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FLUOROGENIC DYES

Background of the Invention

Field of the Invention

The present invention relates to the use of fluorogenic or chromogenic dyes as reporter
molecules for detecting cell entry by a specific molecule. The present invention has application
to cellular assays, including high throughput assays that utilize fluorogenic or chromo genic

reporters to detect transportation of a molecule across a cell membrane.

The Related Art

Numerous fluorescent and fluorogenic dyes have been used as reporters in
fluorodetection assays. In particular, numerous fluorescein derivatives have been reported
which possess functional groups that are suitable for reacting with other molecules and have
been used as tracers in analytical applications ranging from the probing of cell functions to the
monitoring of the level of one or more drugs in physiological test samples. See, e.g., C. Dive, et
al., Mol. Cell. Probes 2:31 (1988); Graber, et al., Anal. Biochem. 156:202 (1986); P.J. Brynes,
et al., U.S. Patent No. 4,869,132 and N.Y. Wang, ef al., EP 264797 Examples of analytical
applications wherein such compounds are used include by way of example fluorescent
polarization immunoassays (FPIAs) for use in commercially available instruments such as the
Abbott ADy and Abbott TDy instruments (both available from Abbott Labs, Abbott Park,
[llinois). Examples of such derivatives include 5- and 6-amino fluorescein (M.T. Ship
Chandler, et al., Anal. Biochem. 162:89 (1987); Mattingly, U.S. Patents Nos. 5,573,904 (1996)
and 5,756,771 (1996), and Ghoshal, et al., U.S. Patent No. 5,986,094 (1999)).

Fluorescein dyes particularly have been used to detect cell entry. For example,
fluorescein 1 has been employed especially to detect cell entry by peptides. Addiﬁ"‘onally,
carboxyfluorescein diacetate 2 and its derivatives find known application in staining liver cells
because upon entry a cellular esterase cleaves the ester molety resulting in the generation of
fluorescein, which is highly fluorescent. Monobromobimane 3 , which does not fluoresce until
reacted with a thiol, has also been used to detect cell entry. In particular, this compound does

not fluoresce until it contacts the cell cytoplasm and interacts with glutathione, a tripeptide
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thiol. Thus, 3 can be used to detect cell entry or intracellular thiol levels based on an increase in
fluorescence relative to the extracellular environment, which typically contains little or no free
thiol. Further, electron-deficient heterocycle-substituted fluorescent dyes have been used as

fluorimetric reporter molecules (see, e.g., U.S. Patent No. 6,221,604).

However, while fluorescein derivatives have been widely used as reporter molecules to
detect cell entry, known fluorescein derivatives suffer from significant disadvantages. For
example, the use of known fluorescein dyes to detect cell entry requires tedious separation of
intracellular fluorescence from extracellular fluorescence; and, therefore, the use of fluorescein
dyes to detect cell entry are not amenable to high-throughput assays. Moreover,
carboxyfluorescein diacetate 1 suffers from a short half-life, which has been attributed to the

hydrolysis of its ester moieties at physiological pH.

Certain peptides are recognized to possess the ability to enter cells as well as to transport
attached molecules into cells. Examples of such peptides include those derived from HIV tat
protein, lysine polymers, Antennapedia homeodomain, and Arg 9 among others. (See e.g., U.S.
Patent No. 5,804,604 by Frank, et al., relating to the use of HIV tat protein derivatives to
facilitate intracellular delivery of cargo molecules; WO 98/52614, which discloses the use of
arginine polymers containing guanidino or amidino side chains to facilitate cell entry; WO
79/00515, which discloses the use of high molecular weight lysine polymers to facilitate cell
entry of target molecules; and WO 94/04686 (1984) and Fawell, ef al., Proc. Natl. Acad, Sci.,
USA 91:664—668 (1994), each of which discloses the use of peptides derived from HIV tat to
promote the transport of molecules across cell membranes). Also, certain peptoid sequences
have been demonstrated to facilitate intracellular transport (Wender, et al., Proc. Natl. Acad.
Sci., USA 97:13003-13008 (2000)). Arginine oligomers have also been reported to deliver

topically a cyclic peptide drug, cyclosporin A, into cells to inhibit inflammation (Rothbard, ef
al., Nature Med. 6:1253-7 (2000)).
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Physicochemical methods to facilitate the delivery of macromolecules into cells have
been developed. Such methods include, by way of example, electroporation, membrane fusion
with liposomes, calcium-phosphate-DNA precipitation, DEAE-dextran—mediated transfection,

infection with modified nucleic acids and direct microinjection into cells.

However, despite foregoing descriptions of fluorogenic compounds and carrier molecules, the
identification of new fluorogenic molecules that are effectively transported into cells and more

efficient methods for 1identifying such molecules would be beneficial.

Summary of the Invention

. The present invention provides novel fluorogenic compounds and associated
compositions and methods including such compounds. The compounds, compositions, and

methods provided by the invention are useful in applications requiring quantitative detection of

cellular uptake of compounds.

Thus, in one aspect, the present invention provides novel fluorogenic compounds that

produce a detectable signal upon uptake by a cell. In one embodiment, the novel compounds

provided by the invention have the structure shown below ( 4):

R1 Rg
T
R3 R7

Ry Rs Reg

4

The substituent Rs 1s a spirocyclic moiety having the formula:

wherein the phenyl ring of R5 can be oriented above or below the face of the plane defined by

the fused ring system of compound 4 . R, and Rg independently have the structure:

Xs
R <
oSt

R14R15

2
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or
R"B\H;ns“s/%

where the indices m and » independently are integers between 0 and 5 inclusive, such that the
sum m + n is equal to or less than ten. Rj, R3, R4, Rg, R7, and Rg—R ¢ are selected independently
from the group consisting of hydrogen, halo, cyano, amino, azido, aldehyde, mercapto,
hydroxy, nitro, and optionally substituted, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, acyl, mono-
or di- or trialkylammonium, guanidino, carboxamido, carboxy, methylamino, haloacetamido,
hydrazido, maleimido, keto, oxime, (mono-, di-, tri-)halomethyl, hydroxamic acid,
hydroxylamino, alkoxy, sulfate, sulfonate, phosphate, phosphonate, sulfonyl, sulfonamide,
isothiocyanate, halosulfonyl, carboxyazido, semicarbazido, thiosemicarbazido,
sulfonylhydrazido, carbodimide. X;—Xs independently can be oxygen, sulfur, or NR 7, where
R;7 is hydrogen or optionally substituted lower alkyl. The indices m and » independently are

integers between 0 and 20 inclusive.

In some embodiments, m and » are selected independently from integers between 1 and
3 inclusive. In more particular embodiments, 7 and » are selected independently from integers
between 1 and 3 inclusive, and R3—Rg are selected independently from hydrogen, alkyl,
cycloalkyl. In still more particular embodiments, In still more particular embodiments, m and »
are selected independently from integers between 1 and 3 inclusive, and R3—Rg are selected

independently from hydrogen, alkyl, cycloalkyl; and X1—X7 are each oxygen.

In still another aspect, the invention to provide improved methods for identifying
molecules capable of entering cells and, more particularly, molecules useful to facilitate the
entry of other molecules into cells, such as, for example, a fluorogenic or chromogenic dyes,
which dyes optionally may be attached to another compound such as a therapeutic. In some
embodiments, the methods for identification of molecules comprise high-throughput assays to
detect cell entry. In other embodimenté, the molecules to be identified are peptoids. In more
particular embodiments, the peptoids are conjugated with a fluorogenic or chromogenic
compound, such as carboxyfluorescein diacetate (“CFDA”), bis(pivaloyl)carboxyfluorescein,
monobromobimane, di- B-D-galactopyranoside (“FDG”), or a compound of the invention, so
that cellular uptake of the peptoid can be determined efficiently. In other specific embodiments,
the present invention includes methods that comprise screening combinatorial peptoid libraries

to identify peptoids that cross the cell membrane and/or peptoids that function to facilitate
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molecular transport, in which the peptoids being screened are attached covalently to a

fluorogenic or chromogenic reporter molecule, and determining whether the resulting conjugate

produces increased fluorescence when contacted with a cell. The peptoids can be conjugated
with a fluorogenic or chromogenic compound, such as carboxyfluorescein diacetate (“CFDA”),

bis(pivaloyl)carboxyfluorescein, monobromobimane, or di-B -D-galactopyranoside (“FDG™), or

a compound of the mmvention.

These and other aspects and advantages will become apparent when the Description

below is read in conjunction with the accompanying Drawings.

Brief Description of the Drawings

Figure 1 shows the fluorescence of bis(4-(2'-(trimethylamino)ethanedithio)-2,2-
dimethylbutyryl)carboxyfluorescein (compound 9, see Section 0) over time at pH 7.5 and 37 °C

in a Hel.a cell-based assay.

Figure 2 shows the fluorescence of compound 9 and an unsubstituted analog over time
at pH 7.5, 37 °C.

Figure 3 shows the fluorescence of compound 9 after 60 minutes in the presence of j3-

mercaptoethanol (“B-ME”) at pH 7.5, 37°C at concentrations of 0.1, 1, 10 and 100 mM B-ME.

Description of Some Embodiments of the Invention

Definitions

1.1.1 Peptoid

A “peptoid” is a poly(N-substituted amide), preferably a poly(N-substituted glycine), as
known in the chemlstry and bioorganic chemistry arts and described, for example in co-owned
PCT Publications WO 94/06451, WO 98/06437, WO 99/08711, and U.S. Patent Nos.
5,877,278, 6,251,433; 6,197,332; 6,075,121, 5,977,301; 5,965,695; 5,877,278; and 5,831,005.

In some embodiments of the invention, the peptoids have the structure shown below:

RP O
R ‘PN""C(RZIRZZ) C‘]‘
| P
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R? and R® are selected independently from the group consisting of alkyl, aryl, aralkyl, aralkenyl,
and aralkynyl, any of which may be substituted. In some embodiments, R* and/or R” is
substituted with a lipid moiety, wherein the lipid moiety may be conjugated to a linker moiety.
R’ is independently selected from the group consisting of alkyl, aryl, aralkyl, aralkenyl, and
aralkynyl, any of which may be substituted. R2; and Ry, are independently selected from
hydrogen, and optionally substituted lower alkyl and lower alkoxy. The index p 1s an integer
selected from 2 to about 50, more specifically between about 4 and about 30, still more
specifically between about 6 and about 20, and yet more specifically between about 8 and about
15. As used herein, the term “peptoid” encompasses lipitoids and cholesteroids, which are
described in Section 1.1.3 and in co-owned U.S. Patent Nos. 6,251,433 and 6,197,332; and PCT
Publication. Nos. WO 99/08711 and WO 98/06437, k

1.1.2 Lipid Moiety

A “lipid moiety” is a hydrophobic moiety having a substantial hydrocarbon component,
preferably comprising a group selected from C;¢—Csp branched or unbranched alkyl, alkenyl or
alkynyl, C14—Csp aryl, aralkyl, aralkenyl, or aralkynyl, or a steroid nucleus. Examples of lipid
moieties include dialkyl- <;r dialkenyl-phospholipids, such as pho sphatidleholines,
phosphatidylethanolamines and phosphatidylinositols, glycolipids, such as cerebrosides and
gangliosides, fatty diacylglycerides, glycosylglycerides, sphingolipids, and steroids, including
sterols.

1.1.3 Lipitoid

A “lipitoid” is a lipid-substituted peptoid, i.e., a compound described in Section 1.1.1
where R* comprises a lipid moiety. A “cholesteroid” is a cholesterol-substituted peptoid, i.e., a
compound described in Section 1.1.1 where R? comprises a cholesteryl moiety. While
cholesterols are preferred in some applications, further disclosure of steroids useful for
Incorporating into steroid-peptoid conjugates is found in PCT publication WO 97/46223
(Fasbender ef al.) and corresponding U.S. Patent No. 5,935,936.



10

15

20

25

CA 02473747 2004-07-22
WO 03/062431 PCT/US03/01938

1.1.4 Alkyl, Alkenyl, Alkynyl

“Alkyl” refers to a fully saturated acyclic monovalent radical containing carbon and
hydrogen, which may be branched or a straight chain. Examples of alkyl groups are methyl,
ethyl, n-butyl, -butyl, n-heptyl, and isopropyl. “Alkenyl” refers to an acyclic monovalent
radical containing carbon and hydrogen, which may be branched or a straight chain, and which
contains at least one carbon-carbon double bond. The alkenyl group may be monounsaturated
or polyunsaturated. Similarly, “alkynyl” refers to such a radical having at least one carbon-
carbon triple bond. “Lower” alkyl (alkenyl, alkynyl, alkoxy, etc.) refers to a group having 1 to 6
carbons, preferably 1 to 4 carbons. An alkyl, alkenyl, or alkynyl group can be optionally
substituted; in some embodiments, the substituent is selected from the group consisting of

halogen, lower alkyl, lower alkoxy, nitro, amide, tertiary amino, hydroxy, and haloloweralky].

1.1.5 Aryl

“Aryl” refers to a substituted or unsubstituted monovalent aromatic radical having a
single ring (e.g., benzene) or two or three condensed rings e.g., naphthyl or phenanthryl).
Groups having a single ring (monocyclic) or two condensed rings (bicyclic) are generally
preterred, with monocyclic groups being particularly preferred. The term includes heteroaryl
groups, which are aromatic ring groups having one or more nitrogen, oxygen, or sulfur atoms in
the ring, such as furan, pyrrole, pyridine, imidazole, and indole. By “substituted” is meant that
one or more ring hydrogen atoms in the aryl group is replaced with a non-hydrogen group,

preferably selected from halogen, lower alkyl, lower alkoxy, nitro, amide, tertiary amino,

hydroxy, and halo(lower alkyl).

Fluorogenic Compounds

In one aspect, the present invention provides novel fluorogenic compounds having the

have the structure shown below ( 4):

R1 Rg
POSSN
R R7

4

The substituent Rs is a spirocyclic moiety having the formula:
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R10
Rq1 <
X2
Rq2
Riz A3

wherein the phenyl ring of Rs can be oriented above or below the face of the plane defined by

the fused ring system of compound 4 . R, and R independently have the structure:

Xs
Rm\%s\SMX{S

R14R15

2

Oor
Rmms‘s/ﬂ\s

where fhe indices m and » independently are integers between 0 and 5 inclusive, such that the
sum 2 + » 18 equal to or less than ten. Rj, R3, R4, Rg. R7, and Ro—Rj¢ are selected independently
from the group consisting of hydrogen, halo, cyano, amino, azido, aldehyde, mercapto,
hydroxy, nitro, and optionally substituted, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, acyl, mono-
or di- or trialkylammonium, guanidino, carboxamido, carboxy, methylamino, haloacetamido,
hydrazido, maleimido, keto, oxime, (mono-, di-, tri-)halomethyl, hydroxamic acid,
hydroxylamino, alkoxy, sulfate, sulfonate, phosphate, phosphonate, sulfonyl, sulfonamide,
isothiocyanate, halosulfonyl, carboxyazido, semicarbazido, thiosemicarbazido,
sulfonylhydrazido, carbodimide. X;—Xs independently can be oxygen, sulfur, or NR 7, where

Ry7 1s hydrogen or optionally substituted lower alky]l.
\

In some embodiments, X, is oxygen. In more particular embodiments, X;—Xs are
oxygen. In still more particular embodiments, X;~Xs are oxygen. Among those embodiments in
which X;—X;5 are oxygen, more specific embodiments include those in which m is 2, and # is 3.
The invention further includes embodiments in which X;—Xs are oxygen, m is 2, n is 3, and R ¢
is trialkylammonium. In more specific embodiments X ;—Xs are oxygen, m is 2, nis 3, Rygis
trialkylammonium, and R4 and Rys are optionally substituted lower alkyl. Still more specific
embodiment are those in which X;—Xs are oxygen, m is 2, nis 3, Rygis trialkylammonium, and
R14 and R;s independently are methyl or ethyl. Other more specific embodiments include those
in which X;—Xs are oxygen, m is 2, n is 3, Ry¢ is trialkylammonium, R4 and Rys independently

are methyl or ethyl, and R3, R4, R¢, R7, and Rj¢—R3 are hydrogen. Among the latter

8
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embodiments, the invention provides a specific embodiment in which X;—Xs are oxygen, m is 2,
n1s 3, Rygis trimethylammonium, R;4 and R;5 independently are methyl or ethyl, and R3, Ra,
Ré, R7, and Ry¢—R13 are hydrogen. Also provided are embodiments in which X;—Xs are oxygen,
mis 2, nis 3, Rysis trimethylammonium, Rj4 and R;5 independently are methyl or ethyl, and Ra,
R4, Re, R7, and R1g—R 3 are hydrogen or carboxyl; and,}still more specifically, X;—Xs are
oxygen, m1s 2, nis 3, Rye1s trimethylammonium, R4 and R;5 independently are mej:hyl or
ethyl, and R3, R4, Rg, R7, and Rjg—R3 are hydrogen or carboxyl, and at least one of Rjg—R3 is

carboxyl.

In yet other embodiments in which X;—X;s are oxygen m is 2, and » is 3, Ryg1is
dialkylamino. In more specific embodiments X;—Xs are oxygen, m is 2, nis 3, Rygis
dialkylamino, and R4 and R;s are optionally substituted lower alkyl. Still more specific
embodiment are those in which X;—Xs are oxygen, m is 2, » is 3, Ry¢ is dialkylamino, and R4
and R;5 independently are methyl or ethyl. Other more specific embodiments include those in
which X;—Xs are oxygen, m is 2, n is 3, Ry¢is dialkylamino, R4 and R s independently are
methyl or ethyl, and R3, R4, R, R7, and Rjp—R;3 are hydrogen. Among the latter embodiments,
the invention provides a specific embodiment in which X;—X5 are oxygen, m is 2, nis 3, R¢is
dimethylamino, Rj4 and R;5 independently are methyl or ethyl, and R3, R4, R, R7, and R10—R3
are hydrogen. Also provided are embodiments in which X;—Xs are oxygen, m is 2, n is 3, Ry¢is
dimethylamino, R4 and R;5 independently are methyl or ethyl, and Rz, Ra, R, R7, and Rig—Rj3
are hydrogen or carboxyl; and, still more specifically, X;—Xs are oxygen, m is 2, n is 3, Ry¢is
dimethylamino, Ri4 and R;5 independently are methyl or ethyl, and Ra, R4, Rg, R7, and R;¢~Ry3

are hydrogen or carboxyl, and at least one of Rjo—R3 is carboxyl.

In other embodiments, X;—X5 are oxygen m is 2, and # is 0. The invention further
includes embodiments in which X;—Xs are oxygen, m is 2, n is 3, and Ry 1is trialkylammonium.
In more specific embodiments X;—Xs are oxygen, m is 2, nis 0, Ry is trialkylammonium, and
R4 and Rys are optionally substituted knlower alkyl. Still more specific embodiment are those in
which X;—X;5 are oxygen, m is 2, n is 0, Ry is trialkylammonium, and R4 and R s
independently are methyl or ethyl. Other more specific embodiments include those in which
X1—Xs are oxygen, m is 2, n is 0, Ry is trialkylammonium, R4 and Rys independently are
methyl or ethyl, and R3, R4, R, R7, and R;¢—R3 are hydrogen. Among the latter embodiments,
the invention provides a specific embodiment in which X;—Xs are oxygen, m is 2, # is 0, Ry¢ is
trimethylammonium, R4 and R;s independently are methyl or ethyl, and Rs, Ry, Rg, R7, and

R10~R13 are hydrogen. Also provided are embodiments in which X;—Xs are oxygen, m is 2, 7 is

9
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0, Ry¢ 18 trimethylammonium, R4 and R;5 independently are methyl or ethyl, and R3, R4, R,
R7, and Rj0—R 3 are hydrogen or carboxyl; and, still more specifically, X;—X5 are oxygen, m is
2, n1s 0, Ry¢ 1s trimethylammonium, R4 and R;5 independently are methyl or ethyl, and R3, R4,

Rs, R7, and Rjo—R 3 are hydrogen or carboxyl, and at least one of Rj0—R3 is carboxyl.

In yet other embodiments in which X;—X5 are oxygen m is 2, nis 0, and R4 is
dialkylamino. In more specific embodiments X;—Xs are oxygen, m is 2, nis 0, Ry¢ is
dialkylamino, and R4 and R;s are optionally substituted lower alkyl. Still more specific
embodiment are those in which X;—Xj5 are oxygen, m is 2, nis 0, Ry¢ is dialkylamino, and R4
and R;s5 independently are methyl or ethyl. Other more specific embodiments include those in
which X;—Xs are oxygen, m is 2, n is 0, Ry is dialkylamino, R4 and R;5 independently are
methyl or ethyl, and R3, R4, Rs, R7, and Rjo—R;3 are hydrogen. Among the latter embodiments,
the invention provides a specific embodiment in which X;—X5 are oxygen, m is 2, n is 0, Ry is
dimethylamino, R4 and R;s independently are methyl or ethyl, and R3, R4, Rg, Ry, and Rj9—R3
are hydrogen. Also provided are embodiments in which X;—X; are oxygen, m is 2, nis 0, Ry¢is
dimethylamino, R4 and R;5 independently are methyl or ethyl, and R3, R4, R, R7, and R;;—Rj3
are hydrogen or carboxyl; and, still more specifically, X;—Xs are oxygen, m is 2, n is 0, Rygis
dimethylamino, R4 and R;5 independently are methyl or ethyl, and R3, R4, Rg, R7, and Rjg—Rj2

are hydrogen or carboxyl, and at least one of R1g~R3 is carboxyl.

In other embodiments, X1—X3 and X5 are oxygen and X4 is NRj7. Among those
embodiments, more specific embodiments include those in which m is 2, and 7 is 3. The
invention further includes embodiments in which X;—X3 and X5 are oxygen and X4 is NR 7, m
i1s 2, n1s 3, and Ry is trialkylammonium. In more specific embodiments X;—X3 and X5 are
oxygen and X4 1S NR7, m is 2, n is 3, Rysis trialkylammonium, and R4 and R s are optionally
substituted lower alkyl. Still more specific embodiment are those in which X;—X3 and X are
oxygen and X4 1S NRy7, m is 2, n is 3, Ry¢1is trialkylammonium, and R1!4 and R 5 independently
are methyl or ethyl. Other more specific embodiments include those in which X;—X5 and X are
oxygen and X4 is NR 7, m is 2, nis 3, Ry¢ is trialkylammonium, R4 and R independently are
methyl or ethyl, and R3, R4, Rg, R7, and R;—R;3 are hydrogen. Among the latter embodiments,
the invention provides a specific embodiment in which X;—X3 and X are oxygen and X4 1S
NRi7, m is 2, nis 3, Rygis trimethylammonium, R4 and Rys independently are methyl or ethyl,
and R3, R4, R, R7, and Rjg—R 3 are hydrogen. Also provided are embodiments in which X1—X3
and Xs are oxygen and X4 1s NRy7, m is 2, n is 3, Rygis trimethylammonium, R4 and Rs

independently are methyl or ethyl, and Rs, R4, Rg, R7, and Ryo—R 3 are hydrogen or carboxyl;
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and, still more specifically, X;—X3 and X;s are oxygen and X4 1S NR 7, mis 2, nis 3, Rysis
trimethylammonium, R4 and R;5 independently are methyl or ethyl, and R3, R4, Rg, R7, and

Ri10-Ri3 are hydrogen or carboxyl, and at least one of Rj¢—R3 is carboxyl.

In yet other embodiments in which X;—X3 and X5 are oxygen and X4 is NR 7, m is 2,
and n is 3, Rygis dialkylamino. In more specific embodiments X;—X5 and Xs are oxygen and X4
1s NR 7, m is 2, n is 3, Ry¢is dialkylamino, and R4 and Ry5 are optionally substituted lower
alkyl. Still more specific embodiment are those in which X;—X3 and X are oxygen and X} is
NR17, m1s 2, nis 3, Ry¢ is dialkylamino, and R4 and R independently are methyl or ethyl.
Other more specific embodiments include those in which X;~Xs and X5 are oxygen and X4 is
NR;17, mis 2, nis 3, Rygis dialkylamino, R4 and R independently are methyl or ethyl, and Rj,
R4, R6, R7, and Rj0—R ;3 are hydrogen. Among the latter embodiments, the invention provides a
specific embodiment in which X;—X3 and X are oxygen and Xj is NRi7, mis 2, nis 3, Risis
dimethylamino, R4 and R;5 independently are methyl or ethyl, and R3, R4, R¢, R7, and Rj¢—R 3
are hydrogen. Also provided are embodiments in which X;—X3 and X are oxygen and X4 is
NR17, m1s 2, nis 3, Rygis dimethylamino, R4 and Ry independently are methyl or ethyl, and
R3, R4, Rg, Ry, and Rjp—R 3 are hydrogen or carboxyl; and, still more specifically, X1—X3 and X
are oxygen and X4 1s NR 7, mis 2, nis 3, Rygis dimethylamino, R4 and Rs independently are

methyl or ethyl, and R3, R4, Rg, R7, and Rj0—R 3 are hydrogen or carboxyl, and at least one of

Rlo—R1 3 1S carboxyl.

In other embodiments, X;—X3 and X are oxygen and X4 is NRy7, m is 2,and n1s 0. The
mvention further includes embodiments in which X;—X3 and X5 are oxygen and X4 is NR 7, m
1s 2, nis 3, and Ry is trialkylammonium. In more specific embodiments X;—X3 and X5 are
oxygen and X418 NRy7, mis 2, nis 0, Ry is trialkylammonium, and R4 and Rs are optionally
substituted lower alkyl. Still more specific embodiment are those in which X;—X; and Xs are
oxygen and X418 NRy7, m is 2, nis 0, Ry is trialkylammonium, and R4 and R5 independently
are methyl or ethyl. Other more specific embodiments include those in which X;—X3 and X; are
oxygen and X, is NRy7, m is 2, nis 0, Ry¢ is trialkylammonium, R4 and Ry5 independently are
methyl or ethyl, and R3, R4, Rg, R7, and Ri;—R 5 are hydrogen. Among the latter embodiments,
the invention provides a specific embodiment in which X;—X5 and X are oxygen and Xy is
NRy7, mis 2, nis 0, Ry¢ is trimethylammonium, R4 and R;s independently are methyl or ethyl,
and R3, R4, Rg, R7, and Rj¢—R3 are hydrogen. Also provided are embodiments in which X;—X;
and X5 are oxygen and X is NRy7, m is 2, nis 0, Ry is trimethylammonium, R4 and Rys

independently are methyl or ethyl, and Rs, Ry, Re, R7, and Rj0—R 3 are hydrogen or carboxyl;
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and, still more specifically, X;—X3 and X5 are oxygen and X4 1s NRy7, mis 2, nis 0, Ry is
trimethylammonium, R4 and Rys independently are methyl or ethyl, and R3, R4, R¢, R7, and

R10—Ry3 are hydrogen or carboxyl, and at least one of R10-R13 1s carboxyl.

In yet other embodiments in which X;—X3 and X are oxygen and Xy is NRy7, m is 2, #
1s 0, and Ry is dialkylamino. In more specific embodiments X1—X3 and X5 are oxygen and X is
NRj7, m 1s 2, nis 0, Ry is dialkylamino, and R4 and Rys are optionally substituted lower alky].
Still more specific embodiment are those in which X;—X3 and Xs are oxygen and X4 is NR 7, m
1s 2, nis 0, Ry¢ is dialkylamino, and R4 and R;s independently are methyl or ethyl. Other more
specific embodiments include those in which X;—X3 and X5 are oxygen and X4 is NRy7, m is 2,
n1s 0, Rygis dialkylamino, R;4 and R;s independently are methyl or ethyl, and R3, R4, Rg, R,
and Rjo—Rj3 are hydrogen. Among the latter embodiments, the invention provides a specific
embodiment in which X;-X3 and X5 are oxygen and X} is NR;j7, mis 2, nis 0, Ry¢ is
dimethylamino, R4 and R independently are methyl or ethyl, and R3, R4, R¢, R+, and Ri0—Ri13
are hydrogen. Also provided are embodiments in which X;—X; and X are oxygen and X, is
NRj7, mis 2, nis 0, Rj¢is dimethylamino, R4 and Rys independently are methyl or ethyl, and
R3, R4, R, R7, and Rjo—R ;3 are hydrogen or carboxyl; and, still more specifically, X;—X5 and X
are oxygen and X4 1s NRy7, m is 2, n is 0, Rygis dimethylamino, R4 and Rys independently are

methyl or ethyl, and R3, R4, Rg, R7, and Rjg—R 3 are hydrogen or carboxyl, and at least one of

R10~R13 1s carboxyl.

Particular examples of the above-described embodiments include the tollowing

compounds:

N\ /N\
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The compounds of the invention can be synthesized using procedures and materials

known to those having skill in the organic chemistry synthesis arts, as shown generally in the

13




CA 02473747 2004-07-22
WO 03/062431 PCT/US03/01938

Schemes below and illustrated in the Examples set forth in Sections 0—0. Scheme 1 below

illustrates the general synthesis methodology for compounds for which R, and Ry are:

. "
R S.
N Sﬂrb(u\xf’

R14R15

1. 3-nitro-2-pyridinesulfenyl! chloride/
O AcOH R1s /S_S NO;

Rw)gks 2. Hy0 »  Ris—(CHan 7
CO-H _

R14 (éHz)n

AcOH/DMF

Ri16
HO,C ¥4

m(HZC) _S\ Rqs5
S-(CHa),

HATU/DIEA/DMAP/DMF

Ri6(H2Cm oS S<g~ (CH2)mR16

Scheme 1

A general synthesis methodology is provided below (Scheme 2) for embodiments of the

invention for which R, and Ry are:

mes\s/ﬁn\&
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NaSH/EtOH

Scheme 2

Detection and Quantitation of Cell Uptake

In another aspect, the compounds of the invention are useful as a reporters for detecting
cell entry by specific compounds. More specifically, attachment of a compound of the invention
to another molecule allows detection and quantitation of the transport of the molecule across a

cell membrane. In one embodiment, the compound of the invention is attached to a molecule to
be tested using a functional group contained on the fluorogenic compound of the invention,
such as, but not limited to, a carboxylic acid group located on the lower aromatic ring of the
fluorophore compound. Other appropriate functional groups that may be used in lieu of a
carboxylic acid include by way of example amino, aminomethyl, halomethyl, haloacetamido,
mercapto, maleimido, hydrazido, oxime, aldehyde, and keto. The choice of functional group

will be familiar to those having skill in the organic synthesis and biochemistry arts. Compounds
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to be screened for their ability to facilitate cell entry by the fluorogenic or chromogenic reporter
of the invention will include a functional group that is suitably reactive with the functional
group on the fluorogenic or chromogenic reporter. Examples of compounds that can be
screened for cell entry with a fluorophore according to the invention include, but are not limited
to: peptides, peptoids, proteins, carbohydrates, nucleic acids, carbohydrates, small molecules

and libraries containing such compounds, both random and non-random libraries.

Linker elements can also be used to facilitate attachment to the test molecule. In some
nstances it may be beneficial to also incorporate a cleavable linker, e.g., a disulfide or ester
linkage between the reporter molecule and transporter group to allow the resultant fluorescent
dye to exit the cell into the surrounding medium. Fluorescence is detected by fluorimetry or

other methods, as appropriate. The choice of linker will be familiar to those having skill in the

organic synthesis and biochemistry arts.

In one embodiment, the subject reporter is used to screen combinatorial peptoid libraries
containing potential cell-transport molecules. Such libraries and methods for their synthesis are
discussed in detail supra. In more specific embodiments, the fluorogenic or chromogenic
reporter molecules of the invention are used to screen libraries by high-throughput screening
methodologies to identify transport molecules that facilitate cell entry of biologically active
molecules, e.g., enzyme agonists or antagonists, antibiotics, hormone agonists or antagonists,
modulators of gene expression, and the like. The transport molecule can further include a

“cargo” molecule that is to be transported by the peptoid into the intracellular milieu.

In one embodiment, diverse combinatorial libraries of peptoids are synthesized on a
solid-phase resin, e.g., a resin bead, such that one compound is attached to each bead. The
reporter of the invention is then conjugated to the peptoid compound on each bead. In some
embodiments, the peptoids will further include a “cargo” molecule that is to be transported by
the peptoid into the intracellular milien. Examples of cargo molecules include, but are not
limited to, antibiotic, enzyme agonists or antagonists, hormone analogs, cell growth promoting
agents, cell growth inhibiting agents, anti-tumor agents, and apoptosis inducing agents. After
attachment, the putative reporter-transport molecule is cleaved from the resin bead and is
screened 1n a cell-based assay to determine whether cell entry is achieved (based on generation
of fluorescence by the compound of the invention). Alternatively, the fluoro genic reporter of

the invention can be attached to the putative transport molecule (e.g., the peptoid) in solution

atter cleavage from the resin bead.
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The reporter system provide by the present invention is amenable to any cell that 1s to be
screened for entry by desired compounds. Examples of such cells include by way of non-
limiting example, prokaryotic cells, eukaryotic cells, mammalian cells, and plant cells. More
specific examples of cell types include: fibroblasts, epithelial cells, neural cells, intestinal cells,
embryonic and adult stem cells, ovarian cells, liver cells, prostate cells, kidney cells, bladder
cells, blood cells, yeast cells, bacteria cells, and immune cells. Examples of human and non-
human mammalian cell lines include, but are not limited to: HeLa, COS, CHO, BHK, Vero,

SP2/0, DG44, HT1080, NIH3T3, THP-1, and NR&33.

The reporter-transporter molecule conjugate according to the invention can be added to
a cell culture, e.g., HeLa cell culture, and the fluorescence levels of the cell culture measured to
identify whether the putative transporter compound facilitates cell entry (based on an increase
in fluorescence). This may be accomplished by addition to microwell cell cultures, e.g., a 96- or
384-well format or on slides. Fluorescence will only be observed in cell cultures when the

putative transport compound has entered the cells.

Examples

The following Examples are provided to illustrate certain aspects of the present
invention and to aid those of skill in the art in the art in practicing the invention. These

Examples are in no way to be considered to limit the scope of the invention in any manner.

Synthesis of a,a-Dimethyl-y-thiobutyrolactone

O

S

5

Potassium bis(trimethylsilyl)amide (4.62 g, 22 mmol) was added to 100 mL of
anhydrous THF under argon (“Ar”) with stirring. The reaction mixture was cooled to -78° C,
and y-thiobutyrolactone (10 mmol, 0.87 mlL.) was adde(i drop-wise followed by methyl 1odide
(40 mmol, 2.49 mL) and the reaction mixture was allowed to gradually warm to rt while stirring
overnight. The solvent was removed by evaporation with a stream of N and the residue was
shaken with 5% aq. Na,S,05 and EtOAc. The aq. layer was separated and extracted with
EtOAc (2x). The combined organic layers were washed with 1N NaHSOj, and the aq. layer was

separated and extracted with EtOAc (2x). The organic layers were recombined, dried over
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MgSOy, filtered, and concentrated. Purification by silica gel chromatography (2.5% EtOAc in

hexanes) gave the dimethylated thiobutylrolactone (370 mg, 28% yield). MH+=131.2.

3-Nitro-2-pyridinesulfenyl chloride

L

N~ >SCl
6

This compound was prepared according to a literature procedure: Pugh, et al. Int. J.

Peptide Prot. Res. 1993, 42, 159. The overall yield was 71%.

4-(3'-nitr6-2 '.pyridinedithio)-2,2-dimethylbutyric acid

DOYN
OH
N7 S’S\/>Z'
7

To thiobutyrolactone 5 (349 mg, 2.68 mmol) under Ar was added 12 mL acetic acid
(“HOACc”) followed by dropwise (16 mL/hr) addition of a HOAc solution (55 mL) containing :
sulfenyl chloride 6 (664 mg, 3.48 mmol). The solution was stirred overnight followed by
addition of excess water and stirring for 1 h. The reaction mixture was concentrated, co-
evaporated with MeOH (3x), resuspended in MeOH, and filtered (MeOH rinse). The MeOH
filtrates were concentrated and purified by silica gel chromatography (1% MeOH/0.2% HOAc
in CH,Cl,). The desired fractions were pooled, the solvent removed under vacuum, and the

residue was co-evaporated with MeOH/MePh (3x) to afford the desired product 7 as a yellow
solid (345mg, 43% yield). MH" = 303.4.

4-(2'-(trimethylamino)ethanedithio)-2,2-dimethylbutyric acid

Cl-
/N\ Y & 7 /N\ S OH

O - O

S-Acetylthiocholine iodide (100.5g, 0.348 mol) was added to 1N NaOH (600 mL) that
had been sparged with Ar. An additional 6N NaOH (102 mL) was added to adjust the pH to

~14. After stirring overnight the reaction was cooled in an ice bath and quenched by careful

18




10

15

20

CA 02473747 2004-07-22
WO 03/062431 PCT/US03/01938

addition of conc. HC] (100 mL) under Ar. The solution was concentrated, co-evaporated with
MeOH (3x), dried under high Vacuuﬁl for several days to give the thiol product (152.4g
containing 2.28 mmol/g of thiocholine assuming 100% yield). To a AcOH (10 mL.) solution of
7 (333mg, 1.1mmol) was added an AcOH solution (10 mL) of the crude thiocholine (1g,
2.28mmol) followed by 20 mL. DMF rinse to complete the transfer. After stirring overnight the
reaction was concentrated and co-evaporated initially with MeCN (caution: bumping) and then
with MeOH. The residue was redissolved in MeCN/H;0O (20mL), filtered, and purified by
preparative scale HPLC (reverse phase C18 column; mobile phases: 0.1% TFA/H,O and 0.1%
TEFA/MeCN). The desired fractions were lyophilized, then lyophilized 2x from 1.2N HCI and
1x from H,O to give the desired product 8 (79 mg, 24% vyield). M+=266.5.

Bis(4-(2'-(trimethylamino)ethanedithio)-2,2-dimethylbutyryl) carboxyfluorescein

DMF (0.1 mL) was added to an oven dried flask containing acid 8 (4.5 mg, 15umol,
3eq) and HATU (11.4 mg, 30umol, 6eq) followed by addition of diisopropylethylamine (5.2uL,

30um01, 6 eq). After stirring for 0.5 h, ﬂuorescein (1.7 mg, 5 umol, leq) was added followed
by 4-(dimethylamino)pyridine (1.8 mg, 15 pumol, 3eq). Additional DMF (0.2 mL) was added
after 1 h and the reaction was stirred overnight. A second reaction was carried out on the Same
scale as the first but in which the DMF was replaced with dimethylacetamide as the solvent.
Both reactions were allowed to run for a few days (with continual addition of solvent) and then
treated sequentially with 0.1% TFA (0.5 mL) followed by neat TFA (0.02 mL). The crude

mixtures were combined, solubilized in DMF, filtered, and purified by prep HPLC (reverse

phase C18 column; mobile phases: 0.1% TFA/H,0 and 0.1% TFA/MeCN) to give the desired
product 9 (2.4 mg, 23% yield). (M/2)**=414.5.

19




10

15

CA 02473747 2004-07-22
WO 03/062431 PCT/US03/01938

5(6)-Carboxy-2',3',6',7'-tetrachloroiluorescein

To 5(6)-carboxy-2’,7'-dichlorofluorescein (50 mg, 112 pwmol) was added POCI; (5 mL)
and PCls (500mg) with stirring. The reaction mixture was heated to 115° C for 1 hr., then
allowed to cool to room temperature. The solvent was removed under vacuum, and the residue
was co-evaporated three times with CH,Cl,. To the residue was added water with stirring at 0°
C. The mixture was filtered; then the solid washed with water and air-dried. The solid was co-
evaporated two times from cyanonitrile (CH3CN) to yield 52 mg (96%) of the title compound as
a white solid. The identity of the product was verified by electrospray MS (MH" = 483).

5(6)-Carboxy-2',7'-dichloro-3',6"-dithiofluorescein

To compound 10 (52 mg, 108 wmol) was added 5 mL EtOH and NaSH'xH,O (235 mg,
1.08 mmol) with stirring, and the mixture was heated to reflux for 90 min. The reaction mixture
was allowed to cool to room temperature, and the solvent was evaporated with a stream of
nitrogen. To the residue was added 0.1 N hydrochloric acid (HCI) containing 5% Na;S,0s with
stirring, and the mixture was filtered. The solid was washed with 0.1 N HCI, and air dried to

afford the title compound as a beige solid. The identity of the product was verified by
electrospray MS (MH" = 477/479)
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5(6)-Carboxy-2',7'-dichloro-3',6'-bis(2'''-trimethylammonium(ethanedithio))fluorescein

12

Compound 11 was dissolved in SO,Cl; (4 mL) and CH,Cl, (4 mL) with stirring and heated to

reflux for 1 hr. The reaction was cooled to room temperature, the solvent was removed under

vacuum, and the residue was co-evaporated three times with CH,Cl,. The residue was dissolved

in 5 mL AcOH, and thiocholine (trifluoroacetic acid salt, 111 mg, 477 pumol) was added with
stirring, and the mixture was heated to reflux for 2 hr. The reaction mixture was cooled to room
temperature, then purified by reverse-phase HPLC to afford the title compound. The identity of
the product was verified by electrospray MS (M/2%* = 357).

Demonstration That Reporter According to the Invention is Selectively Fluorescent Under
Reducing Conditions

An experiment was conducted to determine the effect of reducing conditions versus
non-reducing conditions on a reporter éompound according to the invention (compound 9).
Two incubations were conducted with compound 9 at a concentration of 50 mM. A control
incubation was conducted which compared the same molar concentration of compound 9in 10
mM Na phosphate at pH 7.5. A reducing reaction composition was made comprising the same
buffer, and 10 mM dithiothreitol (DTT). After one minute of incubation at room temperature,
strong green fluorescence was measured. Consistent with these fluorescence results, mass
spectrometry analysis revealed that the control reaction contained only compound 9, and that
the DTT containing reaction composition contained only fluorescein. For this example,

synthesis of compound was conducted as previously described.

Fluorescence of 9 over time, pH 7.5, 37°C

Figure 1 contains the fluorescence (excitation 485 nm, emission 535 nm) of compound 4
over time under various conditions. For the conditions labeled “optimem” (solid red circle),
9 was incubated in Optimem (Gibco BRL), a reduced serum cell culture medium. For the

conditions labeled “cell lysate” (solid green square), 9 was incubated in a HeLa cell lysate
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prepared from approximately 2 X 10° cells Iysed by freeze/thaw in a buffer containing 20 mM
Tris-HC], 137 mM NacCl, 1% Triton, and 15% glycerol in a volume of 100 pL. For the

conditions labeled “buffer + salt” (solid brown triangle) 4 was incubated in 10 mM Na
phosphate containing 154 mM NaCl, and for the conditions labeled “10 mM [3-ME” (solid
orange diamond), 9 was incubated in 10 mM Na phosphate containing 154 mM NaCl and 10
mM B-mercaptoethanol. The concentration of 9 was 50 uM in each case, diluted from a 2 mM
stock solution in DMEF. All experiments were carried out at 37°C, and at a pH of 7.5, except
“cell lysate” for which the pH was.approximately 7.8. The total volume of each incubation was
100 pL. Results are expressed as a percentage of the fluorescence of a fluorescein control at the

same concentration under the same conditions.

Fluorescence of 9 and unsubstituted analog over time, pH 7.5, 37°C

Figure 2 shows the fluorescence (excitation 485 nm, emission 535 nm) over time of
compound 9 and an analog in which the a,0-dimethyl substituents on the acyl groups have been
replaced by a,0-dihydrogen substituents. Each compound was incubated at a concentration of
50 uM (diluted from a 2 mM stock in DMF) in 10 mM Na phosphate, pH 7.5, containing 154
mM NaCl, at 37°C. The volume of each incubation was 100 pL. Results are expressed as a
percentage of the fluorescence of a fluorescein control at the same concentration under the same

conditions.

Fluorescence of 9 at 60 min. vs. [p-ME] (pH 7.5, 37°C)

Figure 3 shows the fluorescence (excitation 485 nm, emission 535 nm) of compound 9
after a 60-minute incubation in 10 mM Na phosphate, pH 7.5, containing 154 mM NaCl and B-
mercaptoethanol at concentrations of 0.1, 1, 10, and 100 mM. The volume of each incubation
was 100 pL, and the temperature was 37°C. Results are expressed as a percentage of the

fluorescence of a fluorescein control at the same concentration under the same conditions.

Fluorescence of 12

An experiment was conducted to test the ability of compound 12 to respond to reducing
conditions. Two incubations were performed: in the first, a control incubation, a sample of
compound 12 was added to pH 7.5 buffer. In a second incubation (+DTT), the same amount of
compound 12 was added to pH 7.5 buffer and then DTT was added to a final concentration of

10 mM. Within one minute after addition of DTT to the second incubation, the solution turned
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light blue, indicating the formation of the free dichlorodithiofluorescein dye. The control

incubation remained colorless.
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CLAIMS:

1. A fluorogenic dye having the structure:
OSSN
R3 Ry

wherein Rg is a spirocyclic moiety having the formula:

R1g
Ritn <
| K
R12 (
Riz %,

wherein the phenyl ring of R; is oriented above or below
the face of the plane defined by the fused ring system of
the compound;

wherein R, and Rz independently have the sttucture:

Xs
R16\H;S\SMX4A

R14R¢s

o) &

1o~y S s hy

wherein the indices m and n independently are integers be-
tween 0 and 5 inclusive, such that the sum m + n is equal
to or less than ten;
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wherein R;, Ri, Rq, R, R;, and Ry-R;¢ are selected independ-
ently from the éroup consisting of hydrogen, halo, cyano,
amino, azido, aldehyde, mercapto, hydroxy, nitro, and op-
tionally substituted, alkyl, cycloalkyl, alkenyl, alkynyl,
aryl, acyl, mono- or di- or trialkylammonium, guanidino,
carboxamido, carboxy, methylamino, haloacetamido, hy-
drazido, maleimido, keto, oxime, (mono-, di-, tri-)halo-
methyl, hydroxamic acid, hydroxylamino, alkoxy, sulfate,
sulfonate, phosphate, phosphonate, sulfonyl, sulfonamide,
isothiocyanate, halosulfonyl, carboxyazido, semicarbazido,
thiosemicarbazido, sulfonylhydrazido, carbodimide; and

wherein X;-X; are selected 1independently from the group
consisting of oxygen, sulfur and NR,;, where R;; is hydro-
gen or optionally substituted lower alkyl.

The fluorogenic dye of claim 1, wherein the structure is
gselected from the group consisting of:

\

~_-S. O O O .S A
AR A CS PR R RP.
O
(o~

-

N Ao arSa A
R S /N\
O
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S-S O % O S-S
Nt (\“ O \_'\ P

and
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,_><r(° & OwK\
S-S O [lDD “'i! O

~ C_/ (M ¥
/N\ HOOC_ / o /N\ |

The dye of claim 1, wherein the structure is:

A high throughput screening method for identifying com-
pounds in a compound library that are transport compounds,

wherein a transport compound refers to a compound that is

internalized by a cell comprising:

27




10.

11,

CA 02473747 2011-05-24

a) attaching the individual compounds in a compound li-
brary to a solid phase via a cleavable linkage,
wherein each of said individual compounds is attached
directly or indirectly to a fluorogenic reporter that
becomes fluorescent upon cell entry, wherein the
fluorogenic reporter is a fluorogenic dye according

to any one of claims 1 to 4;

b) releasing the reporter-compound conjugate from the
solid phase; =

c) contacting the released reporter-compound conjugates
with a cell; and

d) determining whether said compound is a transporter

molecule based on whether there 1is a detectable
change in fluorescence.

The method of claim 5, wherein the solid phase is a bead.

The method of c¢laim §, wherein the combinatorial library
is a peptoid library.

The method of claim 5, wherein the combinatorial library
1s selected from a peptide, peptoid, nucleic acid, carbo-
hydrate or small molecule library.

The method of c¢laim 5, wherein the transport molecule fur-
ther includes a cargo molecule.

The method of claim 9, wherein the cargo molecule is an
active agent.

The method of claim 10, wherein said active agent is an
antibiotic, enzyme inhibitor, hormone agonist or antago-
nist, or cell growth modulator. |
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The method of claim 11, wherein the active agent is an an-
tibiotic.

A method for determining whether a compound is a transport
molecule that is internalized by a cell comprising:

a) contacting a cell with a conjugate comprising a re-
porter compound that only generates fluorescence af-
ter cell entry, which reporter is covalently bound to
a potential transport compound which is to be scree-
ned for its ability to be internalized by the contac-
ted cell, and wherein the fluorogenic reporter is a
fluorogenic dye according to any one of claims 1 to 4;

b) detecting whether fluorescence is generated after
said contacting step; and ,

C) correlating the generation of fluorescence to the in-
ternalization of the transport compound by the cell.

The method of claim 13, wherein the potential transport
compound is attached to a so0lid phase by a cleavable link-
age and is cleaved therefrom prior to contacting with the
cell.

The method of claim 14, wherein the solid phase is a res-

inous bead.

The method of claim 13, wherein  the potential transport
compound 1is selected from the group consisting of a pep-

‘tide, protein, nucleic acid, peptoid, carbohydrate, and a

steroid.

The method of claim 13, wherein the potential transport
compound is contained in a combinatorial chemical library.
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18.

19.

20.

21.
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The method of claim 17, wherein the combinatorial chemical
library is a peptoid library.

The method of claim 13, wherein the reporter is chemically
attached to the potential transport compound to be
screened for its ability to be internalized by a cell
while in solution.

The method of claim 13, wherein the reporter is chemically
attached to the potential transport compound to be
screened for whether it is internalized by a cell while
such compound is attached to a solid phase.

A library of compounds that is to be screened fér the
ability of the compounds to be internalized by a cell, the
library comprising a plurality of different compounds,
wherein the different compounds in the library are cova-
lently attached to a fluorogenic reporter molecule that
becomes fluorescent after it internalizes a cell, wherein
the fluorogenic reporter molecule is a fluorogenic dye ac-
cording to any one of claims 1 to 4.

22. The library of claim 21, wherein the fluorogenic reporter

23.

24 .

25,

is a fluorogenic dye according to claim 2.

The library of claim 21, wherein each of said different
compound conjugates is attached to a solid phase.

‘The library of claim 23, wherein said different conjugates
are comprised in different microwells.

The library of claim 23, wherein said different conjugates

are comprised on different slides or discs or discrete
portions of said slides or discs.

30




26,

27.

28.

29.

30.
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A method of determining whether a | library contains com-
pounds that are transported into a cell that comprises:

a) pfoviding a library of reporter-compound conjugates
according to claim 21;

b) Contacting the different reporter-compound conjugates
with a cell culture; and ‘

c)  determining whether said cell culture fluoresces when
contacted with the reporter-compound conjugate and
correlating the generation of fluorescence to the in-
ternalization of the compound by the cell.

The method of c¢laim 26, wherein the cell culture is com-
prised in a microwell.

The method of claim 26, wherein the cell culture is on a
covered slide.

The method of claim 26, wherein the fluorescence is de-
tected by direct imaging.

The method of claim 26, wherein the fluorescence is de-
tected by flow cytometry.
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