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Acridones and Quinacridones: Novel Fluorophores
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Two new families of fluorescent probe, acridones and quinacridones, whose fluorescence lifetime
can be altered to produce a range of lifetimes from 3 ns to 25 ns are described. Both families of
fluorophore have fluorescence lifetimes which are unaffected by pH in the range of 5 to 9 and show
a marked resistance to photobleaching. The probes have been modified to allow them to be attached
to biomolecules and the labelling of a neuropeptide (substance P) is described. The labelled peptides
have the same fluorescence lifetime as the free fluorophore. Quinacridone, with an emission around
550 nm offers a long fluorescence lifetime, photostable alternative to fluorescein.
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INTRODUCTION imaging microscopy (FLIM) [8]. DNA sequencing can be
carried out by multiplexing with four fluorophores each
The study of interactions of biological molecules us- having a different fluorescence lifetime. It is desirable
ing fluorescence based techniques is well described in thethat a single light source be used to excite all four fluo-
literature [1,2]. Of particular concern is the background rophores and ideally, that the fluorophores emit at similar
fluorescence from the biomolecules themselves which of- wavelengths. Usually these criteria can only be met by
ten reduces the sensitivity and limits the detection levels using fluorophores from different families. This can result
in such systems. in marked differences in extinction coefficient, molecular
One method of overcoming this problemis to use flu- weight, hydrophobicity and charge between fluorophores
orophores with an emission at the red end of the spectrum.and can cause problems with differences in mobility dur-
This allows better spectral separation from the predomi- ing separation steps. It is therefore desirable to have a
nantly blue background fluorescence which can emanaterange of fluorescent lifetimes within the same class of
from the plastics used to fabricate microtitre plates and fluorophore with ideally each having a similar absorp-
autofluorescence from the sample. An alternative methodtion and emission spectrum. In an ideal situation the fluo-
is to employ a technique which does not use color to dis- rophores should also have similar molecular weights and
criminate signal from background. One such technique carry the same, or better still, no charge to avoid mobil-
is the utilisation of a property unique to all fluorescent ity differences in separation steps. The background flu-
molecules, fluorescence lifetime. This method has beenorescence produced by most biomolecules is at the blue
used by several groups for applications such as DNA se- end of the spectrum and typically has a fluorescence life-
guencing [3-6], determining the ratio of single to dou- time of less than 5 ns. A survey of the literature indi-
ble stranded DNA [7] and confocal fluorescence lifetime cates that the fluorescence lifetime of a large number of
fluorophores currently used to investigate biological sys-
T tems also have fluorescent lifetimes in the range of 1-
Amersham B|03C|ences,. Amersham plc, The Maynard Centre, Forest 5 ns. This range includes such widely used fluorophores as
Farm, Whitchurch, Cardiff. CF14 7YT, United Kingdom. . > ) )
2 To whom correspondence should be addressed. E-mail: j.tony.smith@ fluorescein and rhodamine [9], coumarins [10], cyanines
amersham.com. [11], BODIPY's [12] and their derivatives. Dye families
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with lifetimes greater than 5 ns include some polyaro- and the NHS ester of acridone-10-pentanoic acid for la-
matic hydrocarbons such as pyrene which has a lifetime belling peptides [26]. Enzyme activity can be monitored
of ~80 ns in hydrocarbon solvents. Nau has described using acridone labelled substrates [27] whilst metal ions
2,3- diazabicyclo[2.2.2]oct-2-ene [13] with a lifetime ap- can also be detected using acridone derivatives [28].
proaching 1us in deoxygenated solvent, the longest life- These techniques however, do not rely on fluores-
time of any known organic compound. Other compounds cence lifetime as the detection modality but instead utilise
with long fluorescence lifetimes include transitional and a steady state technique, such as changes in fluorescence
lanthanide metal complexes such as those of rutheniumintensity. Fluorescence lifetime has been used to distin-
described by Lakowicz [14] and the terbium and eu- guish oligosaccharides wherein 2-aminoacridone is re-
ropium chelates described by Selvin [15]. The polyaro- acted with avariety of oligosaccharides giving rise to small
matic hydrocarbons have the disadvantage of being insol-changes in fluorescence lifetime [29].
uble in aqueous systems. Although this can be overcome The fluorescent properties of both acridone and some
by adding water solubilising groups such as sulfonates, of its derivatives, in particular, their fluorescence lifetimes
this causes a significant decrease in the fluorescence lifewere extensively studied by Shigorin’s group inthe 1970’s
time and these compounds tend to emit in the blue re- [30]. Acridone itself has a fluorescence lifetime of 14 ns
gion of the spectrum where problems with differentiation in ethanol. Shigorin’s group also measured the fluores-
from background are encountered. The metal complexescence lifetimes of 2-bromo- and 2-iodo-acridone, at 8 and
have been used extensively in biological studies, have red4 ns respectively. Their studies showed that the reduc-
shifted emissions and very long lifetimes, ranging from tion in lifetime of the halogenated derivatives was due to
hundreds of ns into theus range that allow for excellent  an increase in intersystems crossing. This occurs because
discrimination from background. However, the fluores- introduction of a heavy halogen atom such as bromine,
cence lifetime of the ruthenium complexes is sensitive to iodine or a metal such as tin [31] alters the energy lev-
the presence of dissolved oxygen whilstthe lifetimes of the els so that the Tr—r* state lies just below that of the
lanthanide chelates are shortened by the presence of watelS,7—* state [32]. This increases the rate of intersystem
These types of molecule are in general rather bulky and notcrossing resulting in a decreased fluorescence lifetime and
easy to prepare in a form which allows them to be attached a reduction in fluorescence quantum yield.
to biomolecules. An extensive search of the literature re- This group also measured the lifetime of
vealed a group of fluorophores with lifetimes of greater quinacridone [33,34], a molecule with an emission
than 10 ns. This group included the acridines, acridones about 100 nm red shifted with respect to acridone and
and acridinium betaines, which have a fluorescence emis-with a fluorescence lifetime of 22 ns. A similar figure
sion in the 400-500 nm region. Indeédk(3-sulfopropyl) was also obtained with alkylated quinacridones [35].
acridinium betaine with a fluorescence lifetime of 31.6 ns References to quinacridone and its derivatives are
in water has been used as a standard for calibrating instru-relatively rare in the scientific literature, however, there is
ments used to measure fluorescence lifetime [16] and acri-extensive coverage in the patent literature. The majority
dinium compounds have been used extensively as reporterof these refer to the use of quinacridone and its deriva-
molecules in biological systems by using their chemilu- tives as pigments for use in manufacturing paints and
minescence properties [17—20]. inks. The highly insoluble quinacridones exist in several
One of the criteria which we required for fluorescent different crystal modifications which exhibit different col-
probes is that their fluorescence lifetimes should be inde- ors [36,37]. These derivatives also show extreme thermal,
pendent of pH in the physiological range 5 to 9. Screen- photo and chemical stability.
ing of a variety of commercially available acridines, acri- The insolubility, multiple crystal structure and high
dinium salts and acridones showed that the first two groups stability of quinacridone is mainly due to the inter-
were sensitive to pH changes, however the acridones ful-molecular hydrogen bonding that occurs between the
filled our criteria and additionally have the advantage of two imino and two carbonyl groups in the molecule.
being small uncharged molecules. N-alkylation of the imino groups leads to greatly in-
The chemistry of the acridines and acridones has creased solubility in organic solvents, whilst sulfona-
been reviewed in the literature [21] and acridone deriva- tion leads to increased hydrophilicity. The same cri-
tives have found diverse usage such as anti-neoplasticteria also applies to acridones to a lesser degree and
agents [22] and anti- malarial drugs [23]. Additionally they also display high thermal, chemical and photo-
certain acridones have been used as detection reagents fastability [38]. Reymond has used an amino deriva-
biomolecules. 2-Aminoacridone, for example, has been tive of quinacridone to detect certain transition metal
used to detect disaccharides [24] and carbohydrates [25],ions in solution [39], the compound showing reduced
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fluorescence in the presence of metal ions. To our cein, a commonly use fluorophore with similar spectro-
knowledge, there are no reports of quinacridone labelled scopic properties to quinacridone.
biomolecules being used as reporters in biological sys- The structures of the acridone derivatives synthesised
tems where fluorescence lifetime is used as the detectionare shown in Table | and those of the quinacridone deriva-
mode. tives in Table II.
Here we report the development of a range of
acridone and quinacridone fluorophores that have beenEXPERIMENTAL
chemically modified to give them different fluorescent
lifetimes without substantially altering their absorp- 1H NMR (200 MHz) were measured on a Bruker AC
tion and emission characteristics. Additionally, these 200.Deuterated solvents were used as indicated inthe text.
molecules have been derivatised so that they can beChemical shifts{) are reported in ppm relative to TMS.
chemically bonded to biological molecules under mild Mass spectra were measured on a Kratos Kompact
conditions which will not destroy biological integrity. Maldi Analytical Mass Spectrometer using electrospray
We have used these derivatives to chemically label a in positive mode.
neuropeptide (substance P) of biological interest. The Accurate masses were determined by LC-MS us-
problem of insolubility of quinacridone derivatives has ing a Micromass Q-Tof2 with lockspray (Micromass,
been overcome by sulfonation, making the derivatives Manchester, UK), Waters 2790 Liquid chromatography
compatible with an aqueous environment. system (Waters, Milford, MA)
. We herein (.jescrllbe the synthesis of a range.of both A) 0.05% TFA in HO
acridone and quinacridone fluorophores with differing flu- . "
e . Lo . B) 0.05% TFA in acetonitrile.
orescence lifetimes and describe the derivatisation, acti-
vation and labelling of a peptide by these compounds. We 0-100% over 10 min at 30Q.L/min. Column:
have also investigated the pH dependence of lifetime of Waters Xterra C18MS 2.k 50 mm, 2.5um (Waters,
these compounds in the physicological range of 5 to 9. Milford, MA). Lockmass (met)Enkephalin M6638 (Sigma
Finally, we have investigated the photostability of both Chemical Co., Poole, Dorset, UK) at gZg/mL in
acridone and quinacridone and compared them to fluores-H,O/methanol (1:14+ 0.1% formic acid was used for

Table I. Structures of Acridone Derivatives
o)

R1 l I R2

N
||?4 R3
Compound R1 R2 R3 R4
1 H H H (CH)sCOxH
2 H H H CH,COH
3 Br H H (CH2)sCOxH
4 Br Br H (CHR)sCOzH
5 | H H (CH2)sCOyEL
6 SOsH H H (CH2)sCOH
7 SOsH Br H (CH)sCOxH
8 Cl CH2COH H H
9 H H COH H
10 H H CONH(CH)sCO;H  H
11 NO> H H (CHp)sCO,EL
12 NH2 H H (CH2)sCOzEL
13 NHCOCH; H H (CH2)sCOH
14 NO, NO» H (CH2)sCOzEL
15 NH2 NH2 H (CHz)sCO,EL
16 NHCOCH; NHCOCH; H (CH2)sCOxH
17 F H H (CHp)sCOH
18 CH30 H H (CHR)5sCOH
19 CH3 H H (CHp)sCOH
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Table II. Structures of Quinacridone Derivatives

R2 R3
R1 nll
(LI,
R6 Flas 0
Compound R1 R2 R3 R4 R5 R6
25 SGsH H SG:H SGH H SG:H
26 H (CH2)sCOEt  H H (CHp)sCOzEt  H
27 | (CH2)sCOEt  H H (CHp)sCOEt  H
28 F (CH)sCOEt  H F (CH)sCOEt  H
29 Cl (CH2)sCOEt  H Cl (CHp)sCOEt  H
30 Br (CH2)sCOH  H Br (CH2)sCOH  H
31 CH3 (CH2)sCOEt  H CHs (CH2)sCOEt  H
32 CH3O (CHp)sCOEt  H CHO (CH)sCOEt  H
33 NO, (CH2)sCOEt  H NGO (CH2)sCOEt  H
34 NH> (CH2)sCOEt  H NH; (CH2)sCOEt  H
35 NHCOCH; (CH2)sCO.H H NHCOCH; (CH)sCOH H
36 H CoHs H H (CH2)sCOEt  H
37 SOGzH CoHs H SG:H (CH2)sCOH H

calibration at 574.2335. Melting points were measured on homenex Jupiter (2@ 1.0 cm, 7um) or a Waters PrepPak
a Stuart Scientific SMP10 and are uncorrected. Absorp- (25 mm) column.

tion spectra were measured on a Hewlett Pachard 8453

spectrophotometer. Emission spectra were measured on a

Perkin Elmer LS 55 fluorimeter. Synthesis of Acridones
Peptides were synthesised on an Applied Biosystems  Synthesis of the Ethyl Ester of 6-(9-Oxo-9H-acridin-
431A peptide synthesiser using Fast¥M¥chemistry. 10-yl)-hexanoic Acid9-oxo-9,10-dihydro-acridine (4.88

Fluorescence lifetimes were determined by time- g, 25 mM) was stirred with anhydrous dimethyl sul-
correlated single photon counting on an Edinburgh In- foxide (20 mL) under a nitrogen atmosphere and then
struments FLO9OOCDT Time Resolved Fluorimeter using sodium hydride (1.05 g; 60% w/w in oil, 26 mM)
either a pulsed hydrogen arc lamp or a pulsed 405 nm was added and the mixture stirred at ambient tempera-
laser. Deconvolution was carried out using a non-linear tyre until effervescence ceased. Ethyl-6-bromohexanoate
least squares algorithm. (4.9 mL, 27.5 mM) was then added and the mixture
stirred overnight under a nitrogen atmosphere at ambi-
ent temperature when TLC (RP-18, water:methanol,1:9)
showed almost complete disappearance of the starting

Unless otherwise stated, chemicals were obtained material. The reaction was poured into water (400 mL)
from Sigma-Aldrich or Fluka. Anhydrous solvents were and the mixture extracted with ethyl acetate. The or-
purchased stored over molecular sieves and under a ni-ganic layer was washed sequentially with water, 1 M
trogen atmosphere and were used without further pu- hydrochloric acid and dilute sodium hydroxide. The or-
rification. Resublimed quinacridone was purchased from ganic layer was dried with anhydrous magnesium sul-
Dojindo (Tokyo). Reagents for peptide synthesis were pur- fate, filtered and the solvent removed by rotary evapo-

Materials

chased from Applied Biosystems. ration to leave a yellow solid. This material was puri-
SepPak RPg (10 g) columns were purchased from fied by flash chromatography (silica, 5-20% ethyl ac-
Waters Ltd. UK. etate: dichloromethane). The purified material was re-

Thin layer chromatography (TLC) was carried out crystallised from ethanol to give the ethyl ester of 6-(9-
on either Merck precoated silica gebsgk or RP-18 0x0-9H-acridin-10-yl)-hexanoic acid (5.44 gm, 64%) as a
F.s4 plates. Spots were visualised with a 365 nm UV pale yellow solid.
lamp. 'H NMR (CD30D) § 7.96 (dd,J = 2, 9Hz, 2H),8
HPLC purifications were carried out on semi- 7.31(m,4H)$6.85(t,J =5Hz, 2H),54.00(t,J = 5Hz,
preparative reverse phase (C-18) columns, either Phe-2H),s 3.61 (d,J = 4 Hz, 2H),5 1.88 (t,J = 5 Hz, 2H),§
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1.41,1.23,1.10 (m, 6H) 0.73 (t,J = 4 Hz, 3H).m/z = (RP-18, water:methanol, 2:8) showed that all the starting
338.3. G1H23NOj3 requires 337.4. material had reacted. The solvent was removed by rotary
To a 25 mL round bottomed flask was added evaporation, the residue dissolved in acetonitrile and again
170 mg (0.5 mM) of the ethyl ester followed by 40 mg evaporated to dryness to give (9-oxo-9H-acridin-10-yl)-
(1 mM) sodium hydroxide, 2 mL water and 5 mL acetic acid 2) (0.83 g, 3.2 mM, 92%) as a yellow solid.
methanol. The mixture was heated with swirling un- Accurate mass (M- H) Cyi5H1,NO3 requires 254.0817.
til the solid began to dissolve over a 10 min period Found 254.0806 (4.4 ppm). Melting poiat 280°C (Lit
to give a yellow solution which showed blue fluores- 280-282C) [40].
cence. The solution was left to stand for 30 min when
TLC (C-18 reverse phase plates, water:methanol,1:9)
showed all the starting material had been converted to Synthesis of 6-(2-Bromo-9-oxo-9H-acridin-10-yl)-
a faster running spot. The solvent was removed by ro- hexanoic Acid and 6-(2,7-Bromo-9-oxo0-9H-acridin-10-
tary evaporation and the residue partitioned between yl)-hexanoic Acid§and4). To an ovendried 25 mL round
dichloromethane (50 mL) and 0.5 M HCI (50 mL). The or- bottomed flask was added 170 mg (0.5 mM) 6-(9-oxo-
ganic layer was separated and the aqueous phase washe2H-acridin-10- yl)-hexanoic acid and ethanol (6 mL). The
with ethyl acetate (50 mL). The aqueous layer was fur- flask was flushed with nitrogen and the mixture stirred un-
ther washed with 10% v/v methanol:dichloromethane. til all the solid had dissolved. Benzyltrimethylammonium
The combined organic layers were dried with anhy- tribromide (390 mg, 1.0 mM) was added and the mixture
drous magnesium sulfate, filtered and then rotary evap- stirred at ambient temperature in the dark for 50 hr. TLC
orated to dryness. The residue was re-dissolved in 5% (RP-18, water:ethanol, 1:9) showed partial conversion to
v/v methanol:dichloromethane, filtered and re-evaporated a slower running component. The solvent was removed
to dryness. The residue was triturated with diethyl from the reaction mixture by rotary evaporation and the
ether, the residue filtered off and dried under vac- residue was partitioned between water and ethyl acetate.
uum to give 150 mg (0.48 mM, 96%) of yellow solid The organic layer was washed with dilute sodium thio-
identified as 6-(9-oxo-9H-acridin-10-yl)-hexanoic acid sulfate solution, then saturated sodium chloride solution
(D). and dried with anhydrous magnesium sulfate. After fil-
IH NMR (CDs0D) 6 12.0 (broad s, 1H)j 8.46 (dd, tration, the solvent was removed by rotary evaporation
J = 4Hz,2H),6 7.84 (m, 4H)$ 7.35 (t,J = 5Hz, 2H),5 to give a yellow oil, which was further dried under high
4.53 (t,J = 6 Hz, 2H),5 2.36 (t,J = 5.0 Hz, 2H),5 1.95, vacuum.
1.67, 1.17 (m, 6H)m/z = 310.3. GgH19NO;3 requires The partially crystallised oil was triturated with 5 mL
309.4 Melting point= 167C. petrol ether (40—60):diethyl ether, 9:1 to give a yellow
solid. The solid was filtered off, washed with more solvent
and dried under high vacuum in the presence of phospho-
Synthesis of (9-Oxo-9H-acridin-10-yl)-acetic Acid rus pentoxide. The material was then purified by flash
(2). To an oven dried 25 mL round bottomed flask was chromatography on a silica column, eluting with ethyl ac-
added 1.95 g (10 mM) 9-ox0-9,10-dihydro-acridine, etate:petrol ether (40—60), 30:70). The combined eluates
sodium hydride (480 mg; 60% w/w dispersed in oil, were rotary evaporated to dryness and the residue dried
12 mM) and 30 mL of anhydrous dimethyl sulfoxide. The under vacuum and over phosphorus pentoxide to give
mixture was stirred at ambient temperature until effer- the ethyl ester of 6-(2-bromo-9-oxo-9H-acridin-10-yl)-
vescence ceased. 2.0 g (12 mM) ethyl bromoacetate washexanoic acid as a yellow solid (77%) NMR (CD3OD)
added and stirring continued for 24 hr under a nitrogen at- § 8.51 (s, 1H),§ 8.42 (d,J = 8 Hz, 1H),§ 7.83 (m,
mosphere when TLC (silica, dichloromethane:methanol, 4H), § 7.36 (t, J = 7 Hz, 1H),§ 4.49 (t, J = 8 Hz,
9:1) showed all the starting material had reacted. 2H), § 4.11 (abJ = 7 Hz, 2H),§ 2.37 (t, J = 7 Hz,
Water (150 mL) was added to the reaction mixture 2H), § 1.91, 1.74, 1.58 (m, 6H) 1.22 (t, J = 7 Hz,
and the yellow precipitate filtered off and dried under 3H).
vacuum. The crude material was purified by flash chro- m/z = 416.3, 418.3. gH,,BrNO;3 requires 416.3
matography (silica, dichloromethane (100%)) to give the and the ethyl ester of 6-(2,7-dibromo-9-oxo-9H-acridin-
ethyl ester of (9-oxo0-9H-acridin-10-yl)-acetic acid (1.3 g, 10-yl)-hexanoic acid as a yellow solid (8%} NMR
4.6 mM).m/z = 282. Mt = 281 for G7H15NO:s. (CDs;0D)é 8.34 (d,J =2 Hz, 2H),8 7.93 (ab,J = 9 Hz,
This material was hydrolysed by stirring overnight 2H),§ 7.81 (d, 2H)$ 4.41 (broad tJ =7 Hz, 2H),5 4.03
with 5.5 mL d 1 M hydrochloric acid in 10 mL of glacial  (ab,J =7 Hz, 2H),5 2.31 (t,J =7 Hz, 2H),§ 1.70, 1.54
acetic acid at 11 under a nitrogen atmosphere. TLC (t, 6H),§ 1.15 (t,J = 7 Hz, 3H).
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Hydrolysis of the Ethyl Ester of 6-(2-Bromo-9-oxo- 2H),§4.10 (abJ =5Hz, 2H),5 2.36 (t,J =5Hz, 2H),8
9H-acridin-10-yl)-hexanoic Acidl70 mg (0.5 mM) of the 1.87,1.72,1.57 (m, 6H¥,1.22 (t,J =5 Hz, 3H).m/z =
ethyl ester followed by 4Q:l (1 mM) sodium hydrox- 464.28. G1H»,INO3 requires 463.32.
ide, 2 mL water and 5 mL methanol were placed in a
round bottomed flask. The reaction was carried out as de- ) .
scribed above to give 150 mg (0.48 mM, 96%) of yellow Synthesis of 6-(2-Sulfo-9-oxo-9H-acridin-10-yl)-
solid identified as 6-(2-bromo-9-oxo-9H-acridin-10-yl)- nexanoic Acid §). O-ethyl-6-(9-0x0-9H-acridin-10-yl)-
hexanoic acid3). he>_<ano_ate (2.0 g; 6.0 mmol) was dissolved in 98% sul-

14 NMR (dg-DMSO) § 12.5 (broad s, 1H)§ 8.37 furic acid (10 mL) and the solution heated to 120for
(m, 2H), s 7.92 (m, 4H),s 7.35 (m, 1H),5 4.45 (broad 20 hr. The mixture was aIIowed.tc_) cool and added to
t, J = 8 Hz, 2H),5 2.76 (t, J = 7, 2H),5 1.76 (m, 2H), ~50 gm of_crushed ice. The precipitate was gollegted by
5 1.59 (m, 4H). Accurate mass (M H) CigH1oNO3Br centrifugation, washed with 3.0 M hydrochloric acid and

requires 388.0548. Found 388.0540 (2.1 ppm). Melting d_ried under vacuum and over phosphorous_ p_entoxide to
point= 213°C. give 2.1 g (90%) of 6-(2-sulfo-9-oxo0-9H-acridin-10-yl)-
hexanoic acid).
1H NMR (DMSO-dg) § 12.0 (s, 1H)$ 8.58 (d,J =

Hydrolysis of the Ethyl Ester of 6-(2,7-Dibromo- 2Hz, 1H),6 8.37(d,J = 8 Hz, 1H),5 7.9 (m, 4H),6 7.37
9-0x0-9H-acridin-10-yl)-hexanoic Acidhis was car- (M 1H),8 4.5 (broad t,J = 8 Hz, 2H),5 2.26 (1, J =
ried out as described for in the section Hydrolysis of / HZ 2H)é 1.7(m, 6H). _
the Ethyl Ester of 6-(2-Bromo-g-ox0-9H-acridin-10-yl)}-  M/2=390.118. GoH1sNOgS requires 389.42. Melt-
hexanoic Acid to give 6-(2,7-dibromo-9-oxo0-9H-acridin- N9 Point= 269°C decomposes.
10-yl)- hexanoic acid4) as a yellow solid.

"H NMR (ds-DMS0)$ 12.0 (1H, 5)5 8.31 (d,J = Synthesis of 6-(2-Bromo-7-sulfo-9-oxo-9H-acridin-
2Hz,2H)67.84(abJ =9Hz,4H),67.88(m,1H)§4.40 10 y}) hexanoic Acid 7). O-ethyl-6-(2-bromo-9-oxo-
(t,J =7Hz,2H),52.25(t,J =7Hz,2H),§ 1.70(m, 2H), 91 acridin-10-yl)-hexanoate (2.08 g; 5.0 mmol) was dis-
§ 1.57 (m, 4H). Accurate mass (M H) C1gH1sNOsBr2  g1yeq in 98% sulfuric acid (10 mL) and heated to 420
requires 465.9653. Found 465.9674 (4.4 ppm). Melting ¢5 50 by, The mixture was allowed to cool and added
point = 198C. to ~50 gm of crushed ice. The precipitate was collected

by centrifugation, washed with 3.0 M hydrochloric acid
) and dried under vacuum and over phosphorous pentox-

Synthesis of the Ethyl Ester of 6-(2-10d0-9-0x0- jqg tg give 2.2 g (94%) of 6-(2-bromo-7-sulfo-9-0x0-9H-
9H-acridin-10-yl)-hexanoic Acid 5). The ethyl ester acridin-10-yl)-hexanoic acid7.
of 6-(9-ox0-9H-acridin-10-yl)-hexanoic acid (170 mg, 1H NMR (DMSO-dg) § 12.0 (s, 1H)5 8.57 (d,d =
0.5 mmol) was dissolved in glacial acetic acid (5 mL). Hz, 1H),8 8.42 (d,J = 2 Hz, 1H),5 7.9 (m, 4H),5
Benzyltrimethylammonium dichloroiodide (350 mg, 4 g (m, 2H),8 2.25 (t, J = 6 Hz, 2H),8 1.7 (m, 6H).

1.0 mmol) and anhydrous zinc chloride (150 MG, py;_ 468, 470. GoH1gBINOGS requires 468.33. Melting
1.1 mmol) were added, the flask was flushed with nitrogen point= 275 C decomposes.

and the mixture stirred at 6@ overnight. TLC (RP-18,

methanol:chloroform, 2:8) showed partial conversion to a

slower running compound. The solvent was removed by Synthesis of 2-Carboxymethyl-7-chloro-9-oxo0-9,10-
rotary evaporation, the residue dissolved in ethyl acetate, dihydroacridine 8). To a 100 mL round bottomed flask
washed with sodium thiosulfate solution, dried over anhy- was added 1.9 g (10 mmol) 2,5-dichlorobenzoic acid,
drous magnesium sulfate and the solvent removed by ro-1.5 g (10 mmol) 4-aminophenylacetic acid, 3.2 gm
tary evaporation. The crude product was purified by flash (26 mmol) anhydrous sodium carbonate, 0.25 g (4 mmol)
chromatography (silica, ethyl acetate: petrol ether (40— powdered copper and 50 mL 1-butanol. The flask was
60), 30:70) to give 95 mg (0.20 mmol, 40%) of the ethyl fitted with a magnetic stirrer bar, water condenser, sil-
ester of 6-(2-iodo-9-0x0-9H-acridin-10-yl)-hexanoic acid ica gel guard tube and heated to reflux for 48 hr. TLC

as a yellow solid%). (RP-18, water:methanol, 2:8) showed the formation of a

'H NMR (CDs0D) 6 8.69 (s, 1H)$ 8.40 (dd,J = slower moving component. The solvent was removed un-
1,4.2 Hz, 1H)$ 8.02 (dd,J = 2, 4 Hz, 1H),s 7.83 (dd, der reduced pressure with final drying under high vac-
J=1,3Hz,1H)§7.75(d,J =6Hz,1H),§ 7.55(d,J = uum. The residue was dissolved in 50 mL water and

6 Hz, 1H),6 7.34 (t,J =5 Hz, 1H),5 4.445 (t,J = 5 Hz, heated to reflux, then charcoal was added and the mixture
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filtered through celite, washing through with a further tone and finally dried over phosphorus pentoxide under
25 mL of hot water. This solution was cooled to°@0 vacuum to give 2.26 g (9.5 mmol, 95%) of 9-ox0-9,10-
in an ice bath and then acidified to pH 2 with conc. dihydroacridine-4-carboxylic acidd] as a pale yellow
HCI. The resultant oil was extracted into chloroform, solid.
the solution dried with anhydrous magnesium sulfate, fil- IH NMR (dg-DMS0) 6 11.9 (s, 1H)$ 8.49 (dd,J =
tered and the solvent removed by rotary evaporation to 1, 4 Hz, 1H),6 8.46 (dd,J = 1,4 Hz, 1H),§ 8.17 (d,J =
leave a gum oN-(4-carboxymethylphenyl) (4-chloro-2- 4 Hz, 1H),8 7.73 (m, 2H),§ 7.3 (m 2H).m/z = 240.14.
carboxy)anilinem/z = 304.34, 306.35. ¢gH1,CINO, re- C14HgNO3 requires 239.23. Melting point 300°C.
quires 307.52max (EtOH) 292, 364 nm.

Diphenylamine 500 mg (1.64 mmol) and 5 mL of . , o
phosphorus oxychloride was added to a 25 mL round bot- _ Synthesis of 9-Oxo-9,10-dihydroacridine-4-carbox-
tomed flask fitted with a magnetic stirrer bar, water con- Yli¢ Acid  (6-Carboxyhexyl)amide 10). 9-0x0-9,10-
denser, silica gel guard tube and heated to reflux for 1 hr, ditydroacridine-4-carboxylic acid (120 mg, 0.5 mmol),
The excess phosphorus oxychloride was removed from the N-ydroxybenzotriazole (77 mg, 0.5 mmol), 2-(1H-
dark brown mixture under vacuum, then a small amount of Penzotriazole-1-yl)-1,3,3-tetramethyluronium - hexafluo-
ice was added followed by 10 mL 2 M HCI. The mixture "OPhosphate (190 mg, 0.5 mmol), diisopropylethylamine
was heated to 10€ for 1 hr and allowed to cool. The mix- (100 L), a catalytic amount of dimethylaminopyridine
ture was evaporated to dryness and dried under vacuum@nd dimethylformamide (5 mL) were stirred at ambient
over phosphorus pentoxide. The residue was dissolved!€Mperature. A precipitate formed after 10 min. Stirring
in 10% v/v water:methanol and eluted through a column Was continued for a further 2 hr, then 6-aminohexanoic
containing 10 g SepPak RRGwith monitoring by TLC. acid .(6_6 mg, _0.5 mmol) was gdded. After about 5 m|n.the
The fluorescent containing fractions were combined, ro- Precipitate disappeared giving a clear, yellow solution.
tary evaporated to dryness and dried under vacuum overStiring was continued for a further 15 hr. The solvent
phosphorus pentoxide. was removed by rotary evapprat!on and the solid residue

This crude material was then purified by reverse Was taken up as a suspension in 25 mL of 0.5 M HCI.
phase HPLC (Waters PrepPak 25 mm) eluting in a gra- 11iS solution was extracted with 3 50 mL ethyl
dient of 10% v/v methanol:water to 100% methanol over acetate. The organic layer was dried with anhydrous
50 min at 10 mL/min. Detection was at 410 nm. The major Magnesium sulfate, filtered and the solvent removed
component eluted after 38 min. by rotary evaporation. The residue was crystallised

After removal of solvent by rotary evaporation and from DMF/water, the yellow crystals filtered off and

drying under vacuum, the combined eluate yielded 19 mg recrystallised from ethanol:water. After filtration, the
(0.07 mmol) of 2-carboxymethyl-7-chloro-9-0x0-9,10- crystals were dried in vacuo to give 53 mg (0.15 mmaol,

dihydroacridine 8) as a pale yellow solid. 30%) of 9-o0x0-9,10-dihydroacridine-4-carboxylic acid
1H NMR (ds-DMS0) 8 12.0 (s, 1H)$ 8.14 (d,J =  (6-carboxyhexyl)amidel().

9 Hz, 2H),8 7.75(d,J = 3 Hz, 1H),5 7.65(d,J = 5 Hz, This ran as a single spot on TLC (RP-18, water:

1H), 5 7.58(d,J = 5 Hz, 1H),6 7.50 (d,J = 5 Hz, ~ Methanol, 1.9).

1H),5 2.02 (s, 2H)m/z = 286.28, 288.30. GH1,CINO3 H NMR (de-DMSO) § 12.49 (s, 1H)$ 12.02 (s,

requires 287.7. 1H), 5 9.00 (broad t, 1H)§ 8.43 (d,J = 8 Hz, 1H),s

8.25 (m, 2H),8 7.74 (d,J = 4 Hz, 2H),8 7.33 (m, 2H),
8 3.40 (M, 2H) 8 2.24 (t,J = 7 Hz, 2H),8 1.50 (m, 6H).
Synthesis of 9-Oxo0-9,10-dihydroacridine-4-carbo- Accurate mass (M- H) CaoH21N20, requires 353.1501.

xylic Acid ©). To a 50 mL round bottomed flask was Found 353.1495 (1.8 ppm). Melting poat218'C.
added 2.6 g (10 mmol) 2:2midodibenzoic acid and
10 mL phosphorus oxychloride. The flask was fitted with Synthesis of 6-(2-Acetamido-9-oxo-9H-acridin-10-
a magnetic stirrer bar, water condenser, silica gel guard yl)-hexanoic Acid13). 2-Nitroacridone (2.4 g, 10 mmol)
tube and heated to reflux for 2 hr. The excess phospho-was stirred with anhydrous dimethyl sulfoxide (25 mL)
rus oxychloride was removed under vacuum leaving an under a nitrogen atmosphere. After 5 min, sodium hy-
orange-yellow residue which was cooled in an ice bath dride (60% dispersed in oil, 480 mg, 12 mmol) was added
and then 10 g ice added followed by 10.r& M HCI. to the yellow solution. Stirring was continued for 90 mins
The mixture was refluxed for 2 hr. After cooling the mix- during which time the solution turned magenta. Ethyl
ture was diluted with water and the pale yellow solid 6-bromohexanoate (2.67 mL, 12 mmol) was added and
filtered off. This was washed with water, 10 mL ace- stirring continued overnight. The reaction mixture was
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poured into water (300 mL) and the yellow precipitate was was dried under vacuum to give 360 mg (86%) of 6-(2-
collected by filtration, washed with water and dried un- acetamido-9-oxo-9H-acridin-10-yl)-hexanoic acia

der vacuum. The solid was dissolved in dichloromethane Accurate mass (M+ H) Cy3H,7/N,04 requires
and anhydrous magnesium sulfate added to the solution.395.1971. Found 395.1936 (8.8 ppm). This material was
After filtration the solution was evaporated to dryness to converted to theN-hydroxysuccinimide ester (section
leave a yellow-brown solid. The crude product was pu- Synthesis 0D-(N-Succinimidyl)-6-(2-acetamido-9-oxo-
rified by flash chromatography (silica, 0-5% ethyl ac- 9H-acridin-10-yl)-hexanoate()).

etate:dichloromethane) to give 1.19 g (50%)®fethyl-

6-(2-nitro-9-ox0-9H-acridin-10-yl)-hexanoattl).

'H NMR (de-DMSO0) 6 9.03 (d,J = 3 Hz, 1H),$ Synthesis  of  6-(2,7-Bis-acetamido-9-oxo-9H-
8.50 (dd,J = 3, 6 Hz, 1H),§ 8.35 (d,J = 6 Hz, 1H),$ acridin-10-yl)-hexanoic Acid 16). The ethyl ester of
8.03 (d,J =6Hz, 1H),8 7.92 (d,J = 4 Hz, 2H),§ 7.45 6-(9-ox0-9H-acridin-10-yl)-hexanoic acid (337 mag,
(m, 1H),s 4.55(broad t, 2H)§ 4.05 (ab,J = 6 Hz, 2H), 1.0 mmol) was dissolved in 7 mL of ice-cold 98% sul-
§2.3(t,J =7Hz, 2H),5 1.7 (m, 6H),§ 1.2 (t,J = 8 Hz, furic acid to give a pale yellow solution. 69% nitric acid
3H). Melting point = 184C. (137uL, mmol) was added and the mixture stirred under a

O-ethyl-6-(2-nitro-9-ox0-9H-acridin-10-yl)-hexano-  nitrogen atmosphere for 1 hr &t®. The reaction mixture
ate (1.91 g, 5.0 mmol) and ammonium formate (1.58 g, was poured onto ice and the yellow precipitate collected
25 mmol) were dissolved in ethanol (100 mL) to give a by filtration. The solid was dissolved in dichloromethane,
yellow solution. The solution was stirred under nitrogen washed with sodium bicarbonate solution, and the organic
and a catalytic amount of 5% palladium on carbon was layer dried over anhydrous magnesium sulfate. The sol-
added. Stirring was continued for 5 hr. The solution vent was removed by rotary evaporation to give the ethyl
was then filtered through celite and the solvent removed ester of 6-(2,7-dinitro-9-oxo-9H-acridin-10-yl)-hexanoic
by rotary evaporation. The residue was dissolved in acid (14).
dichloromethane and extracted with water. The organic H NMR (ds-DMSO) 6 8.91 (d,J = 3 Hz, 2H),$5
layer was dried with anhydrous magnesium sulfate, 8.53 (dd,J = 3, 6 Hz, 2H),s 8.11 (d,J = 7 Hz, 2H),
filtered and the solvent removed by rotary evaporation. § 4.55 (broad t,J = 8 Hz, 2H),5 4.04 (ab,J = 6 Hz,
The crude product was purified by flash chromatography 2H), § 2.34 (t,J = 6 Hz, 2H),§ 1.82 (m, 2H)$ 1.62 (m,
(silica. 4-6% methanol:dichloromethane) to give 1.66 g 4H),5 1.17 (t,J =7 Hz, 3H).m/z=428.15. G1H2;N30;
(94%) of O-ethyl-6-(2-amino-9-oxo-9H-acridin-10-yl)-  requires 427.42. Melting point 216°C.

hexanoatel2). The ethyl ester of 6-(2,7-dinitro-9-oxo-9H-acridin-
H NMR (dg-DMS0) 6 8.3 (d,J =8 Hz, 1H),5 7.6 10-yl)-hexanoic acid (420 mg, 1.0 mmol) was dissolved
(m, 4H),8 7.2 (m, 2H),5 5.3 (s, 2H),§ 4.4 (broad t,J = in 25 mL of ethanol and ammonium acetate (630 mg,
7 Hz, 2H),8 4.05 (ab,J =7 Hz, 2H),8 2.35(t,J = 7 Hz, 8.2 mmol) was added and the mixture stirred under a ni-
2H),§ 1.6(m, 6H),8 1.15 (t,J = 7 Hz, 3H). trogen atmosphere. A catalytic amount of palladium on

O-ethyl-6-(2-amino-9-ox0-9H-acridin-10-yl)-hexa- charcoal (5% w/w) was added and the mixture stirred
noate (350 mg, 1.0 mmol) was dissolved in acetic acid under a nitrogen atmosphere at ambient temperature for
(5 mL) and 1.0 M hydrochloric acid (2 mL) and refluxed 12 hr. The reaction mixture was filtered through celite
for 4 hr. The solvent was removed by rotary evaporation, and the filtrate evaporated to dryness. The yellow residue
the residue dissolved in acetic acid and evaporated towas dissolved in dichloromethane and washed with water.
dryness and the process repeated twice using acetonitrileThe organic layer was dried over anhydrous magne-
as solvent. The residue was dried under vacuum to give sium sulfate and the solvent removed by rotary evap-
370 mg of 6-(2-amino-9-oxo0-9H-acridin-10-yl)-hexanoic oration. The crude product was purified by flash chro-
acid. This was dissolved in anhydrous pyridine (10 mL) matography (silica, 5-10% methanol:dichloromethane)
and acetic anhydride (10@L) followed by diisopropy- to give the ethyl ester of 6-(2,7-diamino-9-oxo-9H-
lethylamine (350uL). The mixture was stirred for 3 hr.  acridin-10-yl)-hexanoic X5) acid as an orange solid
The solution was evaporated to dryness under vacuum(300 mg, 80%).
and the gummy residue dissolved in dichloromethane. IH NMR (ds-DMSOQ) § 7.46 (dd,J = 3, 5 Hz, 4H),
This was washed with 1.0 M hydrochloric acid and then § 7.12 (dd,J = 2, 6 Hz, 2H),5 4.33 (broad t, 2H)§ 4.04
saturated sodium chloride solution. The organic phase (ab, J = 7 Hz, 2H),6 2.31 (t, J = 7 Hz, 2H),5 1.62
was dried with anhydrous magnesium sulfate, filtered (m, 6H),8 1.17 (t,J = 7 Hz, 3H). Accurate mass (M
and the solvent removed by rotary evaporation to leave H) C,1H26N303 requires 368.1974. Found 368.19964
a sticky solid. Trituration with ether gave a solid which (5.9 ppm). Melting point= 145°C decomposes.
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This material was dissolved in glacial acetic acid subsided, water (15 mL) was added and the mixture was
(5 mL) and 1.0 M hydrochloric acid (3 mL) and the mix-  boiled for 2 hr. On cooling, a solid precipitated out. This
ture refluxed for 3 hr when TLC (RP-18, water:methanol, was filtered off and washed with water until the filtrate
1:9) showed that all the starting material had reacted. After was colorless. The precipitate was further washed with
filtration through celite, the solvent was removed by ro- cold methanol then diethyl ether and dried under vacuum
tary evaporation to give a yellow solid. This was dissolved to give 383 mg (59%) of 2-fluoroacridone.
in glacial acetic acid, evaporated to dryness, then dis- 2-fluoroacridone (213 mg, 1.0 mmol) was dis-
solved in acetonitrile and evaporated to dryness to give 6- solved in anhydrous DMF (3 mL) under a nitrogen
(2,7-diamino-9-oxo0-9H-acridin-10-yl)-hexanoic acid as atmosphere. Sodium hydride dispersed in oil (45 mg,
an orange solid. 1.1 mmol) was added and the mixture stirred until ef-

6-(2,7-diamino-9-oxo-9H-acridin-10-yl)-hexanoic fervescence ceased. Ethyl 6-bromoacetate (2A50was
acid (350 mg, 1.0 mmol) was dissolved in anhydrous pyri- added and the mixture stirred at°ZD overnight. The
dine and acetic anhydride (2pL) added and the mixture  solvent was removed by rotary evaporation and the
stirred at ambient temperature for 3 hr when TLC (RP-18, yellow residue purified by flash chromatography (sil-
water:methanol, 2:8) showed all the starting material had ica. 4% ethyl acetate:dichloromethane) to give 230 mg
reacted. The solvent was removed by rotary evaporation (65%) of O-ethyl-6-(2-fluoro-9-oxo-9H-acridin-10-yl)-

to give a brown oil which on trituration with acetonitrile
and diethyl ether gave a yellow solid identified as
6-(2,7-bis-acetamido-9-oxo-9H-acridin-10-yl)-hexanoic
acid (16).

'H NMR (ds-DMSO0) § 12.01 (s, 1H) 10.164 (s,
2H), 8 8.55 (d,J = 2 Hz, 2H),6 8.02 (d,J = 8 Hz, 2H),
8§ 7.78 (d,J = 8 Hz, 2H),§ 4.44 (broad t, 2H)§ 2.25 (t,
J =4 Hz, 2H),5 2.08 (m, 6H) 1.91 (m, 6H). Accurate
mass GzH»sN30s requires 424.1872. Found 424.1891
(4.4 ppm). Melting point= 221°C.

Synthesis of 6-(2-Fluoro-9-oxo-9H-acridin-10-yl)-
hexanoic Acid 17). 4-Fluoroaniline (1.86 g, 20 mmol),
2-chlorobenzoic acid (1.56 g, 10 mmol), ethylene gly-

hexanoate.

1H NMR (de-DMSO0) § 8.35 (d,J = 8 Hz, 1H),s
7.9 (m, 5H),6 7.35 (m, 1H),5 4.45 (broad tJ = 8 Hz,
2H),$ 4.05 (ab,J =8 Hz, 2H),8 2.35 (t,J = 7 Hz, 2H),

§ 1.65 (m, 6H),§ 1.20 (t,J = 7 Hz, 3H).m/z = 356.1.
Co1H2oFNO;3 requires 355.41.

The O-ethyl-6-(2-fluoro-9-oxo-9H-acridin-10-yl)-
hexanoate (71 mg, 0.2 mmol) was dissolved in ethanol
(2 mL) and 1.0 M sodium hydroxide solution (0.4 mL)
added and the mixture heated to°@0for 90 min.
The mixture was cooled, then water (6 mL) added to
give a yellow precipitate. The mixture was cooled on
ice and acidified with conc. hydrochloric acid when
more material precipitated out. The precipitate was fil-

col (5 mL) and anhydrous sodium carbonate (1.1 g, tered off, washed with water then ethanol and dried un-
10 mmol) were placed in a reaction vessel and stirred der vacuum over phosphorous pentoxide to give 47 mg
until effervescence ceased. Cupric chloride (100 mg, (72%) of 6-(2-fluoro-9-oxo-9H-acridin-10-yl)-hexanoic

0.75 mmol) dissolved in 2 mL of water was added to
the reaction mixture which was then heated to 125
for 6 hr. The reaction was allowed to cool and water
(30 mL) and charcoal were added. The mixture was fil-
tered and then acidified to pH 2 with conc. hydrochloric
acid. The precipitate was collected by filtration, washed
with water and then re-dissolved L M sodium hydrox-
ide solution. Material was re-precipitated by the addition
of acetic acid, filtered off, washed with aqueous acetic
acid, then water and finally dried under vacuum over
phosphorous pentoxide to give 862 mg (37%)Nof(4-
fluorophenyl)-anthranilic acidn/z = 231. G3H1oFNG,
requires 231.23.

The N-(4-fluorophenyl)-anthranilic acid (0.70 g,
3 mmol) and phosphorous oxychloride (3 mL) were stirred
together and heated to 1’15 for 3.5 hr, then allowed to
cool. The reaction mixture was placed on ice and small

acid (17).

IH NMR (ds-DMS0)$§ 12.1 (broad s, 1H); 8.34 (d,
J =8Hz, 1H)$ 7.85 (m, 5H),§ 7.36 (m, 1H),6 4.48 (t,
J =8Hz, 2H),5 2.25 (t,J = 7 Hz, 2H),5 1.68 (m, 6H).
Melting point=198C.m/z = 327. GgH1sFNO; requires
327.36.

Synthesis of 6-(2-Methoxy-9-oxo0-9H-acridin-10-yl)-
hexanoic Acid 18). This was synthesised in an analo-
gous manner tol{7) using 4-methoxyaniline to give 6-
(2-methoxy-9-o0x0-9H-acridin-10-yl)-hexanoic acitigf
a bright yellow solid.

IH NMR (ds-DMSO0) 6 12.0 (broad s, 1H)§ 8.35
(d, J = 8 Hz, 1H),8 7.82 (m, 4H),8 7.48 (dd,J = 3,

6 Hz, 1H),5 7.31 (m, 1H),8 4.5 (broad t,J = 8 Hz,
2H), 8§ 3.9 (s, 3H),8 2.25 (t, J = 7 Hz, 2H),s 1.7
(m, 6H). Accurate mass (M- H) CyoH2oNO3 requires

pieces of ice added, a vigorous reaction occurred with the 340.1549. Found 340.1579 (8.9 ppm). Melting Paint

evolution of hydrogen chloride. When the reaction had

211C.
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Synthesis of 6-(2-Methyl-9-ox0-9H-acridin-10-yl)-
hexanoic Acid 19). This was synthesised in an analo-
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(m, 6H). Accurate mass (M- H) CsH26N30s requires
464.1822. Found 464.1798 (5.1 ppm).

gous manner to1{) using 4-methylaniline to give 6-
(2-methyl-9-ox0-9H-acridin-10-yl)-hexanoic acid9) a
bright yellow solid.

'H NMR (ds-DMSO) § 12.0 (broad s, 1H)§ 8.35
(d, J = 8 Hz, 1H),s 8.15 (s, 1H),6 7.72 (m, 4H),§
7.31 (m, 1H),§ 4.5 (t, J = 7 Hz, 2H),§ 3.9 (s, 3H),§
2.25 (t,J = 7 Hz, 2H),8 1.70 (m, 6H). Accurate mass
(M + H) Cy0H22NO3 requires 324.1600. Found 324.1605
(2.6 ppm). Melting point= 161°C.

Synthesis of N-(Maleimido)-ethyl-6-(9-0x0-9H-
acridin-10-yl)-hexanamide 2@). N-(aminoethyl)-male-
imide hydrochloride 22). N-butoxycarbonyl-2-(amino-
ethyl)-maleimide (200 mg, 0.83 mmol) was stirred under
nitrogen wih 4 M hydrochloric acid in dioxan (4 mL).

A white precipitate started to form after a few minutes.
Stirring was continued for 40 min and then the solvent
was removed by rotary evaporation. The resultant white
solid was dried under vacuum to give 180 mg (100%) of
N-(aminoethyl)-maleimide hydrochlorid@%).

Synthesis of O-(N-Succinimidyl)-6-(9-oxo-9H-acri- !HNMR (CD30D) § 6.90 (s, 2H), 3.81 (t) =5 Hz,
din-10-yl)-hexanoate 20). 6-(9-oxo-9H-acridin-10-yl)- 2H), 8 3.14 (t,J = 5 Hz, 2H).

hexanoic acid (100 mg, 0.25 mmol) was dissolved in anhy- N-(maleimido)ethyl-6-(9-oxo0-9H-acridin-10-yl)-he-
drous dimethylformamide (3 mL) and evaporated to dry- xanamide 23).  O-(N-succinimidyl)-6-(9-oxo0-9H-
ness on a rotary evaporator. The process was repeated tacridin-10-yl)-hexanoate (102 mg, 0.25 mmol) was
remove traces of wate®-(N-succinimidyl)N,N,N’,N’- dissolved in anhydrous dimethylformamide (800) and
tetramethyluronium tetrafluoroborate (90 mg, 0.3 mmol) diisopropylethylamine (53:L) added.N-(aminoethyl)-
was added and the mixture dissolved in anhydrous maleimide hydrochloride (53 mg, 0.30 mmol) was added
dimethylformamide (2 mL) and diisopropylethylamine to the yellow solution which was left to stand overnight.
(90 uL). The yellow solution was stirred under nitrogen The solvent was removed by rotary evaporation and
for 60 min when TLC (RP-18, water.methanol, 50:50) the residue purified by flash chromatography (silica.
showed all the starting material had been converted to a2% methanol:dichloromethane). After removal of the
slower moving component. The solvent was removed by solvent by rotary evaporation a yellow oil remained

rotary evaporation with final drying under high vacuum
to give O-(N-succinimidyl)-6-(9-oxo-9H-acridin- 10-yl)-
hexanoateZ0).

'H NMR (ds-DMSO) 6 8.36 (d,J = 8 Hz, 2H),s
7.83 (m, 4H),8 7.34 (m, 2H),§ 4.47 (t, 2H),5 2.80 (s,
4H), § 2.73 (t,J = 7 Hz, 2H),5 1.74 (m, 6H). Accurate
mass (M+ H) Cy3H23N20s requires 407.1607. Found
407.1597 (2.4 ppm).

Synthesis of O-(N-Succinimidyl)-6-(2-acetamido-9-
0x0-9H-acridin-10-yl)-hexanoate 2{). 6-(2-acetamido-
9-ox0-9H-acridin-10-yl)-hexanoic acid (360 mg,
1.0 mmol) and O-(N-succinimidyl)N,N,N’,N’-tetra-
methyluronium tetrafluoroborate (350 mg, 1.0 mmol)
were dissolved in anhydrous dimethylformamide (5 mL)
and diisopropylethylamine (183L) added. The yellow
solution was stirred under nitrogen for 1 hr. The solvent
was removed by rotary evaporation to leave a brown
gum. This was purified by flash chromatography (silica.
10% methanol : ethyl acetate) to give 330 mg (50%) of
O-(N-succinimidyl)-6-(2-acetamido-9-oxo-9H-acridin-
10-yl)-hexanoate2l).

H NMR (dg-DMS0) 6 10.2 (s, 1H)$ 8.6 (s, 1H) 8
8.53 (d, 1H),8 8.05 (d,J = 7 Hz, 1H),8 7.8 (m, 3H),5
7.3(m, 1H),§ 4.5(m, 2H), 2.9 (m, 6H)% 2.1 (s, 3H)5 1.8

which slowly crystallised. Trituration with diethyl
ether completed the crystallisation. This material
was further purified by preparative TLC (silica. 5%
methanol:dichloromethane) extracting the required
material with 10% methanol:dichloromethane. Solvent
was removed under vacuum, the residue triturated with
ether to give 65 mg (60%) dil-(maleimido)ethyl-6-(9-
0x0-9H-acridin-10-yl)-hexanamid3g).

H NMR (de-DMSO0) § 8.36 (d,J = 7 Hz, 2H),s
7.85(m, 5H)$ 7.35 (m, 2H)§ 7.01 (s, 2H)§ 4.45 (broad
t, J =8Hz, 2H),5 3.45 (t,J =6 Hz, 2H),§ 3.2 (dd,J =
5, 6 Hz, 2H),5 2.02 (t,J = 6 Hz, 2H),5 1.7 (m, 6H).
m/z = 432. GsH25N30,4 requires 431.50.

Labelling of Substance P with 6-(2-Acetamido-
9-ox0-9H-acridin-10-yl)-hexanoate 21). Substance P
(NH2-RPKPQQFFGLM-NH) was synthesised on a
0.25 mM scale using Rink amide resin and Fmoc pro-
tected amino acids and Fastm¥ccoupling. At the end
of the synthesis, the N-terminal Fmoc group was removed
from the protected resin coupled peptide. After drying
under vacuum, 50 mg of the resin-Q.015 mM pep-
tide) was placed in a 5 mL glass vial and 1.0 mL of
anhydrous dimethyl sulfoxide added and the resin left
to swell for 30 min.O-(N-succinimidyl)-6-(2-acetamido-
9-ox0-9H-acridin-10-yl)-hexanoate (7.7 mg, 0.017 mM)
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dissolved in 1.0 mL of anhydrous dimethyl sulfoxide 5.0 mmol) was suspended in anhydrous dimethylfor-
was added to the resin followed by diisopropylethylamine mamide (15 mL) under a nitrogen atmosphere. Sodium
(80 uL, 0.5 mM). The stoppered vial was placed on hydride (60% suspension in oil, 480 mg, 12 mmol)
rollers for 12 hr at ambient temperature. The resin was was added and the mixture stirred until effervescence
filtered of, washed with 3« 1 mL dimethyl sulfoxide, stopped. Anhydrous dimethyl sulfoxide (25 mL) was
3 x 1 mL methanol and 3x 1 mL dichloromethane, added. The reaction was heated t6GGor 2 hr. Ethyl
then dried under vacuum. The dried resin was placed in 6-bromohexanoate (2.67 mL, 15 mmol) was added to
a 5 mL round bottomed flask fitted with a magnetic stir- the dark green solution and the mixture stirred overnight
rer bar and 2 mL of an ice-cold mixture of trifluoroacetic at 50C. The dark blue solution was allowed to cool,
acid:water: triisopropylsilane (95:2.5:2.5) was added. The then the mixture was poured into water (200 mL) and
mixture was stirred for 2 hr at ambient temperature. The acidified with conc. hydrochloric acid. The solid was
contents of the flask were filtered through a glass wool filtered off, washed with water and air dried. This
plug into 20 mL ice-cold diethyl ether. The plug was was purified by flash chromatography (silica. 5—20%
washed with 2x 0.5 mL trifluoroacetic acid. The pre- ethyl acetate:dichloromethane) to give 1.74 g (46%)
cipitated peptide was collected by centrifugation and the of the diethyl ester of 6-[12-(5-carboxy-pentyl)-7,14-
ether decanted. The pale yellow precipitate was washeddioxo-7,14-dihydro-12-quino[2,3-b]acridin-5-yl]- hex-
twice by re- suspending in ether and collecting by cen- anoic acid 26).

trifugation. The labelled peptide was then dried under 1H NMR (CDCI3) 6§ 8.42 (s, 4H)$ 7.70 (dd,J = 2,
vacuum. 6 Hz, 2H),8 7.24 (d,J = 8 Hz, 2H),8 4.39 (broad tJ =

Finally, the peptide was purified by reverse phase 8 Hz, 4H),§ 4.15 (ab,J =7 Hz, 4H),§ 2.39 (t,J =7 Hz,
HPLC (Phenomenex Jupiter column) using a water to ace- 4H), § 1.80 (m, 12H)§ 1.25 (t,J = 7 Hz, 6H). M—Na*
tonitrile gradient (both containing 0.1% v/v TFA), flow = 619.28. GgH4oN2Og requires 596.73.

4 mL/min, detection at 220 and 400 nm.

Pooled material was freeze dried to give 6.0 mg
(3.5 uM, 25%) of labelled peptide2d) as a pale yel-
low solid. m/z = 1695.9. G4H118N200:6S requires
1694.

Synthesis of the Diethyl Ester of 6-[2-lodo-12-(5-
carboxy-pentyl)-7,14-dioxo-7,14-dihydro-12H-quino[2,
3-blacridin-5-yl]-hexanoic Acid Z7). Diethyl ester of
6-[12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydroH2
quino[2,3-b]acridin-5-yl]- hexanoic acid (0.05 g,
Synthesis of Quinacridones 0.084 mmol) was suspended in ethanol (25 mL) and

Synthesis of 7,14-Diox0-5,7,12,14-tetrahydroquino then dic.hlorome.thane was added Qropwise untillthe
[2,3-bacridine-2,4,9,11-tetrasulfonic Aci@§). Quinac- ~ Suspension  dissolved.  Benzyltrimethylammonium
ridone (0.5 g, 1.6 mmol) was dissolved in 20% oleum and dichloroiodide (300 mg, 0.86 mmol) was added and
heated with stirring at 12@ under a nitrogen atmosphere € Mixture stirred at ambient temperature for 3 days
for 16 hr. TLC (RP-18, methanol:water, 50:50) showed Under a nitrogen atmosphere. TLC (RP-18,100%
that all the starting material had been converted to a fast Methanol) showed only starting material. A further
moving component. The reaction mixture was cooled and Portion of the dichloroiodide (600 mg, 1.7 mmol)
poured onto ice to give a red solution which was carefully @nd anhydrous zinc chloride (680 mg, 2.5 mmol)
neutralised with solid potassium hydrogen carbonate. =~ Was added and the mixture stirred under reflux for

An orange precipitate was formed which was a further 4 days. TLC showed some conversion to a

collected by centrifugation. The material was recry- SIOWer running component. The mixture was cooled
stallised from water to give the potassium salt and the solvent removed by rotary evaporation. The
of 7,14-diox0-5,7,12,14-tetrahydroquino[&Racridine- dark residue was dissolved in dichloromethane, washed

2,4,9,11-tetrasulfonic aci®§) as an orange solid. twice with 1 M sodium metabisulfite solution and
’ ,CS,H (200 MHz, d-DMSO) 8.94 (d,J = 2 Hz, 2H) the organic layer dried over anhydrous magnesium
8.81 (s, 2H) 8.63 (dJ = 2 Hz 2H).,m/z _ 632975  Sulfate. After removal of the solvent, the residue was

CaoH12IN2014S, requires 631.92. purified by flash chromatography (silica, 3—10% ethyl
acetate:dichloromethane) to give the diethyl ester of 6-[2-
iodo-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro-12

Synthesis of the Diethyl Ester of 6-[12-(5-Carboxy-
pentyl)-7,14-dioxo-7,14-dihydro-12H- quino[2,3-b]acri-
din-5-yl]-hexanoic Acid 26). Quinacridone (2.35 g,

H-quino[2,3b]acridin-5-yl]-hexanoic acid47). m/z =
723.170. GgH39IN2Og requires 722.63. Melting point
>300°C.
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Synthesis of the Diethyl Ester of 6-[2,9-Diflu-
oro-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro-12H-
quino[2,3-b]acridin-5-yl]-hexanoic AcidZ48). Dimethyl
1,4-cyclohexanedione-2,5-dicarboxylate (9.12 g, 40 m
mol) and methanol (200 mL) were heated to boiling,
then 4-fluoroaniline (8.35 mL (9.78 g) 42 mmol) was
added followed by conc. hydrochloric acid (400Q). The
mixture was refluxed for 3 hr under a nitrogen atmo-
sphere. On cooling a yellow solid precipitated out which
was collected by filtration, washed with methanol and
dried under vacuum to give 15.8 g (96%) of dimethyl
2,5-bis[(4-fluorophenyl)amino]cyclohexa-1,4- diene-1,4-
dicarboxylatem/z = 413. G,H,oF2N,O4 requires 414.4.

The dimethyl 2,5-bis[(4-fluorophenyl)amino]
cyclohexa-1,4-diene-1,4-dicarboxylate (6.21 g, 15 mmol),
the sodium salt of 3-nitrobenzenesulfonic acid (3.6 g,
16 mmol), ethanol (90 mL) and 1.0 M sodium hydroxide
(50 mL) were heated to reflux overnight under a nitrogen
atmosphere. The bright yellow solution was allowed
to cool and water (120 mL) was added. The mixture
was acidified with conc. hydrochloric acid when a
red solid precipitated out. This material was filtered
off, washed with water and dried under vacuum over
phosphorous pentoxide to give 5.6 g (97%) of 2,5-
bis((4-fluorophenyl)amino)terephthalic acidiax(ab)
295 nm, 380 nm (0.1 M sodium hydroxidei/z = 383.
C20H14F2N204 requires 384.34.

The 2,5-bis((4-fluorophenyl)amino)terephthalic acid
(5.0 g, 13 mmol) and polyphosphoric acid%0 g) were
heated at 150 for 3 hr under a nitrogen atmosphere.
The mixture was allowed to cool and then poured into
iced water (200 mL) when a magenta solid precipitated
out. This was filtered off, washed with water and then

Smith, West, and Allen

[2,9-difluoro-12-(5-carboxy-pentyl)-7,14-dioxo-7,14- di-
hydro-12H -quino[2,3b]acridin-5-yl]-hexanoic acidd8).

'H NMR (CDCl) 6 8.61 (s, 2H),8 8.12 (d,J =
8 Hz, 2H),s 7.46 (dd,J = 2, 4 Hz, 4H),§ 4.48 (t, 4H),
8 4.15 (dd, 4H)$ 2.39 (t, 4H),5 1.80 (m, 12H)s 1.27
(t, 6H). Accurate mass (M- H) CsgH39F2N2Og requires
633.2776. Found 633.2782 (0.9 ppm). Melting pocint
219C.

Synthesis of the Diethyl Ester of 6-[2,9-Dichloro-12-
(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro-12H-quino
[2,3-b]acridin-5-yl]-hexanoic  Acid 29). This was
synthesised in an analogous manner &8)(from
dimethyl 1,4-cyclohexanedione-2,5- dicarboxylate and
4-chloroaniline to give dimethyl 2,5-bis[(4-chloro-
phenyl)amino]cyclohexa-1,4-  diene-1,4-dicarboxylate
(96%). This was hydrolysed to give 2,5-bis((4-chloro-
phenyl)amino)terephthalic acid (96%).

Amax(@b) 308 nm, 379 nm. (0.1 M sodium hydroxide)
m/z = 417. GoH14C12N,04 requires 417.25.

This was converted to 2,9-dichloroquinacridone
(100%). m/z = 381, GoH10C12N20, requires 381.22.
Melting point>300°C.

Alkylation of this material with ethyl 6-
bromohexanoate gave the diethyl ester of 6-[2,9-dichloro-
12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydroH12
quino[2,3b]acridin-5-yl]-hexanoic acidd9) as an orange
powder (31%).

'HNMR (CDCl3) 6 8.60 (s, 2H)$ 8.40 (d,J =2 Hz,
2H), § 7.64 (dd,J = 2, 7 Hz, 2H),s 7.40 (d,J = 9 Hz,
2H), 5 4.46 (broad tJ =8 Hz, 4H),§ 4.15 (ab,J = 7 Hz,
4H), 5 2.39 (t,J = 7 Hz, 4H),5 1.80 (m, 12) 1.27 (t,

methanol, then dried under vacuum over phosphorous pen-J = 7 Hz, 6H). Accurate mass (M- H) CzgH39C12N206

toxide to give 4.5 g (99%) of 2,9-difluoroquinacridone.
m/z = 349. GoH19F2N2O; requires 348.31. Melting point
>300°C.

2,9-difluoroquinacridone (350 mg, 1.0 mmol) was
suspended in anhydrous dimethylformamide (4 mL) un-

requires 665.2185. Found 665.2164 (3.2 ppm).

Synthesis of 6-[2,9-Dibromo-12-(5-carboxy-pentyl)-
7,14-dioxo-7,14-dihydro-12H-quino[2,3-b]acridin-5-yl]-

der a nitrogen atmosphere. Sodium hydride (60% sus- hexanoic Acid (30)This was synthesised in an analogous
pension in oil 100 mg, 2.40 mmol) was added and the manner to 28) from dimethyl 1,4-cyclohexanedione-2,5-
mixture stirred until effervescence stopped. The reaction dicarboxylate and 4-bromoaniline to give dimethyl 2,5-

was heated to 7@ for 1 hr. Ethyl 6-bromohexanoate
(535 ulL, 3.0 mmol) was added to the dark green so-
lution and the mixture stirred overnight at @ The

dark orange-red solution was allowed to cool, then the This was

mixture was poured into 150 mL of 1.0 M hydrochlo-
ric acid. The solid was filtered off, washed with water

bis[(4-bromophenyl)amino]cyclohexa-1, 4-diene-1,4-di-
carboxylate (95%). This was hydrolysed to give 2,5-
bis((4- bromophenyl)amino)terephthalic acid (96%).
converted to 2,9-dibromoquinacridone
(99%).

Accurate mass (Mt H) CyoH11BraN,O, requires

and air dried. This was purified by flash chromatogra- 468.9187. Found 468.9187 (0.1 ppm). Melting point
phy (silica. 20% ethyl acetate:dichloromethane) to give >300°C.

a red oil which crystallised on triturating with diethyl Alkylation of this material with ethyl 6-
ether to give 171 mg (27%) of the diethyl ester of 6- bromohexanoate gave the diethyl ester of 6-[2,9-dibromo-
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12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydroH2
guino[2,3b]acridin-5-yl]-hexanoic acid as a red powder
(46%).

IH NMR (CDCl3) § 8.42 (d,J = 4 Hz, 2H),8 7.70
(dd, J = 2, 7 Hz, 2H),8 7.24 (d,J = 8 Hz, 2H),5 4.39
(broad t,J = 8 Hz, 4H),§ 4.15 (ab,J = 7 Hz, 4H),$
2.39 (t,J = 7 Hz, 4H),5 1.80 (m, 12H)$ 1.25 (t,J =
7 Hz, 6H).m/z = 753.1609, 755.1602. 4H35Br,N,Og
requires 754.52.

Diethyl ester was dissolved in glacial acetic acid
(20 mL) to give a deep magenta solution. 1.0 M hy-
drochloric acid (10 mL) was added and the mixture
heated to reflux for 5 hr. The reaction was allowed to
cool, the red precipitate filtered off, washed with acetic
acid and then diethyl ether and dried under vacuum
over phosphorous pentoxide to give 0.86 g (93%) of
6-[2,9-dibromo-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-
dihydro-12H-quino[2,3b]acridin-5-yl]-hexanoic acid as
a light red solid 80).

m/z = 696-699. G,H30BroN,Og requires 698.41.
Melting point>300°C.

Synthesis of the Diethyl Ester of 6-[2,9-Dime-
thyl-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-  dihydro-
12H-quino[2,3-b]acridin-5-yl]-hexanoic ~ Acid 3{).
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from dimethyl-1,4-cyclohexanedione-2,5-dicarboxylate
and 4-methoxyaniline to give dimethyl-2,5-bis[(4-

methoxyphenyl)amino]cyclohexa- 1,4-diene-1,4-dicar-
boxylate (98%). This was hydrolysed to give 2,5-bis((4-
methoxyphenyl)amino)terephthalic acid (98%).

Amax(@b) 299 nm, 386 nm. (0.1 M sodium hydroxide).
This was converted to 2,9-dimethoxyquinacridone (92%).
m/z = 373. G,H16N20O4 requires 372.38. Melting point
>300°C.

Alkylation of this material with ethyl 6-
bromohexanoate gave the diethyl ester of 6-[2,9-
dimethoxy- 12-(5-carboxy-pentyl)-7,14-dioxo-7,14-di-
hydro-12H -quino[2,3-b]acridin-5-yl]-hexanoic aciBp)
as a red powder (35%).

'HNMR (CDCls) § 8.70 (s, 2H)$ 7.91 (d,J =4 Hz,
2H),8 7.42 (m, 4H)$ 4.50 (broad t) = 8 Hz, 4H),8 4.15
(m, 4H),5 4.00 (s, 6H)§ 2.40 (t,J =6 Hz, 4H),§ 1.80 (m,
12H),6 1.25 (t,J = 7 Hz, 6H).m/z = 656. GgH44N20g
requires 656.78.

Synthesis of the Diethyl Ester of 6-[2,9-Dinitro-12-
(5-carboxy-pentyl)-7,14-dioxo-7,14- dihydro-12H-quino
[2,3-b]acridin-5-yl]-hexanoic Acid 33). 5,12-bisQ©-
ethyl-6-hexanoyl)-5,12-dihydroquino[2[§acridin-7,14-
dione (300 mg, 0.5 mmol) was cooled in an ice bath
and then dissolved in 98% sulfuric acid (3 mL) under a

This was synthesised in an analogous manner to nitrogen atmosphere to give a purple solution. 69% nitric

(28) from dimethyl 1,4-cyclohexanedione-2,5- di-
carboxylate and 4-methylaniline to give dimethyl
2,5-bis[(4-methylphenyl)amino]cyclohexa-1,4-  diene-
1,4-dicarboxylate (97%). This was hydrolysed to give
2,5-bis((4- methylphenyl)amino)terephthalic acid (96%).

Amax(@b) 299 nm, 386 nm. (0.1 M sodium hydroxide).
This was converted to 2,9-dimethylquinacridone (92%).
m/z = 381. G,H16N-0O, requires 340.39. Melting point
>300°C.

Alkylation of this material with ethyl 6-bromo-
hexanoate gave the diethyl ester of 6-[2,9-dimethyl-12-
(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro-#2quino
[2,3-b]acridin-5-yl]-hexanoic acid 1) as a light red
powder (62%).

'HNMR (CDCls) § 8.57 (s, 2H)$ 8.21 (d,J = 1 Hz,
2H),8 7.47 (dd,J = 2,7 Hz,2H)§ 7.30 (dd,J =2, 9 Hz,
2H),8 4.45 (broad tJ) =8 Hz, 4H),8 4.15 (ab,J =7 Hz,
4H), § 2.38 (m, 10H),8 1.80 (m, 12H),6 1.24 (t,J =
2.1 Hz, 6H).m/z = 625. GgH44N,O¢ requires 624.78.
Melting point= 203 C.

Synthesis of the Diethyl Ester of 6-[2,9-Dimethoxy-
12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro-12H-
quino [2,3-b]acridin-5-yl]-hexanoic Acid 32). This
was synthesised in an analogous manner 28) (

acid (70uL, 1.08 mmol) was added and the reaction mix
removed from the ice bath. After 1 hr, the reaction mix
was added to ice when an orange precipitate formed. The
mixture was extracted with dichloromethane. The organic
phase was washed with dilute sodium bicarbonate solu-
tion, then dried with anhydrous magnesium sulfate. After
filtration, the solvent was removed by rotary evaporation
to give an orange solid. This was purified by flash chro-
matography (silica. 2-3% methanol:dichloromethane).
After removal of solvent, the residue was triturated with
diethyl ether to give 240 mg (70%) of the diethyl ester of
6- [2,9-dinitro-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-
dihydro-12H -quino[2,3b]acridin-5-yl]-hexanoic  acid
(33) as an orange solid.

H NMR (CDs;0D) § 9.30 (d,J = 2 Hz, 2H),5 8.66
(s,2H),8 8.48 (dd,J = 3,7 Hz, 2H)§ 7.56 (d,J =10 Hz,
2H),8 4.56 (broad tJ =8 Hz, 4H),6 4.17 (ab,J =7 Hz,
4H), § 2.43 (t,J = 7 Hz, 4H),5 1.80 (m, 12H), 1.28
(t, J =7Hz, 6H) Accurate mass (Mr H) CsgH39N4019
requires 687.2666. Found 687.2661 (0.8 ppm). Melting
point=271°C.

Synthesis of Diethyl Ester of 6-[2,9-Diamino-12-
(5-carboxy-pentyl)-7, 14-dioxo-7, 14-dihydro-12H-quino
[2,3-b]acridin-5-yl]-hexanoic Acid 84). The dini-
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troquinacridone derivative 3Q) was reduced with  dichloromethane (300 mL) and anhydrous magnesium
ammonium formate as described in section Synthesis of sulfate added. The mixture was filtered and the solvent
6-(2-Acetamido-9-oxo-9H-acridin-10-yl)-hexanoic Acid removed by rotary evaporation to give a red solid. This
(13) and purified by flash chromatography (silica, 5-10% was purified by flash chromatography (silica. 15% ethyl
methanol:dichloromethane) to give the diethyl ester of 6- acetate:dichloromethane) to give 1.04 g (43%) of the
[2,9-diamino-12-(5-carboxy-pentyl)-7,14-dioxo-7,14-di- ethyl ester of 6-(12-ethyl-7,14-dioxo-7,14-dihydroFi2
hydro-12H -quino[2,3-b]acridin-5-yl]-hexanoic aciB4§) -quino[2,3b]acridin-5-yl)-hexanoic acid3p).

as a dark blue solid. IH NMR (CDCls) 6 8.80 (d,J = 5 Hz, 2H),$ 8.59
'H NMR (CDs;OD) § 8.58 (s, 2H),6 7.63 (d,J = (d, J =8 Hz, 2H),§ 7.78 (t,J = 7 Hz, 2H),§ 7.55 (t
10 Hz, 2H),s 7.51 (d,J = 3 Hz, 2H),s§ 7.28 (dd,J = J = 9 Hz, 2H),8 7.31 (m, 2H),§ 4.59 (m, 4H),5 4.15

5, 6 Hz, 2H),5 7.25 (m, 2H),§ 4.51 (m, 4H),§ 4.04 (ab,  (ab,J = 7 Hz, 2H),5 2.40 (t,J = 7 Hz, 2H),5 2.05 (m,

J =7Hz, 4H),5 2.35 (t,J = 7 Hz, 4H),5 1.75 (m, 4H), 2H),8 1.75 (m, 6H)§ 1.27 (t,J = 7 Hz, 4H).m/z = 484.

3 1.61 (m, 8H),86 1.15 (t,J = 7 Hz, 6H). m/z = 626. C30H30N204 requires 482.58.

Cs6H42N4Og requires 626.76. The ethyl ester (241 mg, 0.5 mmol) was dissolved in
98% sulfuric acid (5 mL) and the purple solution heated
at 110C overnight under an atmosphere of nitrogen. The
reaction was allowed to cool and then poured onto ice
(~20 g). The solution was neutralised with 40% wi/v

sodium hydroxide solution to give a bright red solution.

This was acidified with glacial acetic acid when an orange-
red precipitate formed.

This was collected by centrifugation, then dissolved
in 0.1% trifluoroacetic acid in water. The solution was
purified by reverse phase HPLC (Phenomenex Jupiter col-
umn) using a water to acetonitrile gradient (both contain-
ing 0.1% v/v TFA), flow 5 mL/min, detection at 530 nm.
Purified material was pooled, evaporated to dryness under
vacuum and then dried under vacuum over phosphorous
pentoxide to give 300 mg (97%) of 6-(12-ethyl-
7,14-dioxo-2,9-disulfo-7,14-  dihydro-}P-quino[2,3-
blacridin-5-yl)-hexanoic acid as a dark red solid

Synthesis of Diethyl Ester of 6-[2,9-Bis-acetamido-
12-(5-carboxy-pentyl)-7,14-dioxo-  7,14-dihydro-12H-
quino[2,3-b]acridin-5-yl]-hexanoic  Acid 35). The
diamino compound 34) was acetylated with acetic
anhydride:pyridine as described in section Synthesis of
6-(2-Acetamido-9-oxo0-9H-acridin-10-yl)-hexanoic Acid
(13) to give the diethyl ester of 6-[2,9-bis-acetamido-
12-(5-carboxy-pentyl)-7,14-dioxo-7,14-dihydro- H2
quino [2,3b]acridin-5-yl]-hexanoic acid35) as a pink
solid.

H NMR (CDsOD/CDCk) § 8.70 (s, 2H)§ 8.37 (dd,

J =2,8Hz,2H)§8.20(d,J =2Hz,2H),§ 7.53(d,J =

7 Hz, 2H),8 4.56 (m, 4H),6 4.15 (ab,J = 7 Hz, 4H),§
2.41 (t,J =7 Hz, 4H),s 2.23 (s, 6H)$ 1.80 (m, 4H)§
1.70(m, 8H)$ 1.26 (t,J = 7 Hz, 6H). Accurate mass (M
+ H) C40H47N4Og requires 711.3394. Found 711.3395

37).
(0.2 ppm). 1H NMR (CDsOD/D,0) § 12.0 (s, 1H),6 8.89 (d,
J = 2 Hz, 2H),$ 8.60 (m, 2H),s 8.10 (d,J = 9 Hz,

Synthesis of 6-(12-Ethyl-7,14-dioxo-2,9-disulfo- 2H), § 7.59 (m, 2H),§ 4.52 (m, 4H),§ 2.38 (m, 2H),
7,14-dihydro-12H-quino[2,3-b]acridin-5-yl)-hexanoic 5§ 1.80 (m, 6H),8 1.48 (t, J = 7 Hz, 3H). Accurate
Acid (37). Quinacridone (1.56 g, 5.0 mmol) was sus- mass (M+H) CygH27N2010S;, requires 615.1107. Found
pended in anhydrous dimethylformamide (15 mL) and 615.1089 (2.9 ppm).
anhydrous dimethyl sulfoxide (15 mL) under a nitrogen
atmosphere. Sodium hydride (60% suspension in oil;
240 mg, 6.0 mmol) was added and the mixture stirred Synthesis of O-(N-Succinimidyl-6-(12-ethyl-7,14-
until effervescence stopped. More sodium hydride dioxo-2,9-disulfo-7,14-dihydro-12H - quino[2,3-b]acri-
(240 mg, 6.0 mmol) was added and the mixture stirred din-5-yl)-hexanoate 38). 6-(12-ethyl-7,14-dioxo-
for 10 min when effervescence had ceased. The reaction2,9-disulfo-7,14-dihydro-12H -quino[2,3-blacridin-
was heated to 6C for 1 hr. Ethyl 6- bromohexanoate 5-yl)-hexanoic acid (15 mg, 0.024 mmol)Q-(N-
(890uL, 5.0 mmol) was added to the dark green solution succinimidyl)N,N,N’,N’-tetramethyluronium tetraflu-
and the mixture stirred overnight at €D. lodoethane  oroborate (8 mg, 0.027 mmol) anhydrous dimethyl
(1.0 mL; 12.5 mmol) was then added and the mixture sulfoxide (500uL) and diisopropylethylamine (17 /L)
stirred for 2 hr at 60C. The dark orange-red solution were mixed to give an orange solution. This was
was allowed to cool, then the mixture was poured into left for 30 min when TLC (RP-18 water:methanol
water (300 mL). The solid was filtered off, washed with 30:70) showed that the starting material had been
water and air dried. The solid was then dissolved in converted to a slower running component identified as
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O-(N-succinimidyl-6-(12-ethyl-7,14-dioxo-2,9-disu|fo- Table lll. Fluorescence Properties of Some Acridone Derivatives
7,14-dihydro-12H- quino[2,®]acridin-5- yl)hexanoate
by mass spectroscop$8). m/z=712.1. GoH29N3015S,

Compound  Solvent Lifetime (NSmax M (ab) Amaxnm (em)

requires 711.73. 1 H,0 14.2 393 410 426 (448)
2 H.0 14.2 392 409 427 (447)
3 H,0 8.6 418 439 432 (457)
Labelling of Substance P with 6-(12-Ethyl-7,14- 4 H20 6.0 405 425 439  (464)
dioxo-2,9-disulfo-7,14-dihydro-12H - quino[2,3-b]acri- 2 megH 1;8 ggi 21(1);1 jig (452)
. . ) ) ' 2 . (449)
din-5-yl)-hexanoic Acid 37). This was carried out 7 H,0 71 398 416 435 (456)
in an analogous manner to that described in section 8 H,0 16.8 396 415 425 (452)
Labelling of Substance P with 6-(2-Acetamido-9-oxo- 9 H20 31 395 413 428 (450)
9H-acridin-ioyl)-hexanoate 2(). 50 mg of the resin 10 H.0 4.2 398 409 438
bound peptide £0.015 mM peptide) was placed in E :28 1N('JF§ égg) j%)?é 543
a 5 mL glass vial and 1.0 mL of anhydrous dimethyl 13 H,0 171 308 450
sulfoxide added and the resin left to swell for 30 min. 14 EtOH N.F. 387
O-(N-succinimidyl-6-(12- ethyl-7,14-dioxo-2,9-disulfo- 15 H20 115 449 455 547
7,14-dihydro-12-quino[2,3b]acridin-5-yl)-hexanoate 16 H20 19.6 421 430 463  (487)
(38) (7 mg, 0.01 mM) dissolved in 1.0 mL of anhydrous i; :28 i‘;'g igg fég 322 (456)
dimethyl sulfoxide was added to the resin followed 19 H,0 151 300 419 434 (457)
by diisopropylethylamine (40uL, 0.25 mM). After 24 H,0 175 408 450

cleavage from the resin, the labelled peptide was pu-
rified by reverse phase HPLC (Phenomenex Jupiter
column) using a water to acetonitrile gradient (both
containing 0.1% v/v TFA), flow 4 mL/min, detection
at 220 and 500 nm. Pooled material was freeze dried
to give 13.0 mg (6.7uM, 45%) of labelled peptide
(39) as a red solidm/z = 1943. GiH120N2202,S;
requires 1942.

Figures in parentheses indicate a shoulder on the main peak=Ndt
fluorescent.

most extensively used group in this field is the carboxyl
group which can be activated as a N-succinimidyl ester
and used to label either the N-terminal group of an amino
acid, peptide or protein or theamino group of a lysine
residue. We have also prepared a maleimido derivative
RESULTS (23) (Fig. 8) which can be used to label sulfhydryl groups

o ) ~such as contained in cysteine residues.
The fluorescence lifetimes and absorption and emis-

sion maxima for the acridones are shown in Table Ill and
those for the quinacridones in Table IV. Actual absorption  Taple Iv. Fluorescence Properties of Some Quinacridone Derivatives
and emission spectra of some of the acridones are showrt
in Figs. 1 and 2, those for some of the quinacridones are

Compound Solvent Lifetime (NS)max M (ab)  Amax nm (em)

in Figs. 3 and 4. 25 H,0 228  (487) 517 550  (590)
Figs. 5 and 6 show the fluorescence decay curves of 26 MeOH 21.6 (493) 527 560  (600)
the full range of acridones and quinacridones respectively. 27 MeOH 12.7 535 558  (594)
The molar extinction coefficients of five of the 28 MeOH 227 (507) 540 566  (600)
acridone derivatives and that of the functionalised 29 MeOH 221 (501) 534 256
: . o o 30 MeOH 173 (500) 533 555  (592)
water soluble quinacridone derivative are shown in 31 MeOH 220  (506) 540 565  (600)
Table V. 32 EtOH 13.4 (519) 555 592
33 DCM 5.1 474 506 553 vw
34 DCM 156  (539) 574 608
35 DCM/ 16.8  (518) 551 576
DISCUSSION MeOH
36 MeOH 20.7  (496) 528 550  (585)
The strategy used to synthesis the acridone and 37 H20 217 505 536 559 (595)
quinacridone derivatives described in this paper consists 39~ H0 23.7 540 558  (600)

of atta_Ching a spacer arm to th_e ﬂUOVOPhQre which termi- rigures in parentheses indicate a shoulder on the main peak.wary
nates in a group which can be linked to a biomolecule. The weakly fluorescent.
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Fig. 1. Absorption spectra osfolfl(jtlijgnacridone derivatives in aqueous iy 3 Absorption spectra of three quinacridone derivatives in metha-

nolic solution.

It is also possible to prepare oligonucleotides con-
taining terminal amino or sulfhydryl groups that can be
similarly labelled. In most cases the spacer arm consists
of a hexanoic acid residue attached to the imino group of
the fluorophore. We have also attached a shorter space
arm consisting of a carboxymethyl group, again attached
to the imino group of the fluorophore. The fluorescence
lifetime of the two analoguesl(@nd2 in Table Ili) were rescence lifetime. Attaching a spacer to this carboxy group

identical to the non- alkylated starting material suggest- via an amide bond1@) caused only a slight increase in
ing that the presence and length of the spacer does notI y 9

affect the lifetime when attached to the imino group. Two
examples of acridones in which the carboxy group has
been attached directly to the ring of acridone are described
r(8 and9). Attachment via a short spacer, a carboxymethyl
group @) led to a slight increase in fluorescence lifetime,
whilst direct attachment of the carboxy group to the aro-
matic ring @) produced a marked shortening of the fluo-

ifetime.
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] 1 w
;o_ é’ — 36
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Fig. 2. Normalised emission spectrum of four acridone derivatives in  Fig. 4. Normalised emission spectra of three quinacridone derivatives
aqueous solution excited at 405 nm. in methanolic solution excited at 480 nm.
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10000 Table V. Molar Extinction Coefficients of Some Acridone and
] (19.6ns) Quinacridone Derivatives

] (17.0ns)|
10004 (14.2ns) Absorption Extinction coefficient
3 (8.6ns) Compound (nm) (Mcem™1)

2 (6.0ns)
g 1 (4.2ns) 1 413 7190
S 1 394 7580
] 257 52700
1 16 418 5190
105 295 35900
] 265 37500
] 17 421 7980
1 —— o . : 401 7980
0 50 100 150 200 251 45500
Time (ns) 18 428 7150
) . A 408 7150
Fig. 5. Fluorescence decays of s_even acridone derivatives in aqueous 255 38100
solution. 19 419 2490
400 7890
N-alkylation of both the acridones and quinacridones 260 54000
was used to increase their solubility in organic solvents 37 536 4790
before attempting to alter the lifetime by introducing 506 5590
294 65800

other groups such as halogens, alkyl, alkoxy, nitro, amino
and acetamido groups into the rings of the fluorophore.  Compounds were dissolved I M sodium hydroxide and then

Initial attempts to alkylate using a two phase system  made up to 50Q:M (exceptl? at 100.M) with water.

using potassium hydroxide [41] and the use of potassium

t-butoxide as base and ethyl 6-bromohexanoate as the ~ For quinacridone, N-alkylation resulted in the for-
a|ky|at|ng agent lead to On|y partia| a_|ky|ati0n and it mation of the dicarboxylic acid which is not ideal for
was difficult to separate the unreacted quinacridone Single labelling of a biomolecule as the molecule may
from the products. We therefore decided to use sodium attach at two sites on the same molecule or cause dimeri-
hydride in dimethyl sulfoxide to form the anion of the sation. Although the monocarboxylic acid derivative can
fluorophore, as judged by the cessation of hydrogen be formed by adding a single equivalent of sodium hydride
evolution, before addition of the alkylating agent. In the and ethyl 6-bromohexanoate to quinacridone, the solubil-
case of quinacridone, dimethylformamide proved to be ity of the productis poor due to continued hydrogen bond-
a better solvent for the formation of the anion, dimethyl ing from the remaining unfunctionalised imino group. We
sulfoxide being added for the alkylation reaction which ©overcame this problem by alkylating the remaining imino
was carried out at 7€ for quinacridone and ambient ~ group with ethyliodide to give3g). This material showed
temperature for acridone. Both methods gave excellent300d solubility in methanol and after sulfonation with

yields (~90%) of alkylated material. conc. sulfuric acid gave3() which is soluble in water. This
compound has been converted to its N-succinimidyl ester
10000 and used to label Substance P. The majority of the acridone
] — 3 (0ms) derivatives that have been synthesised are water soluble if
— 30 (17.3ns) initially dissolved in methanol. However, the quinacridone

10003 —2 (127 derivatives are more hydrophobic and only the sulfonated

derivatives were water soluble. It would appear that sul-
fonation does not significantly affect the lifetime of the
fluorophore, in agreement with the literature [30].

We initially attempted to make quinacridone more
soluble by sulfonation before carrying out the alkylation.
Sulfonation with conc. sulfuric acid at 100 gave the
. disulfonic acid as described by Jaffe and Marshall [42],

0 50 100 150 200 however, oleum at the same temperature gave the very hy-
Time (ns) drophilic tetrasulfonic acidd5). Attempts to alkylate this
Fig. 6. Fluorescence decays of three quinacridone derivatives in metha- Material were unsuccessful, partially due to its insolubility
nolic solution. in any solvent other than water.

Counts

1004

104
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R 0
cl | R HO,C 2 R

HO,C H N

NH, H

Scheme 1.Synthesis of 2-substituted acridones (Compout®l48 and19) where R=F, CH;O or
CHjs. 1) N COgs/ethylene glycol/CuGl, 125'C; 2) POC§, 115°C.

Further examples of substituted acridones and of 6-(9-ox0-9H- acridin-10-yl)-hexanoic acitl)((lifetime
quinacridones were prepared by ring closure reactions 14.2 ns) with benzyltrimethylammonium tribromide gave
[43-45] as shown in Schemes 1 and 2. a mixture of mono- and di- substituted materialgnd

The 2-substituted acridones were prepared by con- 4) with lifetimes of 8.6 and 6 ns respectively. lodination
densing 4-substituted anilines with 2- chlorobenzoic acid of the same compound with benzyl trimethylammonium
to give the 2-substituted acridone which was then N- dichloroiodide required addition of a Lewis acid (anhy-
alkylated. drous zinc chloride) to give the mono-iodidg) with a

The 2,9-disubstituted quinacridone may be synthe- fluorescence lifetime of 1.7 ns. These results are in broad
sised from dimethyl 1,4-cyclohexanedione-2,5- dicar- agreement with those reported by Shigorin’s group for
boxylate and a substituted aniline and then N-alkylated non- alkylated acridones [30-33].
with ethyl 6-bromohexanoate. Attempts to carry out the same reactions on the di-

Methyl substituted acridonel9) and quinacridone  alkylated quinacridones resulted in poor yields due to the
(31 had similar fluorescence lifetimes to the non- substi- low reactivity of the quinacridone. Only the diethyl es-
tuted compounds. However, methoxy substitution length- ter of 6-[2-iodo-12-(5-carboxy- pentyl)-7,14-dioxo-7,14-
ened the lifetime of acridond.8) from 14 to 17 ns, whilst dihydro-12H-quino[2, 3-bJacridin-5-yl]-hexanoic acid
the lifetime of the quinacridone3@) was reduced from  (27) was prepared by direct halogenation in very poor
22 to 13.4 ns. We initially attempted to reduce the fluo- yield. The alternative strategy of synthesising the 2,9-
rescence lifetime of both acridone and quinacridone by dihaloquinacridone from dimethyl 1,4-cyclohexanedione-
halogenation, in particular, bromination and iodination. 2,5-dicarboxylate and 4-haloaniline and then N-alkylating
Acridones have been successfully halogenated using a vawith ethyl 6-bromohexanoate was adopted. Thus the di-
riety of reagents [46—48]. Bromination of the ethyl ester fluoro, dichloro and dibromo derivatives were produced

(0]
o o NH, R—@H o’
7o+ -
o)
(0] N R
(0]
/ J

2

o)
2 ’ O o
R N
L -
-
N R
H
R
0 o N
OH

Scheme 2.Synthesis of 2,9-disubstituted quinacridones (Compo@&129, 30, 31 and32) where
R =F, Cl, Br, CH; or CHzO. 1) MeOH/HCI, reflux; 2) sodium 3-nitrobenzenesulfonate/NaOH/EtOH,
reflux; 3) polyphosphoric acid, 15C.
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by this method. As expected, only substitution with either Table VI. Fluorescence Lifetime of an Acridong)(a
bromine or iodine produced a shortening of fluorescence Quinacridone §7) and Fluorescein at Various pHs
lifetime to 17.3 ns for the dibromd3() and 12.7 ns for Fluorescence lifetime (ns)

the monoiodo37) substituted material compared to 22 ns

for the non-substituted2@), difluoro (28) and dichloro- Acridone  Quinacridone  Fluorescein

substituted 29) compounds. 5 14.8 22.0 37
Dinitroacridones and dinitroquinacridones were 7 14.6 22.2 4.6

synthesised by direct nitration with nitric acid. These 9 14.8 221 4.6

compounds are virtually non-fluorescent, however

reduction of the nitro groups to amino groups restores

the fluorescence. The monoaminoacridot@) (shows cence lifetime, again the reason for this is not clear.

little change in absorption compared to non-substituted We have not investigated any quinacridones in which

acridone but the diaminoacridon&5j shows a 50 nm  a carboxylic acid group is attached directly to the

bathochromic shift in its absorption. Both show a aromatic ring, however, 7,14-dioxo-5,7,12,14-tetrahydro-

bathochromic shift in the emission spectrum of about quino[2,3b]acridine-2,9-dicarboxylic acid has previously

100 nm compared to acridone, the lifetimes being 10.9 been synthesised [49] but its fluorescence lifetime has not

and 11.5 ns respectively. This is in agreement with the been reported.

values reported for 2-aminoacridone [27]. Both acridone and quinacridone have fluorescence
The 2,9-diaminoquinacridone34) shows a red lifetimes that are independent of pH in the biologically

shift in both its absorption and its emission spectrum important range of 5 to 9, unlike that of fluorescein which

of about 30 nm. The fluorescence lifetime is reduced shows a marked pH dependence (Table VI).

to 15.6 ns. These measurements were obtained using Again, unlike fluorescein, both acridone and

dichloromethane as the solvent. Both the 2,9-di-ni#®) (  quinacridone are resistant to photobleaching and showed

and diaminoquinacridone derivative3#j have very poor ~ no change in their absorption spectrum over a period of

solubility in methanol and are non- fluorescent in this 1hrwhenexposed to anintense white light source. Incom-

solvent. parison, fluorescein showed a 70% decrease in absorption
Acetylation of the amino group gives rise to a hyp- under the same conditions (Fig. 7).

sochromic shift of about 80 nm for both the mono- and

di-substituted acridones with only a smaller change in the

absorption spectrum. The fluorescence lifetimes are in- CONCLUSIONS

creased to 17.1 and 19.6 ns respectively. The 2,9- diac-

etamidoquinacridone3g) shows a blue shift in its ab- We report two classes of fluorescent dye in which

sorption spectrum compared to the di-amino compound the fluorophore has been chemically modified to alter
(34). The fluorescence lifetime is 16.8 ns.

Two other acridones were synthesised which were

not N-alkylated, the first, 2-carboxymethyl-7-chloro-9- 15
0x0-9,10-acridine § has a fluorescence lifetime of -
16.8 ns, whilst the second, 9-oxo0-9,10-dihydroacridine- 3 ¢ ® e 0 0 0 0 0 0 0 0 0o
4-carboxylic acid 9) has a greatly reduced fluorescence 3 1.07 N A
lifetime of 3.1 ns. Both compounds have absorption and € 1 A a s a st
emission spectra which are very similar to unsubstituted E
acridone. In order to lengthen the spacer arm @rtle % 054 o
4-carboxyl group was reacted with 6-aminohexanoic acid < ¢ Quinacridone
to give (L0) with a slightly increased lifetime of 4.2 ns. A Acridone
Again there was little change in the absorption and emis- 0.0 Fluorescein
. T T T T T

sion spectra. The reason for the dramatic shortening of
fluorescence lifetime is not clear, however, conversion of
the carboxylic acid group to an amide group as 10)(

increases the fluorescence lifetime Fig. 7. Photobleaching of an acridon® {a quinacridone37) derivative

| imil tvlati f both and fluorescein. Samples were made up at a concentration of 1 AU in
n_ a _Slml a_r manner_’ a(_:e ylation ot bo r_non_o' pH 7 buffer and placed directly in front of a 20 watt white light source.
and diaminoacridone derivatives and also the diamino- The absorption atmax was measured at 5 min intervals. The half life of

quinacridone derivative lead to an increase in fluores- fluorescein under these conditions was 30 min.

T
0 10 20 30 40 50 60 70
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Fig. 8. Structure of maleimido derivative of acridor23j.

the fluorescence lifetime without significantly altering
the absorption and emission spectra. Additionally, the
molecules have been modified in such a way that they can
be chemically attached to biomolecules such as proteins
and oligonucleotides. We have already labelled a peptide
at its N-terminus with both types of fluorophore.

The first set of fluorophores are based on acridone
and absorb around the 400 nm region and emit around
450 nm. Nineteen acridone derivatives were investigated
giving five distinct fluorescent lifetimes ranging from 3—
20 ns, thus allowing the opportunity for temporal multi-
plexing. Additionally, we report a new class of fluorescent
dyes, the quinacridones, for labelling biomolecules.

The quinacridones absorb around 500 nm and emit
around 550 nm. Thirteen compounds were investigated
giving three distinct fluorescent lifetimes ranging from
12-22 ns, again allowing for the possibility of temporal
multiplexing.

Although we have only prepared one quinacridone as
amono-functional N-succimidyl ester, we have shown that
it is possible to synthesise several derivatives with differ-
ent fluorescence lifetimes. It should therefore be possible
to modify these into mono-functional and water soluble
fluorophores.

Both the acridones and one of the quinacridones
have been modified to give them water solubility. Both
types of fluorophore have good chemical and photochem-
ical stability (Fig. 7) and their lifetimes are indepen-
dent of pH in the range 5 to 9 (Table VI). Compounds
within each group have similar absorption and emission
spectra and their molecular weights fall within a narrow
range.

The quinacridones offer a new type of fluorophore
for labelling biomolecules and have absorption and emis-
sion similar to those of the fluoresceins whilst being much
less affected by pH changes. Additionally, unlike fluores-
cein, quinacridone shows a marked resistance to photo-
bleaching. Whilst we have investigated the fluorescence
lifetimes properties of the quinacridone derivatives, this
group of compounds could be used as a label for use
with other modalities such as fluorescence intensity or
polarisation.
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