperdown Campus, NSW
2006, Australia

PMicrobiology Department, Freeman Hospital, High Heaton, Newcastle upon Tyne, NE7
7DN, United Kingdom

Abstract

New fluorogenic enzyme substrates were synthesizZeg the coupling of
aminonaphthalenesulfonamides or 6-hydrazinolg&lispquinoline-1,3-diones  with 3-
alanine. The 6-hydrazinobenig]isoquinoline-1,3-diones were also condensed witlarage

of aryl aldehydes to give the corresponding hydnaso The photophysical properties of the
synthesized amines and hydrazines and their arhiglrazide and hydrazone derivatives,
were examinednd they were also incorporated into Columbia agasrder to determine

their potential for the detection of pathogenictbaa.
Keywords

Aminonaphthalenesulfonamides, 6-hydrazinobdglgoquinoline-1,3-diones, hydrazones,

fluorescence, pathogenic bacteria.
1 Introduction

Antimicrobial resistance has been a major obstaxléhe effective treatment of bacterial
infections for several decades and has recentlprbeca serious threat to global public
health, contributing to over 720,000 potentiallgyentable healthcare-associated infections
(HAIs) in the USp.a.[1] and more than 177,000a. in Australia.[2] Although a natural
phenomenon, antimicrobial resistance has beenaatetl by the misuse of antimicrobial

agents, allied to a lack of new agents to replaocsd which have become ineffective (only
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two truly novel antibacterial agents have been agut in the last 30 years). Antibiotic

stewardship programs have been introduced worldwidettempts to improve patient

outcomes, reduce adverse sequelae associatedntiiticaobial use, and to preserve the ever
more limited array of antibacterials which infeciso disease clinicians have at their
disposal.[3, 4] In addition, effective preventiamdacontrol of infection can help to reduce the
spread of antibiotic resistance, and this can f@nmed by universal screening protocols,[5]
which are ideally based upon rapid, simple, and-etisctive techniques for the detection
and identification of pathogenic bacteria.

One of the most commonly employed techniques fer ditection and identification of
bacteria involves the use of chromogenic culturelimfs] which employ an initially non-

coloured substrate, consisting of an enzyme-targetnoiety covalently attached to a
chromogen. In the presence of an enzyme which esifsp to a particular bacterium, the
covalent bond is cleaved, releasing the chromolgigure 1, and thus allowing the detection

and identification of this bacterium.

For example, chromID™P. aeruginosa, exploitsp-alanyl-1-pentyl resorufaming which is
cleaved byB3-alanyl aminopeptidase to give the chromogen Iypesorufamine2, Figure 1,

to enable the rapid identification &. aeruginosa in patients with cystic fibrosis before
conversion into a difficult-to-treat mucoid pheno#y{7] Other chromogenic media have
been employed for the detection of multi-resistarganisms, such as methicillin-resistant
Saphylococcus aureus (e.g. CHROMagar™ MRSA),[9] vancomycin-rsistant enteragoc
(e.g. VRE-BMX),[10] and NDM-1 (carbapenemase) produdimgerobacteriaceae.[11]

Although sufficiently specific to allow presumptigpecies identification, a limiting factor in

the use of chromogenic media is the time takendiy 24-48 hours) for the development
of sufficient quantities of the indicative colouf the chromogen, which is essential for
reliable detection against the usually lightly eofed background. This limitation can be
addressed through the development of fluorogendiamsince the detection of fluorescence
is inherently more sensitive than the perceptioncaolour change — media containing
fluorogenic substrates should lead to a reductionthie time required for bacterial

detection.[12]

In order to develop fluorogenic media for the detecof bacteria, the reliable detection of
the enzymatically-released fluorophores is necgssand this can be facilitated by two

methods; (i) either an off-to-on mechanism analegtmichromogenic media or (ii) as the



result of a significant change in the observedridgoent emission wavelengths between the
substrate and subsequent fluorogen . In additiatigplaying intense fluorescence, the ideal
fluorogen should be non-growth inhibitory and ne¢al within bacterial cells / colonies,
while the substrate should be water soluble andilsetaken up by bacterial cells.

Based on their reported fluorescent propertiesjdeatified aminonaphthalenesulfonamide
(ANS) and 6-hydrazinobendg]isoquinoline-1,3-dion€6-HBI) cores as potential fluorogens
for the detection of bacterial enzymes, Figure @ironaphthalenesulfonamides (ANS) have
previously been reported as useful fluorogenic sates for proteolytic enzymes involved in
fibrinolysis and blood coagulation, and the quamitin of Lys-plasmin.[13] Similiarly,
benzpelisoquinoline-1,3-diones have been used as enzgmatarkers for dipeptidyl
peptidase IV and tripeptidyl peptidase | activityrodents,[14] as a probe for nitroreductase
activity for the detection of hypoxic cells,[15, ]16nd as a marker for the detection of

Mycobacterium tubercul osis.[17]

In order to evaluate their potential for the dateciof bacteria in clinical samples, various
derivatives of both sets of fluorescent cores wagsigned, synthesised and coupled to a
suitable amino acidp-Alanine was initially chosen as the amino acid etyiin order to
demonstrate the utility of these fluorogens in baat systems by targeting ttgealanyl
aminopeptidase activity d?. aeruginosa. The hydrolysis of the amide bond in the presence
of this bacterium would result in the release @f flmorogen. In the case of the 6-HBI core, a
secondary reaction, with a rangepafa-substituted benzaldehydes and cinnamaldehyde, was
also envisaged in order to enhance the fluorescebserved as a result of the extension of
the conjugation. Both fluorescent core moleculeslditve modified through the introduction
of substituents with different alkyl (R) chain leéhg in order to ascertain the optimum
uptake, adherence, and lack of growth inhibition.

Synthesis of the desired fluorophores was firsieadd using the methods described below
and their subsequent coupling to Bbelanine was achieved with the same symmetrical

anhydride method for both core molecules.

2. Experimental
21  Genera

All reagents and solvents were purchased from Sigldech, Alfa Aesar, and ChemSupply,
and used without any further purification or treatrn Thin layer chromatography was
performed on Grace Reveleris® Silica Aluminum-batRe.C Plates (UV254)'H and*®C



NMR spectra were acquired on a Varian 400MR at ¥iB{z and 100 MHz, respectively.
Coupling constants]f are in Hertz (Hz), chemical shift8)(are expressed in parts per million
(ppm) and reported relative to residual solventkpedMelting points were obtained on a
Stuart Scientific SMP 10. Low resolution mass s@eetere obtained on TSQ Quantum
Access Max (Triple Quadrupole) LCMS/MS in positian mode. High resolution mass
spectra were obtained on a Bruker 7T Fourier Tansflon Cyclotron Resonance Mass
Spectrometer (FTICR) in positive ion mode. Infrasgmbctra were recorded on a Shimadzu
FTIR-8400S and Shimadzu IRTracer-100. Elementallyapa were obtained from the
Campbell Microanalytical Laboratory in the Univeéysof Otago, NZ.

2.2  General procedurefor the preparation of acetamides 6a-e

Imide 4 was prepared by the method of ¥ual.[18] and sulfonyl chloridé by the method
of Guanet al..[19]

To a solution ob (1 equiv.) in DCM, triethylamine (2 equiv.) and tAppropriate amine (1.5
equiv.) were added. The resulting solution was teérto stir at room temperature overnight.
Upon completion, the organic layer was washed wkhHCI (3 x 20 mL), water (3 x 20
mL) and brine (3 x 20 mL), then dried over,8@&y. The solvent was removed vacuo and
the crude product was purified by column chromadpgy, eluting with ethyl acetate: hexane
(25:75 to 75:25) to give acetamidésse.

2.3 General procedure for the deacetylation of acetamides 6a-e to produce

sulfonamides 7a-e

The appropriate acetami@a-e was dissolved in methanol / 5M aqueous NaOH méx{Gr2
v/v) and kept at 85 °C. Upon completion of the tea; the methanol was removatvacuo
and the aqueous residue was extracted with DCMZBmL). After drying over N&5Oy, the
organic solvent was removed and the crude prodastpurified by column chromatography
on silica, eluting with ethyl acetate: hexane (B0® 60:40) to yield the desired sulfonamides

Ta-e.

24  General method for preparation of 6-bromo-1H-benz[de]isoquinoline-
1,3(2H)-diones 9

4-Bromo-1,8-naphthalic anhydride(1 equiv.) and the corresponding amine (1 equwele
refluxed in ethanol (25 mL) for 2 hours. The salatiwas then allowed to cool to room
temperature and the precipitate which formed walected by filtration to give the desired

product9a-c.



25 General method for the preparation of 6-hydrazino-1H-
benz[de]isoquinoline-1,3(2H)-diones 10

The 2-alkyl-6-bromobendglisoquinolin-1,3(2)-dione 9a-c (1 equiv.) was reacted with
hydrazine hydrate (2 equiv.) in 2-butanol (25 miodar reflux. After 2 hours, additional
hydrazine hydrate (2 equiv.) was added to the moluand after an additional 4 hours, the
solution was allowed to cool to room temperatuiige Precipitate which formed was washed

with diethyl ether to give the desired prodi@a-c.

26  General procedure for the coupling with Boc-g-alanine to give

sulfonamides 11a-e and hydrazides 13a-c

Boc-alanine (8 equiv.) was dissolved in DCM and codle® °C. To this solution, DCCI
(4 equiv.) was added and the mixture was alloweddon to room temperature and left to
stir for 1 hour. This mixture was then filteredard flask containing the appropriate amihe
or hydrazinel0 (1 equiv.), EDIPA (1.2 equiv.) and DMAP (0.6 eqyivn DCM. The
resulting solution was then heated to 50 °C andtde$tir. Upon completion of the reaction,
the organic layer was washed with saturated Nag@B& 20 mL), 1M aqueous HCI (3 x 20
mL) and water (3 x 20 mL) then dried over,8@)y. The solvent was removed vacuo and
the crude productéla-e were purified by column chromatography on silieating with
ethyl acetate: hexane (20:80 to 50:50).

For the coupling to the hydrazinobedgisoquinolin-1,3(H)diones 10a-c, after 3 hours,
additional BocB-Alanine anhydride (4 equiv.) was added to the tsmiu After a further 20
hours, the solvent was removed vacuo and the residue was purifieda column
chromatography on silica gel. Recrystallization nfrcethanol gave the Boc-protected

substrated3a-c.

2.6.1 tert-Butyl [ 3-ox0-3-{5-(N-propylsulfamoyl)naphthal en-1-
yl}aminopropyl)] carbamate (11a)

Yield of 11a: 20%; White solid; mp 177-179 °C; FTIR (neatm™): 3291 (NH), 3271 (NH),
1684 (C=0), 1653 (C=0), 1597 (C=C, aromatic), 12980), 1153 (S=0)*H NMR (400
MHz, CD;0D) 8:0.76 (3H, tJ = 7.4 Hz, CH-3), 1.36 (2H, sextet] = 7.2 Hz, CH-2)), 1.46
(9H, s, C(CH)3), 2.75 (2H, tJ = 6.7 Hz, CH-a), 2.79 (2H, tJ = 7.0 Hz, CH-1)), 3.48 (2H,
t,J = 6.7 Hz, CH-p), 7.62-7.73 (3H, m), 8.24 (1H, d,= 6.4 Hz), 8.31 (1H, d] = 8.4 Hz),
8.65 (1H, d,J = 8.4 Hz);**C NMR (100 MHz, CROD) &: 11.45 (CH, C-3), 24.0 (CH, C-
2'), 28.8 (3 x CH, C(CHs)3), 37.8 (CH, C-), 38.1 (CH, C), 45.8 (CH, C-1)), 80.2 (quat.,
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C(CHa)3), 124.6 (CH), 125.4 (CH), 125.5 (CH), 128.5 (C#29.5 (CH), 130.3 (quat.), 130.4
(CH), 131.3 (quat.), 135.1 (quat.), 137.5 (qudt98.5 (C=0, carbamate CO), 173.6 (C=0,
amide CO); ESI-MS =436 (M + HRpnal. Calcd. for C1H29N3OsS (435): C, 57.91; H, 6.71;
N, 9.65. Found: C, 57.99; H, 6.92; N, 9.72%.

2.6.2 tert-Butyl [ 3-ox0-3-{(5-(N-butyl sulfamoyl)naphthal en-1-
yl}aminopropyl] carbamate (11b)

Yield of 11b: 51%:; White solid; mp 175-178 °C; FTIR (neatcm™): 3308 (NH), 3265
(NH), 1680 (C=0), 1651 (C=0), 1620 (C=C, aromatik990 (S=0), 1150 (S=0OjH NMR
(400 MHz, CRXOD) 6:0.74 (3H, tJ = 7.4 Hz, CH-4), 1.18 (2H, sextet] = 7.4 Hz, CH-3'),
1.32 (2H, quintet) = 7.2 Hz, CH-2'), 1.46 (9H, s, C(CH)3), 2.745 (2H, tJ = 6.7 Hz, CH-
a), 2.82 (2H, tJ = 6.8 Hz, CH-1'), 3.48 (2H, tJ = 6.7 Hz, CH-B), 7.62-7.73 (3H, m), 8.24
(1H, d,J = 6.8 Hz), 8.31 (1H, d] = 8.4 Hz), 8.64 (1H, d] = 8.4 Hz);**C NMR (100 MHz,
CDs0D) 6: 13.8 (CH;, C-4), 20.65 (CH, C-3), 28.8 (3 x CH), 32.7 (CH, C-2), 37.8 (CH,
C-a), 38.05 (CH, C), 43.6 (CH, C-1), 80.2 (quat.C(CHs)s), 124.55 (CH), 125.4 (CH),
125.5 (CH), 128.5 (CH), 129.5 (CH), 130.3 (quat30.4 (CH), 131.3 (quat.), 135.1 (quat.),
137.4 (quat.), 158.5 (C=0, carbamate CO), 173.6XCGanide CO); ESI-MS =450 (M + H).
Anal. Calcd. for CyoH31N30sS (449): C, 58.78; H, 6.95; N, 9.35. Found: C, B81, 7.13; N,
9.40%.

2.6.3 tert-Butyl [ 3-ox0-3-{(5-(N-pentyl sulfamoyl)naphthalen-1-
yl}aminopropyl] carbamate (11c)

Yield of 11c: 27%; White solid; mp 166-170 °C; FTIR (nedgm™): 3320 (NH), 3269 (NH),
1686 (C=0), 1653 (C=0), 1622 (C=C, aromatic), 128Z0), 1153 (S=0O)*H NMR (400
MHz, CD;0D) 8: 0.74 (3H, tJ = 6.8 Hz, CH), 1.09-1.14 (4H, m, 2 x CH2 x H-3 plus 2 x
H-4), 1.29-1.36 (2H, m, CHH2'), 1.46 (9H, s, C(CH)3), 2.75 (2H, tJ = 6.8 Hz, CH-0), 2.82
(2H,t,J=7.0 Hz, CH-1)), 3.48 (2H, tJ = 6.6 Hz, CH-B), 7.62-7.73 (3H, m), 8.24 (1H, 4,

= 7.2 Hz), 8.31 (1H, dJ = 8.4 Hz), 8.64 (1H, dJ = 8.4 Hz);**C NMR (100 MHz, CROD)
0:14.2 (CH, C-5), 23.1 (2 x CH, C-3 and C-4), 28.8 (3 x CH), 30.3 (CH, C-2), 37.8
(CH,, C), 38.1 (CH, C{), 43.9 (CH, C-TI), 80.2 (quat.C(CHs)3), 124.6 (CH), 125.4
(CH), 125.5 (CH), 128.5 (CH), 129.5 (CH), 130.34gy 130.4 (CH), 131.3 (quat.), 135.2
(quat.), 137.5 (quat.), 158.5 (C=0, carbamate Q@3.6 (C=0, amide CO); ESI-MS = 486
(M + Na). HRMSCalcd. for Cy3H33N30sSNa: 486.2033. Found: 486.2038.



2.6.4 tert-Butyl [ 3-oxo-3-{5-(N-octylsulfamoyl)naphthal en- 1-yl}aminopropyl] carbamate
(12d)

Yield of 11d: 37%:; White solid; mp 175-177 °C; FTIR (neatcm™): 3275 (NH), 1676
(C=0), 1653 (C=0), 1595 (C=C, aromatic), 1321 (S=01650 (S=0);H NMR (400 MHz,
CDs;0D) 6: 0.84 (3H, tJ = 7.2 Hz, CH), 1.07-1.15 (8H, m, 4 x G 1.20-1.32 (4H, m, 2 x
CHy), 1.44 (9H, s, C(CH)3), 2.72 (2H, tJ = 6.7 Hz, CH-0), 2.80 (2H, tJ = 7.0 Hz, CH-1),
3.46 (2H, tJ = 6.7 Hz, CH-B), 7.59-7.72 (3H, m), 8.22 (1H, d= 6.8 Hz), 8.29 (1H, d] =
8.4 Hz), 8.61 (1H, dJ = 8.4 Hz):**C NMR (100 MHz, CROD) &: 14.4 (CH, C-8), 23.7
(CHyp), 27.55 (3 x CH), 28.8 (CH), 30.1 (CH), 30.2 (CH), 30.6 (CH), 32.9 (CH), 37.8
(CH,, C-2), 36.6 (CH, C-3"), 42.4 (CH, C-1), 80.23 (quat.C(CHa)s), 124.5 (CH), 125.3
(CH), 125.5 (CH), 128.5 (CH), 129.5 (CH), 130.34t) 130.4 (CH), 131.2 (quat.), 135.15
(quat.), 137.5 (quat.), 158.5 (C=0, carbamate @@3,55 (C=0, amide CO); ESI-MS = 506
(M + H); Anal. Calcd. for CygH3gN3OsS (505): C, 61.76; H, 7.77; N, 8.31. Found: C, 61.7
H, 8.00; N, 8.34%.

2.6.5 tert-Butyl [ 3-{2-(1,3-dioxo-2-propyl-2,3-dihydro-1H-benzo[ d€ isoquinolin-6-
yl)hydrazinyl}-3-oxopropyl] carbamate (13a)

Yield of 13a: 21%; Light yellow solid; mp 193-195 °C; FTIR (nea/cm?): 3336 (NH),
3325 (NH), 3279 (NH), 1684 (C=0), 1655 (amide B4T (C=0), 1585 (amide Il), 1528
(C=C); *H NMR (400 MHz, (CR),CO) &: 0.97 (3H, t,J = 7.6 Hz, H-3, 1.45 (9H, s,
C(CHs)3), 1.72 (2H, sextet] = 7.6 Hz, H-2), 2.66 (2H, tJ = 6.8 Hz, CH-a), 3.44 (2H, q.)

= 6.8 Hz, CH-B), 4.04-4.08 (2H, m, H-}, 6.08 (1H, broad s, carbamate NH), 7.11 (1H] d,
= 8.4 Hz, H-5), 7.60 (1H, dd,= 8.4, 7.6 Hz, H-8), 8.34 (1H, d,= 8.4 Hz, H-4), 8.43 (1H,
dd,J=7.6, 1.2 Hz, H-9), 8.54 (1H, dd,= 8.4, 1.2 Hz, H-7), 9.16 (1H, broad s, amide NH);
3C NMR (100 MHz, (CDB),CO) &: 12.8 (CH, C-3), 23.1 (CH, C-2), 29.7 (3 x CH,
C(CH3)3), 35.9 (CH, CH,-a), 38.7 (CH, CH;-), 43.0 (CH, C-1), 79.8 (quat.C(CHa)s),
107.6 (CH, C-5), 114.6 (quat., C-3a), 121.5 (qu@at6a), 124.7 (quat., C-9a), 127.0 (CH, C-
8), 129.0 (CH, C-7), 131.1 (quat., C-3b), 132.3 (@0), 134.9 (CH, C-4), 152.1 (quat., C-
6), 157.6 (C=0, carbamate CO), 165.1 (C=0, C-35.6C=0, C-1), 172.9 (C=0, amide
CO); ESI-MS =442 (M + H).

2.6.6 tert-Butyl [ 3-{2-(1,3-dioxo-2-pentyl-2,3-dihydro-1H-benzo[ d€g isoquinolin-6-
yl)hydrazinyl}-3-oxopropyl] carbamate (13b)



Yield of 13b: 19%:; Yellow-brown solid; mp 150-154 °C; FTIR (me@cm™): 3357 (NH),
3312 (NH), 3221 (NH), 1688 (C=0), 1674 (amide 1832 (C=0), 1614 (amide II), 1587
(C=C), 1519 (C=C)H NMR (400 MHz, (CR),CO) &: 0.93 (3H, tJ = 7.2 Hz, H-9, 1.38-
1.41 (4H, m, H-3 H-4), 1.46 (9H, s, C(CH), 1.72 (2H, quintet) = 7.6 Hz, H-2), 2.70
(2H, t,J = 6.4 Hz, CH-0), 3.47 (2H, qJ = 6.4 Hz, CH-B), 4.07 (2H, tJ = 7.6 Hz, H-1),
6.13 (1H, broad s, carbamate NH), 7.06 (1H) €,8.0 Hz, H-5), 7.39 (1H, ddl= 8.4, 7.6
Hz, H-8), 8.26-8.29 (2H, m, H-4, H-9), 8.38 (1H, dd- 8.4, 0.8 Hz, H-7), 9.08 (1H, broad s,
NH), 9.49 (1H, broad s, NH)**C NMR (100 MHz, (CR),CO) &: 15.3 (CH, C-5), 24.1
(CHp, C-4), 29.5 (CH, C-2), 29.7 (3 x CH, C(CH3)3), 31.1 (CH, C-3), 36.0 (CH, CH;-a),
38.7 (CH, CHx-B), 41.4 (CH, C-1), 80.0 (quat.C(CHs)3), 107.3 (CH, C-5), 114.6 (quat., C-
3a), 121.2 (quat., C-6a), 124.4 (quat., C-9a),826H, C-8), 128.8 (CH, C-7), 130.8 (quat.,
C-3b), 131.9 (CH, C-9), 134.8 (CH, C-4), 151.9 (gu&-6), 157.7 (C=0, carbamate CO),
165.0 (C=0, C-3), 165.5 (C=0, C-1), 173.4 (C=0,dO); ESI-MS =469 (M + H).

2.6.7 tert-Butyl [ 3-{2-(1,3-dioxo-2-benzyl-2,3-dihydro-1H-benzo[ dg isoquinolin-6-
yl)hydrazinyl}-3-oxopropyl] carbamate (13c)

Yield of 13c: 34%; Yellow solid; mp 175-177 °C; FTIR (neafcm™): 3387 (NH), 3318
(NH), 3298 (NH), 1684 (C=0), 1653 (amide 1), 1647=0), 1638 (amide II), 1578 (C=C),
1541 (C=C), 1521 (C=C), 1508 (C=CY¥4 NMR (400 MHz, (CDR),CO) &: 1.45 (9H, s,
C(CHga)s), 2.67 (2H, t,J = 6.8 Hz, CH-0), 3.44 (2H, t,J = 6.8 Hz, CH-B), 4.56 (1H, s,
carbamate NH), 5.32 (2H, s, ©H7.11 (1H, dJ = 8.4 Hz, H-5), 7.19-7.23 (1H, m, H)4
7.27-7.31 (2H, m, H-35), 7.44-7.47 (2H, m, H/26)), 7.58 (1H, dd,) = 8.4, 7.2 Hz, H-8),
8.35 (1H, dJ = 8.4 Hz, H-4), 8.43 (1H, dd,= 7.2, 0.8 Hz, H-9), 8.54 (1H, dd,= 8.4, 0.8
Hz, H-7), 8.89 (1H, broad s, amide NH), 9.54 (1kyau s, amide NH)?*C NMR (100 MHz,
(CDs3)2CO) 8: 29.7 (3 x CH, C(CHa)3), 35.9 (CH, CHy-0)), 38.5 (CH, CHx-B), 44.7 (CH),
79.9 (quat.C(CHs)3), 107.7 (CH, C-5), 114.4 (quat., C-3a), 121.4 {qua-6a), 124.5 (quat.,
C-9a), 127.0 (CH, C-8), 128.8 (CH, 0;4129.3 (CH, C-7), 130.01 (2 x CH, C-8), 130.04
(2 x CH, C-3 5), 131.1 (quat., C-3b), 132.6 (CH, C-9), 135.2 (©C+4), 140.2 (quat., C
152.3 (quat., C-6), 165.1 (C=0, C-3), 165.7 (C=@L)C174.1 (C=0, amide CO); ESI-MS =
511 (M + Na).

2.7  General procedurefor theremoval of Boc protecting group to give salts

12a-e and 14a-c



Boc-protected substratdda-e and 13a-c were dissolved in DCM (5 mL) and the solution
cooled to 0 °C in an ice bath. DCM / TFA (5 dropd.d mixture) was added to this solution
which was allowed to stir for 2 hours while warmittgroom temperature. The solvent and
excess TFA were removed vacuo after the addition of methanol (50 mL). The regidvas
then triturated with diethyl ether and the solidnfied was filtered to give the produdiza-e,

or the reaction vessel was cooled at -80 °C ovhtriig give the final substratBla-c as a
TFA salt.

2.7.1  3-Amino-N-{5-(N'-propylsulfamoyl)naphthal en-1-yl} propanamide
trifluoroacetate salt (12a)

Yield of 12a: 87%; Off-white solid; mp 155-158 °C; FTIR (neatgm™): 3265 (NH), 3163
(NH), 1668 (C=0, amide), 1597 (C=C, aromatic), 18850), 1134 (S=O)}H NMR (400
MHz, D,O) &: 0.68 (3H, tJ = 7.4 Hz, CH), 1.32 (2H, sextet]) = 7.2 Hz, CH-2'), 2.86 (2H,

t, J=6.8 Hz, CH-1), 3.09 (2H, tJ = 6.6 Hz, CH-a), 3.41 (2H, tJ = 6.0 Hz, CH-B), 7.65-
7.71 (2H, m), 7.78 (1H, 1 = 8.2 Hz), 8.26-8.30 (2H, m), 8.58 (1H,J& 8.8 Hz);*C NMR
(100 MHz, BO) é: 10.2 (CH-3), 22.0 (CH, C-2), 31.9 (CH, C-), 35.4 (CH, Cf), 44.45
(CH,, C-1), 123.4 (CH), 125.0 (CH), 125.4 (CH), 128.1 (CHZ28.2 (quat.), 128.8 (CH),
129.9 (CH), 130.0 (quat.), 132.5 (quat.), 133.8afgu 172.3 (C=0, amide CO); ESI-MS =
336 (M + H); HRMSCalcd. for Cy6H22N303S: 336.1376. Found: 336.1379.

2.7.2  3-Amino-N-{5-(N'-butyl sulfamoyl )naphthal en-1-yl } propanamide trifluoroacetate salt
(12b)

Yield of 12b: 53%; Off-white solid; mp 152-155 °C; FTIR (neatgm™): 3267 (NH), 1670
(C=0, amide), 1597 (C=C, aromatic), 1319 (S=0),4(3-0);'H NMR (400 MHz, DO) &:
0.60 (3H, t,J = 7.4 Hz, CH), 1.06 (2H, sextet) = 7.4 Hz, CH-3), 1.235 (2H, quintet) =
7.2 Hz, CH-2), 2.88 (2H, tJ = 6.8 Hz, CH-1'), 3.08 (2H, tJ = 6.5 Hz, CH-a), 3.40 (2H, t,
J=6.5 Hz, CH-B), 7.63-7.68 (2H, m), 7.76 (1H,1,= 8.2 Hz), 8.24-8.27 (2H, m), 8.56 (1H,
d, J = 8.8 Hz);*C NMR (100MHz, BO) &: 12.4 (CH), 18.8 (CH, C-3), 30.4 (CH, C-2),
31.9 (CH, C+), 35.4 (CH, C$), 42.2 (CH, C-1), 123.3 (CH), 125.0 (CH), 125.3 (CH),
128.1 (CH), 128.2 (quat.), 128.8 (CH), 130.0 (CHl auat.), 132.5 (quat.), 133.7 (quat.),
172.3 (C=0, amide CO); ESI-MS = 350 (M + H); HRNZSIcd. for C;7H24N303S: 350.1533.
Found: 350.1536.

2.7.3  3-Amino-N-{5-(N'-pentyl sulfamoyl ) naphthal en-1-yl} propanamide
trifluor oacetate salt (12¢)



Yield of 12c: 95%; White solid; mp 141-144 °C; FTIR (nedgm™): 3294 (NH), 3265 (NH),
1670 (C=0, amide), 1624 (C=C, aromatic), 1290 (SZQPp5 (S=0)H NMR (400 MHz,
D,0) 3:0.53 (3H, tJ = 6.4 Hz, CH), 0.84-0.97 (4H, m, 2 x CKHCH,-3',4), 1.19 (2H, tJ =
6.6 Hz, CH-2), 2.86 (2H, tJ = 6.6 Hz, CH-1'), 3.07 (2H, tJ = 6.6 Hz, CH-a), 3.40 (2H, t,

J = 6.4 Hz, CH-B), 7.60-7.64 (2H, m), 7.74 (1H, 3,= 7.6 Hz), 8.20-8.245 (2H, m), 8.54
(1H, d,J = 8.8 Hz);"*C NMR (100 MHz, DO) &: 12.8 (CHy), 21.05 (CH, C-4), 27.6 (CH,
C-3), 27.85 (CH, C-2), 32.0 (CH, C-), 35.4 (CH, C$), 42.4 (CH, C-1), 123.3 (CH),
124.95 (CH), 125.2 (CH), 128.0 (CH), 128.15 (qudt28.7 (CH), 129.8 (quat.), 129.9 (CH),
132.5 (quat.), 133.8 (quat.), 172.2 (C=0, amide ;&E3I-MS = 364 (M + H); HRMSalcd.
for CygH26N305S: 364.1689. Found: 364.1692.

2.7.4 3-Amino-N-{5-(N’-octyl sulfamoyl ) naphthal en-1-yl } propanamide trifluoroacetate salt
(12d)

Yield of 12d: 58%; Off-white solid; 175-177 °C; FTIR (neatcm™): 3250 (NH), 1668
(C=0, amide), 1599 (C=C, aromatic), 1314 (S=0),21(S=0);'H NMR (400 MHz, DO) §:
0.67 (3H, tJ=7.2 Hz, CH), 0.80-1.11 (10H, m, 5 x Gl 1.20 (2H, br s, CKH2'), 2.70 (2H,
brs, CH-1)), 2.91 (2H, tJ = 6.4 Hz, CH-B), 3.24 (2H, tJ = 6.4 Hz, CH-0), 7.33-7.44 (3H,
m), 7.94 (1H, dJ = 6.8 Hz), 8.09 (1H, d) = 8.4 Hz), 8.40 (1H, dJ = 8.0 Hz);**C NMR
(100 MHz, BO) &: 13.5 (CH), 22.2 (CH), 26.0 (CH), 28.5 (CH), 28.7 (CH), 29.1 (CH-
2), 31.3 (CH), 32.0 (CH-B), 35.3 (CH-a), 42.6 (CH-1), 123.0 (CH), 124.5 (2 x CH),
127.75 (CH), 128.1 (quat.), 128.5 (CH), 129.0 (CH29.45 (quat.), 132.5 (quat.), 134.4
(quat.), 171.6 (C=0, amide CO); ESI-MS = 406 (M ¥ HRMS Calcd. for Cy;H3,N305S:
406.2159. Found: 406.2161.

2.7.5 3-Amino-N-{5-(N’-benzyl sulfamoyl)naphthal en-1-yl} propanamide
trifluoroacetate salt (12€)

The reaction of 5-aminbdlpropylnaphthalene-1-sulfonamidie (0.55 g, 1.76 mmol) with
Boc-alanine (2.665 g, 14.08 mmol), DCCI (1.451 g, 7rBehol), EDIPA (0.273 g, 2.11
mmol) and DMAP (0.129 g, 1.06 mmol), as describledva, gave a white solitile (1.038

g) which was used without further purification.

Carbamatelle (0.99) was deprotected using the general methgivma beige solid which
was taken up in water, then the pH was adjustdditevith 1M ag. NaOH (aq). The aqueous
layer was then extracted with ethyl acetate (5 x180Q, and the combined organic layers
were dried over N&O, and reduceth vacuo to give the free amine of amid@e (0.49q) as
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a white solid. This free base was then convertemtime trifluoroacetate salt withFA (0.15
mL) in DCM (10 mL) at 0°C. The white solid produkte was obtained after trituration with
diethyl ether (0.438g, 50% over 2 steps); mp 10D-10; FTIR (neaty/cm™): 3273 (NH),
1655 (C=0, amide), 1599 (C=C, aromatic), 1311 (S=B8 (S=0)H NMR (400 MHz,
D0) 6:3.06 (2H, tJ = 6.6 Hz, CH-a), 3.395 (2H, tJ = 6.6 Hz, CH-p), 4.08 (2H, s, NCHh),
6.83-6.98 (5H, m, CH}), 7.49-7.58 (2H, m), 7.67 (1H,1= 8.0 Hz), 8.06-8.12 (2H, m), 8.41
(1H, d,J = 8.8 Hz);**C NMR (100 MHz, RO) &: 31.9 (CH, CHy>-a), 35.4 (CH, CH,-B),
46.2 (NCH), 123.1 (CH), 124.9 (CH), 125.0 (CH), 127.2 (§-427.4 (C-2and C-6), 127.8
(C-3 and C-%), 127.9 (CH), 128.0 (quat.), 128.7 (CH), 129.6afdgy 130.2 (CH), 132.3
(quat.), 133.8 (quat.), 135.5 (©;1172.1 (C=0, amide CO); ESI-MS (ESI) = 384 (M ¥ H
HRMS Calcd. for CyoH2:N303S: 384.1376. Found: 384.1379.

2.7.6  3-Amino-N'-(2-propyl-1,3-dioxo-2,3-dihydro-1H-benz d€ isoquinolin-6-
yl)propanehydrazide trifluor oacetate (14a)

Yield of 14a: 89%; Light orange crystals; mp 134-136 °C; FTiRjél, vicm™): 3482 (NH),
3252 (NH), 1687 (C=0), 1672 (amide ), 1646 (C=0§14 (amide I1), 1582 (C=C), 1533
(C=C); 'H NMR (400 MHz, CROD) &: 0.99 (3H, tJ = 7.6 Hz, C-3, 1.73 (2H, sextet] =
7.6 Hz, C-2), 2.86 (2H, tJ = 6.8 Hz, CH-a), 3.31-3.34 (2H, m, CHp), 4.07-4.11 (2H, m,
H-1'), 7.03 (1H, dJ = 8.4 Hz, H-5), 7.70-7.74 (1H, m, H-8), 8.40 (1H,J = 8.4 Hz, H-4),
8.51 (1H, dJ = 8.8 Hz, H-9), 8.55 (1H, d,= 7.6 Hz, H-7);*C NMR (100 MHz, CROD) &:
11.8 (CH, C-3), 22.5 (CH, C-2), 31.3 (CH, CH,-a), 36.8 (CH, CH,-B), 42.7 (CH, C-1),
106.5 (CH, C-5), 113.4 (quat., C-3a), 120.9 (quat6a), 123.7 (quat., C-9a), 126.4 (CH, C-
8), 129.1 (CH, C-7), 130.7 (quat., C-3b), 132.4 (@€HD), 135.0 (CH, C-4), 151.7 (quat., C-
6), 165.7 (C=0, C-3), 166.0 (C=0, C-1), 172.3 (C=B¥%I-MS = 341 (M + H); HRMS
Calcd. for C1gH21N4O3: 341.1608. Found: 341.1605.

2.7.7 3-Amino-N'-(2-pentyl-1,3-dioxo-2,3-dihydro-1H-benz d€g isoquinolin-6-
yl)propanehydrazide trifluor oacetate (14b)

Yield of 14b: 94%; Bright yellow solid; mp 122-127 °C; FTIR fob vicm): 3392 (NH),
3336 (NH), 3197 (NH), 1707 (C=0), 1674 (amide 133& (C=0), 1615 (amide II), 1585
(C=C), 1532 (C=C)*H NMR (400 MHz, CROD) 5: 0.92 (3H, tJ = 6.8 Hz, H-5, 1.35-1.40
(4H, m, H-3, H-4), 1.68 (2H, quintet) = 7.6 Hz, H-2), 2.85 (2H, tJ = 6.4 Hz, CH-a), 3.29
(2H, m, CH-B), 4.08 (2H, tJ = 7.6 Hz, H-1), 7.00 (1H, d,J = 8.4 Hz, H-5), 7.66 (1H, dd,
= 8.4, 7.2 Hz, H-8), 8.36 (1H, d,= 8.4 Hz, H-4), 8.46 (1H, dd, = 8.4, 0.8 Hz, H-9), 8.49
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(1H, dd,J = 7.2, 0.8 Hz, H-7)}*C NMR (100 MHz, CROD) 5: 14.4 (CH, C-5), 23.5 (CH,
C-4), 28.9 (CH, C-2), 30.4 (CH, C-3), 31.2 (CH, CHy-a), 36.8 (CH, CH,-B), 41.2 (CH,
C-1), 106.5 (CH, C-5), 113.4 (quat., C-3a), 120.9 {qu@-6a), 123.7 (quat., C-9a), 126.4
(CH, C-8), 129.1 (CH, C-7), 130.7 (quat., C-3b)23(CH, C-9), 134.9 (CH, C-4), 151.7
(quat., C-6), 165.6 (C=0, C-3), 166.0 (C=0, C-IJ2.B (C=0); ESI-MS = 369 (M + H);
HRMS Calcd. for CooHasN4Os: 369.1921. Found: 369.1918.

2.7.8 3-Amino-N'-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-benz dg isoquinolin-6-
yl)propanehydrazde trifluoroacetate (14c)

Yield of 14c: 96%; Orange solid; mp 131-133 °C; FTIR (nujom™): 3462 (NH), 3219
(NH), 1701 (C=0), 1684 (amide I), 1640 (C=0), 1§aride I), 1577 (C=C):H NMR (400
MHz, CD;0D) §: 2.86 (2H, t,J = 6.8 Hz, CH-a), 3.30-3.35 (2H, m, CHB), 5.32 (2H, s,
CHy), 7.03 (1H, dJ = 8.4 Hz, H-5), 7.19-7.23 (1H, m, H}47.26-7.30 (2H, m, H‘35),
7.40-7.42 (2H, m, H26), 7.72 (1H, ddJ = 8.4, 7.6 Hz, H-8), 8.41 (1H, d= 8.4 Hz, H-4),
8.52 (1H, dd,) = 8.4, 0.8 Hz, H-9), 8.56 (1H, dd= 7.6, 0.8 Hz, H-7)**C NMR (100 MHz,
(CDs0D) 6: 31.2 (CH, CHy-a), 36.8 (CH, CHx-B), 44.3 (CH), 106.6 (CH, C-5), 113.2
(quat., C-3a), 120.9 (quat., C-6a), 123.6 (quat9al; 126.5 (CH, C-8), 128.3 (CH, O4
129.2 (2 x CH, C-26), 129.3 (CH, C-7), 129.4 (2 x CH, C:8/), 130.8 (quat., C-3b), 132.6
(CH, C-9), 135.2 (CH, C-4), 139.1 (quat., ¢-151.8 (quat., C-6), 165.6 (C=0, C-3), 166.0
(C=0, C-1), 172.3 (C=0); ESI-MS = 389 (M + H); HRMAlcd. for Cx,H,1N4O3: 389.1608.
Found: 389.1606.

2.8  General method for the coupling of hydrazines 10 to aryl aldehydes

The hydrazined0a-c (1 equiv.) and arylaldehydes (1.1 equiv.) werasaliged in ethanol (25
mL) and stirred at 80 °C for 2 hours with five dsopf glacial acetic acid as a catalyst. The
solution was then allowed to cool and the formedcjmitate was taken to obtain final
compoundd.7-21.

2.9  Fluorescence properties

In vitro fluorescent assessment of fluorophoréa- 5 x 10* M; 10a-c: 1 x 10* M),
substratesl@a-e: 5 x 10* M; 14a-c: 1 x 10" M), and hydrazone$7-21 (17,18: 1 x 10° M;
19-21: 1 x 10* M) in ethanol was carried out on a Shimadzu RF53D spectrophotometer

using identical scan parameters, utilising a 5 rinwalth, if not stated otherwise.

210 Microbiological testing

12



2.10.1 Preparation of culture media containing substrates 12a-e and 14a-c

Columbia agar was prepared as follows; 41 g of @bia agar (Oxoid Basingstoke, UK)
was added to deionised water and the volume wag mqado 1 L. The medium was sterilised
by autoclaving at 116 °C for 20 minutes and leftdol at 50 °C. 2 mg of each substri?a-

e and 14a-c to be tested was initially dissolved in 10D of N-methylpyrrolidone and this
was added to Columbia agar (made up to 20 mL), ploemed into sterile Petri dishes to give
a final concentration of 100 mg/L for the substsat€olumbia agar incorporating an

equivalent concentration dfFmethylpyrrolidone was used as a growth control.
2.10.2 Microbial suspension preparation

Microbial reference strains were obtained from asithhe National Collection of Type
Cultures (NCTC) or the National Collection of Paghoic Fungi (NCPF) which are both
located at the Central Public Health England Latooya Colindale, UK or the American
Type Culture Collection (ATCC), Manassas, USA. Tk@ test microorganisms were

maintained on Columbia agar.
2.10.3 Multipoint inoculation

Colonies of each microbial strain were harvestedgus loop from overnight cultures on
Columbia agar. These were suspended in sterilendeid water to a suspension equivalent to
0.5 McFarland units using a densitometer. 1Q0of this suspension was pipetted into the
corresponding wells of a multipoint inoculation d®v Each set of plates receiveqill of
bacterial suspension, giving 1.5 x*I¥ganisms per spot on each inoculation. Twengjirsr

were inoculated per plate and the plates were gteabfor 18 hours in air at 37 °C.
2.10.4 Activity deter mination

After incubation, the activity of the microorganismwith the test substrates was determined
by observing the plates under UV irradiation at 88band comparing with the substrate-free

control.
3 Results and discussion
3.1  Preparation of 5-amino-1-naphthalenesulfonamides (ANS)

Starting from 5-amino-1-naphthalenesulfonic a8jdhe amino group was protected Wa
acetylation as described by >ah al.[18] to give imide4 in excellent yield, Scheme 1. In
order to synthesise the fluorophoitese, the sulfonic acid group was converted to a syifon

chloride 5 [19] which was subsequently reacted with a sedésamines, to form the
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acetamide®a-e in moderate yieldsia a nucleophilic substitution. Removal of tNeacetyl

group of the acetamidé&m-e gave the sulfonamide fluorophorése.
3.2  Preparation of 6-hydrazinobenz|[de]isoquinoline-1,3-diones (6-HBI) 10a-c

Synthesis of the desired 6-hydrazinobeslifoquinoline-1,3-diones (6-HBIY10a-c was
achieved in two steps; a range of 6-bromobdgjgoquinoline-1,3-diones 9a-c was
prepared, in high yields, Scheme 2, from 4-bron®sgphthalic anhydrid® by using an
adaptation of the method of Wasbal..[20] The subsequent substitution of the bromine was
achieved by reaction with hydrazine hydrate in etthaunder reflux, to give the fluorophores
10a-c,[14] Scheme 3. This step was optimiseaithe addition of hydrazine in portions over a
period of time, resulting in an approximately 20 iferease in reaction yield, and the

products were then isolated by recrystallizatiothefcrude residues from 2-butanol.
3.3  Amide 12 and hydrazide 14 formation

Each of the fluorophorega-e and 10a-c were initially coupled to Bog-Ala-OH using the
activated pentafluorophenyl ester, as describedNakatani et al..[21] However, the
presumed instability of the ester resulted in loalds of the desired producida-e and13a-

c. Alternatively, the coupling was carried out by tlormation of the symmetrical anhydride
of Boc$-Ala-OH (using DCCI as a dehydrating agent), Sch8mehich was then added to a
mixture of 7a-e or 10a-c and DMAP, EDIPA in DCM.[22] The subsequent deprotectmin
1lla-e and13a-c in TFA / DCM (1:6 v/v) gave the trifluoroacetatalts 12a-e and14a-c, in
moderate to good vyields, for microbiological evalma

34  Secondary reaction of 6-hydrazinobenz[de]isoquinoline-1,3-diones (6-HBI) 10a-c
with aldehydes

A range of aryl aldehydets and 16 and the appropriate 6-hydrazinobedgisoquinoline-

1,3-dionelOa-c were stirred under reflux in ethanol for two hquinsthe presence of catalytic
amounts of glacial acetic acid, Scheme 4. The tisolaof productsl7-21, as a range of
orange to dark purple solids, was achieved in ggeldls by the filtration of the precipitate

which formed upon cooling.
3.5  Fluorescence properties

As discussed earlier, the fluorescence propertfea gubstrate compared to those of a
fluorophore are sufficient for their application bacterial diagnostics when a significant

change in fluorescence intensity or a significdniftt $n the emission wavelength is observed.
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In order to fully assess the suitability of oureonoleculesin vitro fluorescent assessment of
fluorophores7a-e, 10a-c, substrated2a-e, 14a-c, and hydrazone%7-21 was carried out in

ethanol.
3.5.1 Fluorescence properties of ANS derivatives

The ANS substrateRa-e displayed excitation maxima of 339 nm across itre dompounds
while the emission maxima ranged from 421-426 reaylting in Stokes shifts of 82-87 nm,
Table 1. Changes in tid-substituent had little or no effect on the fluaesce properties, as
shown by the identical excitation and narrow rargfeemission maxima. The ANS
fluorophores7a-e, however, exhibited excitation and emission maxoh&91-408 nm and
514-519 nm, respectively, with Stokes shifts of-126 nm as shown in Table 1. Similarly to
the substrates, the alkyl chain length of tsubstituents had a negligible effect on the
observed fluorescence properties, while the besilyttituent had only a slight effect. When
comparing the emission maxima between the substtatend fluorophoreg, e.g. Figure 3,

an average bathochromic shift of 93 nm was obsemaglyesting that these would be ideal

fluorogenic substrates for the detection of baateri
3.5.2 Fluorescent properties of 6-HBI derivatives

Evaluation of the fluorescence properties of atitegsized hydrazinela-c, Boc-protected
hydrazidesl3a-c, intended enzyme substratea-c and hydrazonet7-21, was performed at
a concentration of 1 x TOM in ethanol. The hydrazonek7a-c and 18a-c displayed
significantly enhanced fluorescence, surpassinglétection limit of the spectrophotometer,

so that the fluorescence of these compounds weledtat a concentration of 1 x 1M.

Similarly to the ANS derivatives, differences iretk-substituents on the 6-HBI core resulted
in relatively little effect on the fluorescence pesties observed (Figures 4 and 5, Table 2)
with the exception oflOc, where a markedly increased emission intensity wasemwed
compared to derivativeRa-b. Interestingly, this increase in fluorescence pl&ared once
10c was coupled to Bof-alanine {3,14) or when reacted with an aldehyde to form
hydrazoned7-21. This decrease in intensity is presumably du@ain, to the engagement of
the lone pair of the 4-hydrazinyl moiety in furthesonance structures 183-14 and17-21.

The 6-HBI substrate$4a-c exhibited excitation maxima of 442-444 nm, withregponding
emission maxima of 509-511 nm, with a Stokes sbfft67 nm. In comparision, the
fluorophoresl0Oa-c displayed excitation maxima of 465-476 nm and eiars maxima of
534-536 nm. This would correspond to a slight batinomic shift (23-27 nm) if the
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substrated4a-c were enzymatically cleaved to give the fluoroplsdi@a-c. Unfortunately,
such a small shift would be likely produce little o effect on the observed colour of the
fluorescence and a secondary reaction wold needetautilized to further enhance the
differentiation between the fluorophore and thesstate.

Reaction of the fluorophord®a-c with aryl aldehyde45 and16 resulted in the formation of
hydrazoned7-21 with greatly increased fluorescence intensitie®(@ to > 10-fold) in most
cases (except fd0a-c), Figure 5 and Table 3, and a bathochromic sbdtmpoundsl9-21)

of the maximum emission wavelength. The extenhisf bathochromic effect on the emission
maximum can be related to the electron withdrawimpnating characteristics of the aryl
aldehydes used M{CHs), > 4-OCH > benzaldehyde > 4-Cl). Electron-donating
substituentsl9,20 displayed greater bathochromic effects Z3-52 nm), while electron-
withdrawing substituent$7,16 had insignificant effects on the emission waveleagFurther
extension of the conjugation, with an additionalildle bond, as seen in compouritis-c,
resulted in a similar bathochromic effect to thitcompoundsl9a-c, containing a weakly

electron-donating group.

Hydrazones20a-c, containing a dimethylamino grougproduced the greatest recorded
bacthochromic shift, but were distinguished by treédy weak fluorescence at the studied
concentrations (IOM), presumably due to the facilitated rotationat@eto the ground state
offered by the dimethylamino group disrupting tHectonic properties, and resulting in
guenching of the fluorescence.[ZB}je greatest intensification of fluorescence erorssvas
observed for the benzaldehydel74-c) and 4-chlorobenzaldehydel8g-c) derived

hydrazones.

3.6  Microbiological testing of p-alanylaminonaphthalenesulfonamides (ANS) 12 and
6-(p-alanyl)hydrazinobenz[de]isoquinoline-1,3-diones 14

The substrated2a-e and 14a-c were incorporated into a commercially availablduGtia
medium and subjected to microbiological evaluat@ainst a range of clinically relevant
microorganisms. All of the substrates were testediem Gram negative and eight Gram
positive bacteria and two yeasts.

When observed under long-wave UV light, the colsraéstrains hydrolysing the substrates
should display a significant change in fluoresceimce&omparison to those which do not
hydrolyse the substrate and the dark backgrourtieofmedium, Figures 7 and 8. However,
none of the visualized plates exhibited the fluceese associated with the expected released
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of fluorophoresra-e, Figure 8. Upon further investigation, it was digered that the medium
used for bacterial growth quenches the fluorescehtiee released fluorophor&a-e, Figure
6.

Furthermore, while substraté2a-c and12e did not inhibit bacterial growth, in the presence
of substratel2d only Providencia rettgeri, Serratia marcescens and Bukholderia cepacia
were able to grow. The greater toxicityl®d compared to the other substrates is presumably
due to its longer octyl chain disrupting the intggof the bacterial cytoplasmic membrane
and this is supported by the fact that all thre¢hefsurviving microorganisms are known to

be resistant to antibacterial agents which tatgetell membrane.[24]

Incorporation of substrateigla-c into Columbia agar produced a yellow agar withighsly
yellow fluorescent background, Figures 7 and 8.aldptof the substrateBsla-c into the
bacterial cell greatly increased and localized tlnerescence, which was shown to be
suitable for the detection of all bacteria, butvds impossible to differentiate betwen
alanyl aminopeptidase producing (spots 5, 7, and T@ple 4) and nof-alanyl
aminopeptidase producing bacteria. Incorporation aof aryl aldehyde, as previously
discussed, would thus be necessary to shift theseom wavelengths to one which is distinct

from that of the substratda-c.

Once again, the substrat&é8b and 10c containing longer chain lengths inhibited bacteria
growth, presumably again due to the disruptionhef tell wall. Gram positive and yeast
species appeared to be affected more than Grantiveegpecies.

Preliminary data for the inclusion of 4-chlorobeldedyde (4-CBA) into growth media
showed little to no effect on the observed fluoesme of substratdda, Figure 9. This may
be due to a number of factors, such as the lagapymatic cleavage of the hydrazide bond
to release the fluorophore, lack of reaction betwakiehyde and the released hydrazide,
failure of the 4-CBA to be taken up into the calkeduction in fluorescence emission due to
a suboptimal wavelength of 365 nm being used tat@xice compoundsi{x of 465 nm and
467 nm for fluorophore and hydrazone respectivaly)a cleavage of the formed hydrazone
bond by enzymes expressedmyaeruginosa, similar to results seen by Taniyaeial..[25]

4 Conclusions

A series of novel ANS and 6-HBI fluorophoréa-e and 10a-c were synthesized and were

then coupled t@-alanine to form substratéd®a-e and 14a-c for B-alanyl aminopeptidase.
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Substrated.2d, 14b and14c, with longerN-substituent chains, were associated with growth

inhibition of all Gram-positive and a majority dfe¢ Gram-negative organisms.

Although preliminary fluorescence data suggested the ANS fluorophoreSa-e would
display favourable fluorescence characteristich wibathochromic shift of ~93 nm from the
substrated?a-e, as a result of quenching by the medium, Colunalgiar incorporating these
susbstrates did not appear to selectively diffemntbetweenp-alanyl aminopeptidase
producing and nof-alanyl aminopeptidase producing bacteria. The afsether media or
detection formats may, however, alleviate this @sand thus allow for their use in bacterial

detection.

The increased fluorescence intensity upon locatimabf substratel4a into all the Gram
negative and 7/8 Gram positive bacteria (with tkeeption ofS. pyogenes) does, however
suggest a use for this substrate when the detestiany bacterial presence is required. For
example, as one of the leading causes of sepdmdteraemia, a rapid method for the
detection of viable bacteria in blood would enathle timely administration of antibacterial
agents. This would help to reduce the prevalencearfality associated with sepsis (10-20 %
fatality rate), its progression to severe sepsis5@ % fatality rate), and, ultimately, septic
shock (40-80 % fatality rate). In the US in theiperl999-2008, the leading bacterial causes
of severe sepsis were Gram negative (51.5 %) sgej26] with the most common being
E. coli (20 %), andPseudomonas species (9 %). Gram-positive organisms were resplan
for 45.6 % of severe sepsis cases, with methieséinsitiveS aureus (28 %) being the most
common. Of the cases in whidh coli was present, 16 % resulted in mortality, while

methicillin-sensitiveS. aureus (MSSA) bacteraemia had a mortality rate of 31 74.[2

The fluorophorelOa-c was also reacted with a seriespafa-substituted benzaldehydes and
cinnamaldehyde to alter the fluorescence of therdiphore. Addition of electron-donating
para-substituted benzaldehydes appeared to form hydes20a-c with the desired emission
wavelengths, although the intensities of emissi@rewseverely reduced. Preliminary data
with the inclusion of substratela with 4-chlorobenzaldehyde in Columbia agar sholidd

to no effect on the observed intensity of fluoreses and further work must be undetaken to
ascertain the mechanism behind these observaidtheugh the synthesized hydrazoriés

21 did not produce the desired characteristics faoniporation into media, future work
should also examine the effects of more strongbctebn-donating aldehydes with less
rotatable bonds.
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FigureLegends

Figure 1.

Figure 2.

Figure3.

Figure4.

Figureb.

Figure®.

lllustration of the principle for the chromogeriituorogenic detection of bacteria

and the basis of the colour change in chroflReruginosa.[7, 8]

Chemical structures and reported excitation angs®an wavelengths for core
heterocycles, ANS and 6-HBI.

Emission spectra for substrat2c (slit width = 3 mm) (dashed blue line) and
fluorophore7c (slit width = 5 mm) (solid green line) (both 5 x4™ in EtOH)

(intensities are shown in arbitrary units).

a) Emission spectra (s = 443 nm) of substrat&da in EtOH (1 x 10" M)

(black line), water (blue line), brine (red lindjueller-Hinton broth (green line)
(100 mg/L in water, brine and Mueller-Hinton brqth) Emission spectra (&t

= 465 nm) of fluorophoré0a in EtOH (1 x 10" M) (black line), water (blue line),
brine (red line), Mueller-Hinton broth (green lind00 mg/L in water, brine and
Mueller-Hinton broth). The dashed green line inhbdigures represents the
spectrum of Mueller-Hinton broth alone. All iintetiss are shown in arbitrary

units).

Emission spectra of fluorophot@a (dashed blue line) and hydrazori&sa (solid
red line),18a (solid green line)19a (solid purple line)20a (solid black line), and
21a (solid orange line on baseling)7g, 18a: 1 x 10° M in EtOH, 10a, 19a-21a:
1 x 10* M in EtOH) (slit width = 5 mm) (intensities areaskin in arbitrary units).

a) Emission spectra (&, = 339 nm) of substrat&2b in EtOH (5 x 14" M)
(black line), water (blue line), brine (red lindjueller-Hinton broth (green line)
(100 mg/L in water, brine and Mueller-Hinton brgth) Emission spectra (aty

= 394 nm) of fluorophor@b in EtOH (5 x 10" M) (black line), water (blue line),
brine (red line), Mueller-Hinton broth (green lind00 mg/L in water, brine and
Mueller-Hinton broth) The dashed green line in bdigures represents the
spectrum of Mueller-Hinton broth alone. All iintetss are shown in arbitrary
units); c) Observed fluorescencéc{( = 365 nm) of sulfonamid&b in Mueller-
Hinton broth (left) and ethanol (right).
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Figure7?.

Figure8.

Figure?.

Culture of various bacterial species with subsgdfa-e and 14a-c and control

on Columbia agar; inoculated colonies correspontutabered plate.

Observed fluorescence of various bacterial spevigssubstrated2a-e and14a-
¢ and control on Columbia agat{ = 365 nm); inoculated colonies correspond to

numbered plate.

Observed fluorescence dPseudomonas aeruginosa colonies incubated on
Columbia agar in the presence of substfat® (100 mg/L) (left) and substrate
14a (100 mg/L) along with 4-chlorobenzaldehyde (1001hgright).
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Figurel

Cleavage by a specific
bacterial enzyme
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moiety fluorogenic substrate ? Fluorogen
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bond to enzyme-targeting moiety
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Figure2

ANS
Aex 352 nm
Aem 465-470 nm

6-HBI
330-450 nm
370-560 nm
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Figure3

Fluorescence Intensity (a.u.)
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Figure4
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Figure5
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Figure6
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Figure 6 (continued)
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Figure9

1l4a + 4-CBA
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Scheme L egends

Scheme 1.

Scheme 2.

Scheme 3.

Scheme 4.

Synthesis of 5-amino-1-naphthalenesulfonamites. Reagents and conditions:
(i) 1M NaOH (aq.), rt, 30 min, 99 %; (ii) A©®, 130°C, 16 h, 80 %; (i) SOG)
DMF, 0°C to rt, 3 h, 90 %:; (iv) RNK EtN, DCM, rt, 8 h; (v) 5M NaOH (aq.),
85 C, 20 h.

Synthesis of 6-hydrazinobeuntg]isoquinoline-1,3-dioneslOa-c. Reagents and
conditions: (i) RNH, EtOH, reflux, 20-25 h; ii) NbNH,; H>O, EtOH, reflux, 24
h.

Amide and hydrazide bond formation and depradectio give fluorogenic
substratesl?a-e and 14a-c. Reagents and conditions: (i) BfeAla-OH, DCC,
DIPEA, DMAP, DCM, rt or 50 °C, 24 h; (ii) TFA/DCML(6), 0 °C to rt, 2 h.

Secondary reaction of substituted aryl aldehydds and 16 with 6-
hydrazinobenzjelisoquinoline-1,3-dioned0a-c to form fluorescent hydrazones
17-21. Reagents and conditions: (i) EtOH, reflux, 2 h.

34



Scheme 1

0=$=0
OH
3(R=H)
4 (R =Ac)
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5(X=Cl)
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a R = n-propyl
b R = n-butyl
¢ R = n-pentyl
d R = n-octyl
e R = benzyl
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Scheme 2
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Scheme 3

O
sel qé
o= S O o= S O

7a-e 11a-e

H
HAL, NN~ 0
(i) ! E
0“0 0T N
R R

10a-c 13a-c

O
CF3COO
NHBoc (i) “ NH3
o= S O
12a-e
N._0
HN o
(i) CF3;CO0
NHBoc OO NH3
@
O l}l o
R
14a-c

37



Scheme 4

10a-c 15 17a-cR'=H 21a-c
or 18a-c R'=Cl
19a-c R'= OCHj;
/\Q 20a-c R'= N(CH3),
OHC™ ™
16
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Table Legends

Tablel. Excitation maxima, emission maxima and correspondStokes shifts for
substrated?a-e (slit width = 3 mm) and fluorophoré&s-e (slit width = 5 mm).

Table2. Excitation wavelengths, emission wavelengths amel ¢orresponding Stokes

shifts of substrate¥4a-c and fluorophore40a-c.

Table 3. Excitation wavelengths, emission wavelengths amel ¢orresponding Stokes
shifts of hydrazone$7-21.

Table4. List of microorganisms inoculated onto incubatpates and corresponding spots
(100,000 CFU/spot).
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Tablel

Compound dex (NM) Aem (NM) Stokes shift (Av, nm)
a 339 422 83
b 339 423 84

12 C 339 422 83
d 339 421 82
e 339 426 87
a 391 516 125
b 394 515 121

7 c 392 517 125
d 395 514 119
e 408 519 111
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Table2

Compound hex Aem Stokes shift (Av, nm)
a 443 510 67
14 b 444 511 67
C 442 509 67
a 465 535 70
10 b 476 534 58
C 472 536 64
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Table3

Compound Aex Aem Stokes shift (Av, nm)
a 467 538 71
17 b 469 538 69
C 472 538 66
a 467 536 69
18 b 467 536 69
C 471 537 66
a 517 559 42
19 b 519 557 38
C 517 559 42
a 433 587 154
20 b 424 554 130
Cc 433 579 146
a 516 553 37
21 b 516 555 39
¢ 519 554 35
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Table4

Spot Organism Spot Organism
1 Escherichia coli 11 Septococcus pyogenes
2 Klebsiella pneumoniae 12 Saphylococcus aureus (MRSA)
3 Providencia rettgeri 13 Saphyl ococcus aureus
4 Enterobacter cloacae 14 Staphylococcus epidermidis
5 Serratia marcescens 15 Listeria monocytogenes
6 Salmonella typhimurium 16 Enterococcus faecium
7 Pseudomonas aeruginosa 17 Enterococcus faecalis
8 Yersinia enterocolitica 18 Bacillus subtilis
9 Burkholderia cepacia 19 Candida albicans
10 Acinetobacter baumannii 20 Candida glabrata
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New fluorogenic enzyme substrates prepared by coupling of ANS or HBI with B-alanine
ANS fluorophores have bathochromic shift of ~93 nm from precursors

Increased fluorescence intensity on localization of an HBI into bacteria

Potential secondary reaction products prepared from HBI and a dehydes



Evaluation of fluorogenic aminonaphthalenesulfonamides and 6-

hydrazinobenz[de]isoquinoline-1,3-diones for the detection of bacteria

Supplementary information

Jia Lin Luo? Terry Jin® Linda Varadf John D. Perry,David E. Hibbs: Paul W.

Groundwater?

®Faculty of Pharmacy, University of Sydney, Science Road, Camperdown Campus, NSW 2006,
Australia

bMicrobiology Department, Freeman Hospital, High Heaton, Newcastle-upon-Tyne, NE7 7DN,
United Kingdom

1. General

All reagents and solvents were purchased from Si§tdach, Alfa Aesar, and ChemSupply,
and used without any further purification or treatth Thin layer chromatography was
performed on Grace Reveleris® Silica Aluminum-batke.C Plates (UV254)H and *°C
NMR spectra were acquired on a Varian 400MR at MMz and 100 MHz, respectively.
Coupling constants]y are in Hertz (Hz), chemical shift8)(are expressed in parts per million
(ppm) and reported relative to residual solventkpedlelting points were obtained on a Stuart
Scientific SMP 10. Low resolution mass spectra watained on TSQ Quantum Access Max
(Triple Quadrupole) LCMS/MS in positive ion modeigH resolution mass spectra were
obtained on a Bruker 7T Fourier Transform lon Ciydo Resonance Mass Spectrometer
(FTICR) in positive ion mode. Infrared spectra wezeorded on a Shimadzu FTIR-8400S and
Shimadzu IRTracer-100. Elemental analyses werer@datarom the Campbell Microanalytical

Laboratory in the University of Otago, NZ.

2. Chemistry

T Corresponding author; e-mail: paul.groundwater@sycedu.au



O

(||| a R = n-propyl

b R = n-butyl

x NHR 7 ¢ R = n-pentyl

d R = n-octyl

OSO OSO e R = benzyl

(iv)

3(R= H) . 5(X= CI) ﬁ
4 (R=Ac) 0. 6a-e (X= NHR) ==

Scheme S1.  Synthesis of 5-amino-1-naphthalenesulfonamities. Reagents and conditions:
(i) IM NaOH (aq.), rt, 30 min, 99%; (ii) A©®, 130°C, 16 h, 80%; (iii) SOG|
DMF, 0 C to rt, 3 h, 90%:; (iv) RNk EtN, DCM, rt, 8 h: (v) 5M NaOH (aq.),
85 C, 20 h.

2.1 Preparation of ANS precursor 5

211 5-(N-Acetylacetamido)naphthalene-1-sulfonic acid (4) [Xu et al.. Bioorg Med Chem.
2003; 3589-93]

A

5-Aminonaphthalene-1-sulfonic acgi(10.00 g, 44.79 mmol) was dissolved in agueous HaO
(0.5M, 100 mL) and stirred for 1 hour at room tengpere. After removal of the solvent
vacuo, the residue was suspended in acetic anhydrider(l§ and the resulting suspension was
refluxed at 140°C for 16 hours. The volatiles wesmovedin vacuo and the crude product was
purified by column chromatography on silica, elgtiwith methanol: DCM (10:90 to 15:85) to
give imide4 as a pale pink solid (12.046 g, 88%); mp ~290 &€othp.; FTIR (heatma/cm™):
3489 (OH), 1718 (C=0, imide), 1701 (C=0, imide)9I5C=C, aromatic), 1365 (S=0), 1177
(S=0);'H NMR (400 MHz, CROD) &: 2.55 (6H, s, 2 x ChJ, 7.51 (1H, ddJ = 7.2 Hz, 0.8 Hz),
7.58-7.62 (1H, m), 7.67-7.71 (1H, m), 7.86 (1HJd; 8.4 Hz), 8.24 (1H, dd] = 7.2 Hz, 0.8
Hz), 9.01 (1H, d,) = 8.8 Hz);**C NMR (100MHz, CRQOD) &: 26.57 (2 x CH), 125.86 (CH),



127.3 (CH), 127.4 (CH), 127.5 (CH), 128.6 (CH), B8CH), 131.5 (quat.), 132.6 (quat.), 137.4
(quat.), 143.0 (quat.), 174.9 (C=0, imide CO); B8-= 308 (M + H).

2.1.2 5-Acetamidonaphthalene-1-sulfonyl chloride (5) [Guan et al.. WO/2004/058709, 15 July
2004]

o)

/J\NH

0=$=0

Cl
To a solution of imide4 (9.30 g, 30.26 mmol) in dry DMF (50 mL) at O °@janyl chloride
(2.86 mL, 4.68 g, 39.3 mmol) was added dropwisesuad\ atmosphere. The resulting solution
was then warmed to room temperature and stirre@ foours. The reaction mixture was poured
over ice-water and the formed precipitate wasrbitieto yield5 as a pale beige solid (6.579 g,
77%), which was then used without further purificat
2.2  General procedurefor the preparation of acetamides 6a-e
To a solution o5 (1 equiv.) in DCM, triethylamine (2 equiv.) and thppropriate amine (1.5
equiv.) were added. The resulting solution was tleénto stir at room temperature overnight.
Upon completion, the organic layer was washed WkKhHCI (3 x 20 mL), water (3 x 20 mL)
and brine (3 x 20 mL), then dried overJS&y. The solvent was removéd vacuo and the crude
product was purified by column chromatography, ietptwith ethyl acetate: hexane (25:75 to
75:25) to give acetamidés-e.

2.21 N-{5-(N-Propylsulfamoyl)naphthalen-1-yl}acetamide (6a)




Yield of 6a: 52%:; Beige solid; mp 175-177 °C; FTIR (neafgm): 3339 (NH), 3227 (NH),
1672 (C=0, amide), 1622 (C=C, aromatic), 1310 (S=0144 (S=0);'H NMR (400 MHz,
CDs0D) 5: 0.78 (3H, t,J = 7.2 Hz, CH-3"), 1.37 (2H, sextet] = 7.2 Hz, CH-2'), 2.29 (3H, s,
CHsC=0), 2.79 (2H, tJ = 7.2 Hz, CH-1'), 7.62-7.71 (3H, m), 8.24 (1H, d,= 7.2 Hz), 8.29
(1H, d,J = 8.4 Hz), 8.64 (1H, dd] = 7.2 Hz, 2.4 Hz)}*C NMR (100 MHz, CROD) 5: 11.4
(CHs, C-3), 23.2 CH3C=0), 24.0 (CH, C-2), 45.8 (CH, C-1), 124.55 (CH), 125.4 (CH),
125.5 (CH), 128.5 (CH), 129.4 (CH), 130.3 (quat30.4 (CH), 131.3 (quat.), 135.2 (quat.),
137.5 (quat.), 172.95 (C=0, amide CO); ESI-MS = @@# H).

2.2.2  N-{5-(N-Butylsulfamoyl)naphthal en-1-yl }acetamide (6b)

Yield of 6b; 53%:; Beige solid; mp 150-153 °C; FTIR (neatm™): 3329 (NH), 3215 (NH),
1670 (C=0, amide), 1620 (C=C, aromatic), 1310, 1(8H0);:'"H NMR (400 MHz, CROD) &:
0.74 (3H, tJ = 7.4 Hz, CH-4'), 1.19 (2H, sextet] = 7.4Hz, CH-3), 1.32 (2H, quintet) = 7.2
Hz, CH-2), 2.29 (3H, s, ChC=0), 2.82 (2H, tJ = 6.8 Hz, CH-1'), 7.62-7.71 (3H, m), 8.24
(1H, d,J = 7.6 Hz), 8.30 (1H, dJ = 8.4 Hz), 8.64 (1H, dd) = 7.6 Hz, 1.6 Hz)}*C NMR
(100MHz, CQOD) &: 13.8 (CH, C-4), 20.65 (CH, C-3), 23.2 CH3C=0), 32.7(CH, C-2),
43.6 (CH, C-1), 124.5 (CH), 125.35 (CH), 125.5 (CH), 128.5 (CE39.4 (CH), 130.3 (quat.),
130.4 (CH), 131.3 (quat.), 135.2 (quat.), 137.5a{Qu172.9 (C=0, amide CO); ESI-MS = 321
(M + H).

2.2.3  N{5-(N-Pentylsulfamoyl)naphthal en-1-yl }acetamide (6c)



Yield of 6¢c: 56%; Beige solid; mp 153-157 °C; FTIR (nedgm™): 3337 (NH), 3213 (NH),
1676 (C=0, amide), 1622 (C=C, aromatic), 1307 (S=040 (S=0);'H NMR (400 MHz,
CDs;OD) &: 0.73 (3H, t,J = 7.0 Hz, CH-5), 1.08-1.13 (4H, m, 2 x CH2 x H-3, 2 x H-4),
1.28-1.35 (2H, m, CH2), 2.29 (3H, s, CkC=0), 2.82 (2H, tJ = 7.2 Hz, CH-1'), 7.61-7.71
(3H, m), 8.24 (1H, dJ = 7.2 Hz), 8.29 (1H, d] = 8.8 Hz), 8.64 (1H, dJ = 8.0 Hz);**C NMR
(100 MHz, CQOD) &: 14.2 (CH, C-5), 23.1 (CH, C-4), 23.2 CH3C=0), 29.7 (CH, C-3),
30.3 (CH, C-2), 43.8 (CH, C-1), 124.5 (CH), 125.3 (CH), 125.5 (CH), 128.5 (CHR29.4
(CH), 130.3 (quat.), 130.4 (CH), 131.2 (quat.), .23&guat.), 137.5 (quat.), 172.9 (C=0, amide
CO); ESI-MS =335 (M + H).

224  N-{5-(N-Octylsulfamoyl)naphthalen-1-yl}acetamide (6d)

Yield of 6d: 29%; Beige solid; mp 142-143 °C; FTIR (neatm): 3291 (NH), 3238 (NH),
1655 (C=0, amide), 1622 (C=C, aromatic), 1323 (S=046 (S=0);'H NMR (400 MHz,
CDs0OD) 6: 0.86 (3H, t,J = 7.2 Hz, CH-8'), 1.09-1.15 (8H, m, 4 x Ch| 1.22-1.34 (4H, m, 2 x



CHy), 2.29 (3H, s, CkC=0), 2.83 (2H, tJ = 7.0 Hz, CH-1"), 7.62-7.73 (3H, m), 8.24 (1H, 4,

= 7.2 Hz), 8.30 (1H, dJ = 8.4 Hz), 8.64 (1H, d] = 8.0 Hz);"*C NMR (100 MHz, CROD) &:
14.4 (CH, C-8), 23.2 (CH, CH3C=0), 23.7 (CH), 27.5 (CH), 30.1 (CH), 30.2 (CH), 30.6
(CHp), 32.9 (CH), 43.9 (CH, C-1), 124.5 (CH), 125.2 (CH), 125.5 (CH), 128.5 (CH29.4
(CH), 130.3 (quat.), 130.4 (CH), 131.2 (quat.), .235quat.), 137.5 (quat.), 172.9 (C=0, amide
CO); ESI-MS =377 (M + H).

2.25 N-{5-(N-Benzylsulfamoyl)naphthal en-1-yl} acetamide (6€)

Yield of 6e: 33%; Beige solid; mp 202-205 °C; FTIR (nedgm™): 3275 (NH), 1655 (C=0,
amide), 1624 (C=C, aromatic), 1306 (S=0), 1140 (528 NMR (400 MHz, CROD) §: 2.30
(3H, s, CH), 4.04 (2H, s, NCh), 7.03-7.10 (5H, m, CH}), 7.56-7.60 (1H, m), 7.64-7.71 (2H,
m), 8.21 (1H, m), 8.25 (1H, m), 8.63 (1H,Xx 8.0 Hz);**C NMR (100 MHz, CROD) &: 23.2
(CHg), 47.7 (NCH), 124.5 (CH), 125.3 (CH), 125.5 (CH), 128.3 (¢-428.5 (CH), 128.7 (2
CH, C-2,6), 129.2 (2 CH, C-%'), 129.4 (CH), 130.2 (CH), 130.5 (CH), 131.2 (CHR5.2
(CH), 137.6 (CH), 138.4 (C41. 172.9 (C=0, amide CO); ESI-MS = 355 (M + H).

2.3  General procedurefor the deacetylation of acetamides 6a-e to produce sulfonamides
Ta-e

The appropriate acetamida-e was dissolved in methanol / 5M aqueous NaOH mex{&:2
v/v) and kept at 85 °C. Upon completion of the tee; the methanol was removitdvacuo and
the aqueous residue was extracted with DCM (6 xL5A¥ter drying over NaSQ,, the organic
solvent was removed and the crude product wasi@dirify column chromatography on silica,
eluting with ethyl acetate: hexane (50:50 to 60t40jield the desired sulfonamidés-e.

2.3.1 5-Amino-N-propylnaphthal ene-1-sulfonamide (7a)



Yield of 7a: 87%; Yellow solid; mp 117-119 °C; FTIR (neatcm™): 3374 (NH), 3318 (NH),
1638 (C=C, aromatic), 1302 (S=0), 1156 (S=tB);NMR (400 MHz, CRQOD) &: 0.74 (3H, tJ

= 7.2 Hz, CH), 1.35 (2H, sextet] = 7.2Hz, CH-2"), 2.76 (2H, tJ = 7.2 Hz, CH-1'), 6.92 (1H,
d,J= 7.5 Hz, H-6), 7.39-7.43 (1H, m, H-7), 7.47-7@®, m, H-3), 8.00 (1H, d] = 8.6Hz, H-
8), 8.15 (1H, dJ = 7.3Hz, H-2), 8.31 (1H, dl = 8.6Hz, H-4);"*C NMR (100MHz, CROD) &:
11.45 (CH), 23.95 (CH, C-2), 45.8 (CH, C-1), 111.3 (C-6), 115.2 (C-8), 123.2 (C-3), 125.8
(C-4a), 128.8 (C-4), 129.75 (C-7), 130.1 (C-2), .B3®-8a), 136.6 (C-1), 146.2 (C-5); ESI-MS
=265 (M + H).

2.3.2  5-Amino-N-butylnaphthalene-1-sulfonamide (7b)

Yield of 7b: 78%; Yellow solid; mp 116-117°C ; FTIR (neatcm’): 3441, 3370, 3304 (NH),
1637 (C=C, aromatic), 1292, 1150 (S=&Y;NMR (400 MHz, CROD): 8 0.725 (3H, tJ = 7.2
Hz, CH), 1.17 (2H, sextet] = 7.4 Hz, CH-3'), 1.30 (2H, quintet) = 7.2 Hz, CH-2'), 2.80 (2H,
t, J = 6.8 Hz, CH-1'), 6.92 (1H, dJ = 7.6 Hz, H-6), 7.39-7.43 (1H, m, H-7), 7.46-7E®, m,
H-3), 8.00 (1H, dJ = 8.4 Hz, H-8), 8.15 (1H, dd,= 1.0 and 7.4 Hz, H-2), 8.31 (1H, 3= 8.4
Hz, H-4);**C NMR (100MHz, CRQOD): 8¢ 13.8 (CH), 20.6 (CH, C-3), 32.7 (CH, C-2), 43.6
(CH,, C-1), 111.3 (C-6), 115.2 (C-8), 123.2 (C-3), 125.848); 128.8 (C-4), 129.75 (C-7),
130.1 (C-2), 130.6 (C-8a), 136.6 (C-1), 146.2 (CBHI-MS = 279 (M + H).



2.3.3 5-Amino-N-pentyl naphthal ene-1-sulfonamide (7c)

Yield of 7c: 90%; Yellow solid; mp 97-99°C ; FTIR (neat, v/&n3390, 3370, 3300 (NH), 1637
(C=C, aromatic), 1298, 1144 (S=OH;NMR (400 MHz, CROD): §40.72 (3H, t,J = 7.0 Hz,
CHg), 1.04-1.13 (4H, m, 2 x CH2 x H-3 plus 2 x H-4, 1.26-1.33 (2H, m, CH2), 2.80 (2H,
t,J=7.0 Hz, CH-1'), 6.92 (1H, ddJ = 7.6 Hz, 0.8 Hz, H-6), 7.39-7.435 (1H, m, H-7}&-7.50
(1H, m, H-3), 8.00 (1H, d] = 8.8 Hz, H-8), 8.16 (1H, dd,= 1.2 and 7.2 Hz, H-2), 8.31 (1H, d,
J = 8.4 Hz, H-4)**C NMR (100MHz, CROD): 3¢ 14.1 (CH), 23.1 (CH, C-4), 29.7 (CH, C-
3", 30.2 (CH, C-2), 43.85 (CH, C-1), 111.3 (C-6), 115.2 (C-8), 123.2 (C-3), 125.84&);
128.8 (C-4), 129.75 (C-7), 130.1 (C-2), 130.6 (§-886.7 (C-1), 146.2 (C-5) ; ESI-MS = 293
(M + H).

2.3.4 5-Amino-N-octyl naphthal ene-1-sulfonamide (7d)




Yield of 7d: 82%; Yellow solid; mp 78-79°C : FTIR (neat, v/&mn 3423, 3352, 3267 (NH),
1630 (C=C, aromatic), 1296, 1138 (S=®);NMR (400 MHz, CQOD): &y 0.86 (3H, t,J =
7.2Hz, CH), 0.99-1.16 (8H, m, 4 x Ci{ 1.195-1.31 (4H, m, 2 x Gi 2.81 (2H, tJ = 7.0Hz,
CHy-1), 6.91 (1H, dJ = 6.8Hz, H-6), 7.39-7.43 (1H, m, H-7), 7.46-7.3B4( m, H-3), 7.99 (1H,
d, J = 8.0Hz, H-8), 8.16 (1H, ddl = 7.4Hz, 1.1 Hz, H-2), 8.32 (1H, d,= 8.8Hz, H-4) 13¢
NMR (100MHz, CROD): ¢ 14.4 (CH), 23.7 (CH), 27.5 (CH), 30.1 (CH), 30.2 (CH), 30.45
(CH,), 32.9 (CH), 43.8 (CH, C-1), 111.2 (C-6), 115.1 (C-8), 123.2 (C-3), 125.848); 128.8
(C-4), 129.8 (C-7), 130.15 (C-2),130.6 (C-8a), ¥3@>-1), 146.25 (C-5) ; ESI-MS = 335 (M +
H).

2.3.5 5-Amino-N-benzylnaphthal ene-1-sulfonamide (7€)

Yield of 7e: 92%; Yellow solid; mp 182-184°C ; FTIR (neat, w&): 3450, 3375, 3284 (NH),
1634 (C=C, aromatic), 1298, 1152 (S=GH;NMR (400 MHz, CROD): 54 4.00 (NCH), 6.91
(1H, s,J = 6.8 Hz, H-6), 7.05-7.11 (5H, m, Gk, 7.38-7.45 (2H, m, H-3 and H-7), 8.00 (1H, d,
J = 8.4 Hz, H-8), 8.14 (1H, dd = 7.4 Hz, 0.8 Hz, H-2), 8.28 (1H, d,= 8.8 Hz, H-4) ;**C
NMR (100MHz, CROD): 6c 47.7 (CH), 111.3 (C-6), 115.2 (C-8), 123.2 (C-3), 125.848);
128.2 (C-4), 128.7 (C-2and C-6), 128.8 (C-4), 129.1 (Ct&nd C-5), 129.8 (C-7), 130.2 (C-2),
130.5 (C-8a), 136.6 (C-1), 138.6 (Q;1149.2 (C-5) ; ESI-MS = 313 (M + H).
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Scheme S2.  Synthesis of 6-hydrazinobeng]isoquinoline-1,3-dioneslOa-c. Reagents and
conditions: (i) RNH, EtOH, reflux, 20-25 h; ii) NpENH, H>O, EtOH, reflux, 24 h.

24  General method for preparation of 6-bromo-1H-benz[de]isoquinoline-1,3(2H)-
diones9

4-Bromo-1,8-naphthalic anhydridg (1 equiv.) and the corresponding amine (1 equieje
refluxed in ethanol (25 mL) for 2 hours. The saatiwas then allowed to cool to room

temperature and the precipitate which formed wdkeaed by filtration to give the desired
product9a-c.

24.1 2-Propyl-6-bromo-1H-benz dg isoquinoline-1,3(2H)-dione (9a)

; 6‘Br
Gl
9 » 4

153
0O~ 'N” 0O

Yield of 9a: 83%; Brown solid; mp 130-132 °C; FTIR (nujelcm™): 1698 (C=0), 1661 (C=0),
1585 (C=C), 1568 (C=CJH NMR (400 MHz, (CR),S0)540.92 (3H, tJ = 7.6 Hz, H-3, 1.64
(2H, sextet) = 7.6 Hz, H-2), 3.97 (2H, tJ = 7.6 Hz, H-1), 7.92-7.96 (1H, m, H-8), 8.15 (1H, d,
J = 8.0 Hz, H-5), 8.26 (1H, d = 8.0 Hz, H-4), 8.47 (1H, dl = 8.4 Hz, H-7), 8.50 (1H, d =
7.2 Hz, H-9);"*C NMR (100 MHz, (CR)2S0)&c11.3 (CH;, C-3), 20.7 (CH, C-2), 41.2 (CH,
C-1), 121.8 (quat., C-3a), 122.6 (quat., C-9a), 128ukt., C-3b), 128.6 (CH, C-8), 129.0 (quat.,
C-6), 129.6 (quat., C-6a), 130.8 (CH, C-4), 13TP(C-5), 131.4 (CH, C-7), 132.4 (CH, C-9),
162.69 (C=0, C-3), 162.74 (C=0, C-1); ESI-MS = 3203 (M + H).



2.4.2 2-Pentyl-6-bromo-1H-benZ dd isoquinoline-1,3(2H)-dione (9b)

Yield of 9b: 62%; Brown crystalline solid; mp 94-96 °C; FTIRe@t,v/cm™): 1697 (C=0), 1647
(C=0), 1591 (C=C), 1570 (C=C), 1560 (C=t NMR (400 MHz, (CR),SO)&y 0.88 (3H, t,J

= 7.2 Hz, H-5), 1.31-1.34 (4H, m, H‘3H-4), 1.63 (2H, quintet) = 7.6 Hz, H-2), 4.02 (2H, tJ

= 7.6 Hz, H-1), 7.98-8.02 (1H, m, H-8), 8.23 (1H, 3~ 8.0 Hz, H-5), 8.34 (1H, d} = 8.0 Hz,
H-4), 8.55-8.59 (2H, m, H-7, H-9}°C NMR (100 MHz, (CR),SO) &c 13.8 (CH, C-5), 21.8
(CH,, C-4), 27.0 (CH, C-2), 28.6 (CH, C-3), 39.7 (CH, C-TI), 121.9 (quat., C-3a), 122.6
(quat., C-9a), 128.2 (quat., C-3b), 128.7 (CH, C12p.0 (quat., C-6), 129.7 (quat., C-6a), 130.9
(CH, C-4), 131.3 (CH, C-5), 131.5 (CH, C-7), 132CH, C-9), 162.69 (C=0O, C-3), 162.74
(C=0, C-1); ESI-MS = 346, 348 (M + H).

2.4.3 2-Benzyl-6-bromo-1H-benZ dg isoquinoline-1,3(2H)-dione (9c)

; 6Br
[ a8)
9 3b 4
153
0] N @]
6
1 5
2 4

Yield of 9c: 93%; Brownish white; mp 173-174 °C; FTIR (nujelcm™): 1698 (C=0), 1657
(C=0), 1587 (C=C), 1568 (C=C), 1495 (C=C} NMR (400 MHz, (CR3),S0) &y 5.24 (2H, s,
CH,), 7.24 (1H, tJ = 7.0 Hz, H-4), 7.30 (2H, t,J = 7.4 Hz, H-35'), 7.37 (2H, dJ = 7.4 Hz, H-
2',6), 7-96-8.00 (1H, m, H-8), 8.02 (1H, di= 8.0 Hz, H-5), 8.33 (1H, dl = 8.0 Hz, H-4), 8.52-
8.58 (2H, m, H-7, H-9)*C NMR (100 MHz, (CR);SO) 5c 43.0 (CH), 121.8 (quat., C-3a),



122.6 (quat., C-9a), 127.0 (CH, 0;4127.5 (2 x CH, C-2C-6), 128.29 (2 x CH, C‘3C-5),
128.32 (quat., C-3b), 128.8 (C-8), 129.3 (quat6)Ct29.8 (quat., C-6a), 131.2 (CH, C-4), 131.3
(CH, C-5), 131.8 (CH, C-7), 132.8 (CH, C-9), 137qQat., C-1), 162.86 (C=0, C-3), 162.91
(C=0, C-1); ESI-MS = 368, 366 (M + H).

25 General method for the preparation of 6-hydrazino-1H-benz[de]isoquinoline-
1,3(2H)-diones 10

The 2-alkyl-6-bromobendEjisoquinolin-1,3(H)-dione 9a-c (1 equiv.) was reacted with
hydrazine hydrate (2 equiv.) in 2-butanol (25 mljder reflux. After 2 hours, additional
hydrazine hydrate (2 equiv.) was added to the woluand after an additional 4 hours, the
solution was allowed to cool to room temperaturee Precipitate which formed was washed

with diethyl ether to give the desired prodwi@a-c.
25.1 2-Propyl-6-hydrazino-1H-benz dd isoquinoline-1,3(2H)-dione (10a)

HoN.
2" NH

Yield of 10a; 81%; Orange solid; mp 225-230 °C; FTIR (nujgtm™): 3375 (NH), 3316 (NH),
1668 (C=0), 1635 (C=0), 1575 (C=C), 1539 (C=&J;NMR (400 MHz, (CR),S0) &4 0.90
(3H,t,J=7.6 Hz, H-3, 1.62 (2H, sextet] = 7.6 Hz, H-2), 3.97 (2H, tJ = 7.6 Hz, H-1), 4.67
(2H, s, NH), 7.24 (1H, dJ = 8.8 Hz, H-5), 7.61-7.65 (1H, m, H-8), 8.28 (1HJ = 8.8 Hz, H-
4), 8.41 (1H, dJ = 7.2 Hz, H-9), 8.61 (1H, d] = 7.6 Hz, H-7), 9.12 (1H, broad s, NH)C
NMR (100 MHz, (CR),C0O)6c12.7 (CH, C-3), 23.1 (CH, C-2), 42.9 (CH, C-1), 109.1 (CH,
C-5), 113.7 (quat., C-3a), 121.1 (quat., C-6a),.1Z4uat., C-9a), 126.5 (CH, C-8), 129.5 (CH,
C-7), 131.5 (quat., C-3b), 132.4 (CH, C-9), 13%H( C-4), 149.1 (quat., C-6), 165.2 (C=0, C-
3), 165.8 (C=0, C-1); ESI-MS = 270 (M + H).

2.5.2  2-Pentyl-6-hydrazino-1H-benz] dd isoquinoline-1,3(2H)-dione (10b)



Yield of 10b: 92%; Orange solid; mp 155-157 °C; FTIR (neé&tm™): 3283 (NH), 3265 (NH),
1695 (C=0), 1641 (C=0), 1577 (C=C), 1541 (C=8J;NMR (400 MHz, (CR),SO) &y 0.87
(3H,t,J=7.2 Hz, H-H, 1.28-1.34 (4H, m, H:3H-4), 1.60 (2H, quintet) = 7.6 Hz, H-2), 3.99
(2H, t,J = 7.6 Hz, H-1), 4.67 (2H, s, NB), 7.24 (1H, dJ = 8.4 Hz, H-5), 7.61-7.65 (1H, m, H-
8), 8.28 (1H, dJ= 8.8 Hz, H-4), 8.41 (1H, d] = 7.2 Hz, H-9), 8.60 (1H, d} = 8.4 Hz, H-7),
9.12 (1H, broad s, NH}3C NMR (100 MHz, (CR),CO) 8¢ 15.3 (CH, C-5), 24.1 (CH, C-4),
29.5 (CH, C-2), 31.0 (CH, C-3), 41.3 (CH, C-1), 109.1 (CH, C-5), 113.7 (quat., C-3a), 121.0
(quat., C-6a), 124.6 (quat., C-9a), 126.4 (CH, £12p.2 (CH, C-7), 131.4 (quat., C-3b), 132.3
(CH, C-9), 135.1 (CH, C-4), 149.0 (quat., C-6), 168C=0, C-3), 165.7 (C=0, C-1); ESI-MS =
298 (M + H).

2.5.3 2-Benzyl-6-hydrazino-1H-benz d€g isoquinoline-1,3(2H)-dione (10c)

H N
27 >NH
7 6

aS)
9 3b 4

Yield of 10c: 89%; Orange solid; mp 202-207 °C; FTIR (nujgtm™®): 3315 (NH), 3245 (NH),
1683 (C=0), 1646 (C=0), 1576 (C=C), 1539 (C=&J;NMR (400 MHz, (CR),;SO) 6y 4.69
(2H, s, NH), 5.21 (2H, s, Ch), 7.21-7.33 (6H, m , H-5, H2H-3, H-4, H-5, H-6)), 7.62-7.66
(1H, m, H-8), 8.30 (1H, dJ= 8.8 Hz, H-4), 8.43 (1H, d] = 7.2 Hz, H-9), 8.63 (1H, d = 8.4
Hz, H-7), 9.13 (1H, broad s, NHYC NMR (100 MHz, (CR),CO) 5c44.6 (CH), 109.2 (CH, C-



5), 113.4 (quat., C-3a), 121.1 (quat., C-6a), 124umt., C-9a), 126.5 (CH, C-8), 128.8 (CH, C-
4", 129.6 (CH, C-7), 130.0 (2 x CH, C-Z-6), 130.1 (2 x CH, C-3C-5), 131.5 (quat., C-3b),
132.7 (CH, C-9), 135.5 (CH, C-4), 140.3 (quat., 2-149.3 (quat., C-6), 165.2 (C=0, C-3),
165.9 (C=0, C-1); ESI-MS =368 (M + H).

2.8  General method for the coupling of hydrazines 10 to aryl aldehydes

The hydrazined0a-c (1 equiv.) and arylaldehydes (1.1 equiv.) weresaliged in ethanol (25
mL) and stirred at 80 °C for 2 hours with five dsopf glacial acetic acid as a catalyst. The

solution was then allowed to cool and the formedcypitate was taken to obtain final

compoundd7-21.

Rl
OHC
10a-c 15 17a-c R'=H 21a-c
or 18a-c R' = Cl
19a-c R'= OCHj3
/\)© 20a-c R' = N(CH53),
OHC™ X

16

Scheme4.  Secondary reaction of substituted aryl aldehyitfeand16 with 4-hydrazino-1,8-
naphthalimides10a-c to form fluorescent hydrazone%7-21. Reagents and
conditions: (i) EtOH, reflux, 2 h.

2.8.1 6-(2-Benzylidenehydraz nyl)-2-propyl-1H-benzo[ dd isoquinoline-1,3(2H)-dione (15a)



Yield of 15a: 76%; Orange crystalline solid; mp 213 °C; FTIRij@h, viem'™): 3266 (NH), 1687
(C=0), 1635 (C=0), 1601 (C=N), 1585 (C=C), 1558 (}=1539 (C=C);H NMR (400 MHz,
(CD3),CO) & 0.97 (3H, tJ = 7.6 Hz, CH-3, 1.72 (2H, sextet, J=7.6 Hz, CH;24.07 (2H, t.J

= 7.6Hz, H-1), 7.40-7.49 (3H, m, H-3 H-4", H-5"), 7.72-7.76 (1H, m, H-8), 7.83 (2H, d=
7.6 Hz, H-2, H-6"), 7.87 (1H, d,J = 8.4 Hz, H-5), 8.39 (1H, s, N=CH), 8.47 (1HJds 8.4 Hz,
H-4), 8.52 (1H, dJ) = 7.2 Hz, H-9), 8.67 (1H, dl = 8.4 Hz, H-7), 10.65 (1H, s, NH)’*C NMR
(100 MHz, (CRQ),CO) 3¢ 12.8 (CH, C-3), 23.1 (CH, C-2), 43.0 (CH, C-T1), 109.1 (CH, C-5),
114.3 (quat., C-3a), 120.9 (quat., C-6a), 124.8(qC-9a), 126.9 (CH, C-8), 128.7 (2 x CH, C-
2", C-6"), 128.9 (CH, C-7), 130.7 (2 x CH, C;3-5'), 131.5 (quat., C-3b), 131.4 (CH, C)4
132.5 (CH, C-9), 135.1 (CH, C-4), 136.9 (quat., '§;-145.5 (CH, N=CH), 148.1 (quat., C-6),
165.1 (C=0, C-3), 165.7 (C=0O, C-1); ESI-MS = 358 (M H); Anal. Calcd. for
4(CyH19N30,).H,0 (1446): C, 73.01; H, 5.43; N, 11.61. Found: C183H, 5.51; N, 11.44%.

2.8.2 6-(2-Benzylidenehydrazinyl)-2-pentyl-1H-benzo[ dd i soquinoline-1,3(2H)-dione (15b)



Yield of 15b: 34%; Bright orange crystalline solid; mp 230-Z2& FTIR (nujol,v/cm™): 3283
(NH), 1682 (C=0), 1639 (C=0), 1615 (C=N), 1585 (§=0557 (C=C), 1506 (C=C} NMR
(400 MHz, (C3),CO) 64 0.90-0.93 (3H, m, HM 1.36-1.41 (4H, m, H:3H-4), 1.71 (2H,
quintet,J = 7.2 Hz, H-2), 4.08-4.12 (2H, m, H4, 7.40-7.50 (3H, m, H‘3 H-4", H-5"), 7.75
(1H, dd,J = 8.4 Hz, 7.2 Hz, H-8), 7.82-7.84 (2H, m, U-H-6"), 7.87 (1H, dJ = 8.4 Hz, H-5),
8.39 (1H, s, N=CH), 8.47 (1H, d,= 8.4 Hz, H-4), 8.53 (1H, dd,= 7.2 Hz, 1.2 Hz, H-9), 8.68
(1H, dd,J = 8.4 Hz, 1.2 Hz, H-7), 10.65 (1H, s, NHJC NMR (100 MHz, (CR),CO) ¢ 15.3
(CHs, C-5), 24.1 (CH, C-4), 29.6 (CH, C-2), 31.0 (CH, C-3), 41.4 (CH, C-1), 109.1 (CH,
C-5), 114.3 (quat., C-3a), 120.9 (quat., C-6a),.944uat., C-9a), 126.9 (CH, C-8), 128.7 (2 x
CH, C-2', C-6"), 128.9 (CH, C-7), 130.7 (2 x CH, C-3-5'), 131.4 (CH, C-4), 131.5 (quat.,
C-3b), 132.5 (CH, C-9), 135.1 (CH, C-4), 136.9 (gua-1"), 145.5 (CH, N=CH), 148.1 (quat.,
C-6), 165.1 (C=0, C-3), 165.7 (C=0, C-1); ESI-MS386 (M + H); Anal. Calcd. for
Ca4H23N30, (385): C, 74.78; H, 6.01; N, 10.90. Found: C, 744.01; N, 10.86%.

2.8.3 6-(2-Benzylidenehydrazinyl)-2-benzyl-1H-benzo[ d€ isoquinoline-1,3(2H)-dione (15¢c)



Yield of 15c: 55%; Orange crystalline solid; mp 247-248 °C: RThujol, vicm™): 3346 (NH),
1683 (C=0), 1636 (C=0), 1578 (C=N), 1539 (C=8); NMR (400 MHz, (CR),SO) &y 5.24
(2H, s, CH), 7.22 (1H, tJ = 7.2 Hz, H-4), 7.28-7.35 (4H, m, H{2H-3, H-5, H-6), 7.41-7.44
(1H, m, H-4), 7.48 (2H, tJ = 7.2 Hz, H-3, H-5"), 7.76 (1H, d,J = 8.4 Hz, H-5), 7.78-7.83 (3H,
m, H-8, H-2', H-6"), 8.40 (1H, d,J = 8.4 Hz, H-4), 8.47 (1H, s, N=CH), 8.51 (1HJd 7.2 Hz,
H-9), 8.82 (1H, d,J = 8.4 Hz, H-7), 11.54 (1H, s, NHY*C NMR (100 MHz, (CR),SO)3&c 42.6
(CHy), 107.0 (CH, C-5), 110.6 (quat., C-3a), 118.7 {qua-6a), 121.8 (quat., C-9a), 125.0 (CH,
C-8), 126.7 (2 x CH, C#2 C-6"), 126.9 (CH, C-3, 127.5 (2 x CH, C/2C-6), 128.3 (2 x CH,
C-3, C-5), 128.5 (CH, C-7), 128.9 (2 x CH, C;3-5"), 129.3 (quat., C-3b), 129.6 (CH, C)4
131.1 (CH, C-9), 133.8 (CH, C-4), 134.6 (quat., '§;-137.7 (quat., C-}, 144.2 (CH, N=CH),
146.8 (quat., C-6), 163.0 (C=0, C-3), 163.7 (C=G1)CESI-MS = 406 (M + H)Anal. Calcd.
for CaeH19N3O, (405): C, 77.02; H, 4.72; N, 10.36. Found: C, 0719, 4.69; N, 10.34%.

2.8.4 6-(2-(4-Chlorobenzylidene)hydraznyl)-2-propyl-1H-benzo[ de] isoquinoline-1,3(2H)-
dione (16a)



Yield of 16a: 77%; Orange crystalline solid; mp 255-258 °C; RT¥hujol, vicm™): 3262 (NH),
1687 (C=0), 1635 (C=0), 1616 (C=N), 1596 (C=C), 15&=C); '"H NMR (400 MHz,
(CD3),CO) 6y 0.96 (3H, tJ = 7.6 Hz, H-3, 1.72 (2H, sextet] = 7.6 Hz, H-2), 4.07 (2H, tJ =
7.6 Hz, H-1), 7.50 (2H, H-3, 5"), 7.76 (1H, ddJ = 8.4 Hz, 7.2 Hz, H-8), 7.85 (2H, H26"),
7.88 (1H, dJ = 8.4 Hz, H-5), 8.38 (1H, s, N=CH), 8.48 (1HJd; 8.4 Hz, H-4), 8.53 (1H, dd,

= 7.2 Hz, 0.8 Hz, H-9), 8.68 (1H, dd,= 8.4 Hz, 0.8 Hz, H-7), 10.73 (1H, s, NHfC NMR
(100 MHz, (CDR),CO) 5 12.8 (CH, C-3), 23.1 (CH, C-2), 43.0 (CH, C-1), 109.3 (CH, C-5),
114.6 (quat., C-3a), 121.0 (quat., C-6a), 124ua{q C-9a), 127.0 (CH, C-8), 128.9 (CH, C-7),
130.1 (2 x CH, C-2 C-6"), 130.8 (2 x CH, C-3 C-5"), 131.5 (quat., C-3b), 132.6 (CH, C-9),
135.1 (CH, C-4), 135.8 (quat., C)1136.4 (quat., C‘3, 144.0 (CH, N=CH), 147.9 (quat., C-6),
165.1 (C=0, C-3), 165.7 (C=0O, C-1); ESI-MS = 392 (M H); Anal. Calcd. for
C22H16CIN30,.C;HsOH (438): C, 65.83; H, 5.52; N, 9.60. Found: C9@5H, 5.15; N, 9.98%.

2.8.5 6-(2-(4-Chlorobenzylidene)hydraznyl)-2-pentyl-1H-benzo[ dg isoquinoline-1,3(2H)-
dione (16b)



Yield of 16b: 91%:; Orange solid; mp 196-197 °C; FTIR (ne&tm’): 3248 (NH), 1680 (C=0),
1627 (C=0), 1610 (C=N), 1570 (C=C), 1560 (C=8J;NMR (400 MHz, (CR),CO) &4 0.89-
0.93 (3H, m, H-5, 1.36-1.39 (4H, m, H-3H-4), 1.69 (2H, quintet) = 7.2 Hz, H-2), 4.08 (2H,
t, J = 7.6 Hz, H-1), 7.70-7.74 (1H, m, H-8), 7.81-7.84 (3H, m, H-52H H-6"), 8.34 (1H, s,
N=CH), 8.44 (1H, dJ = 8.4 Hz, H-4), 8.50 (1H, d, = 7.2 Hz, H-9), 8.63 (1H, d| = 8.4 Hz, H-
7), 10.68 (1H, s, NH)**C NMR (100 MHz, (CR),CO) é¢c 15.3 (CH, C-5), 24.1 (CH, C-4),
29.5 (CH, C-2), 31.0 (CH, C-3), 41.4 (CH, C-1), 109.2 (CH, C-5), 114.5 (quat., C-3a), 120.9
(quat., C-6a), 124.9 (quat., C-9a), 126.9 (CH, Ct88.9 (CH, C-7), 130.1 (2 x CH, C;Z-6"),
130.8 (2 x CH, C-3 C-5"), 131.4 (quat., C-3b), 132.5 (CH, C-9), 135.0 (C+4), 135.8 (quat.,
C-17), 136.4 (quat., C43, 144.0 (CH, N=CH), 147.8 (quat., C-6), 165.0 (C=©3), 165.6
(C=0, C-1); ESI-MS = 420 (M + H)Anal. Calcd. For Cy4H2,CIN30,.H,0O (438): C, 65.83; H,
5.52; N, 9.60. Found: C, 65.85; H, 5.49; N, 9.60%.

2.8.6 6-(2-(4-Chlorobenzylidene)hydraznyl)-2-benzyl-1H-benzo[ dd isoquinoline-1,3(2H)-
dione (16c¢)



Yield of 16c: 81%; Orange powder; mp 272-275 °C; FTIR (nujetm™): 3313 (NH), 1688
(C=0), 1642 (C=0), 1612 (C=N), 1584 (C=C), 1564 (3=H NMR (400 MHz, (CR),SO) &y
5.23 (2H, s, CH), 7.23 (1H, tJ = 7.2 Hz, H-4), 7.35-7.28 (4H, m, H2H-3, H-5, H-6)), 7.53
(2H, d,J = 8.4 Hz, H-3, H-5"), 7.76 (1H, d.J = 8.4 Hz, H-5), 7.79-7.85 (3H, H-8, H;2H-6"),
8.40 (1H, d.J = 8.4 Hz, H-4), 8.44 (1H, s, N=CH), 8.50 (1HJd 7.2 Hz, H-9), 8.81 (1H, d,=
8.4 Hz, H-7), 11.59 (1H, s, NH}*C NMR (100 MHz, (CR),SO)&c 42.6 (CH), 107.1 (CH, C-
5), 110.8 (quat., C-3a), 118.7 (quat., C-6a), 124uat., C-9a), 125.0 (CH, C-8), 126.9 (CH, C-
4", 127.5 (2 x CH, C2C-6), 128.3 (4 x CH, C-3C-5, C-2'C, C-8'), 128.5 (CH, C-7), 128.9
(2 x CH, C-3, C-5"), 129.2 (quat., C-3b), 131.1 (CH, C-9), 133.5 (qua-1"), 133.7 (CH, C-
4), 133.8 (quat., C#3, 137.7 (quat., C-}, 142.7 (CH, N=CH), 146.6 (quat., C-6), 162.9 (G=0
C-3), 163.7 (C=0, C-1); ESI-MS = 440 (M + Hjnal. Calcd. for CogH1sCIN3O, (440): C,
70.99; H, 4.12; N, 9.55. Found: C, 71.22; H, 4N%.54%.

2.8.7 6-(2-(4-Methoxybenzylidene)hydrazinyl)-2-propyl-1H-benzo[ dd isoquinoline-1,3(2H)-
dione (17a)



Yield of 17a: 92%; orange-red crystalline solid; mp 226-227 ®FIR (nujol, vicm™: 3244
(NH), 1680 (C=0), 1635 (C=0), 1602 (C=N), 1587 (§=0516 (C=C);'H NMR (400 MHz,
(CD3),CO) 6y 0.97 (3H, t,J = 7.6 Hz, H-3, 1.72 (2H, sextet) = 7.6 Hz, H-2), 3.87 (3H, s,
OCHg), 4.05-4.09 (2H, m, H-}, 7.03 (2H, H-3, 5"), 7.73 (1H, ddJ = 8.4 Hz, 7.2 Hz, H-8),
7.78 (2H, H-2, 6"), 7.84 (1H, dJ = 8.4 Hz, H-5), 8.34 (1H, s, N=CH), 8.46 (1H,Jd; 8.8 Hz,
H-4), 8.52 (1H, ddJ = 0.8, 7.2 Hz, H-9), 8.67 (1H, dd~= 0.8, 8.4 Hz, H-7), 10.54 (1H, s, NH);
13C NMR (100 MHz, (CR),CO) &c 12.8 (CH, C-3), 23.1 (CH, C-2), 42.9 (CH, C-1), 56.7
(CHs, OCH), 108.8 (CH, C-5), 113.8 (quat., C-3a), 116.1 @H, C-3, C-5'), 120.9 (quat., C-
6a), 124.8 (quat., C-9a), 126.7 (CH, C-8), 128.BI,(C-7), 129.5 (quat., C*}, 130.2 (2 x CH,
C-2", C-6), 131.6 (quat., C-3b), 132.5 (CH, C-9), 135.2 (@+4), 145.6 (CH, N=CH), 148.3
(quat., C-6), 163.0 (quat., C¥ 165.1(C=0, C-3), 165.8 (C=0, C-1); ESI-MS = 388 + H);
Anal. Calcd. for Cp3H21N305 (387): C, 71.30; H, 5.46; N, 10.85. Found: C, 21 H, 5.53; N,
10.76%.

2.8.8 6-(2-(4-Methoxybenzylidene)hydrazinyl )-2-pentyl-1H-benzo[ d€ i soquinoline-1,3(2H)-
dione (17b)



Yield of 17b: 48%: Orange-red solid; mp 202-204 °C; FTIR (ne&tm™): 3316 (NH), 1684
(C=0), 1636 (C=0), 1609 (C=N), 1570 (C=C), 1558 (J=1548 (C=C), 1508 (C=CIH NMR
(400 MHz, (CRQ).CO) 64 0.90-0.93 (3H, m, Hp 1.36-1.40 (4H, m, H3H-4), 1.70 (2H,
quintet,J = 7.2 Hz, H-2), 3.87 (3H, s, OC}J, 4.08-4.12 (2H, m, H-}, 7.03 (2H, m, H-3 5"),
7.73 (1H, ddJ = 8.4 Hz, 7.2 Hz, H-8), 7.77 (2H,'nH-2", 6"), 7.83 (1H, dJ = 8.4 Hz, H-5),
8.34 (1H, s, N=CH), 8.46 (1H, d,= 8.4 Hz, H-4), 8.52 (1H, dd,= 0.8, 7.2 Hz, H-9), 8.67 (1H,
dd,J = 0.8, 8.4 Hz, H-7), 10.53 (1H, s, NHJC NMR (100 MHz, (CR),CO) é¢ 15.3 (CH, C-
5, 24.1 (CH, C-4), 29.6 (CH, C-2), 31.0 (CH, C-3), 41.4 (CH, C-1), 56.7 (CH, OCHp),
108.9 (CH, C-5), 113.8 (quat., C-3a), 116.1 (2 x, @43, C-5'), 120.9 (quat., C-6a), 124.8
(quat., C-9a), 126.7 (CH, C-8), 128.9 (CH, C-70.B2quat., C-1), 130.2 (2 x CH, C-2 C-6"),
131.5 (quat., C-3b), 132.5 (CH, C-9), 135.2 (CH4)c145.6 (CH, N=CH), 148.3 (quat., C-6),
163.0 (quat., C, 165.1(C=0, C-3), 165.7 (C=0, C-1); ESI-MS = 406 + H); Anal. Calcd.
for CysH25N305 (415): C, 72.27; H, 6.07; N, 10.11. Found: C, 9212, 6.13; N, 10.11%.

2.8.9 6-(2-(4-Methoxybenzylidene)hydrazinyl)-2-benzyl - 1H-benzo[ d€ isoquinoline-1,3(2H)-
dione (17c)



3

Yield 17c: 76%; Orange-red solid; mp 226-228 °C; FTIR (neétm™): 3319 (NH), 1684
(C=0), 1636 (C=0), 1608 (C=N), 1570 (C=C), 1558 (}=1541 (C=C), 1508 (C=CIH NMR
(400 MHz, (CDR),S0O)dy 3.82 (3H, s, OCH), 5.23 (2H, s, Ch), 7.04 (2H, dJ = 8.4 Hz, H-3,
H-5"), 7.22 (1H, tJ = 7.2 Hz, H-4), 7.28-7.35 (4H, m, H:2H-3, H-5, H-6), 7.72 (1H, dJ =
8.4 Hz, H-5), 7.75-7.81 (3H, m, H-8, H;2H-6"), 8.38 (1H, dJ = 8.4 Hz, H-4), 8.42 (1H, s,
N=CH), 8.50 (1H, dJ = 7.2 Hz, H-9), 8.81 (1H, d] = 8.4 Hz, H-7), 11.42 (1H, s, NH§,3C
NMR (100 MHz, (CDR),SO)&c 42.5 (CH), 55.3 (CH, OCHs), 106.6 (CH, C-5), 110.1 (quat., C-
3a), 114.3 (2 x CH, C#3C-5"), 118.5 (quat., C-6a), 121.8 (quat., C-9a), 12€18, C-8), 126.9
(CH, C-4), 127.1 (CH, C-1), 127.4 (2 x CH, C/2C-6), 128.25 (2 x CH, C‘3C-5), 128.31 (2
x CH, C-2, C-6"), 128.5 (CH, C-7), 129.3 (quat., C-3b), 131.0 (@349), 133.8 (CH, C-4),
137.8 (quat., C-), 144.3 (CH, N=CH), 146.9 (quat., C-6), 160.5 (gua-4'), 162.9 (C=0, C-
3), 163.7 (C=0, C-1); ESI-MS = 436 (M + Hnal. Calcd. for Co,7H»N3O3 (435): C, 74.47; H,
4.86; N, 9.65. Found: C, 74.22; H, 4.81; N, 9.58%.

2.8.10 6-(2-(4-Dimethylaminobenzylidene)hydraz nyl)-2-propyl-1H-benzo[ d€g isoquinoline-
1,3(2H)-dione (18a)



Yield of 18a: 80%; Dark purple crystalline solid; mp 240-241%TIR (nujol, vicm™): 3258
(NH), 1680 (C=0), 1628 (C=0), 1611 (C=N), 1586 (§=0527 (C=C);'H NMR (400 MHz,
(CD3),CO) 6y 0.97 (3H, t,J = 7.6 Hz, H-3, 1.72 (2H, sextet) = 7.6 Hz, H-2), 3.04 (6H, s,
N(CHj3),), 4.05-4.09 (2H, m, H}, 6.81 (2H, mJ = 8.8 Hz, H-3, 5"), 7.66 (2H, mJ = 8.8 Hz,
H-2", H-6"), 7.71 (1H, ddJ = 7.2, 8.4 Hz, H-8), 7.79 (1H, d,= 8.4 Hz, H-5), 8.28 (1H, s,
N=CH), 8.45 (1H, dJ = 8.4 Hz, H-4), 8.51 (1H, dd,= 0.8, 7.2 Hz, H-9), 8.67 (1H, dd= 0.8,
8.4 Hz, H-7), 10.41 (1H, s, NH}’C NMR (100 MHz, (CBR),CO) ¢ 12.8 (CH, C-3), 23.1
(CHp, C-2), 41.2 (2 x CH, N(CHg)), 42.9 (CH, C-1), 108.5 (CH, C-5), 112.9 (quat., C-3a),
113.8 (2 x CH, C-3 C-5"), 120.8 (quat., C-6a), 124.4 (quat., Q;1124.7 (quat., C-9a), 126.5
(CH, C-8), 129.1 (CH, C-7), 130.1 (2 x CH, C-£Z-6"), 131.6 (quat., C-3b), 132.5 (CH, C-9),
135.4 (CH, C-4), 146.9 (CH, N=CH), 148.6 (quat.6)4153.6 (quat., C3, 165.2 (C=0, C-3),
165.9 (C=0, C-1); ESI-MS = 401 (M + Hjnal. Calcd. for CaH24N4O2 (400): C, 71.98; H,
6.04; N, 13.99. Found: C, 71.87; H, 6.22; N, 13.83%

2.8.11 6-(2-(4-Dimethylaminobenzylidene)hydraznyl)-2-pentyl-1H-benzo[ d€ isoquinoline-
1,3(2H)-dione (18b)



Yield of 18b: 21%; Dark purple solid; mp 199-202 °C; FTIR (dujgcm™): 3309 (NH), 1679
(C=0), 1639 (C=0), 1613 (C=N), 1585 (C=C), 1572 (3=1527 (C=C);H NMR (400 MHz,
(CD3),CO) 8y 0.90-0.93 (3H, m, Hp, 1.35-1.42 (4H, m, H{3H-4), 1.70 (2H, quintet) = 7.2
Hz, H-2), 3.03 (6H, s, N(Chk)2), 4.09-4.12 (2H, m, H4}, 6.79 (2H, m, H-3 5"), 7.65 (2H, m
H-2", 6"), 7.70 (1H, ddJ = 7.2, 8.4 Hz, H-8), 7.78 (1H, d= 8.4 Hz, H-5), 8.33 (1H, s, N=CH),
8.43 (1H, dJ = 8.4 Hz, H-4), 8.50 (1H, dd,= 0.8, 7.2 Hz, H-9), 8.74 (1H, dd~= 0.8, 8.4 Hz,
H-7), 10.68 (1H, s, NH)}*C NMR (100 MHz, (CR).S0)é¢ 13.8 (CH, C-5), 21.8 (CH, C-4),
27.2 (CH, C-2), 28.7 (CH, C-3), 38.9 (CH, C-1), 39.8 (2 x CH, N(CHg),), 106.2 (CH, C-5),
109.4 (quat., C-3a), 111.9 (2 x CH, C-&8-5"), 118.5 (quat., C-6a), 121.8 (quat., C-9a), 121.9
(quat., C-1), 124.5 (CH, C-8), 128.1 (2 x CH, C;2C-6"), 128.2 (CH, C-7), 129.3 (quat., C-
3b), 130.6 (CH, C-9), 133.6 (CH, C-4), 135.9 (qu@t6), 145.4 (CH, N=CH), 151.2 (quat., C-
4", 162.8 (C=0, C-3), 163.6 (C=0, C-1); ESI-MS = 4pd + H); Anal. Calcd. for
4(CoeH28N40,).3H,0: C, 70.57; H, 6.61; N, 12.78. Found: C, 70.56613,7; N, 12.48%.

2.8.12 6-(2-(4-Dimethylaminobenzylidene)hydraz nyl)-2-propyl- 1H-benzo[ d€g isoquinoline-
1,3(2H)-dione (18c)



3

Yield of 18c: 72%:; Dark purple solid; mp 227-230 °C; FTIR (dujgcm™): 3243 (NH), 1677
(C=0), 1627 (C=0), 1604 (C=N), 1588 (C=C), 1564 (}=1527 (C=C);H NMR (400 MHz,
(CD3)2S0) 8y 2.99 (6H, s, N(ChH),), 5.24 (2H, s, Ch), 6.79 (2H, m, H-3 5"), 7.20-7.25 (1H,
m, H-4), 7.28-7.36 (4H, m, H{2H-3, H-5, H-6), 7.64 (2H, m, H-2, 6"), 7.68 (1H, d,) = 8.8
Hz, H-5), 7.78 (1H, dd) = 7.6, 8.4 Hz, H-8), 8.37-8.39 (2H, m, H-4, N=C@)50 (1H, dd,) =
7.6 Hz, 0.8 Hz, H-9), 8.82 (1H, dd= 8.4 Hz, 0.8 Hz, H-7), 11.31 (1H, s, NHJC NMR (100
MHz, (CDs),S0) ¢ 39.9 (2 x CH, N(CHg),), 42.7 (CH), 106.5 (CH, C-5), 109.6 (quat., C-3a),
112.0 (2 x CH, C-3 C-5'), 118.6 (quat., C-6a), 121.8 (quat., C-9a), 1Zfeat., C-1), 124.9
(CH, C-8), 127.1 (CH, C1 127.6 (2 x CH, C2C-6), 128.3 (2 x CH, C2 C-6"), 128.5 (2 x
CH, C-3, C-5), 128.6 (CH, C-7), 129.5 (quat., C-3b), 131.2 (@H9), 134.1 (CH, C-4), 137.9
(quat., C-1), 145.7 (CH, N=CH), 147.1 (quat., C-6), 151.4 (qu&-4'), 163.1 (C=0, C-3),
163.9 (C=0, C-1); ESI-MS = 449 (M + Hjnal. Calcd. for C,gH24N40,H,0 (466): C, 72.09; H,
5.62; N, 12.01. Found: C, 71.89; H, 5.52; N, 12.02%

2.8.13 6-(2-Cinnamylidenehydrazinyl)-2-propyl-1H-benzo[ d€ isoquinoline-1,3(2H)-dione (19a)



Yield of 19a: 76%; Orange solid; mp 196-199 °C; FTIR (nujggm?): 3244 (NH), 1689 (C=0),
1639 (C=0), 1621 (C=N), 1591 (C=C), 1506 (C=8J; NMR (400 MHz, (CR),CO) 5y 0.97
(3H,t,J=7.6 Hz, H-3, 1.72 (2H, sextet] = 7.6 Hz, H-2), 4.05-4.09 (2H, m, H-}, 7.00 (1H,
d,J=16.0 Hz, alken@ CH), 7.16 (1H, ddJ = 9.2, 16.0 Hz, alkene CH), 7.31-7.35 (1H, m, H-
4", 7.39-7.43 (2H, m, H‘3 H-5"), 7.61-7.63 (2H, m, H/2 H-6"), 7.71-7.75 (2H, m, H-5, H-8),
8.23 (1H, dJ = 9.2 Hz, N=CH), 8.45 (1H, d,= 8.4 Hz, H-4), 8.52 (1H, dd,= 0.8, 7.2 Hz, H-
9), 8.65 (1H, ddJ = 0.8, 8.4 Hz, H-7), 10.58 (1H, s, NHJC NMR (100 MHz, (CR)-CO) 5¢
12.8 (CH, C-3), 23.1 (CH, C-2), 42.9 (CH, C-1), 109.0 (CH, C-5), 114.2 (quat., C-3a), 121.0
(quat., C-6a), 124.8 (quat., C-9a), 126.8 (CH, C12y.5 (CH, alkene CH), 128.8 (2 x CH, C-
2", C-6"), 128.9 (CH, C-7), 130.4 (CH, C% 130.7 (2 x CH, C-“3 C-5"), 131.5 (quat., C-3b),
132.5 (CH, C-9), 135.1 (CH, C-4), 138.4 (quat., '§;-139.2 (CH, alken@ CH), 147.8 (quat.,
C-6), 147.9 (CH, N=CH), 165.1 (C=0, C-3), 165.7 @;=C-1); ESI-MS = 384 (M + H)Anal.
Calcd. for Cp4H21N30,.C:HsOH (429): C, 72.71; H, 6.34; N, 9.78. Found: C,7B2H, 6.41; N,
9.89%.

2.8.14 6-(2-Cinnamylidenehydrazinyl)-2-pentyl-1H-benzo[ d€ isoquinoline-1,3(2H)-dione (19b)



Yield of 19b: 82%; Orange-red crystalline solid; mp 182-183 JFIR (neat,vicm™): 3269
(NH), 1684 (C=0), 1632 (C=0), 1614 (C=N), 1570 (§=C560 (C=C);'H NMR (400 MHz,
(CDs),CO) 64 0.89-0.93 (3H, m, Hp, 1.36-1.40 (4H, m, H'3H-4), 1.66-1.74 (2H, m, H-‘},
4.08-4.12 (2H, m, H-}, 6.99 (1H, dJ = 12.0 Hz, alken@ CH), 7.16 (1H, ddJ = 9.2, 16.0 Hz,
alkenea CH), 7.31-7.35 (1H, m, H4, 7.39-7.43 (2H, m, H‘3 H-5"), 7.61-7.63 (2H, m, H-2
H-6"), 7.70-7.75 (2H, m, H-5, H-8), 8.22 (1H, 3= 9.2 Hz, N=CH), 8.44 (1H, d,= 8.4 Hz, H-
4), 8.51 (1H, ddJ = 0.8, 7.2 Hz, H-9), 8.64 (1H, dd,= 0.8, 8.4 Hz, H-7), 10.56 (1H, s, NH);
13C NMR (100 MHz, (CR),CO) 8¢ 15.3 (C-5), 24.1 (C-4), 29.5 (C-2), 31.0 (C-3), 41.4 (C-1),
109.0 (C-5), 114.3 (quat., C-3a), 121.0 (quat.,a};-824.8 (quat., C-9a), 126.8 (C-8), 127.5
(alkenea CH), 128.8 (C-2, C-6"), 128.9 (C-7), 130.4 (C4, 130.7 (C-3, C-5"), 131.5 (quat.,
C-3b), 132.5 (C-9), 135.1 (C-4), 138.4 (quat., '¢-139.2 (alkengd CH), 147.8 (quat., C-6),
147.9 (N=CH), 165.1 (C-3), 165.7 (C-1); ESI-MS =241IM + H); Anal. Calcd. for
Ca6H25N302 CoHsOH (458): C, 73.50; H, 6.83; N, 9.18. Found: C273H, 6.90; N, 9.36%.

2.8.15 6-(2-Cinnamylidenehydrazinyl)-2-benzyl- 1H-benzo[ d€g isoquinoline-1,3(2H)-dione (19c)



Yield of 19c: 58%; Orange solid; mp 232-234 C; FTIR (neé&tm™): 3312 (NH), 1695 (C=0),
1684 (C=0), 1636 (C=N), 1571 (C=C), 1558 (C=C), 1%&=C), 1508 (C=C):H NMR (400
MHz, (CD;3),S0O)déy 5.24 (2H, s, CH), 7.08 (1H, dJ = 16.0 Hz, alken@ CH), 7.15 (1H, ddJ =
8.8, 16.0 Hz, alkene CH), 7.23 (1H, tJ = 7.2 Hz, H-4), 7.28-7.35 (5H, m, H:2H-3, H-5, H-
6, H-4"), 7.41 (2H, tJ = 7.6 Hz, H-3, H-5"), 7.62 (1H, dJ = 8.8 Hz, H-5), 7.65 (2H, d,= 7.6
Hz, H-2', H-6"), 7.79-7.83 (1H, m, H-8), 8.31 (1H, d= 8.8 Hz, N=CH), 8.40 (1H, d, = 8.4
Hz, H-4), 8.51 (1H, dJ = 7.6 Hz, H-9), 8.82 (1H, dl = 8.4 Hz, H-7), 11.45 (1H, s, NH)*C
NMR (100 MHz, (CR),SO) 8¢ 42.5 (CH), 106.8 (CH, C-5), 110.5 (quat., C-3a), 118.7 {qua
C-6a), 121.8 (quat., C-9a), 125.0 (CH, C-8), 12&°5, alkenea CH), 126.88 (CH, C-3,
126.93 (2 x CH, C-2 C-6"), 127.4 (2 x CH, C2C-68), 128.3 (2 x CH, C-3C-5), 128.5 (CH,
C-7), 128.6 (CH, C#, 128.8 (2 x CH, C-3 C-5'), 129.3 (quat., C-3b), 131.1 (CH, C-9), 133.7
(CH, C-4), 136.1 (quat., C*}, 137.6 (CH, alken@ CH), 137.7 (quat., C-)J, 146.4 (quat., C-6),
146.8 (CH, N=CH), 162.9 (C=0, C-3), 163.7 (C=0, CHSI-MS = 432 (M + H)Anal. Calcd.
for CogH21N30, (431): C, 77.94; H, 4.91; N, 9.74. Found: C, 771874.83; N, 9.69%.

3 Fluorescence excitation and emission spectra

3.1 Fluorescence properties of ANS derivatives

Fluorescent properties of ANS derivatives are giveRigure S1.
3.2 Fluor escence properties of 6-HBI derivatives

Fluorescent properties of 6-HBI derivatives areegiin Figure S2, S3, S4.



ACCEPTED MANUSCRIPT

4 Biological evaluation

Interpretation of multipoint inoculation plates shoin Table S1.
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Table S1. Inhibitory effects and fluorescence of substrdsse and 14a-c on Columbia agar against a range of bacteria amgi f

(G: growth, F: fluorescence, B: blue, TrB: tracéblae, Y: yellow, ++ good growth, +/- moderate @th, - no growth.

P Or ganism Control 12a & 12b 12d 12e 1l4a 14b 1l4c
G F G F G F G F G F G F G F F
1 Escherichia coli ++ - ++ - ++ +/-B - - ++ TrB| ++ +VY - - - i
2 Klebsiella pneumoniae ++ - ++ - ++ - - - ++ - ++ +Y - - -
4  Enterobacter cloacae ++ - ++ - ++  +/-B| - - ++ TrB| ++ +Y + +Y| + +Y
5  Serratia marcescens ++ - ++ - ++ - ++  +/-B| ++ - ++  ++Y O+ +Y| + +Y
6 Salmonella typhimurium ++ - ++ - ++ - - - ++ - ++ +Y - - -
7 Pseudomonas aeruginosa ++ - ++ - ++ - - - ++ - ++ +Y - - -
8 Yersinia enterocolitica ++ - ++ - ++ - - - ++ - ++ +VY - - + -
9  Burkholderia cepacia +H- - + - + - + - + - +  +Y] o+ Y| o+ -
10 Acinetobacter baumannii ++ - ++ - ++ - - - ++ - ++  ++Y - - + +Y
11  Streptococcus pyogenes + - + - + - - - + - +/- - - - -
12 (Slt;lalgtéy'la\ c))coccus aureus + i + < N ) ) ) N ] N Ly ) ) ]
13  Saphylococcus aureus + - + - + - - - + - + +Y - - -
14  Saphylococcus epidermidis + - + - + - - - + - +  +-Y| - - -
15 Listeria monocytogenes + - + - + - - - + - +  +-Y| - - -
16  Enterococcus faecium + - + - + - - - + - +  +-Y| - - -
17  Enterococcusfaecalis + - + - + - - - + - +  +/-Y - - -
18  Bacillussubtilis + - + - + - - - + - + - - - -
19 Candida albicans + - + - + - - - + - + - - - -
20 Candida glabrata +/- - +/- - +/- - - - +/- - - - - - -






