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TARGETING MULTIMERIC IMAGING AGENTS
THROUGHE MULTILOCUS BINDING

TECHNTICAL, FIELD OF THE INVENTION

The present invention relates to contrast
agents for diagnostic imaging. In particular, this
invention relates to novel multimeric compounds which
exhibit improved zffinity for physiologically relevant
targets, such as proteins, and surprisingly improved
relaxivity properties upon binding. The compounds
comprise: )

a) two or more Image Enhancing Molieties ("IEMs"};

b} two or more Target Binding Moieties ("TBMs"),
providing for in vivo localization and multimer
rigidification;

c) a scaffold framework for attachment of the
above molieties ("scaffold”j;

d) optional linkers for attachment of IEMs to the
scaffold {"linker").

This invention also relates to pharmaceutical
compositions comprising these compounds and to methods
of using the compcounds and compositions for contrastc,

enhancement during imaging.

o
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BACKGRQUND OF THE INVENTION

Diagnostic imaging techniques, such as magnetic
resonance imaging (MRI), X-ray, nuclear
radiopharmaceutical imaging, ultravioclet-visible-infrared
light imaging, and ultrasound, have been used in medical
dlagnosis for a number of years. Contrast media
additicnally have been used to improve or increase the
resolution of the image or to provide specific diagnostic
infermation. In some cases, such as imaging with
ultrascound, the introduction of contrast media has been
recent.

To be effective, the contrast media must
interfere with the wavelength of electromagnetic
radiation used In the imaging technigue, alter the
physical properties of tissue to yield an zltered signal,
or, &s in the case of radiopharmaceuticals, provide the
source of radiation itself, MRI and optical imaging
methods are unique among imaging modalities in that they

yield complex signals that are sensitive to the chemical

environment., While the signal from X-ray or radionuclide -

agents remains the same whether the agents are free in
plasma, beound to proteins or other targets, or trapped
inside bone, certain contrast agents for MRI and optical
1maging will have different signal characteristics in
differing physiclegical environments. An optical dye may
exhibit changes in its absorbance, reflectance,
fluorescence, phosphorescence, chemiluminescence,
scattering, or other spectral properties upon binding.

It is important that the contrast agent be sufficiently
sensitive and present at high enough concentration se

that signal changes can be observed.

Atrempts to improve contrast by increasing the number of
IEMs ' '
Targeted agents should deliver meaningful

concentrations of the imaging moiety to the target so

that sufficient improvement in the signal 1s cbserved
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during the course of imaging. Achieving sufficient
sensitivity is a significant problem for MRI 1in
particular, where concentrations in the range of 10 -
1000 micromolar (uM) of the image enhancing moisty are

5 required to produce an adequate signal. The problem can
be further complicated for targeted agents if the desired
target is present at low concentrations. For axample, in
order to image biclogical receptor targets that are
present &T less than puM concentraticns, greater signal

10 enhancement is required at the target site to provide
sufficient image contrast, Increased contrast has been
approached by using (1) drug delivery vehicles to previde
high local concentraticns of the contrast agent, (2)
multiple IEMs in a2 single contrast agent, [see, for

15 example, Martin V. V., et al., Bipconjug. Chem., 6: pp.
616-23 (1995}): Shuklia, R. et al., Mag. Reson. Med., 35:
pp. 928-%31 (129€):; Rangarnathan, R. 5., et al., Invest,
Radigl ., 33: pp. 778-7%7 (1998)], or (31 particular IEMs

of defined structure with improved signal enhancement
20 properties. The ideal targeted contrast agent should
efficiently combine IEMs and improved signal enhancement
properties.
To incorperate a high number of image enhancing
moieties into a contrast agent, large concentrations of
25 low meolecular weight contrast agents have been packaged
within suitable drug delivery vehicles, such as
polymerized vehicles or liposomes {(Bulte J. W., et al.,

J. Magn. Reson. Imaging, 9: pp. 329-335 (19%8)].

Unfortunately, these materials are difficult to direct to
30 a target.

Te increase the number of the image enhancing
moieties, investigators have, for example, created
polymers, dendrimers, and organic compecunds in
association with multiple IEMs. High numbers of IEMs,

35 such as GdiIII) chelates for MRI, can be covalently

actached co peclymers [Schunmann-Giampieri, G. et al. J.

T
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Invest. Rad., 26: pp. 965-974 (199%1); Corot, T. et al.
Acta Rad., 38:8412 pp. 91-3%9 (19%7)) and dendrimers

(Jacques, V., et al., J. Allovs Cmpd., 24%: pp. 173-177
{1897),; Margerum, L. D., et al., J. BAllovys Compd., 249:

pgp. 185-19C ¢19297); Toth, E., et al., Chem. Eur. J., 2:

pp. 1807-1€13 (1996)]. Polymeric agents typlcally
comprise a mixture of species with a broad and complex
molecular weight distribution. These heterogeneous
properties adversely affect agent performance and make
characterization difficult. Furthermore, it is
synthetically difficult to selectively introduce TBMs
along with multiple IEMs. Therefore there exists a need
for well-defined, homocgenecus molecules for use as
contrast agents that can provide adeguate image
enhancement at a target.

Dendrimers {such as "Starburst dendrimers™, or
"cascade polymers") thecretically coffer a single high
molecular weight species onto which many IEMs can be
covalently attached. [Fischer, M. et al. Angew. Chem.,
Int. Ed., Eng., 38/7: pp. 884-905 (199%),; Weiner, E.C. et

al., Mag. Reson. Med., 31: pp. 1-8 (1994)!. However,
dendrimers, like polymeric agents, present significant
synthetic problems, esspecially when selectively
intreduclng tissue-specific targeting groups.

Organic molecules have been synthesized with
multiple image enhancing moieties. MRI contrast agents
of this type are referred to herein as "multimeric
chelates”" or “multimers” and typically comprise 2-12
IEMs. (Shukla, R, et al., Mag. Reson. Med., 35: pp. 928-

$21 (1996); Shukla, R. B., et al., Acta Radiel., 412: pp.
121~123 (1997); Ranganathan, R. S$., et al., Invest.
Radiol., 33: pp. 77%-797 (1998)). Advantages of
multimeric chelates include: (1) they are homogeneous
molecules in that they have a single size and structure,
unlike polymers and dendrimers, (2) they can be readily

synthesized and purified, and (3) targeting groups can be

PCT/US00/20536
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readily lncorporated. Unfortunately, the abpility of
multimeric chelates to impreove the MRI signal intensity
has been disappointingly low. This is because the proton
relaxation rate anhancement (or "relaxivity"}, which
correlates with signal enhancement, has decreased as the
number of IEMs was increased. Therefore, contrast agents
wherein the relaxivity does not decrease when the number
of IEMs increases are needed to achieve greater signal

enhancement at a target.

Agtempts teo improve contrast by decreasing the rctational

of the contrast agent
Attempts have been made to increase the

relaxivity of non-targeted multimeric MRI contrast agents
by restricting rotational motion. Attempts to restrict .
rotational motioen have focused on {1l) decreasing the
flexibility of the molecule or (2) restricting rotational
motion through binding to 2 target.

For example, non-targeted agents have been
synthesized with rigid frameworks to which multiple
Gd({III) chelates are attached [Shukla, R. et al., Mag.
Reson. Med., 35: pp. 926-231 (1996); Shukla, R. B., et
al., Acta Radicl., 412: pp. 121-123 [1997); Ranganathan,

R. 5., et al., Invest,L Radiol., 33: pp. 779-737 (19398);
Jacques, V., et al., J, Alloys Cmpd,, 24S: pp. 173-177
{1997}]. However, these structures have several
drawbacks. First, the relaxivities per Gd{III) ion that
have been achieved for agents containing more than two
chelates has been less than that ‘observed for single
chelates, such as MS-325. Therefore, local chelate
motioen could still be further reduced. Second, these
agent are not targeted. More importantly, even if -they
were targeted, rigid multimer frameworks would greatly
increase the unwanted background signal because the
signal enhancement is significant regardless of whether

the contrast agent is bound to a target or not.
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Therefore, there exists a need for contrast agents that
enhance an 1mage of a target only when bound to the
target. '

Rotational moticon of a single IEM can be
effectively limited upon non-covalent target binding,
resulting in a relaxivity increase for the target-bound
forms of as much as 5-190 fold [U.5. Patent No.
4,880,008]). This relaxivity increase is as gocod as or
better than that observed for IEMs that are covalently
linked to the target ([Schmiedl, U., Ogan, M., Paajanen,
H., Marotti, M., Crooks, L.E., Brito, A.C., and Brasch,
R.C. Radioclogy (1987) 162: pp.205-210; Ogan, M.D.,
Schmiedl, U., Moseley, M.E., Grodd, W., Paajanen, H., and
Brasch, R.C. Invest. Radiol. (1987} 22: pp. 665-71].

Examples of agents which exploit this effect are the
liver pretein-targeted contrast agents Gd-EOB DTPA [Runge
V. M. Crit. Rev. Diagn. Imaging 38: pp. 207-30 (1997}

and Gd-BOPTA [Kirchin. M. A., et al., Invest. Radiol., 33:
pp. 798-809 (1998}] or the albumin-targeted agents ﬁs-azs
fLauffer, R. B., et al., Radiology, 207: pp. 529-538
(1998)] and MP-2269 [Hofman Mark B.M. et al. Acadademic
Radiglegy, S{suppl 1}: S206-5209 [1988)]. Relaxivity
increases of apprcximately 7-fold were reported for M5-
325 (47 mM™*s™') as a result of non-covalent binding to
serum albumin (Lauffer, R. B., et al., Radiology, 207:
pp. 52%5-538 (1998)1].

-ozc—\N N&——\N /—coz-
-ozc—/ *3 \——coz-

Gd

Figure |: Chemical Structure of the MRI Contrast Agent MS-325
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Upon binding to albumin, the monomeric contrast

agent MS-325, having the chemical structure shown in
Figure 1, exhibits an in¢rease in signal enhancement.
When bound, the complex tumbles at a slower rate than in

5 the unbound state which results in greater relaxivity.
Surprisingly, however, the additicn of multiple IEMs to
targeted contrast agents, such as MS5-325, has failed to
enhance contrast further because relaxivity decreases at
the individual gadolinium centers in the multimeric

10 structure. For example, an albumin-targeted multimer
with four Gd({III} ions exhibited molecular relaxivities
per GA{III} of only 9-13 mM''s™ compared to a relaxivity
of 47 mM's™' for MS-325, which contains a single GQ(III)
(Martin V. V., et al., Bigconjug. Chem., 6: pp. 616-23

15 (15925)]. Thus, the relaxivity of a targeted multimeric
chelate is typically much less per Gd(III) than that

observed for the analogous targeted single chelate.

Rationale
24 Table 1 demenstrates that merely increasing the -

number of [EMs is insufficient to improve total
relaxivity because the relaxivity per IEM decreases as
the number of IEMs increases despite the presence of the
target binding group comprising two phenyl rings. To

25 understand Table 1, it is important tc define the extent
to which a rtarget-binding MRI contrast agent can achieve
its maximum pessible relaxivity. This maximum relaxivity
for a particular contrast agent is approximately equal to
the relaxivity of the molecule when bound to a target

30 (Rl,.,.4) such as Human Serum Albumin (HSA). The average
RI.... is a ncrmalized measure of the average relaxivity

for all bound species under a standard set of conditions

isuch as a specific target or protein concentration, drug
concentration, temperature, etc.) that is weighted by the
15 bound population of each species. Therefore, since the

value of RI..., is a normalized quantity, comparisons of
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relaxivities can be made among different molecules in the
bound state by comparing values for Ri,,.. Cecmparison of
the calculated Rl..,, values provides a convenient method
for comparing ccompounds irrespective of their affinities
for a target.

Calculating the average (Rl .. reguires
measuring the relaxivity of the free chelate (Rl,..) as
well as the observed relaxivity (Rl,.) and percent
binding of.the agent to a target solution typically
containing 4.5% cof the target, e.g., H3A. The Rl,. 1S a

mole fraction (X} weighted average ©f Rl . and Rl,una!
Rloba = xfraqufru + ;xiRlbound.i

WNEere Xepa + zgxl =1

and lzxi = Xpound

Thus: i
Hloss = XrrweRlrre

mb”"‘"d B K sound

The chemical structures and becund
relaxivities of a series of albumin-targeted contrast
agents are shown in Table 1. 1In this set of compounds,
a compound with s single IEM (i.e., MS-325) is compared
with a series of multimers comprising multiple IEMs,
but the same diphenylcyclchexyl albumin TBM and the

methylene phosphate group are present in all compounds.
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Table 1. Chemical structures and bound relaxivities of a series of albumin-
targeted contrast agents. The diphenylcyciohexyl target binding moiety
(TBM) remains constant.

Compound Chemical Structure Ave. Rl,,...per | Total Rly,.g |
# Gd(I) {20 MHz) (20 MHz)
Ph
/\% > —cdorPA
D—ﬁ-0
u]

Ph Ga-DTPA
M8-01 . —)i 38.1 76.2
PH O_A__Q ﬁ\ﬂ/cd-OfFA

70.7

M8-02 >%\ X _/[N . Aecoron 23.6
i t -

GdDTRA

o
an N/_—_\ﬁ /Cl{\cu-orm
Pn)%\ ?' o=<m_ BJOL’CN-DTPA

0—f—0 ‘
M8-03 i \_[ Lo 14.9 59.6

)!\ses-m PA

NH N
N HN
4

o]

Figure 2 1s a graphical represantation of the
same data shown in Table 1. The average RI,,. per IEM,
1a this case a GdlI1l) chelate, at 20 MHz is plotted

against the number cf IEMs.
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Figure 2. Plot of bound relaxivity (per gadolinium} fer a series of muitimeric
contrast agents containing the a single diphenylcyclohexyl protein binding
group. As the multimer size increases, the data indicate that the relaxivity per
gadolinium decreases.

Sa
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2 -
£ < -
T @ 0 -
- = L
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* [
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& T r
Q.: r
'Em 20
ae i
o L
10 |
0

1 2 3 4
MS-325

Number of Cheiates per Contrast Agent

In the melecules of Table 1 and Figure 2,
both the structure of the gadolinium chelate (IEM), the
methylene phosphate group, and the diphenylcyclohexyl
group {TBM) remain constant. The data in Table 1 and
Figure 2 show that as the number of chelated
paramagnetic metal ions increases, the relaxivity per
metal icon is reduced. The number of Gd{(III) chelates
varies from one {MS-325} to four, bhut deépite this
four-fold increase in the number of IEMs, the total
relaxivity increases by only about 30%. This modest
increase in total relaxivity is a consequence of the

decreasing relaxivity per Gd(III) ion. Note that the

10 'S
\
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average RI_., per Gd(III) decreases from 47 mM™s™! to
14.9 mM'*s™ despite the contrast agent being bound.
This decrease is due to local chelate motion which
surprisingly increases with the number of IEMs despite
multiple aromatic rings in the single TBM.

Apparently, increasing the number of
chelating meletles alsc increases the rotational
freedom of the molecule, at least near the sites of
gadolinium chelation, The decrease in relaxivity is
especially notable as the size increases beycnd two
chelated gadolinium ions per multimer molecule. For
example, in the case of M8-03 the fotal relaxivity per
gadelinium is only about 15 mM™'s"!, approximately one
third that cbserved for MS-325, The total relaxivity
for the compound M8-83 is therefore only 60 mM''s™?, just
1.3 times that of M5-325 although four times as many
IEMs are present. QObviously, such a medest increase in
relaxivity does not justify the added synthetic
complexity and cost to develop such agents for in vive
MR imaging. Thus, the simple combination of multiple
image enhancing moieties with a single target binding
moiety does not generate a commensurate increése in
relaxivity. Thus, there exists a need to synthesize
multimeric MRI ceontrast agents wherein the relaxivity
at each chelate is maintained even as the number of

IEMs increases.

Cverall, immecbilization of a target-bound
contrast agent can be remarkably effective at
increasing the relaxivity for a single chelate {(e.g.
MS-325) but is rather ineffective for multimeric
chelates. That is, in order to increase the relaxivity
at each chelate site, it is necessary to both reduce
the overall rotational correlation time for the
molecule to recduce the local chelate motion at each
chelation site. There remains a need for a mechanism

to efficiently immobilize target-binding multimeric

11
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contrast agents so that more effective signal

enhancement 1s produced during imaging.

A method is needed to improve signal contrast
at specific targets. The problem has been approached
by (1) increasing the number <f IEMs, or (2) decreasing
the flexibility of the molecule. Increasing the number
of IEMs has been unsuccessful because the contrast
agents are not cf homogenecus size and structure, pose
synthetic difficulties, are difficult toe target, or
fail to increase contrast proporticnately with the
increase in IEM number., Decreasing the flexibility has
been unsuccessful because rigid contrast agents create
high background when unbcound. Binding of a multimer to
a target through a single TBM is not sufficient tec both
decrease flexibility and increase relaxivity
significantly. Therefore, a need exists tc improve
contrast at specific targets by increasing the number
of IEMs while simultanecusly decreasing the flexibility
of the molecule only when bound to the target.

SUMMARY OF THE INVENTION

The current invention provides z mechanism to
greatly improve the efficacy of in vivo contrast
agents. Great improvements in contrast to noise
{signal} &t the target are pcssible if multimeric
contrast agents are flexible in the unbound state
iresulting in low relaxivity and a weak signal) and
less flexible in the bound state {(resulting in high
relaxivity and a strong signal). That is, it is more
important to rigidify the multimeric contrast agent in
the bound state than in the unbound state since this
minimizes background in the unbound state while high
relaxivity 1ls maintained in the bound state. Such
agent{s are bound to profeins or other specific targets

by non-covalent interactiens at two or more separate ) &
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leci. Multilocus binding is achieved by incorporating
two or more TBMs intc the agent, each of which has some

affinity for one or more sites cn the target.

More specifically, the ilnvention relates to
5 the use ¢of "multilocus,” non=-ccvalent interacticns
between a contrast agent with multiple IEMs (a
‘multimer") and & target to simultaneously 1) induce
binding to the target (thus giving specificity), 2}
anchor several IEMs to the target and 3) thereby
10 rigidify the multiple I[EM structure. A key aspect of
the invention is that the contrast agent is less
flexible in the bound state than in the unbound state.
Binding of the contrast agent to the target increases
the relaxivity and signal intensity of a metal chelate
15 IEM by increasing the overall rotational correlation
time of the metal ion - imaging atom vector, i.e., by
limiting rotational motion. Multilocus binding enables
further relaxivity enhancement decreasing the
flexibility of the multiple chelate structure in the
20 bound state both in general and at the local sites
where chelate motion occurs. The flexibility of the
molecule in the unbound state provides particular
advantages over previously described multimeric MRI
agents with rigid structures linking the chelates and
2% with no difference in rigidity between a bound and
unbound state. [Ranganathan, R, 5., et al., Invest.
Radigl., 33: pp. 77%-79%7 (1998)). The multilccus
.binding concept for multimeric chelates is shown

schematically in Figure 3.
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Figure 3. Schematic drawing showing the key components of an example
multimeric contrast agent bound to a target through multilocus interactions

...Cptional
- Linker
=——»GdDTPA GdDTPA GdDTPA GdDTPA
[EMs
5 1) Multiple separate TBMs promote binding to the target {thus

giving specificity and improved affinity). The TBMs may be the
same or different.

2} When bound to the target, TBMs anchor the multimer structure
at several positions along the scafTold, thus rigidifying the
10 multiple chelate structure, )
3) Relaxivity is enhanced to a greater extent when bound than

when free in solution, thus improving imaging contrast at a
specific target,

In addition to the improvement in image
15 contrast, this invention coffers synthetic advantages.
A synthetically rigidified chemical framework {(such as
a fused ring or cocmplex macrocycle) 1s not necessary
since ilmmobilization and rigidification occur upon
binding by multilocus attachments to the target.
20 Therefore, there are fewer limitations on the chemical

framework structure. Additicnal benefits include:

a) Multilocus binding increases protein affinity
and provides greater target specificity compared to a
single interaction {Kramer, R. H. and Karpen, J. W.,
25 Nature, 395: pp. 710-713 (1998); Clacksen, T. et al.,
Proc. Natl. Acad. Sci., 95: pp. 10437—10:442
{L988): Rao, J. et al., Science, 280: pp. 708-711

14
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{1998}, Mann, D. A., et al., J. Am. Chem. Soc., 120:
pp. 10,573-10,582 (1998}: Spevak, W. et al., J, Med,
Chem., 35: pp. 1018-1020.1(1996); Lee, R. T. et al.,

Arch. Biochem. Biophvs., 299: pp. 129-136 (1992)].

S b} Multilocus binding slows the rate at which the
agent dissociates from the target. Increasing the time
that the agent remains bound results in an increased

diagnostic utilizaticon periocd.

c) Multilocus binding decreases the flexibility of

10 the multiple chelate structure, reduces the local
chelate motion, and thus improves the relaxivity at
each metal center. Rigidificaticn of the contrast agent
in the bound state compared with the free molecule
occurs ¢only upon binding to produce greater imaging

15 contrast. The free molecule induces a relatively small
signal change compared with the bound form;
consequently a surprisingly greater difference betwaen
the signal induced by the bound form relative to thé
signal induced by the free molecule can be attained.

20 Contrast agents that are rigid in both the bound and
unbound states lack this property.

d} The binding-dependent change in signal
intensity i{s also applicable to ether imaging
modalities where a change in signal intensity may

2% accompany binding, such as optical imaging. The signal
intensity may increase or decrease upon binding. In
some cases, decreased signal has been shown to
correlate with the rigidity <f the molecule [Rimet, 0.,
Chauvet, M., Dell'Amico, M., Ncat, G., and Bourdeaux,

30 M. EBur, J. Bigghem. (1983} 228: pp. 55-59]. In other
cases, signal increases upon binding [Sudlow G.,
Birkett D. J., and Wade D. N. Mgl. Pharmacol., 12Z2: pp.
1052-61 {1976); Sudlow G., Birkett D. J., and Wade D.
N. Mol. Pharmacol. 1l1: pp. 824-32 (13875); Kane C. D.

35 and Bernlohr, D. A. Anal. Biochem. 233: pp. 197-204;

15
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Lakowica, J. R. Principles of Fluorescence Spectroscopy

Plenum Press, New York, NY pp. 211~213 (1983)].

Multilocus binding could provide either greatly
decreased signal intensity t{and therefore greatly
increased signal contrast) or greatly ilncreased
intensity compared to an ¢ptical contrast agent with
only a single TBM. 1In either case, the change in
signal intensity at the target site will result in
improved signal contrast as a result of contrast agent
binding.

The multilecus-binding contrast agents of the
invention comprise IEMs, a scaffold to which multiple
IEMs are attached directly or through cptional Linkerﬁ,
and at lzast two separate TBMs. The TBMs may be the
same or different. 1In some cases, the scaffold may
actually comprise the IEM or a part of the IEM, for
example, some chelating moieties may also serve as the

scaffold or a part of the scaffold.

These multimeric/multilocus-binding compounds -
are unigue in that the local meotion of the IEMs is '
restricted and bound relaxivity i1s greatly enhanced by
non-covalent binding of at least two TBEMs to the target
at several separate loci along the multimer structure.
These interactions allow the multimer to bind the
target protein in a “pseude-cyclic” or a "zipper-like"
fashion. This type of binding surprisingly decreases
flexibility throughout the multimer, including the
TBMs, scaffold, and individual IEMs. Thus, for IEMs
that include chelates, local chelate motion is reduced
and remarkably enhanced MRI signals are cbserved with
multimers since the relaxivity i1s increased at each
IEM. This increase distinguishes the centrast agents
of the present invention from those of the prior art
that bind through a single TBM and thus are not
“pseudo-cyclized” or "zippered" to the targeted site.

Contrast is further enhanced with multimeric/multilpcus
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binding structures since they also produce a relatively
low signal in the unbound state.

The invention has tremendous utility for all
targeted MRI and optical applications, including the
targeting of image-enhancing agents to biclogical
structures, such as serum albumin and cther
diagnostically relevant targets, such as blood clets,
particularly in those applications where multiple
binding sites for the multimeric/multilocus binding
contrast agent exist. These binding sites need nct be
identical, just in close enough proximity to be
simultaneocusly bound by the TBMs on the contrast agent.

DETAILED DESCRIPTICN QF THE INVENTION

In order that the invention herein described
may pe more fully understood, the following detaliled
description is set forth.

Commonly used chemical abbreviations that are
not explicitly defined in this application may be found
in The American Chemical Society Style Guide; Second
Edition:; American Chemical Society, Washington, D.C.
{1997) or Journal of Organic Chemistry, Guidelines to
BAuthors (Revised May 2000}, Copyright © 2000 American
Chemical Society also available at '

http://pubs.ace org/instruct/igceah.pdf.

The publications cited herein are

incorporated by reference.

For the purposes of this applicaticon, DTPA

refers to a structure of any cne of Formulae (I)-{IV):

% o
_ozc——\N N N(fﬁ N/—coz‘ (1)
0c—" N—coy



wO 01/08712

10

15

ra
(]

PCT/US00/20536

AY CQ-
'OZC_\ rrr;—\ (/_\ //_Cc}z- III)
N N
-0,c—" coy
¢ C0Oy
b "V
-Ozc—\N/——kN(/—\N/ﬂ— el (III)
-OzC—‘/ \“_‘C O
o COy
RSC N /"‘\'ﬁ//“\ /€0 (IV)
N N
0c—" coy

The term "specific affinity” as used herein,
refers to the capability of the contrast agent to be
taken up by, retained by, or bound to a particular
biclogical component to a substantially greater degree
than other components. Contrast agents which have this
property are said to be "targeted" to the "target"
component. Contrast agents that lack this property are

said to be "non-specific" agents.

The term "relaxivity”™ as used herein, refers
to the increase in either of the guantities 1/T; or 1/T.
per millimolar (mM) ceoncentraticn of paramagnetic ien,
wherein T; is the longitudinal, cr spin-lattice,
relaxation time and T, is the transverse, or spin-spin,
relaxation time of water protons or other imaging or
spectroscopic nuclei, including protons found in
molecules other than water. Relaxivity units are

mMT s,
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The term "open coordination site" as used
nerein, refers tec a site on a metal chelate that is

generally occupied by water or splvent molecules,.

The term "formaticn constant"” for purposes
herein is defined as the equilibrium constant for the

reaction describing the formation of that compound.

The term “multimer” for purposes herein is
defined as a contrast agent or a subunit therecf

ceomprising two cr more IEMs,

The term “multilocus” for purposes herein
refers to two or more positions of covalent TBM
attachment to the “scaffcld” (defined below) of a

contrast agent.

The term “multilocus binding” for purposes
herein refers to non-covalent interactions of the two
or more different TBMs with a target. These non-
covalent interacticns are independent from one another
and may be, inter alia, hydrophebic, hydrophilie,
dipcle-dipole, pi-stacking, or Lewis acid-base

interactions.

The term “pseudo-cyclic structure” for
purposes herein refers to a contrast agent bhound
through non-covalent interactions to a target at two

different loci through twe TBMs. (see Figure 4j.
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Figure 4. Representative examples of multilocus binding structures
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The term “zipper structure” for purposes
herein refers to a contrast agent bound through non-
covalent interactions tec a target at three or more

5 different loci through three or mcre TBMs (see Figure
4).

The present invention relates to novel
compournds which enhance the contrast in diagnostic
imaging following a decrease in flexibility upon

10 binding toc a target. These compounds comprise:
a) two or more Image Enhancing Moleties ("IEMs");

b) two or more Target Binding Moieties ("TBMs"),
providing for in vive localization and multimer

rigidification;

20 \
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c) a scaffold framework for attachment of the

above ("scaffold");

d) optional linkers for attachment of the IEMs to
the scaffold ("linker").

Diagnestic imaging techniques contemplated
for use with this invention include, but are not
limited to, MRI and ultraviclet-visible-infrared light

imaging.

Image Enhancing Mojiety (“IEM”)

According to the present invention, the IEM
can be a chemical cr substance which is used to provide
the signal or to improve contrast during imaging. 1In
addition, the IEM or a part ¢f an IEM may be optionally
used as a scaffeld or a part of the scaffold and may

possess a minor targeting function.

The IEM may comprise an organic molecule,
metal ion or chelate. Many examples of IEMs have besen
described ([Bonnemain, B. J. Drug Target., &: pp. 167-74
(1998); Swanson, D. P., et al., Pharmaceuticals in
Medicgal Imagina: Radigpague Contrast Media,
Radiopharmaceuticals, Enhancement Agenfts for Magnetic

Resonance Imaging and Ultrascund, McGraw Hill,
Inc., (18380); Jehnson, I. Histochem. J., 30: pp. 123-40

{1938)].

A particularly useful IEM is a
physiologically compatible metal chelate with one or
more cyclic ar acyclic organic chelating agents
complexed to one or more metal ions. Metal ions
preferred for optical imaging include those with atomic
numbers 13, 21-31, 39-42, 44-50, or 57-83. Metal ions
preferred for MRI include those with atomic numbers
21-29, 42, 44, or 57-83, and more preferably a
paramagnetic form of a metal ion with atomic numbers

2]
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21-29, 42, 44, or 57-83. Particularly preferred
paramagnetic metal ions are selected from the group
consisting of GA{III}), Fe(IIl), Mn(II and III),
Cr(III), Cu(lI), Dy{III), Tb(III and IV), Ho(III;},
Ex{III), Pr(III) and Eu(II and III}. The most
preferred is GA{III}.

If the IEM is a metal chelate, it must not
dissociate to any significant degree during the imaging
agent’'s passage through the body, including while bound
to the target tissue. Significant release of free
metal lons can result in toxicity, which would

generally not be acceptable.

In general, the degree of toxicity of a metal
chelate is related to its degree of disscciation in
vive before excretion. Toxicity generally increases
with the amcunt of free metal ion, that is, a high
formation constant 1s preferred to prevent toxic
concentrations cf free metal ions. Particularly
preferred are formation constants of at least 10%° M7,
or at least 10'® M, or at least 10°7 M', or at least
10'° MY, 0or at least 10'* MY, or at least 10%° M™!, or at
least 10%% M7!, or at least 10% M™! or higher. 1If the
kinetics of metal ion disscciation are very slow, then
a complex having a lower formaticn constant, i.e. of at

least 101 M7, may‘be sufficient.

Toxicity is also a function of the number of
cpen ceoordination sites in the complex. In general,
fewer water coordination sites lowers the tendency for
the chelating agent to release the paramagnetic metal.
Preferably, therefore, the complex containg two, one,
or zero open coordination sites. The presence of more
than two open sites in general will unacceptably

increase toxicity by release . of the metal ion in vivo.

Relaxivities R, and R,, defined as the

increase in 1/T, or 1/T-, respectively, per mM of metal

22
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ion, measure the ability of a contrast agent to enhance
the relaxation rate of spectroscopic or imaging nuclei.
Relaxivity units are mM™'s™'. For the most common form
of clinical MRI, water proton MRI, relaxivity is higher

$ when the paramagnetic lon bound to the chelating ligand
still has cne or more open coordination sites for water
exchange (R. B. Lauffer, Chemical Reviews, 87: pp.
501-927 (1987)). However, thnis must be balanced with
the stability of the metal chelate, which generally

1¢ decreases with increasing numbers of open coordination
sites, and the toxicity as mentioned above.
Preferably, therefore, except for iron chelates, Fe{II}
or Fe{IIl}), the complex contains only one or two open
coordinaticn sites. TFor Gd(III) one or twe open

15 coordination sites is most preferred.

In crder to effectively enhance MRT imaées,
the complex must be capable ¢of increasing the
relaxation rates, or relaxivities, 1/7, (longitudipal,
or spin-lattice) .and/or 1/T, (transverse, or spin-spin)

20 of the spectroscopic qucleus. The spectroscopic
nucleus is preferahbly a water proton, but other common
spectroscopic nuclei inglude P, ¢, 2!Na, '*F and
protons found in molecules other than water. The
spectroscepic nucleus may comprise the IEM, TBM, other

25 biomolecules or injected bicmarkers.

In the case of MRI contrast agents, lncreases
in the relaxivities {1/7T, or 1/T,} generally occur
through dipole-dipole interacticns between the
paramagnetic ion of the contrast agent and the nucleil

30 undergoing relaxation (e.g. hydrogen atoms in water
molecules). It is known that the efficiency of this
dipolar interaction {(i.e. the relaxivity) is improved
if the rate at which the vector defined by the two
dipoles {i.e. the vector defined by the paramagnetic

35 ion and & water hydrcgen atom) rotates is slowed (R. B.

Lauffer, Chemical Reviews, B87: pp. 901-927 (1987)).

23
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The time taken for the vector to rotationally
diffuse one radian is referred to as the “rotaticnal
correlation time”. the inverse cof the rotaticnal
correlation time 1s the “rotaticnal rate.” In general,

5 large molecules rotate mere slowly in sclution than
smaller molecules. Oné method of increasing relaxivity
is to form a non-covalent adduct between a small
molecule contrast agent and a macromolecule. By
forming an adduct, the rotational correlation time of

10 the dipolar vecteor will likely be the same as that of
the macromoclecule. However the small molecule may
still be able to rotate aboutf one or more axes (so-
called “local chelate motion”). The rotational
correlation time of the dipolar vector is then a

15 function of this local chelate motion and of the global
motion of the macromelecule adduct. Nen-covalent
adducts of macromolecules will have rctaticnal
correlation times that are less than or equal to that
of the macromolecule itself:; the less local chelate

20 motion there is, the closer the reotational correlation
time of the non-covalent adduct approaches that of the

macromolecule.

In the case of MRI contrast agents, increases
in relaxivity generally occur through dipole-dipole
2% interactions between the metal ion of the contrast
agent and the nuglei undergoing relaxation (e.g. the
water hydrogen atoms). In addition to increasing the
1/T, or 1/T, values of tissue nuclei via dipele-dipole
interactions, MRI agents can affect two other magnetic
30 properties that increase their use and value for

clinical purposes:

1) an IEM ceontaining a metal chelate of high
magnetic susceptibility, particularly chelates of Dy,
Gd, Tb, or Ho, can alter the MRI signal intensity of
315 rissue by creating microscopic magnetic susceptibility

gradients (A. Villringer et al, Magn. Reson. Med., 6:
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pp. 164-174 (1288)). No open cocrdination sites on a

chelate are required for this application.

2) an IEM containing a metal (e.g. Tm or Dy)
chelate can also be used tc shift the resonance
frequency ©f the spectroscopic nucleus. The
spectroscopic nucleus is preferably z water proten, but
other common spectroscopic nuclei include *'p, '3C, #Na,
YF and protons found in molegules other than water.

The spectroscopic nucleus may comprise the contrast
agent, the target, or water. Here, depending on the
nucleus and strategy used, iero to three open

coordination sites may be employed.

A variety of chelating ligands may be used as
IEM molieties in various embodiments of the invention.
Such chelating ligands include but are not limited to
derivatives of diethylenetriamine pentaacetic acid
(DTPA) and derivatives thereof:
1,4,7~triazacyclononane; 1,4,7,1l0-tetraazacycleododecane
{Cyclen) and derivatives thereof;
1,4,7,10-tetraazacyclododecane-1, 7-bis(acetic acid
tert-bu-ester) (DO2A-t-bu-ester);
1,4,7,10-tetraazacyclododecane-1,4,7-tris(acetic acid,
t-bu-ester) (DC3A~-t-bu-ester);
1,4,7-tris{tert-butoxycarbonyl)-1,4,7-tetraazacyclodode
cane (DO3-t-BOC):
1,4,7,10-tetrzazacyclododecane-1,4,7,10-tetraacetic
acid (DOTA) and derivatives thereof:
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetrakis{methyl
ene phosphonic acid) (DOTP):
1,4,7,10-tetraazacyclododecane-1,4,7,10-a, a',
a",a'"-tetrakis(methylacetic acid} (DOTMA);
ethylenediamine-tetra-acetic acid (EDTA): 1,4,8,11~
tetraazacyclotetradecane~-l,4,8,ll-tetraacetic acid
{(TETA}: ethylenekis-{2-hydroxy-phenylglycine} (EHPG) and
derivatives therecf, including 5-Cl-EHPG, 5-Br-EHPG, 5-
Me-EHPG, 5-t-Bu-EHPG, and 5-sec-Bu-EHPG/
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benzodiethylenetriamine pentaacetic acid (benzo-~DTPA}
and derivatives therecof, including dibenzo-DTPA,
phenyl-DTPA, diphenyl-DTPA, benzyl-DTPA, and dibenzyl
DTPA:; bis-Z({hydroxybenzyl)-ethylene-diaminediacetic
acid (HBED) and derivatives thereof; the class of
macrocylcic compounds which comprise at least 3 carbon
atoms, more preferably at least &, and comprise at
least two hetercatoms (0O and/or N), sald macrocylcic
compeounds may comprise one ring, or two or three rings
joined tcgether at the hetercatom ring elements, e.g.,
benzo-DOTA, dibenzo-DOTA and benzo-NOTA, where NOTA is
l,4-triazacyclononane~N,N',N"-triacetic acid, benzo-
TETA, benzo-DOTMA, benzo-TETMA, where TETMA is
1,4,8,11-tetraazacyclotetradecane-1,4,8,11- (methyl
tetraacetic acid); derivatives of 1,3-
propylenediaminetetraacetic acid (PDTA) and
triethylenetetraaminehexaacetic acid (TTHA), and
derivatives of 1,5,10-N,N',N"-tris(2,3-
dihydroxybenzoyl) aminomethylbenzene (MECAM) .

Many suitable chelating ligands for MRI
agents are known in the art. These metal chelates can
also be used for other forms of bioclogical imaging
{e.g., optical imaging). In fact, a series of
fluorescently detectable MRI contrast agents have
recently been described [Hiuber, M. M. et al.,
Bioconijugate Chem.,9: pp. 242-249 (1998}]. For MRI
imaging, preferred IEMs include paramagnetic gadolinium
chelates such as gadclinium
diethylenetriaminepentaacetic acid (GdADTPA), gadolinium
tetraamine 1,4,7,10-tetrazzacyclododecane-
N,N’,N"",N'"'-tetraacetic acid (GdDQTA) and gadolinium
1,4,7,10-tetraazacyclododecane-1, 4, 7-triacetic acid
(GdDO3A) . It is known in the art that other metals may
be supstituted for GZ{(III) in certain applications. A
preferred chelator for use in the invention is DTPA.

Examples of representative chelators and chelating
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groups contemplated by the present invention are
described in WO 98/18496, WO 86/06603, WO 91/03200, WO
95/28179, WO 96/23526, WO 97/36619, PCT/USSB/01473,
PCT/US98/20182, and U.S. Patent No. 4,899,755, all of

which are herein incorporated by reference.

Target binding moiety ("TBM"}

According to the present invention, the
second cemponent of the contrast agent is two or more
Target Binding Mcieties (TBMs). The TBMs of the
compound (l) allow the contrast agent to bind to
proteins or other targets and (2) decrease the
flexibility of the molecule in the bound state. This
creates an increased concentration of the imaging agent
at the site to be imaged and increases the relaxivity
in the bound state. For vascular blood pocl imaging,
serum albumin is a preferred target. Other protein
targets include, but are not limited to, a H,E,ﬁgi .

tpro i, fibrinogen, fibrin, and co . For
therefore must be selected to achieve specificity and
high binding affinity for the appropriate protein.
Since HSA is present at high concentration in serum
{approximately 0.6 mM) and binds a wide array of
molecules with reasonably high affinity, it is the
prefarred target plasma prectein for blood pool contrast
agents. HSA is a particularly preferred target for

cardiovascular imaging.

A wide range of lipophilic or amphiphilic
TBMs will efficiently bind to various targets,
including Human Serum Albumin (HSA). These include but
are not limited to aromatic, and saturated or
unsaturated aliphatic groups with 4-200 carbons wherein
each carbon i1s opticnally substituted with or replaced

by oxygen, nitrogen, halogen, sulfur, or octher atoms
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that can covalently bind carbon. For binding to cther
protein targets with high specificity, special
targeting groups are often reqguired. Targeting groups
cf sufficiently high affinity and specificity may be

5 identified using modern technigues, such as
combinatorial chemistry, high throughput screening,
phage display, svstemic evolution of ligands by
exponential enrichment (SELEX} and cther methods as
described, for example, 1n U.S. Patent Nos. 5,475,096,

10 5,595,877, and 5,270,163 [see Gold et al. Ann., Rev., of
Biochem., 64: pp. 763-787 (1995}), herein incorporated

by reference.

The extent of binding of a TBM to a target,

such as HSA or fibrin, can be assessed by a variety of

15 eguilibrium binding methods. For example, binding to
HSA can be measured by ultrafiltration. In a typical
binding measurement using ultrafiltration, the
targeting group is mixed with 4.5% weight/volume HSA in
a2 pH 7.4 buffer. The sample is loaded into a

20 commercially available centrifugation apparatus
equipped with a 30 KDa molecular weight cutoff filter
(Millipore Ultrafree MC Low Binding Regenerated
Cellulose 30 KDa mol. wt. cutcff catalog # UFC3LTKOO),
permeable to the targeting group, but not HSA. 1A small

25 portion (5 - L0%) of the sample volume is filtered by
centrifugation at 2000 x g for 20 min through the
cutcff filter, and the concentration of unbound
targeting group in the sample is measured in the
filtrate.

30 For measuring binding to fibrin, a fibrin
clot may be formed in a well cf a microtiter plate and
contacted with the fargeting group. After an
incubation time sufficient to establish equilibrium,
the supernatant is removed by aspiration {the inscluble

3% [fibrin remains bound as a gelled clot to the bottom of
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the well). The concentration of unbound targeting

group in the supernatant is then neasured.

In both methedoleogies, the concentration of
bound tarqetihq group ls determined as the difference
npetween the total targeting group concentration
initially present and the unbound targeting group
concentraticn feollowing the binding assay. The pbound
fraction is the concentration of bound targeting group
divided by the concentration of total targeting group.
Preferably at least 10%, more preferably at least 30%,
still more preferably at least 80%, stil]l more
preferably at least %0% of the contrast agent is bound
te the desired target a2t physiolegically relevant
cencentratiens ¢f drug and target. More preferably at
least 92%, even more preferably at least 94%, and most
preferably 96% or mere of the contrast agent 1is bound
to the target according to the ultrafiltraticn or

microtiter plate methods.

For additional details concerning target
binding mcieties which comprise fibrin-binding
peptides, see U.S. Provisional Patent Application No.
6C/146,425 entitled BINDING MOIETIES FOR FIBRIN;
identified as DYX-01C.0Prv and U.S. Provisional Patent
Application No. 60/146,414 filed concurrently on the
same day [(July 29, 1%99) from which the present utility
application claims priority:; and continuations thereof
all of which are incorporated herein by reference in

their entirety.

The TBMs may be very diverse depending on the
nature cf the target and the specific regquirements of
the binding. Examples of useful TBMs include drugs,
lipophilic or amphiphilic ocrganic meclecules,
perphyrins, receptor ligands, steroids, lipids,
hormones, peptides, oligonucleotides ({DNAR, RNA or
chemically modified versions thereof), carbohydrates or

other biomelecules or substances that are known to bind
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with sufficiently high affinity to one or more
components in the specific tissue desired to be imaged.
In certain embodiments, one TBM may have higher
affinity for the target than the other(s), in which

5 case the higher affinity TBM is designated the
"primary" TBM. Thus, all other TBMs with binding
affinities lower than that of the primary TBM are
designated "secondary." '

More preferred TBMs are those that bind
10 reversibly to proteins in plasma, interstitial space
(the fluid between cells), or intracellular space.
While many biomolecules or substances that bind to a
specified target could be used, most useful are those
that bind to proteins.

15 The secondary TBMs may be the same or
different than the primary TBM. The number of
secondary TBMs may vary from one to ten or more. The
exact number of secondary TEMs required will depend on
the specificity of the TBMs for the target and the

20 affinity of the TBMs for the target. The additional
binding interactions provided by the secondary TEMs
must be sufficient to tether the complex and decreass
the rotational correlation time at each chelation site.
The resulting increased relaxivity provides adequate

25 «contrast enhancement of the image. Secondary TBM
binding interactions and affinity for the target may be
less specific than demanded by the primary targeting
TEBM, since the initial binding of the primary TBM to
the target may provide the necessary specificity of

30 target recogniticn. In some cases, the target may
comprise dimeric binding sites, in which case two

identical TBMs would be preferred.

Targets for the contrast agents described in
this application are extensive and varied. The target
35 can be any body compartment, cell, crgan, o©r tissue or

compenent thereof. Preferred targets are those that
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are of diagnostic and therapeutic relevance, i.e. those
that are associated with disease states. FParticularly
preferred targets are those in association with body
fluids, and particularly those in association with
blocd, plasma, Llymph and fluids of the central nervous
system. Other preferred targets are proteins that
gither exist in high concentration cr have a large
number of binding sites for certain ligands. Multiple
binding sites provide contact for one cr more secondary
TEMs. Included among such target proteins are enzymes

and glycoproteins.

The Scaffold fer Attachment of Ms and M

The present invention provides for a third
component to the multimer contrast agents, namely a
chemical framework or “"scaffold" structure to which the
IEMs and TBMs may be attached, as depicted in Figure 5.
The scaffold is the chemical framework between two or
more TBMs to which two or more IEMs may be attached at
different positions directly or through the linkers to
form the multimerig/multilocus binding compounds. The
novel compbounds comprising these scaffold structures
restrict the logcal chelate motion by non-covalent
binding of the TBMs to a target at several (at least
two) separate loci. The multimer contrast agent binds
a target in a “pseudo-cyclic* or a "zipper-like"
fashion, creating an interacticn at two or more loci.
This type of binding creates rigidity throughout the
multimeric contrast agent structure, including the
binding group, scaffold, and individual IEMs.

In general, scaffold structures will be
highly diverse organic molecules that may include from
one to ten of repeated monomeric subunits. The
scaffold can be either open chained or cyclic. TBMs

are covalently attached tc the interior or termini of
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the structure. In every case, there must be at least
two separate-TBMs to tether the molecule tc the target.
The TBMs may either be the same (homogeneous) or
different (heterogeneous). Hetercgenous TBMs may
exhibit either different or similar binding affinities

fer the target.

Both open chained and ¢yclic scaffolds also
provide a supporting structure for the attachment of
IEMs. The number of IEMs may vary from two to about
12. The IEMs may be interspersed with TBMs, and the
IEMs may be attached either to the interier part of a
linear scaffold structure or to the ends of the
structure, opticnally wvia a linker, but to at least two
different positions of the structure. The IEMs may
either be the same {homogeneous) or different
{hetercgeneous). Heterogenous IEMs may exhibit either

different or similar contrast generating ability.

Within the set of cpen chained scaffolds,
many types of structures can be synthesized using
standard techniques. Particularly advantageous are
scaffolds that have regularly repeated hetercatoms
throughout the structure. Hetercatoms generally allow
for easy attachment of IEMs or TBMs. Particularly
preferred embodiments are oligomeric alkylene amine
scaffolds. These oligomeric alkylene amine scaffolds
may be elither branched or linear. That 1is, the
structures may have either a linear framework with
regularly spaced IEMs and TBMs, cor the chemical
framework may branch so that greoups of IEMs and/or TBMs
may emanate from a single site cn the scaffold. The
scaffolds may also terminate in hetercatoms such as
oxygen (alcohols) or nitreogen (amines). Particularly
preferred embodiments of open chained scaffolds, both
branched and linear, have terminal alcohols or terminal .

amines.
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Figure 5 shows an example of the multilocus
binding of a multimer where the scaffcld portion, IEM,
TBMs, and {optional] linkers are clearly delineated.
Ancther example of a multimer with a branched linker is

5 illustrated in Figure 6. Again, the scaffold portion,
IEM, TBMs, and (opticnal} linkers are clearly
delineated. In Figure 6, the two TBMs are peptides
attached to a polyamine scaffold, although these

compcenents in no way limit the scope of the invention.
10  Figure 5. An example of the multilocus binding multimer with a linear linker
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Figure 6. An example of the multilocos binding multimer with a branched
linker
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A generic structure for a linear scaffold
with a repeating amine sub-structure is given by
S Formula (V),

X

TBM N TBM

m n

X =L-IEM, TBM, or IEM

wherein m <an vary from 1 to 10, and n can vary from 2

to 10. Preferably, m is 1 to 2, 2 toc 4, 4 to 6, & to
10 8, or 8 to about 10. Preferably, n is 2 to 4, 4 to 6,
& to 8, or 8 to about 10.

A generic structure for a linear scaffold

with & repeating amine sub-structure and terminal

i
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Y 5
S i

oxygens that allow the formation of ether~linked TEMs

is given by Formula (VI},

. X

Q N o (VI)
TBM” {6/)/ }(4/ S TeM
m n'm

X =L-IEM, TBM, or [EM

wherein m can vary from 1 to about 10, and n can vary

5 from 2 to 10. Preferably, m is 1 to 2, 2 to 4, 4 to 6,
6§ to B8, or 8 to about 10. Preferably, n is 2 to 4, 4
to 6, 6 to 8, or 8 to about 10.

Scaffold structures are not limited to

repeating substructures with amines, ncr are they

10 limited to structures containing terminal oxygens cor
nitrogens. The scaffold may gontain any repeating
substructure that allows attachment of IEMs, opticnally
via linkers, and TBMs. The carbon atoms comprising the
scaffold may be cpticnally substituted with or replaced

15 by hetercatoms selected from oxygen, nitrogen, sulfur,
phosphorus, and halogens. The scaffold may alsc
comprise substituents such as short chain hydrocarbons
{1-10 carbon atoms). These hydrocarbon side chains may
be cptionally substituted with or replaced by

20 heteropatoms salected from oxygen, nitrogen, sulfur,
phospheorus, and halcgens. Thus the scaffelds may
comprise many commen organic groups, for example,
phosphodiesters, carbamates, sulfates, and sulfonyls.
Likewise, substituents that are attached to the

25 scaffold structure may also contain many common organic
groups, for example, phosphodiesters, carbamates,

sulfates, sulfonyls, and aminc acids.

Figure 7 shows some illustrative examples of

linear and branched polyamine scaffolds along with

35
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corrasponding exXamples of contrast agents comprising
these scaffolds. Figure 8 provides examples of
oligomeric scaffolds along with correspending examples
of contrast agents comprising these scaffolds.
Scaffolds comprising hetercatoms are cne preferred
empodiment ¢f the present invention since hetercatoms
allow easy attachment of IEMs and TBMs, opticnally via

linkers.
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Figure 7. Examples of Linear and Branched Polyamine Scaffolds

Examples of Scaffolds Corresponding multimeric contrast agents
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Figure 8. Examples of Oligomeric Scaffolds

Examples of scaffolds

Corresponding multimeric contrast agents
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Examples of scaffolds

Corresponding multimeric contrast agents

o

X=N, 0,8

L = Linker

Another preferred embodiment for the scaffold

is one in which the backbone of the scaffcld is readily

5 degraded in vivo.

scaffold structures that can be degraded by,

example,

Preferably the scaffcld contains one or more

Biodegradable contrast agents have

for

enzymes that occur in the body of a mammal.

bicdegradable groups that can be specifically degraded

10 by an enzyme.

Particularly preferred biodegradable

scaffolds are those that may be degraded by human

enzymes.
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activities known to exist, the exact structure of the
biodegradable groups is variable. -Particular preferred
embodiments of the biodegradable group include, but are
not limited to carbonyls, esters, diesters, pheosphates,
5 diphosphates, phosphodiesters, anhydrides, sulfonyl
groups, sulfates, and carbamates. Such bilodegradable
scaffolds allow rapid metabeclism of the multimeric
contrast agent and lessens the chance of toxicity. One
example of a biodegradable scaffold for a multimer is
10 shown in Figure 9. In this instance, the scaffold is
formed from the condensatiocn of two carboxylic acids in
the presence of a molecule éontaining twoc terminal
alcohols. The specific reaction conditions for such a

condensation reacticn are well known in the art.

15 Figure 9. Example of a Biodegradable Scaffold

iIEM O Q llEM
; .
TBM. /f\/N)\)k /H\/(N\/}\ ~TBM
HO N
A 4
IEM IEM
X
o™ oM
EM o o IEm
o AL x AL A o
o N
Y nl 2 n
IEM IEM

biodegradable group

X = Linking molecuie

Additionally, the bicdegradable group may
-cleave upon a change in pH or temperature, or upon
application of ultrasound or light energy. Such groups
are well known in the prodrug literature. {[Xratz, F.,
20 Beyer, U., and Schutte M.T., Crit. Rev. Ther. Drug
Carrier Syst., 16: pp. 245-88 (1%9%); Dougherty, T.J.,

! i
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Gomer, C.J., Henderson, B.W., Jori, G., Kessel, D.,
Korbelik, M., Moan, J., and Peng, Q. J. Natl. Cancer

Inst. 90: pp. 889%-505 {1998),; Wang, W., Jiang, J.,
Bailiard., C.E., and Wang, B. Curr. Pharm. Des. 5: pp.
5 265-87 (199%9)1.

Scaffolds that comprise cyclic elements that
chelate metal ions are ancother set ¢f preferred
embodiments of the present dinventicn. More preferred
are IEM-containing scaffolds that chelate gadolinium or

10 provide for chelation of gadelinium within the scaffold
as well as in separate IEMs that are attached to the
scaffold. Examples of such scaffolds are shown in
Figure 10.

Figure 10. Exampies of Multimers Using a Part of Gadolinium Complexes as

e IO

-M““‘TBM

« 0w j\m
= s

The classification of scaffelds inte open

>

<
(

chained and cyclic groups does not imply mutual
exclusivity between the groups. A wide variety of open
chained scaffolds that incorporate moticon-constraining
20 eyclic elements is contemplated. The cyclic portiocn of
tne scaffold may be a homocyclic or heterocyclic ring or
rings. Thus, the rings may be highly constrained like,
for example, a cyclopropyl ring, or may be a less
conformationally constrained ring such as a cyclohexyl

25 ring.
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Both the open chained and cyclic portions of
the scaffold may be cptionally substituted with or
replaced by heteroatoms selected from oxygen, nitrogen,
sulfur, phesphorus, and halogens. The scaffold may also
comprise substituents such as short chain hydrocarbons
{1-10 carbon atomsi. These hydrccarbon side chains may
be optionally substituted with or replaced by
hetercatoms selected from oxygen, nitrogen, sulfur,
phosphorus, and halogens. Thus the scaffolds may
comprise many commen organic groups both in the open
chained and cyclic portions cf the scaffold. Some
examples include, but are not limited te carbonyls,
esters, diesters, phosphates, phosphodiesters,
anhydrides, sulfonyl groups, sulfates, and carbamates.

The rings may alsc include derivatives of
common biological cyglic compounds such as
carbohydrates., Preferred embodiments of the cyclic
elements include multiple rings systems, such as
heterocyclic derivatives of decalin. Other examples
include, but are not limited to, carbocyclic rings

comprising from 3 to 7 atoms, wherein up to 4 atoms are

optionally substituted with moieties selected from the
group censisting of G, S, C{C), S({Q), S(0),, and NH.

The rings are coptionally substituted with methyl groups
and derivatives thereof, alkyl, alkenyl, or alkynyl
groups comprising from 2-100 carbons, wherein up to 10
carbons are opticnally substituted with heteroatoms
selected from oxygen, nitrogen, sulfur, phosphorus, and
halcgens or are replaced by moieties selected from O, S,
c{a), 8(0}, 5{0},, and NH. Just as some scaffolds, such
as amino acid-based scaffolds, may ccomprise TBMs, the
scaffolds may likewise comprise IEMs. The IEMs can be
any crganic molecule, metal ion c¢r chelate. Preferred
embodiments are those with cyc;ic IEMs; even more
preferable are cyclic IEMs that are metal chnelates.

Particular examples of such linear and cyclic

o) ’L/)O
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combinaticn scaffolds described above are shown in
Figure 11 along with corresponding examples of contrast

agents comprising these scaffeolds.

Figure 11. Examples of ScafTolds with Cyclic Elements

F Esamples of Scaffolds - Polyamines Corresponding multimeric contrast agents
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Exampies of Scaffolds - Polyaminoalcohel
or ether derivatives

Corresponding multimeric contrast agents
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Examples of Scaflolds - Carbohydrate
derivatives

Corresponding multimeric contrast agents

TEeM
%0 IEM-0y,
o7
otz o) IEM-0 e o
° o |EM'-6 ‘OI | TBM
Z IEM 4
© ° EM-0O “D-IEM
5 X =N, 0,8 CH,

n=1-8

44 /")/




WO 01/08712

19

15

20

25

30

35

PCT/US00/20536

Optional Linkers

The contrast zgents of certain embodiments of
the present invention are characterized by an opticnal
linker through which IEMs are attached to a scaffold.

The image enhancement moiety (IEM} and the target
binding moiety {(TBM) are described elsewhere herein.
The linker moiety (L) can be any small subunit
comprising 1 to 30 carbon atoms covalently connected by
single or multiple bonds wherein up to 10 of the carbon
atoms may be substituted with ©, N, P, 5, F, Cl, Br, H
or I. The linker functions to connect the IEMs to the
scaffold. Examples of linkers include linear or
branched alkanes, alkenes, or alkynes optionally
substituted with functional groups such as, carbonyl,
ether, amide, amine, urea, thicether, aryl, phosphate,
sulfonamide and the like. The preferred linkers of
certain embodiments embedy twe or mere functicnal
chemical groups, one of which is attached to the
scaffold and the cthers of which are attached to the
IEMs.

The functional chemical groups may be the same
or may be different. Examples of said functional groups
include but are not limited to ketones, esters, amides,
ethers, carbonates, sufonamides, alkanes, alkenes,
alkynes, and carbamates. Examples of some preferred
reagents to prepare linkers are amino acids, especially
glycine, alanine, serine, homoserine, threonine,
tyrosine, cysteine, aminophenylalanine, lysine,
crnithine, 2,4-diaminobutyric acid, diamineopropionic
acid, hydroxyproline, aspartic acid, and glutamic acid,
diols, especially ethylene glycol, dihalides, especially
ethylene dichloride, 2-mercaptoethancl, 2-zmincethanol, .
1,2-diaminoethanol, dicarboxylic acids, especially
oxalic acid, malonic acid, malic acid, succinic acid,

fumaric acid, glutaric acid, and adipic acid, and other

45
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bifunctional, trifunctional and multifunctional small

molecules.

Still other linkers withcut limitation, may be
urea, acetal, ketal, double ester, carbonyl, thiourea,
sulfone, thioester, ester, ether, disulfide, lactone,
imine, phosphoryl, or phosphodiester linkages:
substituted or unsubstituted saturated or unsaturated
alkyl chains; linear, branched, or cyclic amino acid
chains of a single amino acid or different amino acids
(e.g., extensions of the N- or C- terminus of the fibrin
binding moiety}); malonic, succinig, glutaric, adipic and
pimelic acids; caproic acid; simple diamines and

dialcchols.

Preferably the molecular weight of the linker
is well defined. The molecular weights can range in
size from less than 100 to greater than 1000.
Preferably the molecular weight of the linker is less
than 200 and even more preferably is less than 100. 1In
addition, it may be desirable to utilize a linker that
is bicdegradable in vivo to provide efficient routes of
excretion for the imaging agents of the present
invention. Depending on their location within the
linker, such biodegradable functionalities can include
ester, diester, amide, phosphcester, ether, acetal, and

ketal functionalities.

In general, known methods can be used to
couple the metal chelate or other IEMs to the linker and
the linker to the TBM. See, e.g., WO 95/28967, WO
59/18496, WO 98/18497. The present invention
contemplates linking of the chelate at any position,
provided the metal chelate retains the ability te bind
the metal tightly in order to minimize toxicity.
Examples of some linkers are shown in Figure 12 with

hydrogen atoms omitted for simplicity.

46
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Figure 12. Examples of Linkers with Multiple Connection Points
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Contrast Enhancement in Ceonjunction with Multilocus
5 Bi i Interaction

The present invention in its different
embodiments improves the average relaxivity of all the
paramagnetic metal, e.g. gadolinium, centers in a target
bound, multimeric chelate structure. The examples shown

10 in Table 1 and Table 2 illustrate that target binding of
a multiple IEM structure thnrough a single TBM zlone is

) 0
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not sufficient to improve the average bound relaxivity
per Gd(III) to the same extent as observed for a
comparable single [EM structure. Although binding
through & single TBM slows the overall rotational

correlation time of the multimer, the individual metal,

ut

e.g. gadolinium, chelates are apparently still free to
rotate in a rather unencumbered fashion. This excess
motion reduces the relaxivity at each metal center.
surprisingly, this is found tc be true even when the

10 multimer contains a TBM with twc aromatic rings. In PBCT
WO 96/23526, McMurry et al. teach that the albumin-
bound relaxivity of contrast agents with a single IEM is
improved by the use of a plasma protein binding moiety
{PPBM) comprising two or more aromatic rings in a non-

15 planar orientation. 2As illustrated in Table 1, the use
of such a TBM (diphenylcyclohexyl) provides excellent
relaxivity enhancement for the single IEM case (MS-325},
but surprisingly low albumin-bound relaxivity per IEM
for the multimer analogs. In crder to further improve

20 the relaxivity of targeted multimers, the local motion
of the chelating groups and chelated ion must be

decreased.

This invention describes targeted multimers
that exhibit high relaxivity as a result of multilocus
25 Dbinding interactions and the accompanying decrease in
flexibility. The introduction of two or more TBMs
positioned such that there is no significant decrease in
relaxivity per IEM upon binding to a target has been
. found to remarkably improve the relaxivity so that in
30 many cases, the relaxivity per IEM for the centrast
agent in the bound state is similar tec that previously ?
observed with single IEMs (7-8 fold enhancement). The
improvement in relaxivity per IEM results from the
decreased flexibility of the target-bound multimer
35 structure, including the attached IEMs. The increase in

relaxivity upon binding is typically 1.3-fold or more.
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Preferred image resolution is the result of a relaxivity
increase of at least 2 or 3 fold. More preferred
increases in relaxivity are 4-fold, 5-fold, and 6-fold.
Even more preferred increases in relaxivity are 7-8

5 fold, 9-10 fold or greater than 10 fold increases. The
preferred relaxivity at 20 MHz and 37 °C is at least 10
mM~ls™! per IEM, more preferably at least 15 mM~ls™! per
IEM, more preferably at least 20 mM !s™! per IEM, more
preferably at least 25 mM™*s™! per IEM, more preferably at

10 least 30 mM'!'s™t per IEM, more preferably at least 35 mM"
lls'1 per IEM, and most preferably at least 4C mM™'s™' per
IEM. Preferably the relaxivity of the contrast agent as
a whole is greater than 60 mM!s*! at 20 MHz and 37 °C.

The following data serve to illustrate thé
15 contrast enhancement that results from multilocus
binding. The benefits of multiple TBMs are evident in
three specific comparisons shown in Table 2. In the
table, compounds of the inventicn comprise at least two
IEMs and at least two TBMs. Compounds c¢f the invention
20 are compared to compounds that have only a single IEM or
a single TBM. The cocmparison demonstrates the increased
relaxiﬁity per IEM for the compounds of the invention.
For the measurements in this table, the target is Human
Serum Albumin (HSA]. First, the comparison of the M8-04
25 and M8-05 molecules demonstrates that increasing the
number of IEMs while the number ¢f TBMs remains constant
results in a corresponding increase in total relaxivity.
Specifically, this compariscen demonstrates that IEMs can
be added without a commensurate loss in relaxivity per
30 Gd{III) ion provided that at least two TBMs are present

and adequately spaced in the molecule.

Both the MB-(C4 and M8-05 compounds contain two
TBMs, each of which contains a benzofused cyclopentyl
group, a phenyl group, and an alkyl substituted phenyl
35 group. These two TBMs are apparently sufficlent to
tether the mclecule so that when the number of IEMs {in

) o
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this case DTPA moieties) is increased from two to four,

the relaxivity per Gd{(III} at each IEM site remains the
same (32 versus 32.7 mM!'s™! at 20 MEz).
the total relaxiwvity for the molecule doubles in concert

with the deubling of the number of IEMs (64 mM'!'s™! for

Consequently,

two IEMs versus 131 mM™!'s*! for four IEMs).

Table 2. The relaxivity increase through multilocus binding: Single TBM vs.

Two TBMs
Compound ¥ # of #of Chemical Structure Ye Bound | Rl,.... /Gd” aM Total Rlu,u,
TBMs | IEM: 15420 MHz) mM-s* (20 MHz)
: RS
M8-04 102 2 ) 4 99 32 64
o é
COun
M805s | 2 | 4 R vl 97 32.7 131
R S
o A
j"\-v"* "T\,.....
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M8-06 1

91.3

27

108
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]

Comgpaund # #af #af Chemical Structure Ve Bound | R1,,..,/Gd” mM’ Total R1peppu
TBMs | IEMs 15420 Milz) mM's! {20 MHz)
|
M8-07 1 4 64.1 16 64
NSNS
o, N W W OHN
AL
MM WH NH NH
KoxX-
Ge-OTPA GaOTPA GeOTPA Gd-O7TPA
M8-08 2 4 QTH "?_D "?ﬁo NTQ 93.7 44,1 176.5
s NH HM NH
alatele
GdBTPA GOTPA Gagtees GCTPA
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# of
[EMs

¥ of
TBM:s

Compouand #

Chemical Structure

%« Bound

Rl ./Gd"” mM
s 20 MHz)

Total R,y
mM's! 20 MHz)

M8-09 1 1

:
O-P-0=-CH,-GdOTP A
0

99.5

38.7 38.7

M38-10 1 3

66.1

25.7 77.1
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Second, the comparison of the M8-06 and M8-05
molecules demonstrates that increasing the number of
TEMs while keeping the number cf IEMs constant results
in an increase in relaxivity per IEM, providing that the
TBMs are adequately spaced. In both molecules, the TBMs
have the same strucrture and the IEM structure is the
same gadolinium-chelated DTPA moiety. The MB-08§
compound, however, contains only a single TBM =#md while
the M8-05 compeound coentains two TBMs. The two TBMs in
the M8-05 compound more effectively tether the molecule
because the relaxivity per gadolinium increases from
27.0 mM-'s"! to 32.7 mM™s"! at 20 MHz. Thus, increasing
the number of TBMs increases the relaxivity per IEM

providing that the TBMs are adequately spaced.

Third, compariscn cf the MB-07 and the MB8-08
molecules (see Table 2) again demonstrates that
increasing the number of adequately spaced TBMs while
keeping the number of IEMs constant results in an
increase 1n relaxivity per IEM. In both molecules, the
TEMs have the same alkyl substituted biphenyl structure,.
and both compounds have the same number of IEMs, and the
IEM structure is the same gadolinium-DTPA moiety. The
core structures (scaffolds) are also the same
tetraamines for both the M8-07 and M8-08 molecules. The
MB-07 cempound contfains a single TBM and four IEMs while
the MB8-08 compound contains two TBMs and four IEMs.
Again, the two TBMs in the ME8-08 compound more
effectively tether the molecule because the bound
relaxivity per gadolinium increases from 16.0 mM™is™? to
44,1 mM™'s™! at 20 MHz in the presesnce of HSA.
Consequently, the calculation reveals that the total
relaxivity for the molecule more than doubles 1n concert
with the doubling of the number of TBMs (a 2.75-fold
increase from 64.0 mM's! for one TBM to 176.5 mM™'s™' for
two TBMs). On the cother hand, the free relaxivities for

the compounds M8-07 and MB-08 are comparazble, namely 9.2

” 3o
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and 10.3 mM™'s"! at 20 MHz, respectively. The ratios of
Rlpouns 00 Rly,ee fOr the compound M8-07 and M8-08 are 1.7
and 4.3, respectively, which indicates that the MB8-08
compound will provide better contrast enhancement
between target and background. Since the compound MB-08
also has increased HSA affinity and therefore greater
target specificity compared to the MB8-07, the contrast
enhancement freom this multilocus binding multimer should

be even mcre superior to the multimer with one TBM.

Finally, the table also includes data for
compounds ME-08 and M8-10. These data are included to
provide typical relaxivities for molecules that contain
a single TBM and multiple IEMs. Comparison of the MB-0%
and M8-10 molecules also demonstrates that simple |
addition of IEMs to a2 molecule with a certain TBM does
not result in a proportionate increase in total
relaxivity since a three-fold increase in the number of

IEMs only results in a two-fold increase in relaxivity.

Thus, tethering the molecule at two separate _
sites serves to increase the relaxivity (i.e., decrease-
the rotational correlation time) for both the mclecule
as a whole and for the local chelation regicns within
the contrast agent. The TBMs should be separated by a
sufficient distance, however, so that they effectively
decrease the flexibility of the entire molecule when the
molecule binds to the target. This results in valiues
for the average Rl,,.., per IEM that do not substantially
decrease upon the addition of up to four IEMs. The
multilocus binding surprisingly limits flexibility
throughout the entire multimeric chelate structure.
Thus, for IEMs that include chelates., local chelate
motion 1s reduced folleowing multilocus binding. As a
result, remarkabhly enhanced MRI signals are observed
compared to the enhancement for analogous multimeric
chelate compounds that bind through only a single TBM
and thus are not "pseudoc-cyclized” or "zippered" to the
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rargeted site. Contrast enhancement is further
increased with these multimeric/multilccus binding

structures since they alsc produce a signal in the

‘unbound state that is less than contrast agents that

have rigid molecular structures and they have improved
binding affinity for the target. In short, the
presently described invention provides compounds,
compoesitions, and thelr methods of use wherein the
relaxivity per IEM does not decrease upcn the additien
of IEMs as a result of multilocus binding interactions

(multiple TBMs), and consequently improves contrast.

Blood poecl imaging has many potential
diagnostic and therapeutic benefits. Detailed images of
the circulatory system can provide information that will
alleow early detection of, for example, aneurisms,
embolisms or thromboses and other clots, and areas of
restricted blood flew such as those that exist in the
coronary arteries in arteriosclerosis. Other common
circulatory diseases that may be more accurately
diagnosed with high resolution klood pool imaging are
circulatory deficiencies asscciated with diabetes, heart
diseases, lymphedema, peripheral vascular disease,
Raynaud’s Phenomencn, phlebitis and cother injuries to
the blood vessel lining, heart murmurs, varicose velns
and cther diseases that result from valve disorders, and
vasculitis. Also, contrast agents directed against
specific targets could improve the diagnesis of diseases
such as neutropenia which results from a neutrophil
deficiency. In additicn, MR, o¢ptical, and other forms
of imaging are less invasive than current technigques
that regquire surgical incisions and catheter insertion

under general anesthesia.
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MRI and optical contrast agents prepared
accerding to the discleosures nerein may be used in the
same manner as conventional MRI and optical contrast
agents. When imaging a thrombus, certain MR techniques
and pulse segquences may be preferred to enhance the
contrast of the thrombus compared to the background
hlood and tissues. These techniques include, but are
not limited to, black blood angiography sequences that
seek toc make blocd dark, such as fast spin echo
sequences and flow-spolled gradient echo sequences.
These methods also include flow independent techniques
that enhance the difference in contrast due toc the T,
difference between contrast-enhanced thrombus and bloocd
and tissue, such as inversion-recovery prepared or
saturation-recovery prepared sequences that will
increase the contrast between thrombus and background
tissues. Methods of preparation for T, techniques may
also prove useful, Finally, preparaticns for
magnetization transfer techniques may alsc improve

contrast with agents of the invention.

The compositions may he formulated in
accordance with routine procedures as a pharmaceutical
compcsition adapted for intravenous administration to
human beings or in animal medel systems. Typically,
compesitions for intravenous administration are
solutions in sterile isoteonic aquecus buffer. Where
necessary, the composition may alseo include a
solubilizing agent and a local anaesthetic such as
lignocaine to ease pain at the site of the injection.
Generally, the ingredients will be supplied either
separately or mixed together in unit dosage form, for
example, as a dry lyophilized powder or water free
concentrate. The composition may be stored in a
hermetically sealed container such as an ampule or
sachette indicating the guantity of active agent in

activity units. Where the compositicen is administered
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by infusion, 1t can be dispensed with an infusion bottle
containing sterile pharmaceutical grade "water for
injection™ or saline. Where the compositicon is to be
administered by injection, an ampule of sterile water
for injection or saline may be previded so that the

ingredients may be mixed prior to administration.

Pharmaceutical compositions of this invention
comprise the compounds of the present invention and
pharmaceutically acceptable salts thereof, with any
pharmaceutically acceptable ingredient, excipient,

carrier, adjuvant or vehicle.

The high relaxivity multilocus contrast agent
is preferably administered to the patient in the form of
an injectable composition. The method of administering
the MRI contrast agent is preferably parenterally,
meaning intravenously, intresarterially, intrathecally,
interstitially or intracavitarilly. Pharmaceutical
compositions of this invention can be administered to
mammals including humans in a manner similar to other
diagnostic or therapeutic agents. The dosage to be
administered, and the mode of administration will depend
on a variety of factors including age, weight, sex,
condition of the patient and genetic factors, and will
ultimately be decided by medical personnel subseguent to
experimental determinations of varying dosage followed
by imaging as described herein. In general, dosage
required for diagnostic sensitivity or therapeutic
efficacy will range from about 0.001 teo 50,000 ug/kg,
preferably between 0.01 to 25.0 ng/kg of host body mass.
The optimal dose will be determined empirically

following the disclosure herein.

Synthesis and use of several high relaxivity
rmultilocus compositions in one embodiment of the
invention will be further illustrated in the following
examples. The specific parameters included in the

following examples are intended to illustrate the
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practice of the invention, and they do not in any way
limit the scope of the invention. Although a number of
embodiments and features have been described abgove, it
will be understocd by those skilled in the art that

5 modificaticns and varlations cof the described
embodiments and features may be made without departing
from either the spirit of the inventicn or the scope of
the appended claims. Although a number of embodiments
and features have been described above, it will be

10 understood by those skilled in the art that
modifications and wvariations of the described
embodiments and features may be made without departing
from either the spirit of the invention cor the scope of

the appended claims.

15 EXAMPLES
Example 1. Method for Determining Relaxivity.

The compcocunds of the present invention were

evaluated for relaxivity using a Bruker NMS-120 Minispec
NMR spectrometer operating at ©0.47 Tesla (20 MHz H-1

20 Larmor fregquency) and 37 °C. T, of water protons was
determined by an inversion recovery pulse seguence using
the instrument’s software. Relaxivity was determined in
the presence of the target (typically 4.5% HSA) by
preparing 4 individual sanmples. The first contained

2% only 4.5% HSA in phosphate buffered saline ({PBS), and
the other three contained ca. 20, 30, and 40 uM Gd(III),
respectively, in addition to 4.5% HSA in PBS. The
samples are incubated at 37 degrees C for at least 15
minutes to ensure temperature equilibration before the

30 T, measurement is performed. The Gd(III) content of the
samples is determined by inductively coupled plasma -
mass spectrometry {ICP-MS). The relaxivity (per Gd(III)

ion) is determined by plotting the relaxation rate
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{1/T,) in s versus the Gd(III) concentration in mM. The
slope of a linear fit to the data gives the relaxivity.
The relaxivity of the compounds in the absence of target
is also determined in an analcgous manner, except there

1s no target present.

The concentration of species bound to the
target under these conditions is determined in a
separate experiment using e.g. ultrafiltration or
eguilibrium dialysis. Knowledge of the amcunt of
species bound to the target, the relaxivity in the
presence of the target, and the relaxivity in the
absence of the target allows the calculation of the

average bound relaxivity as described herein.

Example 2. Experimental Model for Testing Fibrin Binding

Ceontrast Agents of the Present Invention.

A contrast agent with high relaxivity and
specificity for clot (thrombus) imaging as described in
these examples can distinguish between fibrin in a clot .
and circulating fibrinogen. It can provide a sensitive,
effective detection of thromboses at varicus stages of
development. It can be used to diagnose the presence or

apsence of early and late thrombi.

One animal model that may be used is the
rabbit jugular vein clet model in which the jugular vein
is clamped. The vein is clamped at two locatiens, and
the rabbit blood between the clamps is removed. Human
fibrinogen, rabbit red blood cells and thrombin are
added to the vein between the clamps to generate a clot
containing human fibrin. The clot is typically aged for
30 minutes.

In the rabbit jugular model, a typical machine
is a 1.5 Tesla using a spoiled Qradient {SPGR) MRI at
36/5/30 deg). Alternatively, a 3D GRE 44/10/30 deg.

method of imaging may be used with a 1.5 Tesla machine.
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Alternatively, IR 2000/10/700 methods may be emploved

with a 1.5 Tesla.

Example 3. Example Compound: Svnthesis

A preferred embodiment of the invention 1s a
contrast agent for MRJI imaging having a chemical

structure shown in Figure 13.

Figure 13. Compound M3-11

The contrast agent in Figure 13 comprises four
DTPA-Gd molecules that serwve as the IEMs. The IEMs are
attached to an ethylene diamine scaffold through linkers
The TBMs
are two peptides that exhibit high affinity for fibrin.

that comprise a series of repeating amides.

The peptides may cyclize through formation of a
disulfide beond between two cysteine residues. The TBMs
are attached to the scaffold through an cxime and amide

linkage.

Binding of the prototype thrombus agent to the
amino acid fragment of fibrin is 51% bound at
50 mM
Relaxivity for the

DD (E}
37°C,
Tris,

10 uM contrast agent, 2.5 mg/mlL fibrin,
150 mM NaCl, 2 mM Ca®, pH 7.4.
is 101.4 mM™'s™? measured at 20 MHz and

b

bound compound

&1
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37°C which is 25.4 mM™!'s™ per Gd chelate. The free
contrast agent has a relaxivity of 67.7 mM's™? which is
16.9 mM"'s™! per Gd chelate. The relaxivity of the agent
increases greatly upon binding. The synthesis of a

5 thrombus peptide multimer as a prototype MR agent is
described in Figure 14. Although a particular peptide
and contrast agent are shown {M8-11), cne of skill will
appreciate that cther peptides may be substituted ia the
compound and that the peptides used in the compound need

10 not be the same.
Figure 14. Synthesis of a2 multimer cantrast agent targeted to human fibrin

H -
DdeHN/\\/ N\/\ﬁ/\/ NHDde
NHBoc

BacHN COsH

2. HATU/HCAL TEA

3. HCI

4. Gly-DTPA-D-tBu, HATU/HOAL, TEA
5. Hydrazine

MHHN-0"" OSu
o

DTPA-GIy-HN  NH-Gly-DTPA
@]
9 H
MﬂHN_O\)J\ N/\,N\/\N/\\/N \n/\O-NHMﬁ
H o)

Q
DTPA-Gly-HN NH-Gly-DTPA

1. TFA
2. Peptide aldehyde
3. Chelate gg**

MB-11
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Experimental Section

Synthesis of DiDde-tetraamine
Tetraamine (Fluka) (1.30mL) was reacted with
Dde-0H (NovaBiochem) (4.0g) in 30 mL EtCH. The clear
5 pale yellow solution was refluxed for 16 h. After the
completion of the reaction, the reaction mixture was
concentrated Iin vacuo to a dry residue. The residue was
dissolved in 250mL ether and 2 N HCL solution. The pale
vellow acidic aqueous layer was separated and a 50% NaOH
10 solutien was until to a pE of 12 was reached and then
back extracted with EtOAc. The EtOAc layers were washed
with brine, dried (Na,S0,}, and filtered. The filtrate
was evaporated in vacuo to yield a pale yellow lumpy
solid (2.% g} which was purified on a Flash silica
15 column using EtCAc/MeCH (2:3)and EtCAc/ (MeOH with 1%
NE,OH) {2:3})to yield pure pale yellow solid as the
desired product (2.3 gq).

lH-MNMR (300MHz ,CDC1,}: 81.02(s,6H,), 2.34{s,4H,2),
2.56(s,), 2.79(s,2H), 2.92-2.94[t,2H), 3.48-3.54(g,2H),
20 188.2.

MS: m/z 475.2 (M+H)"

Synthesis of DiDde-tetraamine di-Dpr {Boc

Boc-Dpr (Boc) -OH.DCHA (4.85 g).was suspended in

60 mL EtOAc aleng with 12.0 mL of 2M H,S0,. The flask was
25 shaken and the EtQAc layer was separated. The agueous

layer was back extracted with EtOARc. The EtOAc layers

were combined, washed with brine, dried over anhvdrous

MgSC,, and filtered. The filtrate was evapcrated In

vacuo and the solid cobtained was dried to yield 3.23 g
30 of the desired Boc-Dpr(Boc)-0OH free acid, as white

crystalline solid.

‘H-NMR (300 MHz, DMSO-de):& 1.3%5 (s,18H,}, 3.30 (s,2H),
3.96-3.98 (m,1H), £.87-6.80C (d,1H).
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Boc-Dpr(Boc}-0OH as free acid (1.52 g} was dissoclved
in 15 mL DCM at 0°C. To it was added HOAt {0.88 g) and
DIEA (0.35 mL) and the clear solution was allowed to
stir at 0°C. The DiDde-tetraamine from above was then
added to the solution, followed by the addition of HATU
(1.%0 g)and 2 mmol of TEA. Anhydrous DMF (5 ml) was
added and the reacticn was stirred for 36 h. The
solvents were evaporated In vacuo and the residue was
taken up in 150 mL EtQOAc and washed with 1 N HC1,
saturated NaHCC,,brine, then dried cver anhydrous Na,50,,
filtered and evaporated in vacue te give a white solid
{1.92 g). This solid was purified on Flash silica
column chromatography using EtOAc (5% MeQOH) to give the
desired product as a white solid {1.3 g).

'H-NMR (300 MHz, CDCl,):5& 1.01(s,6H),1.35 (s,18H,), 2.34
{s,4H,),2.58 (s,3H), 3.30(s,2H},3.44-3.67{bm, 6H), 3.8B5-
4.10 (m,1H},5.44-5.52 (d,2H),5.74(bs, 1H).

MS: m/z 1047.7 (M+H}*

Synthesis of Di-Dde-tetraamine-diDpr.HCl salt

DiDde-tetraamine-diDpr {BOC), was dissclved in
40 mL 4 N HCl/Dioxane and stirred for 10h. The
suspension was triturated with cold ether and evaporated
iln vacuo to obtain copious amcunts of white solid. The
splid was dried uhder high-vac pump to yield the desired

product in HCl salt form {1.089 g}.

MS: m/z 647.3(M+H)"’

Svnthesis of DiDde-diDpr-tetra~-GlyDTBA-OLBU

Gly~DTPA penta-t-Butylester ({(Gly-DTPA-O-
tBu) (2.37 g) was taken up in 10mL DMF at 0°C. HOA:
{0.41 g} and DIEA {0.52 mL) were added and the soluticn
was stirred at 0°C. The Di-Dde-tetraamine-diDpr salt
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from above (0.39 g) was dissolved in 3 mL DMF and DIER
(0.13 mlL) was added., HATU {1.14 g) was added to the
mixture along with the additional DIEA (0.09mL). The
yellcw-colored solution was stirred 36h. The solvents

5 were removed In vacuo and the residue taken up in EtOAc.
The crganic layer was washed with 1 N HCl, saturated
NAHCO,;, brine, dried over anhydrous Na,S0,, filtered and
evaporated in vacuo to give a pale yellow colored solid
(3.15 g). The crude product was further purified on the

10 Prep RP-HPLC [C-4, ACN/H,0]). The fractions containing
the desired compound were pooled and lyophilized to give
a white solid (1.01lqg).

MS: m/z 1244.4 (M+3H)?;933.9(M+{H)*"

Synthesis of Tetraawmine-tetra-CN-GlyRTPA-O-tBu
15 DiDde-tetraamine-diDpr-tetra-GlyDTPA-0O~tBu
(0.38 g} was dissolved in 8 mL 2% v/v hydrazine in DMF
and stirred for 10 min at room temp. The reaction
mixture was concentrated ih vacuo and the residue taken .
up in CH,CN and purified on Prep-RP-HPLC (C-4,ACN/H,0].
20 The fractions containing the desired compound were

pocled and lyophilized to give a white solid (0.25 g).
MS: m/z 1702.1{M+2H)?%:1133%.1 (M+3H)*

synthesis of Di-MeO-tritvli-AcA-tetra-Glv-DTPA-Q—-tBu

Tetraamine-tetra-Gly-DPTA-0O~tBu (98 mg} was

25 dissolved in 3 mL DMF at C°C.
Methoxytritylamincoxyacetic acid succinimide ester (MeO-
Trt-RoA-0Su) (29 myg) was added along with TEA (9 uL} and
stirred overnight, MeQH was added, the solvents were
evaporated, and the residue extracted with DCM, washed

30 with 10% ag. citric acid, brine and dried over anhydrous
Mg80,. The product was further purified on a Prep RP-
HPLC [C~4,ACN/H.0}. The fractions having the desired

- %
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product, were poecled and lycphilized teo give az white
solid (87 mg).

M3: m/z 2047.5(M+2H)?*;1365.3 (M+3H}™

Synthesis of AoA-tetra-GlyDTPA-OH

5 Di-MeOtrityl-AcA-tetra-GlyDTPA~C-tBu (B85 mg)
was dissolved in 10 mL CH,Cl/thicanisole/DCM/TIS
(64/16/16/4) and stirred at 0°C for 3 h. TIS is
{iPr},5iH The reaction mixture was diluted with 20mL
water and extracted with ether. The aguecus laver was

10 further purified on a Prep RP-HPLC [C-18,ACN/NH,OAc].
The product was isolated and was lyophilized tg a white
solid (29 mg).

MS: m/z 1214.4 (M+2H)*'; 809.5 (M+3H)*

Oxidation of SLPCDYYGTCILD-NH,
15 The peptide, c[SLPCDYYGTCLD-NH,j, 10 mM in
NaPi buffer, pH=6.8) was reacted with NaIQ, (20 mM).
The oxidation was gquenched with ethylene glycol. The
reaction purified on a C-18 Sep-Pak cartridge. The
product was eluted with 806% CH,CN containing 0.1% TFA.
20 The solvents were removed in vacuum centrifuge and the
desired product alpha-N-glyoxylyl-c[LPCDYYGTCLD-NH;] was
lyophilized to a white powder.

MS: m/z 1315.5 (M+H)*

Chemoselective Ligation-Final assembly: Synthesis of M8-

25 11

Alpha-N-glyoxylyl-c[LPCDYYGTCLD-NH,] (13.2
mg}and AcA-tetraDPTA-OH (12.3 mg) were reacted in 20 mM
sodium acetate buffer, pH4.6 at 22°C. The reaction was
purified on a Semi-Prep RP-HPLC [C-18, CH,CH/S5mm NH,QAc].

30 This material was converted to the gadolinium complex
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according to standard techniques {see for example,
Lauffer R. B., et al. Radjiolgogy 207: pp. 529-38 (1598)].

MS: m/z 1674.6 (M+3H)*'; 1256.3 (m+dH)',

Example 4: Synthesis of Contrast Agents with a

Triethvlenetetramine Scaffold

w

Using Di-Dde-tetramine-diDpr and precedures
described above along with substituticns for the
diamino-BOC substituted ethane linker and the Gly-DTPA-
OtBu IEM, various chelates as described above may be

1¢ attached te the triethylenetetramine scaffold. The
chelates may be the same or different tec produce a
homogenous chelate ceontrast agent or a contrast agent
with heterogenous chelates.
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Synthesis of MB8-07
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and triethylenetetramine (4.26 g) in CH,Cl, (200 ml) were
added HOBt (0.8% g, 5.83 mmol) and DIC (0.74 g}. The
5 mixture was stirred at room temperature overnight. The

To a solution of 4-Mesitylbenzoic acid
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resultant precipitate was filtered and the solvent was

removed under reduced pressure to give a yellow oil.

The reaction mixture was submitted to Prep-HPLC on C4

column

10 of the moncamide as a white foam (0.63 g).
LC~-MS: {(m/e) 3€%.1 (M)
To solution of the above moncamide (0.63 g! in
ether (100 mL} and THF (100 mL) was added LAH (1.30 g)

slowly at room temperature.

{eluant:

0.1% TFA/H,0/CH,CN)

The mixture was refluxed

i35 for 2 h and then stirred at room temperature for

68
ne
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(0.7 q)

to give the TFA salts
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overnight. To the mixture was azdded water dropwise to
gquench LAH. The resultant precipitate was removed by
filtration and the solvent was removed at reduced
pressure to give a colorless cll. The reaction mixture
was submitted to Prep-EPLC on C4 column {eluant: 0.1%
TFA/H,0/CH,CN) to give a TFA amine salt as a white foam
{180 mg) .

LC-MS: (m/e) 354.4 (M*}.

Tc & solution of the TFA amine salt (180 mg)
and diisopropylethylamine (287 mg) in DMF (50 mL) were
added a sclution of Gly-DTPA-OtBu (1.88 g} in CH,CIl, (50
mL), HOBt (370 mg) and DIC (301 mg). The mixture was
stirred at rocm temperature for overnight. The solvent
was removed at reduced pressure to give a yellow oil,
The reaction mixture was submitted to Prep-HPLC on C4
column (eluant: 0.1% TFA/HK,0/CH;CN) to give a crude
preduct as a white selid (0.36 g). -

LC-MS: (m/e) 1719.4 (M**), 1147.2 (M.

To a solution of this white solid (0.19 g} in
CH,Cl, (4.5 mL) and aniscle (4.3 mL) was added dropwise
4.5 mL cf 12 N HCl. The mixture was stirred at room
temperature for 3 h. To¢ the mixture was added 40 mL of
water and washed three times with ether. The agueous
solution was lyophilized toc give the c¢rude preduct which
was submitted to Prep-HPLC on Cl8 column (eluant: 100 mM
BcONH,/CH,CN) to give a white sclid (50 myg).

LC-MS: (m/e)ll58.6 (M}, 772.8 (M).

This material was converted to the gadolinium
complex according to standard technigques [see for
example, Lauffer R. B., et al. Radialogy 207: pp. 529-38
{1998;1.
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Example 6: Synthesgis ¢of MB8-~(08
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d~Mesitylbenzoic acid. T¢ a sclution of

mesitylbecronic acid (10 g) and 4-bromobenzoic acid {12.9
g) in l-propancl (150 ml) and DME (200 mL) were added

5 triphenylphosphine {0.128 g), 2M sodium carbcnate
solution (37 mL) and water (30 mL}). To the mixture was
added palladium acetate (82 mg) under nitrogen
atmosphere. The mixture was heated to reflux overnight.
After the heat source was removed, 100 mL of water was

10 added and stirred for 2.5 h while cocling tec rocm
temperature. The darkened mixture was diluted with 150
mL of ethyl acetate and the two phases were separated,
The organic layer was washed several times with
saturated sodium bicarbonate solution until TLC

15 1indicated that 4-bromobenzoic acid (R = 0.55, eluant:
CH-Cl./CH,;0H = 5} was completely removed. The sclution
was extracted three times with 200 mL of 1N NaCH
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solution. To the combined agueous layers was added
about 50 mL of 12 N HCL to pE 3. The resultant
precipitate were filtered, washed with water, and dried
to give 4-Mesitylbenzcocic acid as a white solid (8.8ig).
R = 0.75 {eluant: CH,Cl,/CH,0H = 3)

'H-NMR (300 MHz, CDCl,): & 1.9%7 (s,6 H), 2.340 {s,3 H),
6.961 {s,2 H), 7.274 {(d,J=8.1Hz,2 H), 8.177 (d,J=8.1Hz,2
Hi.

To a sclution of 4-Mesitylbenzoic acid (1.5 g}
and triethylenetetramine (0.43 g) in CH,Cl, {60 mlL) were
added HOBt (0.%6 g) and DIC (0.79 g}. The mixture was
stirred at room temperature overnight. The resultant

precipitate was filtered and dried te give a white solid
(1.45 g).

LC-MS: (m/e) 591.3 {M").

To solution of the white solid (0.45 ¢) in
ether (20 mL}) and THF (80 mL) was added LAH (0.33 q)
slowly at room temperature. The mixture was refluxed
for 2 h and then stirred at room temperature covernight.
Te the mixture water was added dropwise to quench LAH.
The resultant precipitate was removed by filtration, and
the solvent was removed at reduced pressure to give a
pale yellow oil. The reaction mixture was submitted to
Prep-HPLC on C4 column (eluant: 0.1% TFA/H,0/CH,CN} to
give the TFA salt as a white solid (140 mg).

LC-MS: (m/e) 564.6 (M").

To & solution of the TFA salt (50 mg) and
diisopropylethylamine (38 mg) in DMF {30 mL) were added
a solution of Gly-DTPA-QtBu (183 mg} in CH,Cl; {30 mlL),
HOBt {37.5 mg) and DIC {31 mg). The mixture was stirred

at room temperature overnight. The solvent was removed
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at reduced pressure to give a brown oll. The reaction
mixture was submitted tfo Prep-HPLC on C4 column {eluant:
0.1% TFA/H,0/CH,CN} to give a crude product as a pale
yellow seolid.

LC-MS: (m/e) 1824.2 (M*), 1216.3 (M*), S12.5 (M*'),

To a solution cf the pale yellow solid (0.58

g) in CH,Cl, {5 mlL) and aniscle (5 mL) 19 mL of 12 N HCl
was added dropwise. The mixture was stirred zt room
temperature for 3 h., To the mixture 40 mL of water was
added, and the resultant mixture was washed three times
with ether. The aquecus scluticn was lyophilized to
give a crude product which was submitted to Prep-HPLC on
Cl8 column (eluant: 100 mM AcONH,/CH,CN! to\give a white
solid (11 mg).

LC-MS: (m/e)1263.2 (M¥™), 842.4 (M), 632.2 [M'").

This material was converted to the gadolinium
complex according to standard techniques ([see for ]
example, Lauffer R. B., et al. Radiology 207: pp. 525-38
{1998)].

Example 7: Geaneral synthesis of HSA binding multimers

comprising two identical TEMs

T8 TEM\
H N NHy
o o 1) RCO,H anVERYAR
M DIC, HOBM, OIEA, DMF N NN N
N > DTPAIBu)g
?a NH  NW O
=~ o=

S oi >c:
NH
2) Hel - dBT‘PA)\\H H~GaDTPA

3) GdCh, MaOH

The diamine comprising four t-butyl ester
protected DTPAs was dissovled in dimethylformamide {(0.75
mL). RCO.H (3 eq), which represents a variety of
carboxylic acids comprising TBMs, DIC (0.032mL, 3.3 eq!}
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and HOBt (C.051g, 3.3 eq) were added. The reaction
mixture was cooled to 0°C prior te the dropwise addition
of DIEA (0.105 mL, € eqg). The reaction mixture was
stirred for a total of 8.5 h at roecm temperature. The

5 reaction mixture was diluted with CH,Cl, and was washed
with 0.1IN HCl, sat. NaHCO, and brine. The organic layer
was dried over Na,50, and the residual solvent was
removed 1n vacue to give the t-butylester protected
intermediate. The product was taken up in DCM, HCl was

10 added at 0°C, and was stirred for 3 hours. Evaporation
of the solvent gave a white solid which was reacted with
GdCl, (4 equiv} and NaCOH (12 equiv) toc give the final
product.

A list of compounds having two identical TBMs
15 that were synthesized according te this method along
with the structures of the TBMs and the mass spec data

are compiled in Table 3.

Table 3. Multilocus Contrast Agents with two identical TBMs

Compound # Chemical Structure of TBM Mass Spec
“R” in General Synthetic Scheme (m/z, [M]*)
i
ha "t
MS8-12 1048.5
N
. \
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Compound # Chemical Structure of TBM Mass Spec
“R” in_General Synthetic Scheme (m/z, [M}™Y)

M8-13 1036.9

£

=
M8-15 MQ 1005.0
J‘r‘fﬁH

M8-17 oK 1094.1

ot
gj
S
O
M8-14 v‘g\ 1080.9
F 2
0
5

MS8-16 1036.8

F.
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Compound # Chemical Structure of TBM Mass Spec
“R" in General Synthetic Scheme (m/z, ]M]™)
04
M8-18 A 1259.1
o~r?
| oH
Hi:j)l
MS8-19 o N0 1288.51
| |
Tfié‘
|

Example 8:

General s

thesis of HSA bindin

muyltimers

comprisin

two different TBMs

SN fﬂmm

ht:!
mmmﬁ
N N N N

Cbz— N

C?‘ o N o 1) R'cosH

5 :Q T DI, HOBY, DIEA, DMF S N oH

(8u)s-OTPA E NH  NH Or Al .)\
o™ ok 2) Hy J— N ”:,usdaTPA
i DTPA-{tBu), 3 Rico.H oM M ©
(Bu)s-OTPA s DIC, HOBR, DIEA. DMF o
4} HGI GAOTPA GaoTRA

S) GdCty, NaOH

The CBz-protected monoamine comprising four t-

butyl ester protected DTPAs was dissovled in

dimethylformamide

{0.75 mL) .

RICOH (1.5 eq!,

which

represents a variety of carboxylic acids comprising

TBM1, DIC

(0.052m%4,

1.5 eq)

and HOBt

(0.051g, 1.5 eq)

were added. The reaction mixture was cocled to 0°C
prier to the dropwise addition of DIEA (0.105 mL, 6 aq).
The reaction mixture was stirred for a tetal of B.3 h at

room temperature.

The reaction mixture was diluted with CH,C1,
and washed with 0.1N HCl, sat. NaHCO, and brine. The
organic layer was dried over Na,SO; and the residual

solvent removed in vacuo.
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The compound was disscolved in EtOAc and
hydrogenated (5% Pd-C). Fellowing filtration of the
catalyst, the product was reacted with the second
carboxylic acid (RCO.H, 1.5 equiv), which represents a
variety of carboxylic acids comprising TBM2, DIC
{(G.052mL, 1.5 eg) and HOBt (0.051g, 1.5 eq). The
reaction mixture was stirred for a total of 8.5 h at
room temperature, The reaction mixture was diluted with
CH,Cl, and washed with 0.1IN HCl, sat. NaHCO, and brine.
The organic layer was dried over Na,50, and the residual
solvent is removed in vacuo. The product was
resuspended in DCM, HCl was added at 0°C, and the
reaction was stirred for 3 hours. Evaporaticn of the
solvent gave a white solid which was reacted with GdClj,
{4 equ;v} and NaOH (12 equivalents) to give the final

product.

A list of compcunds synthesized according to
this method aleng with the structures of TBM1 and TRBM?
are compiled in Table 4. Note that “R!” in the general
synthetic scheme corresponds tc TBM1 and “R2?” in the

general synthetic scheme correspcnds to TEBMZ2.
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Table 4. Multilocus Contrast Agents with two different TBMs

[_Compound # Chemical Structure of TBM1 Chemical Structure of TBM2
“R™ in General Synthetic Scheme | “R!” in General Synthetic Scheme
RO O,
MS8-20 ° HN O )\/©>%O
‘& o
o
I
o
R 0
MS8-21 Os NH é
@]
3
T%0n
\((“’o
M8-22 0y N )v©)<fo
o
®)
y T
MS§-23
°1
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Example 9: Synthesis of M8-01
o)
OH oH . ki - Ph
80020 o ? O_<}Ph
TEA/Toluene 1. 4, Tetrazole OH
HaN NH, BocHN ) NHBoc g tz?&lOOH BocHN NHBoc
! NH;/MeOH 3
TFA/CH,Cl,
o
oep O_C><’°h R Ph
L o o—r=o ),
OH Gly-DTPA S_\ OH
Ry-HN NH-R, EDC/HOBt HoN NH;
DIPEA, CH,Cl,
e} 6 5
I Ph
O_T_O—C>< Ph A/Am'solefCHzCl2
OR
Ry-HN NH-R;
M8-01
0
Ho—g
Y e
\r N_ Ph trCOzC(CHa)a Gly-DTPA
O’P_O_<:>< pr 4 (ch)acozc’“‘n’\'“\/\N"‘cozc:(c:H,),
ne—"" {MaC)3C0,C~ (HaCHCO,C
= <
AN HN_
Ry = \;,CC‘:C(CH:): R, = \Q(COZH

(HyChCO,c” NN~ N""co,c(cH),
(H5C)aCO,C”" (HaC1CO-C

Ho.C A N

HO,C HO,C
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1,2-di(Boc-aminc}-3-hydroxypropane (1.0 eq)
and diphenylcyclohexyl phosphoramidite (1.1 eq) were
dissolved in tetrahydrofuran (1.5 mL/mmol
phosphoramidite) and stirred with meolecular sieves for
30 min. To the mixture was added tetrazole (1.2 eg) at
room temperature. The mixXture was stirred for 45 min
and P NMR indicated completion of the reaction. To the
mixture was added tert-butylhydropercxide (1.2 eg). The
reaction mixture was stirred for about 1L h until P NMR
indicated completion of the reaction. The resultant
precipitate and molecular sieves were removed by
filtration and then methylene chloride was added into the
filtrate. The solution was washed sequentially with
sodium thicosulfate solution, sodium bicarbonate solution
and saturated sodium chloride, and dried over sodium
sulfate, filtered and concentrated under vacuum. To the
resulting pale yellow ¢il was added ZM ammonia in
methanol. The mixture was stirred overnight and then
the solvent was removed under vacuum. The reactién‘
mixture was purified by silica-gel cclumn chromatography
{ethylacetate/methancl eluant) to give the '
phosphodiester.

This phosphodiester was deprotected by
stirring in triflucroacetic acid and methylene chloride
after which the mixture was lyophilized yielding the
diamine-diphenylcyclohexyl-phosphodiester. This diamine
was stirred overnight with 4 equivalents each of Gly-
DTPA-O-tBu, EDC, and HOBt in methylene chloride to which
diisopropylethylamine had been added to increase the pH.
The concentrated reaction mixture was purified by
preparative reverse—-phase HPLC. The tert-butyl esters
of the two DTPA units were cleaved by stirring in 4:1:1
hydrochloric acid:anisole:methylene chloride, and
subsequently the DTPA-gadolinium chelate was formed with
Gdcl, in the usual way [see for example, Lauffer R. B.,

et al. Radiologv 207: pp. 525-38 (1338)].
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Example 10: Synthesi f MB~-02

OBn OH
O8n BncNHvﬁVNHBoc NHBoe NNHBoc
BocHN N H,, Pd/C BocHN N
. tBuOH 7% AcOH/AcOE: 3 \
ac
reflux, 2 days
1 a 2 NHBae NHBoc
1. 4, Terazole
2. tBuOQH
3.2M
a NH;/MeOH
o) Ph
it Ph — i s _O( n Ph
O s CETOR L o4
on Gly-DTPA OH NH TFA/CH,CI OH
NH-R 4 — N 2 NHBoc
RN N7 EDC/HOB: Hav - N SochN N7
. DIPEA, CH,Cl, 6 s
NH-R4 NHy NHBac
HCVAnisole/CH,Cl, Y

YN\P 0~ Kph 4
, Ph

M8-02 a
NH-R, COCICH3y  Gly-DTPA

(RaChCO,C” NN~ N"co,c(CH)

(HaC)aCO,C7 (HaChCOC

H 12

N
o a
Ry = Lco:ucH;h Rz = \L(CQ?H
N ~~ —~
(H:,C);,COQCAJNA“" "/\jl CO;CICHyK HOLE ™ N N\/‘“)N COyH
(HaClaCLC ™ (HaClaCOLC HO;.C) HO2C

Benzyloxymethylene-N-Boc-aziridine (2.82 g),

prepared from N-Boc-O-benzyl-serine, and N, N’ ~-diBoc-
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diethylenetriamine (3.9 g} were stirred in refluxing
tert-butanol for 2 d after which sclvent was removed
under vacuum, and the residue was purified by flash
chromatography {(methancl and methylene chleoride eluant)
yielding 4.54 g of material. The ratio of Boc hydrogens
ro aromatic hydrogens was verified by integraticon of the
'H NMR spectrum. This triBoc-protected tetraamine benzyl
ether (3.8 g} was dissolved in 70 mL 7% acetic acid in
ethyl acetate with 1.0 g 10% palladium on carbon. The
reaction mixture was placed under an atmosphere of
hydrogen at 48 psi for 16 h. Solvent was stripped from
the reacticon mixture under vacuum and the residue was
purified by flash chromatography (methanol and methylene
chloride eluant) to yield 3.6 g. The resulting alcohol
and diphenylcyclohexyl phosphoramidite were reacted
using the conditions stated above (tetrazole, tert-
butylhydroperoxide, ammonia in methanol) tec give the
corresponding phoesphodiester.

The three Boc groups of this phosphcdiegtér
(50 my) were removed by stirring in 1.0 mL TFA and 1.0
mlL DCM for 3 h after which the mixture was lyophilized
yvielding 54 mL of the triamine. This triamine was
dissolved in 1.0 mL methylene chloride and was added
dropwise to a solution containing 6 equivalents each of
Gly-DTPA-0O-t3u, EDC, and HOBt in 2.0 mL methylene
chloride tc which DIEA had been added to adjust the pH
to 9.0. The concentrated reaction mixture was purified
by preparative HPLC {C-4 column, 20 mL/min, 30:70
acetonitrile:water to 100:0 gradient over 25 min, then
hold for 10 min). The molecular weight of the compcound
was verified by mass spectrometry. The tert-butyl
esters of the DTPA subunits were cleaved to reveal the
carboxylic acids by stirring in 4:1:1 hydrochloric
acid:aniscle:methylene chloride for 5 h after which the
solution was stripped of solvent under vacuum, dissolved
in water and lyophilized. The DTPA-gadolinium chelates

were readily formed with GdCl, in the usual way {see for
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example, Lauffer R, B., et al. Radiologv 207: pp. 529-38

(19398, ].

Example 1ll: Synthesis of M8-03

CO.8n
H Br- " CC,Bn [ ©:
NHBog” ™"~ NHBoc A~ N~
NHBoc NHBee
1 TEA/ACN 2

|,-CO;H

Ry-HN ™ NNHR,

rCOan

HQN/\’N"—/\NHZ
3

TFA/CH,CI,

Gly-DTPA

DIC/HOBt
DIPEA, DMF

rC:CJ:EIn

Ry-HN N yHR,

5 4
3
EDC/HOBt
o DIPEA, CH,Cl, o n
i Ph 0=—P—0
o—=0~ Ko . o
(' &n OH
OTNH AN HCU/ Anisale/CH,Cl, OTNH HN?O
a ?':“\ Ryt N
RefN ) (R, ? ! § NRR,
' NHR, Rq-HN NHR,; Ry-HN
7 M8-Q3

0
: Ho—g

7 Ph
0—P—0~ X
g ! Ph

HN

o}
\_(rcozcwm: Gly-DTPA

OH
H,N NH; (HyCHC0,e” NN N"Co,ciCHy)
2
& {HaC)C0,C7 (H3CRLCO,C
-—Jo 0
HN HN}

(o]
Ry = \LCC’:C(CHa)a Rz =

(H3CHCOE NN N"Coc(CHs s
(HaChCOC” (HaClCOC
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Benzylbromoacetate (11 mL) in 50 mL
acetonitrile was added to¢ N,N'’-diBoc-diethylenetriamine
{14 g) in 50 mL acetonitrile and 19 mlL triethylamine and
stirred for 2 h, after which solvent was removed under
vacuum, and the residue was purified by flash
chromatography (hexane/ethyl acetate eluant) to yield 11
g of material. The twoc Boc protecting groups of this
compound were remeved by stirring all of the material in
a 1:1 mixture of triflucroacetic acid and methylene
chloride for 3 h, after which the solution was stripped
of solvent under vacuum, partitioned between water and
ether, and lyophilized to yield 5.2 g of material. Gly-
DTPA-O-tBu, DIC, and HOBt (2.2 equivalents each) were
stirred in N,N-dimethylformamide for 45 min and then
this triamine (1.0 g}, as the bis(ammonium
trifluoroacetate), was dissclved in N,N-
dimethyl formamide and added to the reaction vessel, and
the pH was adjusted to 9.0 by the addition of
diisopropylethylamine.

After stirring for 12 hours, the solution was '
diluted with water and extracted with ethyl acetate
which was sequentially washed with agqueocus sclutions of
citric acid, saturated scodium bicarbonate, and saturates
sodium chloride. The ethyl acetate sclution was
concentrated under vacuum and subject to flash
chromatography (hexane/ethyl acetate eluant} to yield
B45 mg of material confirmed to be the tetramer by mass
spectrometry. The benzyl group was removed by
hydrogenation of 800 mg cf this material dissolved in 10
mL hexane, 9 mL methanoi, and 1 mL triethylamine with
20% palladium on carbon under an atmesphere of hydrogen
for 3 h after which the solution was filtered through
Celite and concentrated under vacuum. This carboxylic
acid (750 mg) was stirred in methylene chloride with EDC
and HOBt (1.2 equivalents each) for 30 min and the
diamine-diphenylcyclohexyl-phosphodiester, described
above in the synthesis of MB8-01, (80 mg) was dissolved
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in methylene chloride and added to the carboxylie acid
solution and the pH was adjusted tc 5.0 by the addition
of dilsopropylethyl amine. After several hours, the
mixture was concentrated and purified by preparative
HPLC (C-4 column, 20 mL/min, 30:70 acetonitrile:water to
100:0 gradient over 25 min, then held feor 10 min) to
yield 150 mg of material, the molecular weight of which
was verified by mass spectrometry. The tert-butyl
esters of the DTPA subunits were cleaved to reveal the
carboxylic acids by stirring in 4:1:1 hydrechloric
acid:aniscle:methylene chloride for 5 h after which the
sclution was stripped of sclvent under vacuum, dissolved
in water and lyophilized (yielding 90 mg). The DTPA-
gadelinjum chelates were readily formed with GdCl, in the

usual way [see for example, Lauffer R. B., et al.

Radiology 207: pp. 529-38B (1998)].
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Example 12: Svnhthesi f MB-089

BnBr, DIEA % 4-n-BuPhCOC! o %
CHsCly o/ ElyN, CHCl fi ‘BH

HNY gy
PR 2

t. 4, Tetrazole, THF
2 1BuQOH
3. 2M NH; , MeOH

o] % o % =}
. 4 A FPraN .ot TN

Ph

s cone.HCL, Et;0 )N‘o j ! (OO
Ozp! —_————m =
o’ O5FL PR o LE:N‘l’C0¥“
o] I/C OgH o l/c Cat8u éc,(g%o‘za%wﬂu
M85 N —coH 3 N —coqeu 4
(N N 5 (N—\ N\|
co,H COABU
Lo 7 COM €018y 2BUComu

To a suspensicn of (lR-23)~-(+)-cls~1l-Amino-2-
indanol (15 g) in methylene chleride (90 mlL) were added
diisopropylethylamine (35 mL) and then benzylbromfdé
(17.2 g}. The mixture was stirred cvernight. The
solution was washed with water and extracted twice with‘
a 0.1 N HCl soluticon, and the pH cof the combined agqueous
layer was raised to 8 and the aquegus layer was
extracted 4 times with CH,Cl, . The combined organic
layer was washed with saturated sodium chleride, dried
over sodium sulfate, filtered and ccncentrated to give
l-benzylamino~2~indanol (15.62 g), the molecular weight
of which was confirmed by mass spectrometry (m/e=239.85
£or M), To a sclution of l-henzylamino-2-indancl (10.53
g) and triethylamine (9.2 mL) in methylene chloride (250
mlL} was added dropwise 4-butylbenzoyl chloride (9.1 mlL).
The mixture was stirred 4 h and then concentrated under
vacuum,

The residue was dissolved in ethyl acetate and
was washed with water, dried over sodium sulfate,
filtered, concentrated under vacuum, and purified by a
flash chromatography (hexane /ethyl acetazte eluant) teo
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give l-para-butylbenzoyl-l-benzylamino-2-indancl (12.7
g): H NMR (CDCl,} & 0.93 {tf, 3 H), 1.24-1.4 (m, 2 H),
1.5-1.65 (m, 2 H), 2.6 (t, 2 H), 2.8 (broad 4, 1 H),
3,07 idd, 1 H), 4.52 (m, 1 H), 4.65 {m, 2 H), 5.13 (m, 1
Hy, 7.09-7.32 (m, 11 H), 7.38-7.62 (m, 2 H). l-para-
Butylbenzoyl-l-benzylamino-2-indancl (1.26 ¢g) and DTPA
phosphoramidite (2.99 g) were dissclved in
tetrahydrofuran (5 mlL) and stirred with molecular sieves
for 30 min, after which was added tetrazole (265 mg},
and the mixture was stirred for 45 min.

p MMR indicated completion of the reaction,
and to the mixture was added tert-butylhydroperoxide
(0.433 mL), and the reaction mixture was stirred for 1 h
until P NMR indicated completion of the reaction. The
resultant precipitate and molecular sieves were remcved
by filtration and then methylene chloride was added into
the filtrate. The solution was washed sequentially with
sodium thicsulfate solution, sodium bicarbonate sglption
and saturated sodium chloride, and dried over sodium
sulfate, filtered and concentrated under vacuum. To the
resulting pale yellow 0il was added 2ZM ammonia in
methanol. The mixture was stirred overnight and then
the solvent was removed at reduced pressure. The
reaction mixture was purified by 2 flash chromatography
{ethyl acetate/methanol eluant) te give the
phosphodiester adduct as white solid : P NMR (THF-d%) &
-0.28; LC-M3 (m/e) 1165.75 (M").

The tert-butyl esters of the DTPA subunits
were cleaved to reveal the carboxylic acids by
dissolving in methylene chloride and treating with 12 N
hydrechloric acid. After several hours, the pH was
adjusted to 1.5 by addition of 5N scdium hydroxide
agueous solution, and the resulting white precipitate
was filtered and was washed twice with hydrocchloric acid
solution (pH = 1.5). The precipitate was lyophilized
for 48 h to give the preduct as a fine white powder: LC-
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-;',/;

MS (m/e) 885.15 (M"). The DTPA-gadolinium chelates were
readily formed with GdCl; in the usual way [see for
example, Lauffer R. B., et al. Radiclogv 207: pp. 529-38
(19%8)1].

Example 13: Svnthasis of M8-10

DHP/osic acid 0._o. BulLi/Dicthylether o
OH o]
/\/ cthcr é/\/ U paraformaldehyde HO\/\G \U
1. MsCUTEA [

/ﬁ/\/ 2. Nal
B !_1
o 8 B0, r—w/\/ O
5, N3,CO
) B°° 1. AcOH/THF/H,0 E *—&2—3 v/\/ \U

8 2.7, Tetrazole I—J B°°
3. tBuQOH 6
4. 2M

TFA/CHzClz NHg[MCOH

Q- P—O o-P—0 7
Em OH @ ~—— RF"'I/\/ °H8|\g‘ D i

10
R I__I R
KL HATU/HOAt ' '
9 DIPEA, CH,Cl, HCVAnisole/CH,Cl,
Gly-DTPA o
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O.
CO,C({CHJ)
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HN

0 RN o
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N
{HaC1yC0,C" N> V"N Co,C(CHan
(HaC)aCT,C7 (H3E)aC0,C
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3-Butyne-l-0l (10 g) was stirred in ether (250
mL) with 3,4-dihydrecpyran (12 g) and tosic acid (20 mg)
for 12 h, after which the solution was concentrated
under vacuum and the residue was partitioned between
ethyl acetate and water. The organic solﬁtion was
washed with saturated agqueous sodium chleride, dried
over sodium sulfate, and concentrated to a the DHE-
protected alcochol (18.7 g) which was used without
further characterization or purification. The DHP-
alcchol (18.7 g) was disscolved in ether (65 mlL) and
cooled to -75°C after which butyl lithium (50.5 mlL of a
2.0 M solution) was added dropwise while maintaining the
temperature after which paraformaldehyde (3.5 g) was
added. After 4 h, the solution was allowed to warm to
room temperature and water (100 mL) was added. The
aguegus layer was discarded and the organic layer was
concentrated under vacuum to an cil which was purified
by flash chromatography (ethyl acetate/hexazne eluant) to
yield 5-THP-Z-pentyn-1,5-cl (13 g) the structure of
which was confirmed by *‘H NMR.

The alkynol (2.0 g) was converted first to the
mesylate {882 mg mesyl chloride, 1.6 mL triethylamine,
methylene chloride) and then to the lodide (6.2 g sodium
iodide, anhydrous acetone}! by the conventicnal methed.
This iodoalkyne (1.2 g) was stirred with triBoc-cyclen
{200 mg) and scodium carbonate {200 mg) in 8 mL
acetonitrile for 1.5 h after which the mixture was
stripped of solvent by concentration under vacuum and
purified by flash chromatography (ethyl acetate/hexane
eluant] and the identity of the adduct (240 mg} was
verified by ‘H NMR and LC-MS. The adduct {240 mg) was
subsequently THP-deprotected by stirring in 4:2:1 acetic
acid:tetrahydrofuran:water {12 mL) at 40°C for € h after
which the reaction was diluted with water and ethyl
acetate and the organic laver was extracted sequentially

with saturated agueous sodium bicarbonate and sodium
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chloride, dried over sodium sulfate, and concentrated to
the alcohol (250 mg). A phosphodiester of this alcehol
and l-para-butylbenzoyl-l-benzylamino-2-indanol was
synthesized by the standard phosphoramidite chemistry
described in the synthesis of M8-01 above (tetrazole,
tert—-putylhyrdopercxide, ammenia/methancl).

The three Boc protecting groups on the cyclen
were removed by treatment with acid (triflucroacetic
acid in methylene chloride), and the three resulting
amines were converted to the amides with Gly-DTPA-0O-tBu
using standard methods (HATU/HOAt, diisopropylethyl
amine, methylene chloride} as described above. The
tert~butyl esters of the DTPA subunits were cleaved to
reveal the carboxylic acids by stirring in 4:1:1
nydrochloric acid:anisole:methylene chloride for 5 h
after which the seolution was stripped of solvent under
vacuum, disseclved in water and lycophilized. The DTPA-
gadolinium chelates were readily formed with GdCl, in the
usual way [see for example, Lauffer R. B., et al.

Radiclogy 207: pp; 528-38 (19988)].
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Example 14: Svnthesis of MB8-06
o I
! 1. 4, Tetrazole Ry-C-P-OH
BocHN  OMe ©Ry 2. tBuOOH o
/ 9 3. 2M NHy/MeOH o o9
N NH, b —
on BeocHN N ﬁ NHBoc BockHN N N NHBoc
1 2. Q H 3 H
BocHN OMe QH
oc o TFA/CH,Cl,
i
Ry-O-P~CH R¢-HN  NH-R, it
Q Rg-O"P_OH
g L5 Gly-DTPA o
y-
NS ONT N RN DiC/HOBt g__(o OH
HoOH ~—
o o DIPEA,CHCly (0PN
H  H
NH-R; NH-R, NH-Ry NH-R, 3
6
o)
. X
007" | HCWAnisole/CHLCL, Ry=F( T
o
M8-06 S o o 0w
4
N ONT NT RN
H o H o o
o Ho—{
HN
Ro-HN NH-R; Ra-HN NH-R4
CO:C(Cth GIy-DTPA
% (HaCRCO,e NN~ N"coc(cHy),
Q (H1C}RCO,C” (HaCHCO,C

i< ST +

HN o o
Ry = \[rCOZC(CHa): Re = COH
N —~
(H,C):,co?z:,”‘N’\/N\/'“t\l"‘c:cnzc(c:;Ha;3 Hozc”‘j\: \/‘)N CCqH
(HaCRCO:C” (HaClaCOsC HO,C HOLE

Ethylene diamine was reacted sequentially with

N-Boc~glycine methyl ester and N-Boc-serine methyl ester
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to form the diamide. The free alcohoel and l-para-
butylbenzoyl-l-benzylamino-2-indanol were converted to
the phosphediester by the method (tetrazole, tert-
butylhydroperoxide, ammonia/methanol)} discussed above.
Benzyl-(3-amino-2-amincmethyl-2-methyl)propancate and
two equivalents of Gly-DTPA-OU-tBu were reacted using the
conditions described above (DIC/HOBEL,
diisoprcpylethylamine, methylene chloride) to form the
correspending diamide. Twe equivalents of this diamide
were reacted with the ethylene diamine derivative to
form a tetramer. The tert-butyl esters of the DTPA
subunits were cleaved to reveal the carboxylic acids by
stirring in 4:1:1 hydrochloric acid:aniscle:methylene
chloride for 5 h after which the solution was stripped
of solvent under vacuum, dissclved in water and
lyophilized. The DTPA-gadolinium chelates were readily
formed with GdCl, in the usual way [see for example,

Lauffer R. B., et al. Radiology 207: pp. 529-38 (1998)].
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Example 15: Synthesis of M8-04
g i
1. 4’ Tctraz.olc R;-O"?'OH HD"PI-O-RJ
OH HQ 2. tBuOOH G
HaN N . o
oH, ™ ? °© 0 3.2M o o
TN Hy/MeOH
BocHN  OMe BoeN N N ZNHB“N ye BocHN” N” 'N" “NHBoc
1
3
TFA/CH,Cl,
ﬁ i ﬁ ﬁ
Ry-0-P-OH HO=P-0-R RyQ-P-OH  HO-P-OR,
o o Gly-DTPA o &
<‘ o o] > DiC/HOBt < 0 c )
Ry-HN N N NH-R, DIPEA, CH,Cly HoN N N NH;
H M H H
¢ 5
HCVAnisole/CH,Cl,
7 T
Ry-0-P-OH  HO-P-O-R, g

N
Oo o ° Ra“\:\(
;—(/—\)—2 O™en

RyHN"  "N” N7 NHR,
H  H
M8-04 0

HN o
0 \K(CO?C(CHJJJ Gly-DTPA

(HyCCOE” N N ™ N"C0,C(CH )
{MaChCO,C” (HaC)sCO,C

]
ﬁ\/“o
[}
A
\/l*O

0 HN O
R, =
Ry = \L,cozcac:-e,), 2 CO,H

N
(H3C1CCLC N TN CO,C(CH ),

(H3C1aC0O,C7 (H3€)E0,C

Ethylene diamine and 2 eguivalents of N-Boc-
serine methyl ester were reacted to form the diamide.

The diamide was further reacted to form the diphosphate
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derivative as depicted above. The TBMs were attached
and deprotected according to the synthetic scheme shown
and using the methods discussed above in Example 14,

Example 16: Synthesis of MB-0F

i 7 i
R-0-P=OH  HO-P-0-R DIC/HOBt Ry-0-H-OH  HO-P-O-R,
o & DIPEA, CH,Cl, ] )
¢ C o Y & o
OH Pl
FananN
HNT N7 NT NM, C A L
H H o c
1 Ri-HN  NH-R,
Ri-HN  NHR;y R,-HN  NHR,
2
HCVAnisole/CH,Cl,
i
Ry-0-P-OH  HO-P-O-R,
|
o Q..
&5
N

RSBJ_JQ}N' ’{3.2- Ry-HN  NH-R;  Ry-HN  NH-R,
L
Ph
M8-05
o ; _”:
J% HN

o] o
R, =
R, = IrcozcmHa)._, 2 CO,H

(HiCWCO,C” N N~ N"Sco,C(CHal Ho..™ j:’\’ NN copH
(HaCHEOLC” (HaC)Co,C HO,C HO,C
The diphosphate derivative of the diamide used
as the starting material in this synthesis is identical
te an intermediate in the synthesis of M8-04 shown in
Example 15. The TBMs were attached and deprotected
according to the synthetic scheme shown and using the

methods discussed above in Example 14.
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Example 16 - Binding of M8-11 as measured by the Rabbit
Jugqular Model

Figure 13 is a color photograph of the images
obtained in an experiment using the assay given in
Example 1. The experiment shows the images at
preinjection, injection with a control untargeted Gd-
DTPA compound, injection with MB8-11 given in Example 3,

" injection with three times the dose of M8-11, and
injection with excess peptide (in single letter amino
acid format) of segquence LPCDYYGTCLD, which competes for
the target with the TBM of the contrast agent. The clot
ts specifically imaged by MB-11, since a contrast agent
lacking the TBM does neot bind and since the binding is

reversed in the presence of excess peptide.
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Example 1l& - Near infrared optical imaging agent

Mg-24-

H4C™ "SO3Na 038" CHa

The near infrared flucrescent imaging agent
M8-24 contains an IEM suitable for optical imaging
{“R”}. The agent is prepared from the corresponding
carboxylic acid derivative of the flucrescent dye (as
disclosed in WO 2000/16810). The carboxvylic acid
derivative is attached to the diphosphate derivative of
the diamide according te the conditions for the
synthetic step shown in Example 13. In Example 13, the
analogous step 1s the attachment cf the Gly-DTPA TBM to
the diphosphate derivative of the diamide to form M8-04.
This albumin-targeted infrared contrast agent is used,
for example, in ophthalmologic angiography and in the
diagnosis of cancers of the skin. The optical contrast
agent shown above may be used for any of the uses listed
for MRI blood pool agents. Furthermore, one of skill

will appreciate that the IEMs of such an optical imaging
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agent may be varied by substituting a different
carboxylic acid derivative of a dye. The agent may
therefore be tailored to conform to specific
experimental criteria, such as a particular excitation

wavelength,
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A #'

By

CLATM

We claim:
1. A method for increasing contrast using
MRI or optical imaging wherein:
tal a multilocus contrast agent binds to a target,
(b} contrast at the target is enhanced following
bizding ¢f the centrast agsnt o the target,
{c] the contrast ennancement lmproves with either
the number of IEMs, the rigidity cf the

molecule, or both.

2. A method for increasing the relaxivity of
a contrast agent wherein:
{a) a multilocus contrast agent binds to a target,
(b) the relaxivity of the contrast agent increases
upon binding te the target,
{c) the relaxivity per IEM of the contrast agent
does not decrease upon bihding, and wherein:
the contrast agent comprises
a) two or more Image Enhancing Moieties (IEMs);
b) two or more Target Binding Mcieties (TBMs):
c) a scaffold to which the TBMs and IEMs are
attached; and
d) opticnal linkers for attachment of the IEMs
to the scaffold.

3. A method for increasing the relaxivity
according to claim 2, wherein the relaxivity is at

least 10 mMis™? per IEM.

4. A method for increasing the relaxivity
according to claim 2, wherein the relaxivity is at

least 15 mM's™' per IEM.
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5. A method for increasing the relaxivity
according to claim 2, wherein the relaxivity is at
least 20 mM's™ per IEM.

6. A method for increasing the relaxivity
according to claim 2, wherein the relaxivity is at
least 25 mM's™! per IEM.

7. A method for increasing the relaxivity
according to claim 2, wherein the relaxivity is at
least 30 mM™'s™) per IEM.

g. A method for MR imaging of a target in
an animal or human subject comprising the steps cof
administering an MRI contrast agent, allowing the
contrast agent to bind to the target, and imaging a
region of the subject’s body in which the target is
located wherein:

the MRI contrast agent comprises a

scaffold, at least two IEMs each comprising a
chelate of a paramagnetic metal ion and
covalently bound to the scaffold either directly
or by one or more intervening linkers, and at
least twe TBEMs that have an affinity for the
target and are covalently bound to atoms of the
scaffold that are different from the atoms at
which the IEMs are bound:

wherein the relaxivity of the contrast agent

increases upon binding;

and wherein the target is a protein, polysaccharide,

cell, fluid, glycoprotein, or a thrombus.

9. A targeted MRI contrast agent
cecmprising a scaffold, 2 to 4 TBMs covalently bound
to said scaffold, 2 to 4 IEM's wherein said IEMs are

A
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either covalently bound to said scaffeld or
covalently bound to one or more linkers, wherein said
linkers, if present, are covalently bound te¢ said
scaffold and wherein:

each IEM comprises a chelate of a paramagnetic
metal icn,

each TEid i35 cecvalently bound to atoms of the
scaffold not covalently bound to an IEM,

each TBM has an affiinity for a target, and

the relaxivity of the contrast agent when bound
to said target 1s at least two-fold greater than the
relaxivity in the unbound state.

10. A methed for increasing the affinity
of a contrast agent for its target comprising
multilocus binding of the contrast agent to a target,

wherein the contrast agent comprises

a) and two or more Image Enhancing Moieties
{IEM} ;

b} two or more Target Binding Mcoclieties (TBMs):

c) a scaffold to which the TBMs and IEMs are
attached;

d} optional linkers for attachment of the IEMs
o scaffold.

11, A multilocus contrast agent having the
structure (IX):

X
A B X

X = L-IEM, TBM, or IEM
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wherein m is an integer from 1 and 10 inclusive;
n is an integer from 2 to 10 inclusive;
o is 0 to 1;
p is 0 ta 1:

each A is independently selected from the group
consisting of O, CH., C=0, C=NH, NHE, NR, or CHR; and

B 1s selected from the group consisting of CH
and N, and

R is C;-Cy, straight cr branched chain alkyl, C,-
C:;o Straight or branched chain alkenyl or alkynyl, and
wherein up to four carbon atoms are optionally

substituted with halogen, O, N or §.

12. A multilocus contrast agent having the

structure (V):

X

A N A
(V)
TBM™ {(\0’ ]‘64’ STeM
m n m
X = L-IEM, TBM, or [EM

wherein each m is independently an integer from 1 and
8 inclusive;

each A is independently selected from the group
consisting of 0, CH,, C=0, C=NH, NH, NR, or CHER;

R is C,-Cyy straight or branched chain alkyl, C,-
C,y Straight or branched chain alkenyl or alkynyl, and
wherein up to four carbon atoms are optionally
substituted with halogen, O, N or 35; and

n is an integer from 2 to 10 inclusive.
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13. The contrast agent according teo claim

12 wherein A 15 C=0.

14. The contrast agent according to claim

12 wherein A 1s Q.

15. R multilocus ceontrast agent having the

scructure of Fermula (VI):

X
M’(ALE)fhﬁi "
(o) (VI
e ey

X=LIEM, TBM or [EM

wherein m is an integer from 1 and 10 inclusive:

n is an integer from 2 to 10 inclusive:

o is 0 to 1;

p is 0 to 1;

each A is independently selected from the group
consisting of O, CH,, C=0, C=NH, NH, NR, or CHR; and

B is selected from the group consisting of CH
and N; and

R is C,-Cyo straight or branched chain alkyl, C,-
C.p, straight or branched chain alkenyl er alkynyl, and
wherein up to four carbon atoms are cpticnally

substituted with halogen, O, N or S.

16. A multilocus contrast agent having the

structure (VII):
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IIEM (o} Q iIEM
TEM N X ),\/(N\/}\ taM  (VIT)
\Nze\v/ }y/ﬂ\off'\o N
I n |
IEM IEM
17. The multilocus contrast agent
acorrding £s5 any ~n2 of claims 11 to 16 wherain the

TBM cdmprises a substituted aryl group.

18. The multilocus contrast agent
according to claim 17 wherein the IEM is selected
from the group consisting of diethylenetriamine
pentaacetic acid {DTPA) and derivatives thereof;
1,4,7-triazacyclononane;
1,4,7,10-tetraazacyclodedecane (Cyclen) and
derivatives thereof;
1,4,7,10-tetraazacyclecdodecane-1, 7T-bis{acetic acid
tert-bu-ester) (DO2A-t-bu-ester};
1,4,7,10-tetraazacyclodedecane-1,4,7-tris{acetic
acid, t-bu-ester) (DO3A-t~bu-ester);
1,4,7-tris({tert-butoxycarbonyl})-1,4,7-tetraazacyclede
decane {DO3-t-BQC); .
1,4,7,10-tetraazacyclodcdecane~-1,4,7,10-tetraacetic
acid (DOTA) and derivatives thereof;
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetrakis (meth

yvlene phosphonic acid) (DOTE).

13. A ceontrast agent according tc claim 18
wherein the IEM is diethylenetriamine pentaacetic

acid (DTPA).

20. A contrast agent according to any of
claims 11 to 16 wherein the TBM is a peptide.
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21l. A contrast agent according teo claim 20
wherein the TBM is a fibrin binding peptide.

£2. A contrast agent according to the
formula:
(TBM) ~S-{L,—IEM,],

wharain:g

i1

TBM is a target binding moiety, § is a scaffold,
L is a linker, IEM is an image enhancing meiety, and

g, m, n, and p are all independent integers
wherein:

g is an integer from 2 to € 1ncluéive,

each mn is independently 0 or 1,

each n is independently an integer from 2 to 4

inclusive,
p 1s an integer from 2 to 4 inclusive, and
wherein:

each TBM is covalently bound to S by a chemical

bonds between two atoms,
each L, if present, is covalently bound to an
IEM by a chemical bond between two atoms,

each L, if present, is covalently bound toc S5 by

a chemical bond betwesn two atoms, and

the at least two TBMs are attached to different
atoms of the scaffold.

23. A contrast agent for optical or MR
imaging comprising:
a) twe or more Image Enhancing Moieties (IEMs);
b} two or more Target Binding Moieties (TBMs}:
c) a scaffold tc which the TBMs and TEMs are
attached; and
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d! opticnal linkers for attachment of the IEMs to the
" scaffold,
wherein the scaffold comprises a structure of

formula (VIII):

A/@h\A VITI) -
.

and m and n are independent integers wherein:

m is an integer from 0 to 3 inclusive,

n is an integer from 0 to 2 inclusive,

each A is independently selected from the group
consisting of NH, NR, C, S, CH,, C=0, C=NH, C=NR, and
CHR, wherein: '

R is C,-Cy;; straight or branched chain alkyl, C,-
C,¢ Straight or branched chain alkenyl or alkynyl, and
wherein up to four carbon atoms are opticnally

substituted with halcgen, C, N or §.

24. The compound M8-24,

HiC”~SO4Na 038" CH;
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R

25. The ccompound M8-11.
OTRAGY
DTPA-Gd HO
cQ
e S_ NH;
HN a, c
-2 o ‘C-NH D
om o - _<—4 P o Non
Ho 1 i "‘"“é-c,ﬁ-cg;“ 5
b 4 C
o (RS ¢ . N § ot
¥ HN:‘C‘C C‘C"LHOH @ @ o ;j (5 NH
A o Ca
°=CUH CG-(':: o wa K \ 4 A T ol
" j "c=0 o] SR R L N N \(\O-N uo«iN &
CH S - ° wo e y-orf
-G N-C et =N
< $ Q «. 2
TN, o Z d )}
-N-C HN
! -
o S WS o o
c.’é H=C] a
HiN _S © HN
onc a NH
[ Gﬁ
OTPAGd OTPA-Ga

26.

The compound M8-08.

ﬁ" oﬁ O’S OJ\
GdDTPA GADTPA

GdDTPA GdDTPA
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(a)%ué‘fifﬁ’u,m TE,

(b)Y & T EARAT E R FI AT PR ZEIE I,

()EEEEZNNE IEM M RERFR L, BERTERTEAE
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d)¥ [EMs EETHZEN{TEAEREE. |
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& A4REBEERO. CH,. C=0. C=NH. NH. NR B CHR;™#




BiZHEH CH M N; M

RZC-C BRI B E. C,-Co EEEIHIRMENRE, EATEZ 4
MRRFAAEHEE. O. NS .

12. —MEFWTEHM(V)BESEEH:

TBM/A{(\XN}G/)/A\TBM i
m n M
X=L-IEM. TBM & IEM
HAFMEET, FIdpE m 2 1-8 LINRIZEEE:
& AaAEBEAO. CH,w C=0. C=NH. NH. NR & CHR;
RZC-CBEHNIENE. C-C EENTHEFENRE, ERXFEZ4
10 PMEREFEHHETE. O NE S EM;
n £ 2-10 LU B, |
13. EFIESK 12 BrRRIE R, HfFIEET, Frdm A £ C=0.
14, WAVFIER 12 FRME R, RABEET, Fdm A £O.
15. —RHAFWMTFTELVHRIBASEZH:

X
M(A)“Eff hir *
! (VI}
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17. MAURER 11-16 E— PR M2 AL SR, ﬁﬁﬁ@% Erid i) TBM
BEDAHFE.

18. ARLFIER 17 FrdM S g, ERIEET, BN IEMEBUT
%@::EZ%E%ﬁZ@mwmﬁﬁﬁiw-M1:a$%£ﬁ;mmmﬂﬁ
BRI+ “hi(cyclen) REFEY: 1,4,7,10-NERF+ 24-1,7-Z(ZEBER-T -
BE)DO2A-t-T -E8): 1,4,7,10-RHF+ "x-1,47-=(L R, |R-T-E)(DO3A-
t-T-B8): 1,4,7-=(R-T EHEHE)-1,4,7-HEXH+ ZR(DO3-t-BOC): 1,4,7,10-
MEXF+TH2-1,4,7,10-MZEBEDOTA) R EHED: 1,4,7,10- M E T+ 5
-1,4,7,10- 5 (I B3 B 52 B2 )(DOTP).

19, WRFIER 18 FRNEEN, HSTET, FHEHIEME-TLE
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.m&ﬂ§$2m%$mﬁ%ﬂ,ﬁ%&ﬁ%,%ﬁmewmmﬁEEm
i
. R REER
(TBM),-S-[L-IEM,],
HAFFEE T

TBM ZEEFRLEEH S, SEWME, L BEEE, EM 2B REENRS, W

g~ m. n#prREEELH, E4:

q £ 2-6 LI HIEE,

ZEmAoE1,

2 n B 2-4 NI,

p & 2-4 LIRMEY, MAXT:

% TBM B HE B FAMLERNEET S,

WMRFE, & LEIHENMRFEPOLERINERET IEM, _

WEEE, &LESHRNMEFRALERIANMERET S,

_.4_.._
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EZ/LOHANTBM EETHRELEARNEREF L.
23, —FPEFHREE MR REMERN, ESEET, &
AR NMHENERIEERE S ( “IEMs” );
bYB I E TR ESE S ( “TBMs” );
c)iEFE TBM M IEM BIHIZE, X
A% IEMs BT MR ERNEEE.
HeEFaE®ET,
HPAA MM aE A (VI:

AAA (1D
SN,

BEm#fln&2EEH E4:

m & 0-3 LB EE,

n &2 0-2 LI 8984,

& A EHHEBEMTERA NH. NR. O. S, CH,. C=0. C=NH. C=NR

. FICHR, E9:

REZC-C,EHEXATRHRE. C,-C EENTHEGENRE, BEXFEL4
MRETAESEMFEEE. O No 3 S B,
24. {L&4) M8-24

Do 5 &
O} fﬁ\‘ o—P-oH  HO-P~O 3\‘)\@
Bu Ph 0O é Ph B
& 32
HRN” N° N° NRH
H H
Oy
Y
NaC,5 o ENJ e SO4Na
e
R= N\ 7 N

1

HaC™ "S0O4Na 035" "CH,

25. &4 M8-11




26. 1t.& 47 M8-08

o

HO
fotle}
S_ NH,
Q. <.
C-NH ©
o
—(_r&ﬁmp__c g;Hc_p
: ot
SO NSR Het
S { C=0
o:=C. .CcH CH

GdDTPA

GADTPA GdOTPA
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L B

BEZUREENITESHEERN

R | -

EREBEBTCEHAREHERN. BEW, ZRF\PEFEEZELEY,
HEGEMNRIENENSEEMANETFHNEORNEMN AR A e EH
KI5 R (relaxivity)f5fE. ERUSHERE.

)R MELZ AR ARG EATE I “IEMs” ),

DN SNMERE Mo ( “TBMs” ), 5B {1k 2 AL RO 2 (BRI A

O T LR IERMHE(“FLE” )

d)¥ IEMs EZ T HREATEITERE( "EEE" ).

ﬁsﬁﬁﬁiﬁ%ﬁ&@ﬁﬁ%%%%ﬂﬁ%%ﬁ%% MERBIEPARELE
MMAEYTRELRAIR.

KEPYE

LEI G FEMB R RE(MRD. X514, MEHEBYRE. Lo
AU ERRETESE, EEERTES LY. AMIUER NS ERES
ERWMAGN S PERBUETHLHIEL. E—HERD M EBERET
iz, EEFINIATREEHNE,

ATEN BEALASREFETRBOSHESNERATE, 3E
HAMYEFERBINENES, NEMHEAYNFLT B 5 B0y
¥ . MRIFINE SR TSRS REEAR, EAEIEx LS ERRN
ERES. BRATRXERAFENETREFEEN. BEESTEARRETE
F.RBERTERS, A X HEI R E RN AN E S SR REHEE
B, {E—% MRI ARG MERRNERBNEBR ST REESHE.
—FAFRBELE SN TRMEEBERE. REE. 4. B xR,
MR TAEBENT L. SENE, ERFALARSRGEFENKER
WE, MRS MEIE S ML, i
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BT A0 IEM KIS E R E X L E A &R

SEAFNEERFEMNNRERGE T EERR, ATEMRBIEPREN
ZAFSHRTHE. FERENEREER—EEZMEE, LHX MRIME,
HEZRETEEN 10-1000 MERUM S Z BB, RTEZBNES.
MREFHHEGLURKREFTEN, XIEAFMEIZL— 98— 57 7~
. Bign, ATHEUEFuM REEEHENTHERRE, EERSEED
FRARSESKEEXIHMENLE. WEETH)EYEEEE, R
SRMERENEEN, QBN EZNTEHFZA IEMZR, Martin V.V, E A
Bioconjug.Chem.,6: 3 616-23 F7(1995); Shukla,R.Z A . Mag.Reson.Med.,35: 8
928-931(1996); Ranganathan,R.S.,% A, Invest.Radiol.,33:5 779-797 T1(1998)],
HO)EANENESHEBFENIEESHA IEM, RXEEMMLLEMNER.
BEMIEEEZHNERHBE EM INENESHESHE ST —&.

HTHREZEERBMNBSEEHERTNT, CRERERS FEMNER
FIZEEEMNAYEBERET, WRESHEBFRERE[Bulte JW, E A,
J.Magn.Reson.Imaging,9: 2 329-335 F1(1999)]s FEHIE, KEHEIB ISR
il

HTHEMBGIEERSHBHEE FREFCLZLETHWMEZ D IEM HEE
FIREY . WHERES Y (dendrimer). MEHN4EH. KE IEM AT MRI
B GAIINE &4 U N EH T R & 4 L& [Schunmann-Giapieri,G. % A,
J.Invest.Rad.,26:55 969 -974 T1(1991); Corot,C.Z¥ A Acta Rad.,38:5412 2§ 91-99
TA(1997))F0 8 B R 28 &4 E [Jacques,V., % A, J.Alloys Cmpd.,249:% 173-177 12
(1997); Margerum,L.D. ;2 A, J Alloys Compd.,249:2 185-190(1997): Toth,E.,
2 A Chem.Eur.).2: 28 1607 -1615 T1(1996)]. EARFBEEAESTELHIRE
HREEZNLFHAREY. XERANSEENZIAFOEERFAIAREE, BE
REZBEE. B4t EEM LBEEFEMEE TBM LM [EM —&£3A.
Hit, FE—MREFRENERS TFTHRERNEREBEREXBRERERNE
-2l

B IRERESD(M “ETENERREY” & “BHRERRESY)

_%ﬁ%?’—-ﬁﬁ%’ﬁ%%ﬂﬁéitﬁ% IEM L4y 3 #8497 [Fischer, M-8 A,
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Angew,Chem.,Int. Ed.Eng.,38/7: 8 884-905 71 (1999): Weiner,EC. % A,
Mag Reson.Med. 31:58 1-8 J1(1994)]. AT, SERXREDAN—F, RERESY
FEPEMNESRLOFEE, TEYEFEEMIIANEREREIREEFAN,

EERTTEZIREREERSMFNG T . A0 HXFHERM MRIER
FIRA “ZHEEEY” R 47, BEEF 2-12 A IEM[Shukle, RE A,
Mag.Reson. MEd.,35: 5 928-931 $1(1996); Shukla, R.B.,% A, Acta Radiol 412:
55 121-123 F1(1997); Ranganathan, R.S.,% A, Invest.Radiol.,33:58 779-797 71
(1998)]. ZUESINLLEHE: (NVENEBANS T, BESEESYAORE
RESDARE, ENEFRE—WXIMEM, (2)51:]59Aﬁ32$£1ﬁ€ﬂ:, MOES
SENTHEED. AERNE ZHREESYREMRIGESRENENISARER
K. XEFAETFIEMBEMNEN, S¥EESHAMNETRRERNRERE
BT. Bk, BE—MHENIEMEENRBRERRBLCEREFRTAITENE
mRE S,

BT g b 38 ) ) 56 2R SR X HL /R A SR

BN T B AR E SRR M- 2P E 5 MR SRS, B
HHEFMNEREFET)RD O FRHEIHRQ)EL SEFE SR EIHDNE
5.

Bltn, EE&MTHEEES D GHUINESYHRIEHEENIE-FERH
[Shukla,R.% A, Mag.Reson.Med.35:55 928-931 71(1996); Shukla,R.B.,% A Acta
Radiol.412:55 121-123 T1(1997); Ranganathan,R.S.,% A, Invest.Radiol.33: 5
779-797 T(1998): Jacques,V.5¥ A, J.Allovs Cmpd.,249:55 173-177 TL(1997)].

R, XESHTELRE, ¥4, BTFEERAULBESYHRN, 84

GA(INE FAER KB RE L E RN S P MS-325) P A ME R E D
., BRESYNEGEAE—FRS. BZ, XERFIAZEMH. EEER
pE, BEEITZER, ﬂ‘ﬁ%%*@%&%iﬁiﬁbﬂxﬁ?%m%%n? £
AERERFRETEETENRL TR AEMNES. Ak, FE-—HIES
& T AT A8 E S HIERT.

EEHMERFESH, F5 IEM HENEF T LA RBERE, ATRE
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15

M-BERTST B EREN 5-10 B2 £ (ZEFF No.4,880,008]. X% Y
BENMEEXNEETERN IEM PFAEIN—BHREREH
[Schmied],U.,Ogan,M.,Paajanen H.,Martti M., Crooke,L.E.,Brito,A.C. ¥ Brash, R.C.
Invest.Radio.(1987)22: 58 665-71 W]. MAXFERA W ETME FEFES-5£M
1= %3 Gd-EOB DTPA(Runge V.M.Crit. Rev.Diagn.Imaging 38:% 207-30 7
(1997)170 Gd-BOPTA([Kirchin M.A,, % A, Invest.Radiol.,33:2 798-809 F7(1998)]
8 EEA-EERF MS-325[Lauffer, R.B.,% A, Radiology,207:38 529-538 ™
(1998)] # MP2269[Hofman Mark B.M. & A ., Acadademic Radiology,
5(suppl1):S206-S209(1998)). | E, (FAEMFELESNIELN S EMNE

ST MS325(47mM s SR EBEE M T £9 7 E(Lauffer, R.B.% A, Radiology,207:
2 529-538(1998)].

P 7 “E“'
~ M;\hﬂ,

\_COZ

Gd*?
B 1: MRI L?f?‘lj MS-325 B S 4544
S5pEpgent, AEE 1 WEEHNMNEEERT MS-325 ﬁﬂtﬂf‘ﬁqiﬂf—"
EHMIN, 2EEr, EEYUNREANENEREE. ANTENR. &
Z4 IEM MEEMEEF( MS325) R —tRENHE, EAEZHESE
WP B LSO RREET. Flw, ?ﬁ-ﬁct/l\ed(m)%?ﬂﬂéiﬁaﬁmz
B 5 EF —4 GA(IIET MS-325(47mM s A tL, 8 Gd (IS FBER K
9-13(mM's")[Martin V.V, 2% A, Bioconjug.Chem.,6:% 616-23 T1(1995)]. HEit,
LEEFEESHHED GAIDMHBREEELRUMNERENBEED PN
HIMENEBZ,

EE )
F1FP, NN IEMPEETELAELRRE, BAREFESH

-.—4—._
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RS EES(IBMRREE.

NEFMEALESER, ME IEM HBOEMES EM HBRERST. &
TEfER | EENARE IR 44 MRl SENAEDETE R KB R T iiE
B, BESEANEEEAEBREAS TS TEFGUALE S ESE(HSA)
ﬁmﬁ?%-ﬂmgyIU%M$ﬂEmEﬁ@%#%mFEEWﬁmE'
B, RE. BEE)THAL 4 THPORBEN A~ LOEE,
BEHEAFHELCBRENMN. B, BT Rl .20 L0E, BTt R
L HAHET AR FHEE RSN RZEN L. HEY R, G LRER
BT EOTER LR YT AR TN EFGERDS.

FHRI o) EEENEHSESYOBBRERI on)NBREONE
(Rl )R FISBEEEH 4.5% IR HSA)MERBHN S ST H . R,
2 Rl w0 Rl oo B BER 2 S0 (X) BV DAL 39 (E

Rlobs = xarsRlams+ xRl |

ﬁqﬂ Xﬁg}g‘{" inzl
!

R] 4t & Ra’om xuERlys
=9

Xga
RIFE-RINAEC-ERERT AU EGHNEERBEEEZRIN
Wehe, BHFEN IEM BLEW(EI MS325)5—~RFEFE1T IEM HIZ 4
b, BEEREREYTFEEHERASFEFRCELSER TBM NEFERER

ZH.
*®1—AFAEHER &E’?‘Uﬁﬁ%i%i"lﬁﬂ,n LRBE. “REFCOEL

W& L & GA(IIDMF | BRI 4e
9 R1 x4(20MHz) | (20MHz)

MS-325 Ph>%\ T /T Ga-0TPA 47 47




Mg-01

Gd-OTPA

G4DTPA

38.

76. 2

Mg-02

=]

PR

23.

70. 7

Pr
M8-03 N o =<— J\
875 Ge0TEA

P Q—P -0

O

="~ 1
N/

Gu-0TPA

o GUDTPA

Gd-DTPA

14.

56. 6

H2E2FR1FAPEREEEREE.

(ZEHA Gd (IIDEEEY)TE 20MHz 1B,

B4
BEHEEN4E)E.

FRNZEENCEEORSGEAN—

ST 4

T IEM B3 RI .4 3T IEM B

BRETNE SN

(4.5% HSA)

R1 pynmm,

0.5T

1
MS-325

. B ERTNESYHE
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TR 1MNE 2 sFP, AESYIEM). TEEBREAN I FERC
EEZEATBMHEHMRFAZ. R 1 B2 THHBEEFTHMEESHIRESE
BETHEMNEN BN EBREFHRBERERK. B4 GAAIESYMNEE
MOIMS-325)E) 4 4L, IEMBIEESMT 44, B2MBRENENT 50% &
B, THEBENABRENES) GAIIDETFHRZERENER. EIE,
REEFFNELELYN, B8N GIUDMFEH RI sah 47TmM's! FRE
149mM7s!. EMEBEREESETESYHNHEHZD), KEE [EMAEMNE N
AHIEIMREEEN TBM RE EZ P FEH).

R, EEHoUENENGENS THESELHE, ELEILESYN
frEME. aFRANEMBLS T BN HBSFRANMESHNELE T, BFEY
FRRFF5IHE. Flan, X MB-03 ME, BNMEMEHWBEENGN 15mM s,
MIE & MS-325 PEAMERN=ZS2—. Ed&% M8-03 BEMMEENS
60mMs-1, 2 MS-325 57 1.3 F(AATFE 4 BFHEMN IEM). BER, B EMN
XMARMENSFAERN MR RERFBFTEINNEBRE R MEMBEAER -,
Eit, FREMELZ ITRNEEERLE T SRERESHINES TR EBREM
LB M. Fril, FEXNSMREE MRI BEFMER, EFE8REMT IEM
BB EHNBERFE N ESYMNMEE, |

BEZ BRAEG-FeNERNMEEREEIMENESY(I0 MS-325)
MR LRAERNN, BXZHEEEYNSIELAN. B, ATENE
BESPLANNREBRE, FERES FRENEXFENAMEERSESY
FEBEYED. EEFE—MISRETIHECER-EENESHEERT, AT
RRERGHNEERMENES.

FEPRITEXRYAEFTEFRAOGSIELE. XMREDET — & EFR
ZE ()M IEM B ESRQ®D S FRIZRME. #in IEM (EECIERE AN
Thet), BABEFIMKIDMEMNTYS, EMEREME. BUEERTREES
IEM B E WM At Gl st . BRZEBEFRIN, EHHEKE
ERRIMEEZFTERRAKNER. B3%E TBM BEESEZEEITIILUES
PRAREMME M RE. B, FEE LM EM (8 ET A B EES T/
BBRENLEE TEMRABEHFELTNLE. -

_7_.
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B LR

FRERERANEEREETB LGNS . MREZEERTNERLE SR
SEZHN(FERBBRENSES N ELE SRS RLRNK(FEESHEER
BES), ﬂ‘lﬁftﬂ%‘%#&ﬁiﬁ[%%ﬂﬁiﬁ%ﬁﬁg(%‘%)E‘JX’JEEEQ B, EEMERESE
ERENZEERFERESRENENTEL, BEAZEREEREINERE
b, MEZSRSEESREE. XERFETERILS AT SR
HNMEEER, S TEARRAESFEES. BEXERIHLZ DT TBME
ST~ P RENMREFTANBAE AT LRSS ES .

B, ZRRHSEBEZNSZA IEM(“Z47 )FERE “S a7 .
EFEMEEER, RANEE DIIREETHNESNTFERERE), 2)BE
T IEM # € TERM HATMFEHE IEM gHREL. 2B\ BEERH
EEEREURESRENEED. EBNEESNESBELIENEEET-
R FEREN BENMExeE, EESREESE.ENTERBESP IEM
PR ENESEE. ENSEERITERF LMK EESYEIIN AL
BHEERTMEEEYERNZNYE, THEELE-PRE, RESREST
%%ﬁ%ﬁ?ﬁ?iﬁ%ﬁﬁ%é%%mﬁ%mﬁgwNRH%W%%%*%
SREHREREZF)IL A [Ranganathan,R.S.,%¥ A, Invest.Radiol.,33:58
779-797(1998)]. E 3 REMETR T ZHBESYM LMo EEeE R,

B St
Sk J .
g SN GNE
A o L 3 B e ST
AR R RN MR R R G
e SRR S
Sl o

i : \%"x}f
-k *“:&

R

B B
HEE

r————~—>GdDTPA GdDTPA GdDTPA GdDTPA
IEMs

)& A4 FFE) TBM {2335 MiF a4 & (M T8 (45 B R 33 A0 EFT )

......8_...
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TBM ] Ll & R R EUAF & .
)BEGHERN, TBMENEW LM EE LEEZEEH, ATES &
BewaEmREi,

DAL LHBEERBH L ESEPHENEANRE, AHABEH R
HEERAR B B AR HL .

BT RGN ENHES, ARVTREERMNE. aTEI ST
ETHEMNE SN REEELTRIMEN, BERE0RIEL MR
ERHERRP)ANRBLTH. Bth, Wb EMRLEMHIBESRL. Ecise
¥

AEBR—HAEERAL ZUSEEENTEOANFENIHFRBEESH
ER A% 45 5 Y [Kramer, R H.#1 Karpen,].W. Nature,395:58 710-713(1998); Clackson,
T.% A\, Proc,Natl.Acad.Sci.,95: 5 10437-10442(1998); Rao,J.% A, Science,280:
% 708-711 T1(1998); Mann,D.A.,% A, J. Am.Chem.Soc.,120;5 10, 575-10, 582
71(1998); Spevak,W.Z A, J.Med.Chem.,39: 3 1018-1020 T1(1996); Lee,R.T.
% AN, Arch.Biochem.Biophys.,299:38 129-136 72(1992)].

)AL A A RIR T BB SB HEE. B T RAERE S rE,
M TG 3 fni2 B B B ] .

OFMNREERISTEZEESYWEHNERE, BREKTEHESYMIED, #
HEHETESETONMREBE. SHEESFHEL, NESSHRELEEURS
EEFAORE~EFTRZARENLE. 5£4EMt, EESTFHESMAXT D
MESEW, BETEBEEEASIBNESSHES FEENESZET LA
HEANFETHANES. TRREEGERFEFERSHEENENERZNERE X
AR, o

DEXMEFTEENFERBETZLEERTHEHREES, EHESREE
ML TI AT X ME S, WAERE. AESN{ESRET LIS a6 L.
Fatig, ExfESHELDESLSF R EE X [Rimer,0., Chauver,M.,Dell’
Amico,M.,Noat, G.,F] Bourdeaux,M.Eur.J.Biochem.(1995)228: % 55-59 T1]. HE
FHE, %4815 S8 M [Sudlow G.,Birket D.J., T Wade D.N.Mol.Pharmacol.12: 5
1052-61 T1(1976); Sudlow G.,Birkett D.J.,f1 Wade D.N.Mol.Pharmacot.11:38
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824-32 71(1975); Kane C.D.F Bernlohr, D.A.Anal.Biochem.233:5 197-204 71,
Lakowica,J.R. “ZK M EEMEE” Plenum Press,New York,NY %5 211-213 @
(1983)]. EHASEES5NEEN TBM MAZERFMALEEARRLO TEE
BEMTARENTESHLE)RRBAREIMT BE. EXBRT, FhHis
FRGENER, SN SESBENTLESHNEESHILE.

EEPHEN S ESEEHAS EM. HENE T IIENEEEES EM
MBS R Z BN 4 FF A TBM. TBM FILLEMREMR AR M. HEIE, M
SEEF R LAV A IEM 8 IEM R—E84r, Bl —L 4504 0B 1F h i 5 a4y
BRI — R4

XL R/ S GRS YRR, BN IEM BBNES TR, #A
BILELSTHA TBM ELEEHNPENSFHS L SERNIELNE SR KR
ET4ABEE, KEMEEFESHU “BER” & “HE-R” FREE
FEHREAR. XHRHNESFABBESTEANSH(EE TBM. HEAS
IEM)E . Bk, MEBESYMIEMTE, B0 T RBESYE, WA
E A& IEM B ERIEN, B2 ATHEIEZHMM MRIES. XBNT
EERFAEFNSCERAHTLEETEAN TBM E4TFALE “B-FR” & “&
Bk EETERNSHEETNES. B/ agedmt—ER g
W, BEATHERSEAREFERNENES.

ARPATZERETFHEERN MRI FIE 2N A, SIEEEEY S
miE S EE)METLHAXSR@MER N EEEEN, TEREEETS
thiZ N SGESERTINENESMSNMETH., XELERMANLMER, B
=R IEIE A LS R F L TBM B &40,

RBAFER
ATELHMNEMRERRA, REUTREERA.
AENTEREEFBRECXNERANEFEETLULR “SENFNSEES
(The American Chemical Society Style Guide)” # T hX; American Chemical
Society,Washington, D.C.(1997)&F HlHt. = & FEF # B]; “ Guidelines to Authors”
({fEZ35m) (2000 2 5 B151T), Copyright © 2000 American ChemicatSociety
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FENEFI RSB EHAANENSE.
EARBIEF, DTPATEEER—RO)-IV)EIEH:

~4 e
02—, m(/ﬂ —CO; (1)
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ATHAE “ERMERN” FERARE—EEEYRS LEET RS
10 MR, RERELEESEFSNGEN. BATKMESENERNEHR A
CEERRT AR BT B, B X R EME B RIRARY IR RET R
AXFRMARE “BRETREEEE/RmM)EERIREF8 /T, 8 UT,
BRI, KT T RARTFRETREIEL(BEERKUSN N T FR
KM FEF)NMEE B - EOBEREE, T, 2ET0ERE Ek-8ERE
15 BE. EESAHN mM s,
EXFREBHAE “FREMCE S FEEHARENS) FEENSEES
i b R
EXFEHARE “HREH EHEBRZLE W RN TEHE L.
EXFAGARE “S45” BYEBINEAN EM WEEZHRETE.




AL RMAE S0 8 S EETERR R (W FE 0NN TBM
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EXFEARE “SRAES BHHEIREAAFEN TBM 58ina 3
MAEE R . KEEHNGHERBELES, BALTRERK. 2K, B

5 {BHR. pi-HIREE S FE-HO AL,

AILFEEAE “B-HREM” 5T 2 4 TBM 4 2 AR AL S8 1 3
SRR AT TEENE B,

B4 RS S A I BT

“BIRT LB

=
o & } mossnmnes
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10 AEFRAHIAE “HEEREW” 88T 3 ~HEA TBM & 3 MHENT
A s EBETEHMAEERLE S TFRESANERF(SLE 4).
REBEYWRFEMEESSEIRAZERRMBERST ARG LEL
Y. XEEPES:
AT L N E RS “IEMs” ),
15 D) MNELZ MEIRE AR S “TBMs” ), RERTHEA ST ANE FRIE
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d)¥ IEMs R THEMTEMEERE( “"EEE" ).
ATHEEFNCHARREARMNAERAOE(EARRS TIMRI FE 5.5 1
JE-EL S AR

WARERE S ( “IEMs” )

EEERT, IEM Tum%:ﬁﬁﬁwﬁ' ?zqﬂfm{#{:%iai%ﬁttf@m%%
BIF SR H4h FERME [EM S IEM B— 850 B IEMEEE M5y
5, BFTUAFRENERINGE

I[EM A EEFHNSTF. EBF FeZE 54 . [Bonnemain,B.J.Drug Target,,6:
% 167-74 71(1998); Swanson,D.P.,FA, “BEEEEZHZ. RERHERER
FU RS ) B RAVR B E R IEIE R, McGraw Hill, Inc.,(1990);Johnson,
I. Histochem. J.30: 38 123-40 T1(1998)]F 4U& T IEM IV £l F

— B H RN IEM REE AR TFRREFRENESR(SH —
MRENERETFEENEEATENCRE LY. BTHEREHRENE

BEETAENLETFEEY 13, 21-31. 39-42. 44-50 B 57-83 MEF. BT

MRI HEM N EBETEEMERTFEA 21-29, 42, 44 5 57-83, EiE
MEBRTFFEN 21-29, 42, 44, W ST-B HELEEFHIMB AR . FH/MEHN
& EEFIEE: GAII). Fe(lll). Mn(l # III). Cr(lIl). Cu(Il). Dy(Il).
To(IIT #1 IV). Ho(III). Er(IIl). Pr(III)#1 Eu(Il 0 IID). HLEET L G4l
MR IEM 2 BESY, EREFBIT AR (BHEE S T HEHRH),

AR AAERENES. HEEEFHNEEEREBREEME, X8

ﬂﬂ]E
J:

EREEERH.

EE, SRESYNEEEE SRR CHNREREMEE. SHER
BERESREFENRMTEN, EANTHLSEAENRSLEET,
EERE RN EMEN. REE, REOEBRERE SN 10°M, RESH
106M, BESH 10"MY. REAR 10°M7T. BES R 10°MT, BHELSH
102M?, WEDSH 10V REH. WELEBTHREMHERE, WAE
BRI RESEEDSH 10°M Y E L WH R 2B,

EHEEESYPTRESS SRR, BE, KELLSRLHERE
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TEAHBRRES ENES. Bit, RESELEET 2. 1A AR 0AF
MERG S, BE 2 U LFRCSOTEE, BEEEAALBETFUBET
AT ESFHIE INE L.

MBER MR(SHNEXNAE M EEEF UT, B UT, B8 EEEY
FIRERIE ARG E RN . BREELH mM s, TSR MRIL A&
BFMRIBEENHRATNES, Y52 TRARCANRES FRIBEE — /3
ZAKT T E A S, ¥ ZR 5 (R B Lauffer,Chemical Reviews,87:
F 901-927 BL(1987)]. AT, XLALEBRESWIREEFE, EEESE
EFFRE A S EE MG, SHmbd, Bk, RERBRTHESY Fe(l)
T Fe(lILI4h, BEYNEE—ARBEMFRELALS. ¥ GIANTE, —4
R TR 5 R R,

DT ENBIRE MRIZE, SN FEBR M ERNBREE. N
BE. UTIAME B E-&8)F/E8 YT2(E M B iE-858). BEHh, i
KEF, BETEROSERARE P, °C. PNa. F MK 4 F i
RF. HEZTHA IEM, TBM. HEE£YS FRITH B EDIRLY.

ft MRI EEFTE, —RESEYNNMEFNEHZROMEKSFP
MEET)Z A ER- BT E AR MEREWT, R UT,). DM,0EER
MER T HENRE SRR ETFAANIRTFBEN R BN EREE
BEAK, W2 X F0 B R A B 1E B 81 2 Z (B 32 #% 2 )(R.B.Lauffer,Chemical
Review,87:5 901-927 T1(1987)).

KRBT H—NE AT IERY “HEREXN A ERAEET
FEEE S HEHBEE” . B, KSFUASFERLTEEERE. —
BB ENFERED S TEBNAAL FEAMRIELNME Y. BEHA
My, BREAEMHEBEXTESESXSFOEE. R/ FEEKISE
Le— IR E S (TS “AUESYPHNT ). BREBORIELNEL
EREESMENTN RS FESYOBEESINZH. Ko FEENMEYH
EHAETEE N TREF AL TFES Y. BRESWIEHML, RN
S E R AR I R KA T .

7 MRIEEFTE, BEXEPHeRETFATRBRAEEIKHEET)E
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RIBE-BIRAIERENEEE. RTEIER-BHRATLREEMNELN
VT, B UT,{E SN, MRIFIEEMEIEMENIREERIERNENHE LT E TS
& '

DNEFFELENEBEEESYILER Dy, Gd. Tb Bl Ho ME A Y8 IEM
BEEEHVOELERERENTERLN MRI 55 F(A.Vi}iringer g A,
Magn.Reson.Med.,6: 58 164-174 T1(1988)). LN AP E A LR/ A G R
i .

D)EELBE Tm 3 Dy)E S48 IEM o H FCE RSN HREE. 8
FEHENEZEKRAT, BECTELAMEZERE P, PC. PNa. PFAIEK
LAEE G FRERAPRF. BEZAUARERZT. BFREIS0UK. EhiEE
B FIERRS, BTLUER 1-3 DFFARBECAL AL 55 .

EAEAMNEN TR FALUFEREFESMEAEEN IEM 2o, XL
EeMENGaEEREH T T Z2EZRAZBDTPANTEYNETE
P 1,47-ZRHAEF T 1,47 10-MAEF+ZRENE) RETED: 1,4,7,10-
WERZEF+Z5w-1,7- (LK, #-T-B)DO2A-t-T -B8): 1,4,7,10-FE 243+
ZR-147-=(28, B-T-B)(DO3A-+-T-B): 147-Z(@-TEEERE)- 1,47
REFEH+ ZH£(D03-t-BOC): 1,4,7,10- W0 E X+ Z4%-1,4,7,10- 0 ZEZ(DOTA)
REMTEY: 1,4,7,10-WE R+ - 5-1,4,7,10- 10 (I B B 52 )(DOTP);
1,4,7,10-0 E F 3+ 2 4%-1,4,7,10-a,2’ a7, - TN (B E ZEYDOTMA); 2 k-
-Z BR(EDTA); 1,4,8,11-T9E &+ H5E-1,4,8,11-V0 ZER(TETA): T ZEZ-
2-ZE-REHER)EHPG) A EKATEY, BF 5-&-EHPG. 5-Br-EHPG. 5-
Me-EHGP. 5-t-T-EHPG H1 S-sec-T -EHPG; EH _TWLEZIEH 2B (FH-
DTPA) R EAT4 4, B3% — %A #-DTPA. £E-DTPA. —%E _DTPA. iF%—DTPA.
MZFE-DTPA; Z-Q-BEFE)TZLE- K- LBMHBED)EETEY: K
REULEVBEZEL I PKRETEEM A 6 MFZEL 2 MR EF(OF/EN),
A RHUEDFT LLEE - ITHEFANIR A EFEFH T ELERNYT,
WEH-DOTA. ZFHF-DOTA MEH-NOTA, EF NOTA A 14-ZE8EHT
B-NN° N-Z 7.8, K#F-TETA. EH#H-DOTMA. EH-TETMA, HF TETMA

B 1,481 1-HEFH+5t-1,4,8,11-(FETHZE): 1,3-AEEZEEPDTA)
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M= LENMEAN LE(TTHA)RATEY: M 1L510-NN N-ZQ3-ZEEEFR
BEYVEEFE EMECAMWAT LY.

HEZEAT MRIFINECENELSNEZNE DN BT ILEELEEES
SETETHRANEDHE@WALR). EX L, BREEAT —EIIRLTH
MG MRI # &7 (Huber, M M.Z£ A , Bioconjugate Chem.,9: 58 242-249 F(1998)].
5 OMRI BEME, (ks EM AERBOLEEYN - 2EREZBA4L
(GADTPA). PUf& 1,4,7,10-[0F 23+ & -N N N N"- U Z & £.(GdDOTA)
F1,4,7,10- A ZEF+ "42-1,4,7-= 2B & 4.(GdDO3A). A O —L &~
AeEEEBFLUERMA GdIl). TENETERARMNEESH Z DTPA.
WO098/18496 . WOB6/06605 . WQ91/03200 . W095/28179 . WO96/23526 .
W097/36619. PCT/US98/01473. PCT/US98/20182 ¥13£ EH % Fl No.4,899,755 #
RTHEZEHEMNANESTMESERDNGF, EXHZILESETRLE
N |

ERgaEH o “TBM”)

EEREF, EXNHHR— “ﬂﬁmaﬁAng%*T—nm“ﬂﬁ(TBM) &
VIR TBM(WFEREFE S TEERRAETENR IFQRBERE SRS THE
M. XBFEFREMES DEZTREEN, FEHERENHEE. WLE
M EmE, LEEEBEMENER. HEEGRESFEEARRS T
BMUEES. AHEEAE. MFEaAKE. IREARTE, OFEAEX
ERER. AR LIERE TBM RLAM S EEARNTRENGREEXA
H. BTHEFEFTFESRES HSAE 0.6mM), B HSA LI EMERN NS
AXEEMNAT, BATENRERNNREEFNEESR. HSA BOME
R B Bl 47 B BB AR

WEZFREMHEHFEE TBM BERMESEMER, EEALBFEEA
(HSA). EMIEE(EAREF)FEAEAMMR A MmN ES 4-200 MKETHT
EEER, ETFESBRETFEEHEEE. 8. . RATRINEEEAR
FERAZEBR. ATUEERREESAECEORER, BEFEFENIE

EE. TRAAREANGS LY. BEBFL. REERT. BEATRER
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EHASELEX) M A E2mRdy FEmNMEREFF] No.5,475,096. 5,595;877 H0
5,270,163[& 7, Gold 2 A, Ann.Rev.of Biochem.,64:3 763-797 71(1995)] Ari#
RAEXRENEHANENSE), TULEEAELBERMOMNERENT
FEEMR.

AUASHTFEHEEEFTETE TBM S8R0 HSA Bl A EE)E & M#E
. flin, TURBENES HSA &6, E—ANMABENEEMIE
T, BEEEDAE 45U EE/EH HSA(EE pH 74 EREF)EES . GHERFE
T p B & F 30KDa &+ FER M E E3F E 0% B (Millipore Ultrafree
MC Low Binding Regenerated Cellulose 30KDa mol.wt. % §f{€ B &#UFC3LTKO00)
, ZIESRA[BE T HERENGEEIE HSA, AEEIESFLL 2000 X g &0 20
ST LT ED S ERG-10%)#ER, NEEAERTRESNIEEFTN
R |

HTHEESNEEENGS, TEMERSRNILTRRLASEER, #*
KBESIHEERAEN. BEFRLUEBTFEMNEEG, RBR LERGEEHNMLTE
HELNESEFERERES). RENE BB TFRESHIEEANK
EXEHFAET, IE4ENIFTRERANKRE, FAGEFENEIHE
HAHRESHESRAREREANIBEARTNE. E458RKEENIE
ERAREBLULSSEEAMNKE. BEMED 10%, FEHBED 50%, &
ED 0%, BNERD OUEENEAYNEFNEEERKEESTH®
R, BERED 2%, EEMELD 94%, R U WELZHEEFLESE
THEESHERERTZTHERL.

EFEENAEALEHNTRDSNEDRAE RE Y “mlfT%EiB’Jv
E 4 B3 E IS8 £ F BiF No.60/146,425; DYX-010.0Prv 55 [@ B (1999 4 7
A 29 B)YHEMNERIRN SR 51 No.60/146,41 4( KB IBEZHF ML ER): BE
XHEMNETHANMENSE,

RN ENE SNEREE TBM TUSH S . AR TBM M5
FREFBEHY. FEERBEEFNSTF. . THEE. KEE. BE. BE.
K. EBREFRONA. RNA REMNUFEHNER). Bkt s PRR ek
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URTEEMNEETRAGHESEARTIN MR EHATHNEY ST
RPF. E—ELERS, BXEYT TBM E£5 TBM STEENZA RS,
R XMESFEMAN TMBIRA“EE"TBM. Bilt, EREM AL EE TBM
REIEE TBM R “IRE” TBM.

FRILIER TBM BEET &S T M. 18R B RIE R FiF) =S i
NERFEARN TBM. BATUFERFZEYS FRORRE S4F BT
v, BERELZEESRMNZ2REAN.

RETBM A LULEFE TBM MEHAR. AE TBM #IEB T LLE— /%]
TNREZ. FTRKE TBM M1 E AT TBM X ERMFFEN TBM
STRCARRNZE R f1. HIRE TBM REMMMESHEMFRNEUREE S H
BB EAMSHIERAERE. MBIV ERBET EBHTLT
EX¥m. IRE TBM SEFNESHE/ERMEM AT UL EE I TBM f1H
MK, EAEE TBM S5EFREBEVHNEARBETIERNFENERE. &
EFLT, ERATUSRE_AEe M S(EHERTRERNERR TBM).

EEEFAMERNOEFAERHERG. ZEFTULENERE.
M. FEHARGLEES . MEPEREBESSHMAETHEXBER, 8
AL SRR AR X HER. FHMENEREDLESHFRMEXNE, LER
FEEmE. K., HEAMFRBRESREMNEREXN. HEREHEFE
DEREFENEC AR FEREATABRE SN ANERR. 2144
MRRETS-—MESHRE TBM Wi, EHEEORTERBEEBIEEE.

#E# IEM 1 TBM f# 38

KRR HERABENESARDF NS B EHKE
& IEM 71 TBM, $08 5 B KRB R EH A RS TBM Z A2,
WHEARCSESRECEEEEATANE D IEM, BRE KL A4S
Wiy, BRFHEGSFRENEEHNLEYRIT TBM E LA (B4 24
SFFB S X EFMERNESREABE AN EBHIED. SR B HEERL
“ELFGRT B CRIER BRESTET, ERANSMISRRELER.
ERHAMNEEEEN FHERNSNT(AELAEE. HRAE BMER
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B, MEEMATUEZEREKMANST, GF 13 10 N ELHEHE
W, ML R FEBRIRE. TBM SN 524 TR ENANSRE, £
FERT, SUREELHEANSFN TBM FEESFEE TR, TBM L L
HENCREBFRL(RRN). S5k TBM A 88T LRI R E # 5 2
Dl & RA 7. |

FEFMFRMEEIR A [EM PIERRE T XFLEH. [EM BEETLUE 2-
128A%. IEMAI LS5 TBM A%, IEMAUES FTERMEHELEYMATEIZ
AR BT E L), BUAESEETREN LN 2 ARERS
F. IEM T LAY RE B R AR RE). BRE [EM T ERETF
B B 26 U1 8 7 25 3 L B RO BE .

HFHMETE, TUBRETESRESEROEN. BN AE
SAEMREEANEEHAE TS, ZRETEEEEM S TBM ESE
. BHRRNGIT AR TEERNE. R TRERNT LT
R AARAY. B, XA HIBST LR & M0 5B T B IEM A1 TBM MR
3, B LLR 4 AL, (58 IEM AU/E TBM B2 E B2 EM s f
ERERTE. R I 5E TT L 2 BT 0 (B SRR () B 0 . TR EE AT 3R 45 B AL 0
F R LRI K i B LR B R M2

BSERTERNENSERN—A 6T, LPHuhgEE THERS.
IEM. TBM FAI({TiE)MIEREE. B EnxT i —FEHXHEREENZ EMHT.
ER S E T M H 4. IEM. TBM M(EBMERE, EE 65, &
N TBM BES FRIEMINIK, BXEREHFRESENTEE.

M S RESHEEENEN AL S BT |




IEM 13

M
| Gd-D7PA | | DTPA-Gd
il ;
TBM R OY \fo ERE
j} NH
IO Ox 0 28
=~y

EE 04\ Ko |umE e

Gd-DTPA OTP A-Gd

IEM IEM

6 FRANBMERENSUSESZHHNET

1EM 1EM
=)
. : a:0
=g K .
HN > o
OH L |0 HN
NH
n .
1] L
[s] H ¥ —c
H.“c‘c”" CcH ity o o
Hae B N o r2)
o = e c N o\/’-k \
= o, 3, - N N
b TEM =0 o= P N e \n/'\o N
" el \
H3C 51 nc ¥
o s M
WAy
CH_—._ﬁ oH N
HO=\ o C-NH o
C  #h-c NP
L~ o ?g
HeN ) HN
o= o]
o c
(Corpace]) (oTPAsd )
IEM IEM

AMWMERTAFEERTEHNE RN ENER,

|
TBM {6/)( N}\/TBM -
m n

X=L-IEM. TBM 5 [EM
Hd, maLE 1-10 BIZEE, n ATLY 2-10 BO3E4L. WM, m A 1-2. 2-4,
4-6. 6-8. L 8-10. HfEHL, n b 2-4. 4-6. 6-8 2 8-10.
RVDERT S HEER TSI RGN T UM AR-BEN TBM &
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RIS E B,

[x .
O N o (VI
e S S
m nom

X=L-IEM, TBM & IEM |
HP ma L2 1-10, nFTELA 2-10, M, m A 1-2. 2-4. 4-6. 6-8. =X 8-
10. B4EH, nh2-4. 4-6. 6-8. B 8-10.

MEEMFERSTEFENERTLLEH, BB TEFRBERNENS
BT AIERT LB oA r LLER IEMU{TEEZERIA)AN TBM WEET
SR, HEGZHENBERFIULUEESHBEZEFCEESE. &, W, i %)
PREE®R. HELFTUEHARAEWESERA-10 MRET). XLEZMEEH
FTIEHEEESR. &, ¥l. BN EMREFRRSER. EHAARIME
FUBERHLEANENERD, Gl —f, EEFRE. MBRBEANERE.
B, EETEIMEESH INERRERTUGEEMANFNED, uHg-
Fe. EEFEEE. MKR. EBENEER.

B7BRT SR AT EEENENR AN FREE XEMENES
TR K. B RETRREGHENG FRNEEXEMENERZRNMEY
Gl F. EERHPEERRFHIMERZNENE F, BNREFFE IEM M TBM
G TERTERTERE).

B 7 RSB RBEM RS T

—21— .
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TEM
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;EM IEM
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IEM {EM
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IEM EM

|
_i_BM 'lEM

IEM L

H
\L/NVAN’\/N\/\N/ ~
i | H
IEM TBM

IEM

A-TBM

O
TEM-X’\()LN/\-’N\/\N’\’N

H H
IEM-NH FEM-N]/LO ©

TBM:-X

OY[ N—IEM X-TBM
H H
N—IEM
H

X=N. O. § | L=&&%
A 8 R EMmEEnElF
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IEM

I N
n
TBM
IEM X
| H IEM
L e N
Em” ﬁ E ,L
Ofn IEM
H Q ﬂ
o) Tam—" N7~ TaM
N N/\/N
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IEM n
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2EF R FANBIZ ISR

X=N. O. § L=#EE

EEMENAERE THTREFNSBENNETE. EYTRREY
FIAE IR NE L YEATENBRERNHE. RERXHHESE | 8
S AT BRI B (T LU B i RS RE ). SIS T AR A B B
B ANBSEENMLE, DY CMEESSEEEN, FHE YT ERERMN
BYUEHSRERE, EYTRAETRSIRE0HTEEET RS FIRE.
Be. TRE. BMEE. THEE. BB, BEF. BEE. RREASETR
R, Xy ERERT UL ZAEEARAERRHBLEBNRAK, B 9
BRT S HAYTBENEN AT, BT, ZUEEEAHT 24K
WEOHTFUEETABRIEREAREN, XRES RS ERNENR
AT B 4.



B9 EY R REMERNET

IEM O 8] tIEM
!
TBM._ ,{\/NM MN\A _TBM
N OH HO N
1 n ny
IEM

IEM

HO CH

;EM O O ;EM
“‘N’{\/N);/'U\o/x\o N\AST/TBM
M A ) AT e A 2 M
=EELS
Fok, H pH UREBUSHBEE RS o] LIS =40 BAEEA.

5 XEEEFATS AEEHY E . (Kratz,F.,Beyer,U.F Schutte M.T.,Crit.Rev.Ther.

Drug Carrier Syst.16: % 245-88 71(1999); Dougherty,T.J.,Gomer,C.J. Henderson,B.

W.,Jori,G Kessel, D.,Korbelik,M.,Moan,].,51 Peng,Q.J.Natl.Cancer Inst.90:5% 889-

905 T1(1998); Wang,W.Jiang ] ,Ballard,C.E.,’1 Wang, B.Curr.Pharm.Des.5: 58

265-87 51(1999)),

10 ERESERETHIRTHFMHERS —REXZHMMNELHER. 75
AERNZEH IEM BIMEE, BE SN REWENR L EE %ﬂ:ﬁ 2897 FF
IEM F R4 ES. B 10 B8 TIiXFEE,

B 10 BB AL E S WIE S MR £ R E T

I\ T

LT LT

TBM TBM -
15 IE M
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e M EEAIOREF T RRIK KM NHE ST, SE 2l
EHERFZSHNARTHENFHESEY., ERAEAFRESTUREBDEF L&
HEEH., A, XEXRTTURSEZRONARENRTUENSETEKD
BIEF I ER DR,

FAZERFTEMER AT T LUFEFE R R B, . BRI EHILE
THREESR. SEMETTEEFMAEMEHL-10 MHRETF). XEZMH
BRI EEEH. A, Bl AR ENRETFEMARER. FrUlxely
%Eﬁﬁiﬁﬂﬁﬁﬁﬁﬁﬂu EHEWEEMMENERD. — L FEEBTRS
TypE, B, "B, BEERES. BEER _Fs. BRET. BME. HEEAEETFERE.

EEFE T EEE ARSI BRKASMMEmEY. KRB
HREF FERETRRENERMETTEY. el FEEETRREST)E
37N EFHKRN, HFEZ 41 EFHEEEF 0. S, C(0). S(0). S(0),
NH W FE . XEFRFERBEFERRTED. fE. 8EE. X
RE(E 2-100 MEOBAK, AFEL 1040 BETHRESA. B, BAXE
MZeE IR EE O. S, CO. S(O). S(0), # NH E@%MJ\E% -
MR B A EM A ET AT TBM —H, MERZEFTEE EM.
IEM AL BERABENES EEEFREEY.MEMF FRIBLFFHRIEM
B, EREMRASEEZESYHIR IEM. B 11 EXRTEENIFRASHE
HIPLES F RANNEE X ENENERZFTNEIF.
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ARk o TR e o B R AN EIEEER
IEM TBM
" N Tam-olryj/
IEM
' IEM
O/\[N]\, TBM_O,\[NJ\/
o
N N - ram
IEM
IEM IEM
NGN NH HN
g o S
le) Q
TEM' ~TeMm
HE BRI ST E D FF AR £ UhiE R
TEM
0
b uzm-ob
ra
_ /
SHEE 0 - EM-0Y " "/0
/ Eem - Ob T8M
- IEM o
°© © IEM—0  “O—IEM

X=N. O. S. CH2
n—=1-8

EHHEEE

AR LT PEETASTES5HEE IEM SETHENEEERE
B, AEATHECEIERZREREL(EM)FI I LB (TBM), EZEH S
LT URERMITAL, B4H 130 MBS ERN SRR EENBRET,
HFEZ 10MBRETFTLUHKE O. No P S. F. Cl. Br. HE I BUfX. EEE
BEH [EM EZETHENE. SEE0HFaAFSERS THH T s H
A, B, BiTE. MG, R BABE. B, BIME. BRSRANER. EER
B, E TS RN EREESE 2 AR A TR, B — N EE T,
HEiE# IEM.

THEBTURMENKAAN. T AN TAE(ETRET)E,

B, B, B, BEE. WM. Bl BE. RASETBE. S8 EEEY
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FREZZE. AR, BET R, TZBE. RATHEZE. X _EBENCZE:
MEENTRERD. ZEREMZ TREN T F.

HEeEZREGFERS)TTUERK., BEgE. S8, "B, &, BR. W,
FRES. B, BE. ZEUILE. WEE. Wik, WA SBIER TEEE, BUUHIECRRX
KHBMAR A MG ELE: &, S XEFR-FEANRAEEBENEEE (W
MAE[ESH I N-EL C-ImPER): BIR. TR, X°TKR. CZTERA
B CBE. FEZRM_EE.

MEEFEENTTEEEHBEEN. Xo FEMNEEBT LM 100 LT E
1000 YA L. BiEH, EZENSFENT 200, BEMEZNT 1000 B, E
BHRETUGAREYRENEREZNT AL RPFNEZTRHEFT R H
B2 BRTEINEERELNUE, SEFYTRENEREASEEE. T,
BEhZ ., WEEGEE. B, BERNMEHTEA.

BE, TULABMANTESEBESYHET IEM BT EERE, F5i&
HEBET TBM. & 110 W095/28967. W098/18496., W098/18497., A K 1§
ZREMAMMNSEEEZESY, REZGBRESYRETHETE S LB
(UEEEENM). B2 BT —EERENGF, AFLEETERT.




5

10

15

X X
o
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XA x X X X XN X o e
N o}
N o) X X NN ;__ N o]
- X { h n N N N N/“--/ O-S—\
o —\
\’\/X \ \ N N N
N N

X=N. 0. S

5 2 5456 B 1F R R BR A T b o

FRATEEANR LR FEETAEMEEBOEEESNP L. B4
BESEMPTH0BRE.R IR 2 2R FRESE IEM £ NETLTED
TBM STEERZE S ERLUBTHEN G E S B ERNEI T HRHE
NIEM M FMEIKKT. ERBTEN TBMHESRETSHNERE
ke, EE2EWHESYEAKBUAZRAEHEAES. XMd
EMEFRBRETESEFLNHBERR., HABHNE, RUNEFESHEELE
BEANFHE TBM W EFEME . McMurry %5 A% PCT WO 96/23526 43, A&
ERAREANAFRUUNEFERMNOEEARESH S (PPBM)AIHEESH
ENMIEMEBEFNEEQES0BE, R 1R, AXH IBM(ZEFEREHC
Z)FE A B IEM(MS-325)B1 1 R IR 4t B B3 R 5%, M XS K 2 Ry
F4IEM, HRFEARNEESESRERE, %Tiﬁ—tﬁﬁ%%ﬁﬁé’;ﬁaﬁéﬁ
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BE, LARRECESCEONESETFHNATED.

ARABATHZMNSEENHEEEREENEEMNBETENL %
BENTHEZE.FRIRL D TBM SIAE(ZGHELESHEDN [EMPHEE
ABEHERD), KNBERNETHEE, NATESFEBERTESRENEER
M IEM wBREEEEN IEM FHIARINELEST 7-8 ). BREE
IEMRRESE2ETIELHEH(EFEERN IEM)RTIHNEE. BELER
BRI 1S EREEZ. RENEREWNELRBEENED 28K 3 F6

CI

\\

R BUENEBBREEN4E. SHEN 6 F. BrNERNRE, wBREEMT-

85, 9-10 23 10 fFLA £ . 7 20MHz, 37CHREMNBEEAZ D 10mM s (5
IEM), EMERMEZE D 20 M 's (& IEM), BEHEZZE/D 25 mM s (5 IEM),
FEREELD 30mM s (B IEM), EHEED 35 mM s (8 IEM), RENE
Z /40 mM s IEM). BiERL, T 20MHz 1 37 CRIEEF BB ERTF 60
mM s ' '

UTEBEEEEM RSG5 EMITHEER, R 2R3 MEER
£ E TBM BELEEAN. TRREF, ZFRAKLEVEEED 2
AN IEM FIED 2 4 TBM. BERBOUENENEE—1 [EM &—/ TBM
MUEgELER. S BRREEARFHLEYH MR EE D IEMIEM. £1%
RPUPWZEF, FTHNEFZEANLFEBEEHSA). &5, Ms-04 1 M8-05 o+ F
ROECRER BT IEM HEREINT TBM RIFEEF BB EBNEMN. EEER,
ZERETUMA IEM MED GAIIDETFHHBERARELEHAYUNESLR, A
EFEZLAD TBM BEZS FHERELSNERE.

M8-04 F1 M8-05 L& EF 2 1~ TBM, ZEFEZHREMNENE. FE
MEEDNANEE. XFED TBM ERELRERHZS 7, ATE [EMULE A
DTPA BB EE 2 MEME 4 M, & IEM U S E8 Gl EE
HEFMAREE 20MHz 874 32 5 32.7mM's"). Bk, 5 [EM #1208 EMEE,
EaTFHERBRESEMEQR NMIEMEHN 64 mM s, 4 IEM B4 131 mM''s

Ve




R2BZZUAGEBBENEN: £ TBM NI TBM

{ 4E | TBM; IIEMJ hE&EH ] &4 | Rl w/Ga™ .‘BRimj
| wmES | RS % mM''S’ mM'S
G5 # # '20MHz) | '(20MHz)

o é
| AT
MS.04 | 102 | 2 m 99 32 64
J o
Gnd-CXP A A
% Q?{?;
TN
M8-05 | 2 4 B "ﬁ_” RGIREEY 327 131
ok A
‘\!/\"“"‘ "“\l/\.n.
o é
,sg DD TFA
Ms06 | 1 4 Q:\‘:H . __2 o3 | 27 108
“CI;E/T\%" %0/:
DO'D'I'PLVL:T (
u-n'ru\/kﬂ J




MB-07 64-1 16 64
VAR /_—\ /_”\
HN>/ i é& \<NH
A XX
Go-DTPA S oTeA GeOTPA Ga-OTPA
MS8-08 o, N ! N H: o . 937 44 1 176.5
?:-o c \(
HN [ N NH
GaDTRA GdOTPA GeOTEA GIDTPA
MS§-09 Q 99.5 387 387
: O-P-0-CHz-GdOTPA
L\fw
Ol
0
O:P'-o
o
MSE-10 66.1 25.7 77.1
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F R, M8-06 1 M8-05 o FHILLE R, ZREF IEM HIEEEZES TBM
HEMENEENE, EM fI5%E, SEZ TBMWEEIYE. EXAMNTF
th, TBM EBEMEMNEN, BIEMEMEMEMNE-Z 58 DTPA Har. B
M8-06 L& NEHFT—1 TBM M M8-05 L &HEFH 2 TBM. M8-05 1L &4
FEXFHEA TBM EF MRS F, BAGMLABBET 20MHz 87 H 27.0
mM'sT HEINZE 32.7 mM s BTLEL, TBM BIEMIEINE N 7T B IEM 9 igE,
SE TBM [EEZ9.

=, MS07TFIMB-08 o FAILLB(NER 2)BRRVLARF EMHEEE
B, E]EEZE 00 TBM £ E/E NN EN IEM 8B EEN. EXHEBEITF,
TBM S FMHAMEERRHUBEEZSN, EXFEA LS STHAKEN
IEM, [E8 IEM 898 2MEH4EL-DTPA #B4r. M8-07 F1 M8-08 4 F#1#% (s
SHEBEEEMERNERK. M8-07 L& &£ TBM F 4 > IEM, T M8-08
WEWEH 2> TBM H 4 IEM. R, MS-08 &4+ 8 2> TBM EE X
BRF ST, BAFTE HSA NS MMLNESMBERE 20MHz 7 5 16.0 mM's”!

EME 441 mMs . Bk, EHERY TBM XEMBAFIES FORREE

BIREbnE) 2 ZLL E(2.75 5, M1 TBM BT 64.0 mM's 830 ZE 2 4 TBM i
B 176.5 mM's), B—HE, M8-07 F1 M8-08 L& EEHMBEREY, &
20MHz #4314 9.2 mM s F1 103 mM s, 4LE4 M8-07 F1 MB-08 A RI w4
Rl pxM oA 05 1.7 70 43, XK MS-08 (L&Al IR A BEHFRENTE X
ZEXFLEEEAYIESR, T M8-08 Wil HSA FEMAFE AT REMNESR
(5 MB-07 MLL), BRFMEUSEE L HEENMLEMEZELE —1 TBM
B % B E AR

BE, ZRILAFELEY M8-09 F1 M8-10 %R, XEHIELHTEE
EFREAN TBM M4 [EM B2 TR AR BEREL . M8-09 1 M8-10 & FHILL
BWihFRE, HRME IEMIENIEHE—E TBM 54 F A 68 A EL 4] £ 38 o0 & 5t
BE, BAHIEMEEN I FENNEIHEEN 2 FE80.

Hie, ERI o ANESRBE 0 FRENS TEAHMERTEHESK
HEmBEEIRREIELHE). H2, TBM LASFEBNEE, XIHE

BRD T FHEEERTETSTHRIE. ATEEME 4 1 IEMFED




10

15

20

25

IEM I Rl g o A S EERD. ZUSEEFAMLREG TIENZHEELSY
SHMETE. Bk, EEESYNIEMTE, BHESUASERERETH
HESDHED. ER, SRUNSEIEBSLEWECEL ) TBM £4,
BAxiEmai AR “B-FH7 23 R ME, WEE MRIESEA
M. XEZ W/ EMAGEENITHE— LR T NLEERBEL, ANERSE
ERECNEFEES, BZESHAFRES TEMIERTA~£03E,
MEBEENAFNENSENNEN . BHNse, FRARKTHES. 42
BRENMERTZE RTPHETELAEEMAEEAE T TBMKER, &1
IEM KIS IR R A4 E IEM AENmas, MmtETHHE.

A&

MR ERARFZEBENCHMRTRL. B RSN IFEMANEAILLAE
MR MEE R, MmaHUE. RENMRME T ER., MIIRAXBAKEGnF)
PREE R Rk FHFER) . THEIHELHAERER R TENE
HERZHUTHERMBROEIGRE. BRE. OER. BEKK. AREDL
ERA. BERIER. BREA NATOOEARHRG. ORF. FiEk.
MEBREFILMKERIIENECER. A, ERIXITEREENRNEER
AIUEEXNER, WHEPHAARRESEOPHEARBRENZY. 5
b, MR, BFERBRAMECREAMBRELHEEFE(FEFADINLZRET
BARENREERED.

RAEILLTTHEZ B MRI MG ZER T LS HE A MRI M6 FIER 48 F
A REA. SXmMEREN, TENE MR AEMKAFIIRESMESE
FMmBEAMARAILE. SEFERLEWEA RS T)IESH M E IS F 7 (black
blood angiography sequence), B[ 1%i%4% M1 A IR Q1R & B 5E 2] 5 71 (fast spin
echo sequence) 1 (L 7T - 8% 41 & /& (5] 75 5 71l (flow-spoiled gradient echo sequence).
XEFTHEEBENMMBMANFE, KB T thgRay e fm itk E50E T,
MERRRENLLER, W& EEWH] S 078008 50 ECF & 0 F 548 58 i i 4
MERALAEMILE. T,RAWHEFELHEBREETAHAN. &, BTk

ARBTERBFFI U E S E R FEAATLE. -
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HUZEERTRRAET AT ELRSNBVESYRERRENT
FREEEEY. 8%, BTHERARANESYELCESRE P KERES
MEH. SENZEAEYET S ERENMBHREN(INF 2 FE)RERE
HUuSHAERE. B%, BESSFHRUENANERR, FUTFHETHRIL
KRGEYREE—EET. JRKEASYEETEHMNAESZ P NZMENE
B, UEHEEARERSNE. XESYEUREA T, TTEESHT
EELENNARAE “EI AKX EREKOEEMT. BUEFATRES
e, AIRRE-ZWMEHAMNTEAKREK, ATMEEBINESIERS .

FRENAVEEDEOEFREOU S RANE LEEOE, MEF
e LRSS BER. &, EREEEA.

HiEH, UAESEEYHEXEERBENEAEETELETESE. &
AT MRISBEFOFEERS 4B, NEEA. 3hBA. 8K, RN
A. TZRSEC2EHNEBTAMEELUNTE, BEAREANESYE DL TH
LE(BEAN). BAMFENRANAXRRTERES, BT NER,
HE. HH. BEMNERTBEAEE, BEXTHEREAERERESHAE
ERITAEXFRMBIGRAET. —BES, SWEEERETrEARENHIE
TREZ A 0.001 B 50,000pg/kg( EHEE), HEHT 0.01 B 25.0ug/kg(EFF
ByaExE. UREAIHAFNERMHERETE.

FUTEXREOITPHE-PHALRR AL LT BREZEEET D
ERMEE. UWTXREATHEFENEASHENEARNATRANEZRE, WE
KRPAHNGELAM RS BRULERARTIFS LML, £MBEHEAAR
o LA FE AR TE A R B AT RS A RO RUR 22 SR T B P oR AT LA RT B 3 B9 ST 4B AT A AT
ITERERNZL, BRLUEBRT ES LT, BXRGETEARA R UBRE
ERFEABHNRFMNEXREEALCTUN RS EFAFSFEFTRENE
k..

5% e 451
SEREE 1 MEMBRRAFE
BTE 0.47 FF 8T (20MHz H-1 S B /RAE)FD 37 CERYERY Bruker NMS-120
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WK E B+ P (inversion recovery pulse sequence) B ERA TR T,. Eid#

Minnispec NMR 73 6 A E A KA S PHBRE, AZEENREED
&
EAGETRLSEEFEETEE R 4S5UHSA)MEEE. E—HaEdE s
P EK(PBS)PINEH 4.5%HSA, KT ={7E PBS FIREH 4.5%HSA LI,
BRI EH 200 30 F0 40uM GdA(LID). BREHRTE ITCHEFEED 15 S LIHRER
T T HETEENTE. ARNESHNEE FE-IEICP-MS)HZ &P
G EE. BIH L ' RAFIZBEEE(UTL) X GAUDHE E (mM)1F & £ i
%3@%&:2?1(&/:\ GUUNEF). SEFERUSHNENRFN ABEE. ELlEY
A RELEF)NE T LS LAY EE.
ERMMERPUABENTEENTBE T ZELXHETEESTERN R
MAEE. BEMMNEESTERMSHHERE, FELTFRIRERE. T8
MR BENUWEEXABRMNFIEEHREE,

LHER 2 AN AEIEEEFRPFEZFNN LB ERE

FEXLELRES PR ORI REEESHMBREFERENEZTAE
BESMBAEFFOFEEAR, ETUREMHEERBENLFFREMR M
MEMRBITREENNEN. TUAERCHESHFERSMEIAME.

ATLAME R — YR B R R R AR ML A2 AR B (S B% Bk AR S R)) . E PR AL #H
BIZFERK, BREZXIFDHELZ BN EL. ERLHFIBDMAALTEDR.
RAMBRAKME, NOEEFTALATEONLE. EFFIFMELENL
(aged)30 47 £F.

EEXMHRABAKELS, FTAME NS ZHBESL B E (spoiled
gradiet}(SPGR)MRI & 36/5/30deg B 1.5Tesla. H 4, 3D GRE 44/10/30deg 7] LA
FAF 1.5 Tesla (X B HFEITRETE. H&, AT 1.5Tesla 7] LAF#AT IR2000/10/700

.
;
P

LR 3 ZPieal: &
ERAMREEFRZRAFTE 13 FFREMHAT MR SERIEZT.

-
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Y . I H
o L <
O _en-d, C __Y HN 5 ot
o ‘C:HNH (=7 O o o-N s N
e s \/i o 7 ® e zt:H TEM Se°
C=¢ cH N o N-O N 5 7 TN CH
HN TEM e " gy © oS o
- CH $ [Cnec” / ° HO, _}CHC—:i oy
O"fw . e Te L~ & .
CHeo-tH - oH
o= 5 R S-nm
o a o HO
Q My~ a
=< B
HyM _S Y
O=C> o N
oH ot
OTP A-Gal DTP AGd

13 FREEFEE 4 MHE IEM 81 DTPA-Gd 4. I[EM BT B —
R ERERNEEEEE T IEWE . TBM EF A M RAHUM N EA S E
FAMER. EEANRETLLUEE AR DA EBRBER R ZmEmMH{4. TBM
WM B R R T .

FE37C. 10uM ERF. 2.5mg/ml MAEH. 50mM Tris. 150mM NaCl.
2mM Ca®. pH 7.4 Bf, BEM#H5M4EE DDE)EER A BRIEEY 51
% 4. TE 20MHz F137CRESHAYNBRESD 1014mM’s', B Gd &
YR 25.4mM s EBERTINBEEN 7.7 mM s, BN GAE S WA 16.9
mM's!. ZEEFEEETHMEBERERNES. B 14 ERTEIERE MR 27
MR ZEHEMR. ERERTRHREWRERMNERET, ERMEERAZTL
ERTURREERRBAEY TN, MALEPHIANKRALER.




Hl4ERAMFEINS FERZTNE K

H
DdEHN/\/N\/\ﬁ/\v NHDde
NHBae

BocHN™ "CO;H )
2 HATU/HOAL, TEA

3, HCl
4. Gly-DTPA-O-tBu, HATUHOAL, TEA

5. B

g,

MttHN—O/\n/OSU
o)

DTPA-G-HN  NH-GIy-DTPA
o

H
MttHN—O\/”\ﬁ/\/N\/\N/\/N\n/\O_NHMﬂ

9,
DTPA-Gly-HN NH-Gly-DTPA

1. TFA

2 8k BE
3. 2464

M8-11

WHES

Z Dde-TR & HI & BL |

¥ U9 B% (Fluka)(1.50ml) 5 Dde-OH(NovaBiochem)(4.0g)7Z 30mlIEtOH F &
W, EIRMTERMREERRER 16 M. RETKRE, ETRERNESDE
NTRAEEY. BRYYEET 250ml ZEEFI 2N HClBHT. 9 FREE
BRTEKE, N 50%NaOH H 2| pH 128 12, #AEH EtOAc 128l AEK¥E
EtOAc B, FTHEWNa,SO)F Ik, EXFERBERBIREARREF(2.9g), &
KT B&@ﬁﬂy&iéﬂaﬂ: F EtOAc/MeOH(2:3)F EtOAc/(BFH 1% H McOH)(z
3)BE R 1 %brﬁﬁé@ﬂkﬂﬁﬁﬁf#%(ug)
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'"H-NMR(300MHz,CDCI3): & 1.02(s,6H),2.34(s,4H,2),2.56(s,),2.79(s,2H),
2.92 -2.94(t,2H),3.48-3.54(q,2H),198.2.
MS:m/z475.2(M+H)"

Z Dde-[8& —-Dpr(Boc), K1 & ik

4% Boc-Dpr(Boc)-OH.DCHA(4.85g) B F 60ml EtOAc(&H 12.0ml 2M
H,S0,)F. &F ZFEM|, 77 EtOAc B. A EtOAc BEUKE. &HF EtOAc 2,
F#EKEEE, T/K MgSO, TEHITIE. EXSELER, BAABNEGTERES
2] 3.23g 2 B & &R EEHT Boc-Dpr(Boc)-OH #HF B .

'H-NMR(300MHz,DMSO-dg): 8 1.35(s,18H,),3.30(s,2H),3.96-3.98(m, 1 H),
6.87-6.90(d,1H)

0°CH51E A i BT EE #Y Boc-Dpr(Boc)-OH(1.52g) B2 F 15mI DCM F ., EH P
I HOAt(0.68g)FA DIEA(0.35ml), OCIHRFH LB HMER. REHE LB Dde-
Mg EHEEP, REBEMA HATUQ.90g)F 2mmolTEA . 0 A KK
DMF(sml). PR NY 36 B . ETEEER, A 150mlEtOAc M EE
., F IN HCl. 8% NaHCO,;. FhK##E, SRELK Na,SO, T, dEHE
FTRREBIAEEAFOR2). EREBRELENAMLZENR, H
EtOAc(3%MeON)¥E i BB E B A B A ~H(1.3g).

'H-NMR(300MHz,CDCl3): 6 1.01(s,6H),1.35(s,18H),2.34(s,4H), 2.58 (s,3H),
3.30(s,2H),3.44-3.67(bm, 6H),3.85-4.10(m,1H),5.44-5.52(d,2H),5.74(bs,1H).

MS:m/z 1047.7(M+H)"

Z-Dde-4f%-diDpr.HCI £ 874 Al

%= Dde-ﬂﬂﬁ’ﬁ?-diDpr(BOCjz BT 40ml 4N HCl/ P&, 1R FE 10 /MET.
MY BB ZRR, EFRRABIRECSEE K. ARETRTHEXLER
k., BELLHC BT HEE(1.09g).

MS:m/z647.3(M+H)*

&/ Dde-— Dpr-l-GlyDTPA-CtBu
0°C¥% Gly-DTPA F-#1-T E&(Gly-DTPA-O-tBu)¥&f# F 10ml DMF . A
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HOAt(0.41g)#1 DIEA(0.52ml), % 0CIHFAFKEM. ¥ L& = -Dde-Ifk-diDpr

BT 3mt DMF 4, #j1A DIEA(0.13ml). & HATU(I.14g) ¥ 5h 4

DIEA(0.09m)II AN ZVBREY . MAKEGEEE 36 M. ETBREHET, B

EtQOAc L FE &4 . A IN HCl. #85 NaHCO,. /KR ENE, £ /K Na,SO,

T, TEHETTRESIHNEXEGCRBREG.15g). A#H &8 RP-HPLC(C-4,

ACN/H,O)4ift, BEEFFABLHEYNASL, BETIREIBEEKH0.259).
MS:m/z 1244.4(M+3H)**;933.9(M+4H)*

IT f%- P -CN-GlyDTPA-O-tBu # & At

% = Dde-I3f&-— Dpr-TU-GlyDTPA-O-tBu(0.38g){# 2T 8ml 2% v/iv
DMF 1, ZERHEH 10 448, ATEWREE R LNEEY, FH CH,CN RIKE B,
Ffi#& 2 RP-HPLC[C-4,CAN/H, 044, BEEEMFUEDIHES, »FET
B1E 2 R & E#(0.25g).

MS:m/z 1702.1(M+2H)**;1135.1(M+3H)**

T -MeO-ZFE FE-AoA-I1-Gly-DTPA-O-tBu 85 & %

0°C ¥ U fZ - -Gly-DPTA-O-tBu(98mg)iE £ T 3mIDMF 1. i A TEA(Sul)
MREE=ZFFEIZES LB EE(MeO-Trt-AoA-Osu}(29mg), I #1d
®, AN MeOH,ZE &R, A DCM REZEBRY), B 10%ITHEBEKER. 2K
¥R, Tk MgSO, Fi. FH#I& % RP-HPLC(C-4, ACN/H,0)i# —F @i =4,
RETEHBTEONAS, AFTRBI GEREE(87mg).

MS:m/z 2047.5(M+2H)*";1365.3(M+3H)*"

AocA-TU-GlyDTPA-OH MI& A

¥ MeO =F B Z-AcA-II-GlyDTPA-O-tBu(85mg)EF T 10mICH;Cl/ZE
BiE B /DCM/TIS(64/16/16/4)5 , 7 0°CHi#: 3 /MNBF . TIS 5(iPr),SiH. B 20m]
KEBERMNESY, HIERER., 4% % RP-HPLC(C-18, ACN/NH,0AC)
#-FEkE. SEFY. AFTREBIBEEEE(Q2ImE).

MS:m/z 1214.4(M+2H)*";809.5(M+3H)>* -




10

I5

20

SLPCDYYGTCLD-NH, #1581k

% AKX c[SLPCDYYGTCLD-NH,] (10mM 7 NaPi @W®E+, pH=6.8)5
NalO,(20mM)R M. HZ ZEEKEL. &£ C-18Sep-Pak H -4k k4. B
EH OIUTFAR 0N CH,CN BB . REE LR EER, BAE N~ a-N-
7 B EE-c[SLPCDYYGTCLD-NH, A H T e e &k =. |

MS:m/z 1315.5(M+H)+ |

WEEFEEE-&FRE: MS-11 B14 /MK

22°C, ¥ o-N-Z E Bt- c[SLPCDYYGTCLD-NH,](13.2mg) 1 AoA- [0
DPTA-OH(12.3mg)7E 20mM ZEHPEME(pH 4.6)F RN . F¥EE&E RP-
HPLC(C-18,CH,CH/5Smm NH,QA)k 4. R AFREHELNIE S
(& A Lauffer R.B., 5 A, Radiology 207:38 529-38 71(1998)].

MS:m/z 1674.6(m+3H)**;1256.3(m+4H)*

SRR 4. BESTZEBLEMEETOEH

FA Di-Dde-I4&-diDpr M LR WTE, LU EB ZEE-BOC MM L EEE
1 Gly-DTPA-OtBu IEM B, AL L@ &ME WSS T =T L&Y
Z, BAPTLLEMARMNRARN, FERRESYERZNSEERRAESY
b=

SCHEE ) SMS-07 B1E R




10

15

O it o
- g o M
, 1 toty
e —C%Q{o
2

DIC. HORT, M5,

} LAH, ZENTHF

oiT
HOBT

R, Ry
1 | DMEACNCY, H
‘Q‘O—/N\/\H%N\/\”” . O_/n\/\#.-\,n\/x"“r
| | a
"y LY ' . 3

4
HH a
' Lm,cxc*,h

Ve SV LW TR

HCVZE FEYCHCI 2
(MITRCO,ET  [HyTHhCOKZ

Gly-OTPA

T

et ~
Rf@" ' Cores o ‘gm

Me-a7 P e = ) HOL N 3 M oo

e Ha< Ho<

(HTHE0,C
7 4-KEERR0.79)F =T 2 M #(4.262) i CH,CL(200m1) % & i A
HOBt(0.89g,5.83mmol}A1 DIC(0.74g). EEBH PRSI H. TEBEMIN

CBY, BRETHREENSERCERY. BRERESDMNFER C4 £ LETH

& R HPLC(¥E ¥R : 0.1 % TFA/H,O/CH,CN)B | 2 A &K1 TFA 2R BB
(0.63g). |
LC-MS: (m/e) 369.1(M")

=R, LR AER0.63g)8 ZE(100m)F THF(100mI)E A L1810 A
LAH(1.30g). BIHEREY 2/, RAEEEEREIH. EHEESYWTERH
MMAKLLER LAH. SEBREBEINTNE, RETEEZEFSILEmRY.
B RNEMEFER C4 F LiFHITH &R -HPLCEER W : 0.1% TFA/H,0/CH,CN)#&
FEAHEBIEN TFA [E(180mg).

LC-MS: (m/e) 354.4(M")

£ TFA BRE(BImM R A E LK (287Tmg) DMFGOm)E R F A
Gly-DTPA-OtBu(1.88g)&] CH,Cl,(50m)¥%E# . HOBt(370mg)#l DIC(301mg). %
ERALESYEIR. RETHREEFNBIZCHRY. BEHERNESHNE
C4 # E TR & B -HPLCHERR W : 0.1 W TFA/H,O/CH,CN) S £ & éiﬁf okl




=471(0.36g).
LC-MS: (m/e)1719.4(M*),1147.2(M*")

LA EEE0.19¢)8 CH,CL(4.5ml)FI 7K F B (4.5SmD) B FiE N A
5 4.5mi 12N HCl. ZE@WAFHEEY 3 Mef. ZHIESTFIMA 40ml 7K, B2
BRI 3 K. ATTEKER, BEERY, RESEMEE CI8 M FETH
Z R HPLC(H¥E R #: 100mM AcONH4/CH3ICN)YE B A & [F 14 (50mg).
LC-MS: (m/e)1158.6(M>*),772.8(M*")

10 AR A ER AR M E S Y(S A Lauffer RB,% A, Radiology
207:3 529-38 71(1998)].

SR 6: M8-08 IS ER

O o, 30
b : o
siomly e {3~ ¢ —— O—\’

PaOAcl @ DIC, HOET, CK, &,

PR,
HaHCD, 1

J LAM ZEKTHE

=14
st

Poob i b~
i O - Oy
| | nn—g
&y e 3
4

L] 0
meﬂl

— B A =Y RY
HCIEE FEHCH Gl PR

GH-OTPA

T

ot P —“Sf;m

L1}
T
Ry~ o

Ma.on P i =N o T N e
m,m,,c N:Chmrc) 'ﬂr") "°")
15 4-KEEZFR., EXEWMEQ0)MN 4-BHEFER(12.9g)8 1-F9EL(150ml)Fl

DMEQ00mDiE i F A ZEEBE(0.128g). 2M BREEHE R (37m]) F 7K (30ml).
ARSAETERESYTPIMAZBL(2mg). MAERLESTIH. BER
JE/E, AN 100ml 7K, #HE 2.5/ NHENEANERZR. B 150ml ZBZER

— 44—
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BEOCEBMRESY, BAMESF. BUHBRBEEPERAERFIEET X,
EFTLC BETRELHRE 4-BFEFERR=0.558EMK: CH,CL,/CH,0H=35). B
200ml IN NaOH & BB 3 k. EEIFHKEFPMAL 50m! 12N HC
f£ pH 1X2) 3. TIEBEIMUTESY, B/KEtER, TREZIEQER KL 4%
FFRER(8.81g). R=0.75(3&ff#&: CH,Cl,/CH,0H=25)

'H-NMR(300MHz,CDCl;): & 1.997(5,6H),2.340(5,3H),6.951(s,2H),7.274(d,J
=8.1Hz,2H),8.177(d,J = 8.1Hz,2H).

T AREFEFBSOMZEZETAR0.43g)8 CH,ClL(60ml)E# & I A
HOBY(0.96g)% DIC(0.79g). EEBBHIBAWTH. HEBFIN RN, Fi2
JFEOBEME1.45g),

LC-MS: (m/e) 591.3(M")

ERB, FLABOERE0.45g) B ZBQ0m)F THFE(SOm)BEHFEIEZ DA
LAH(0.33g). EIfEED 2/ 0, REEZERAIH. EHESYTER
MMAKUEKX LAH. TERZERINNE, RETHREENBIREEBRD.
B RNYMFEE C4 H L#HITH &R -HPLCERR W : 0.1 % TFA/H,0/CH,CN)1&
FEAEEMES TFA FEE(140mg).

LC-MS: (m/e) 564.6(M")

it TFA BRHEGOmg) - RRAE Z K (38mg)R DMFBOm)EBE | F mA
Gly-DTPA-OtBu(193mg)# CH,CL30m&E . HOBt(37.5mg)f DIC(31mg). =
EHEERAYER. AETFTREGEFSINEMRY. L RNRSNE
C4 ¥ Fi#E4THI & BI.HPLC(F IR : 0.1 % TFA/H,O/CH,CN)E 3| 2 i B & [E (5§

= .
LC-MS: (m/e)1824.2(M?),1216.3(M*"),912.5(M*")

TE I i B 2 1] 14 (0.58¢) ) CH,ClL(Sm) A B B¥ (SmD) SR P Z /A 10ml
12N HCl. ZEBRBLREY 3 /Mat. EHEST P IO 40ml 7K, B LBEE




BEIREESY 3 K. wETERKER, BSEESY, AEBEMNFT Cl1e &L
HATH % B -HPLC(BEME A : 100mM AcONH4/CH3CN)#2 2 8 & E £ (1 Img).
LC-MS: (m/e)1263.2(M*),842.4(M>*),632.2(M*").
BT ER DB NI ESY(Z A Lauffer RB.,F A, Radiology
5 207:%% 529-38 T1(1998)]-

STREEF 7. SERNHERE TBM B HSA £ 8 28— K4 5

T
TE ]
NN
AN IR
i e e
o,—urpma..).,

Q
1 - DS, HOBR, DIEA, DMF S Ao oH
(1Buk-DTPA” H
" H e HH 2} HCl Py j\‘ W GanTes
°~( o, GADTPA N 7
Cr 3] GdCh, NalH H NH e O
(1Buls-OTPA DTPA-{(Bu)y [} ot
. 7 GJUTPA
Cd-OTRA

BEH 4 MR TERRIPH) DTPA B " BRAM T 2 =& BB AZ(0.75ml) .
10 0N RCOHQBeq( HEXREZEMEE TBM KHEE). DIC(0.052ml,3.3eq) 7
HOBt(0.051g,3.3eq). ZEZ M 0N DIEA(0.105ml,6eq)Z B R RIIR S M H1E 0
C. TEMBKRENEEYIE S /A, H CH,CLEBERNESEY. B 0.IN
HCI. M1 NaHCO, M KEEEF. Na,SO, THRENE, AEEREZREEN,
BRRT BERFIPEE. B DCM B9, £ 0°CIuA HCl, #iEF 3 /.
15 BEBEMNEISEES, HitEALE GdCl(4eq)f1 NaOH(12eq) & N 1§ B
&7
RIFIBTHREAFZENMNEH 2 /MEE TBM #7ib- &9 X TBM BI& 4 F

B EE .

20 FIEHF2ANMAEMN TBM WL EEZF

ik &4 TBM #I{L 34 # JRE

HS¥ | EREMEETH “R” | (m/z M]7)

MS-12 j 1048.5
. O OJ\ -




Q
el

M8-13 1036.9
(J
o
009
M§-14 vi 1080.9
F F
£ °F

MS8-15 1005.0

Vs as
[ W
4]
MS8-16 g; 1-36.8

M38-17 “H 1094.1
O
M8-18 e 1259.1
' o™r°
I CH
| Hwi
M3-19 o 1288.51

o~
i

LR 8: SBBEANAE TBM B HSA 40 L 6K — KA/
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15

TN
Cbz-N 1
1y R'cogH
ﬁ' >\ DIC, HOSt, DIEA, DMF ;"
(tButja- DTPA ﬁ rQTP“":m”)’ )\\
2) By NH__ caoTra
3) RPCO4H GaoTPA o
[3:M UTPA UTPHI'EN); ) 2 D NH  KH
= DIC, HOB, DIEA, DMF
4y HCI GAOTPA CIOTPA
5) GdCly, NaOH

Haﬁ4AﬂT%ﬁFMDWA%Gh%#%iﬁ@%? AR BRI
(0.75ml)% . pEA R'COH(1.5eq)(H R EFEH TBMIL B E). DIC(0:.052ml,
1.5eq)#1 HOBt(0.051g,1.5eq) . ZEZ 1A DIEA(0.105ml,6eq) 2 HI 4 R iR & 47
HHIZE 0C. ERERIKRNIEESYIE 8.5 /T,

F CH,ClL, #%BI R NEE®, H 0.IN HCI. %W NaHCO, FAh/KEEi&.
Na,SO, TRENE, ETHREREMEN.

B EDERET EtOAc FHEMG%PI-C)., EEELFNE, BFUE
A—RB(R'CO,H,1.5¢q)(REREMEE TBM2 HIRFE). DIC(0.052ml,1.5eq)#
HOBY(0.051g,1.5eq) [T S H I R LB & 455 8.5 6T, FB CH,CL BB
REEEY. B 0.INHCl. #H NaHCO, FlhK . Na,SO, FREIE, B
FHREBREER., BFYRET DCM F, 0CIoA HCL, RN 3
. ZBREEFERIBEEE, ¥IEES GdClL(4eq)# NaOH(12eq) R [ 15
&Y.

RATIHTREFEESMPEY K TBM] A1 TBM2 &M . FEEE—
e ERE “RAR TBML, —BE&RRETSH “R?” ] TBM2,

RAGE2IMNTE TBM L FIEEF

“HEH TBM1 ML ZE 48 TBM2 §9{b 224
REH — B EWMEESH “RY” — e iR F g “RY”
HO OLL,
M8-20 °)Raj/o /k/@)fff
| i
L,
[




Fol Qon

041
MB-21 Oy NH é
]
0 M
Jj Con
M8-22 §O /k/©)<ro
e} O :7-
MEg-23 G !
¢ N
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SEHEE] 9. MB-01 BIE& R

o
OH OH | Ph
(/ Boc,0 o—-1|=—o-<:><ph
- TEA/Toluene 1.4, (O OH
HaN 2 2,
2 BocHN , NHBoc 2 ;B&JOOH BocHN NHBoc
: ' NH;/MeOH 3 ,
TFA/CH,Cl,

o
i Ph o Bh
0—P—0 0—P—0
oh P e | P
Gly-DTPA g__\ OH

Ry-HN  NHR EDC/HOBt '  NH,

DIPEA, CH,Cl,
——P
go °O< A % BKCH,C,

RpHN  NHR

5

M8-01
0
HO—S
Y HN o
\rN\ Ph LCOzC(Cth Gly-DTPA
O T
o Ph (HaC)yCO,c" N N"C0O,C(CHy),
NC J

(H3C)C0C" (HCHCOC

o HN o
Ry = LCDZC(CHB)J RZ x cozH

N o~
(H1CHCO,C™ N N™ "CO,C{CHA)4 H02CAN/\’N \/\)NACO-‘.H
(HiC1G0,6”7 (HaChCOLC HO;C) HOLC

B 1,2-Z(Boc-BE)I-EERNR(0eqM_EEXEHXRCETHBHEBRE
(1.1eq) ¥ 42F MU S5 (1.5Smlmmol LM BLAEE )T, 55 FFHH# 30 44,
ERALBEYPIOATM(1.2eq). MAMBEY 45 574F, *'P NMR B7R R
TR EEESYTIINAR-TEILEAY( 2eq). MBERNEBESYWL 1 /D
B, Z PNMR EFRRNZE. SEEREZBIAMNENS FIH, REEERT
MAZE Fh. MFREHARBANEE. BREABFHHBEINEMNERILE
WEW, MBS TR, STEFETERSE. ERIMNZECBRRYTINA M E

HFEER. SRRRSYEIR REEEREZEN. BREREERN(GRIE




/FRERB) IR

EZRIBEM_SFRTHBFTUMEIEERY, ABKEERESDARK
FIEEBE K- EENCE- R B, 4 ZE180 Gly-DTPA-O-tBu. EDC #
HOBt FIZEFA(EMAZERAELIE LIS 0 pH) B T i, AlHI& 2
FFE HPLC @ HERFHIRNIESY . EHE: FFEE: ZEBHG: 1. 1)
BHEHFEE 2 DTPA BT B, BEEIEEMITEMA GAClL, FE AL DTPA-
(B & 4(& A Lauffer R.B.,% A, Radiology 207:5 529-38 T1(1998)].

SR 10 M8-02 BI1E R

OBn OH
oBn BocNHvNVNHBDc NNHB&: NNHBOC
H BocHN N Hy, PA/C BochN N
tBuOH 7% AcOH/AcOE! \
BocN reflux, 2 days 3
1 ) 2 NHBoc NHBoc
1.4, Mops
2. tBuOOH
3. 2M
NH,/MeOH
O ? Ph }b Ph
I Ph o-—P-—o—<:>< 0—P—0
(Ij ’ Gly-DTPA S ol TFAJCH,CI OH
— NHy ————2=21
NH—R‘ /\/ 2 /\/ NHBoc
RuHN N7 EDC/HOBt HN - N BocHN
7 DIPEA, CH,Cl, \ § 5
NH-R, NH, NHBoc
HCV % R EVCH,Cl, \(

a
.~ NHR; HO =4,
Rp-HiN N

HN
\ M8-02 _ o
NHR COCICHI  Giy-DTPA
2

(HaCHCT,C NN co,ecHyy,
(HaChCO,C” (HaChCOiC

I =

HN HN

o o
Ry, = r(coic(CHJh Rz = '\L(CO?H
—~ —

(H5C1C0C N NN cose(cHs)
(H3C)CO,C" (H3CHCOC HO,C HOLC
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¥ B N-Boc-O-*FE-LZEEH| & FHZE T F Z-N-Boc- & A IE (2.82g)
N,N"-Z Boc- "L ZEZRKQIDEERMNB T EFHRHE 2R, AEETEREE
7, FREBNALBEY(FEN_EERARKRB)EE 454 5. @it
1H NMR HiE B 4E 80 Boc £ 55 EEA ML Y. ¥IXF = Boc-{R#F LR
BE(3.8g) MR T T0ml 7% BB LB (EH 1.0g 10% L) T LR NES
YWET 48psi AR T 16 BT, HE TR ERNEBESDLNER, REEFEL
(FEA_EFRAGROEED, B85 3.6g. ALB&MFEH, R-TELD
S, BN FREESRNEFENBN_EETCETBERERERN, 534
R BB ER B8 .

£ 1.0ml TFAF 1.0ml DCM PR HE I NETFRE R R = BocEH,
SRIEWRIFTIREREEE 54ml =K. SZEHEMT 1.0ml ZE Fixd, Hi&
FMANEEE 6 38 Gly-DTPA-O-tBu.EDC 1 HOBt 4 2.0ml ZE BIRE MR (H
Fin A DIEA % pH BT E 9.0). ASI&K HPLC(C-4 &, 20ml/5r 8, 30: 70
ZHBE: KEI100: 0 BRE 25 4d, AREHR 10 ootk xRNy . ARt
WIF LA S TE. 5. FTFH. ZEFHG: 1 DFHHE s DX
PI%I DTPA MM TEUTERE, REETREEN, BRI KEHAE
TH. AEMRTEZ R Lauffer R.B.,% A Radiology 207:3 529-38 5T(1998)]4
GdCl; JE R DTPA-ELE &Y.
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STREB 11 MS-03 A AR

c CO4Bn
H B~ COBn o OzBn r
NHBoc ™~ ‘/\NHBE-—-—-—-——-— N ~a N~
NHBog™ ™ '~ TFA/CH,CL M3N NH
1 TEA/ACN hBee ) NHBoc 2Ll ; 2
Gly-DTPA
DIC/HOBt
DIPEA, DMF
rCO:-H rCO:Bn
Ry-HN NN, Ry-ANT N g,
] 4
6 ‘
EDC/HOB:
DIPEA, CH,Cl, °
g PR otg Ph
O_T—_DQPH : Ph
- :
OTNH AN o HCV 2 R E/CH,Cl, OTNH HN?O
/N \< R HN_/—N N—\NH_R
Rern= ) ¢\, : ! ¢ :
NH-R, R,-HN NHRy RN
7 Mz-03

I
4

0 Ph : o
—P—0
SO i O( Ph COC{CHy)y  Gh-DTPA

OH
N
H,N NH, IiCHCO,CT N T~ TN COCHCH,
2
s (H4ChCOLC” (HiChTCC
Q 0
HN
Q HN o
Ry = COLL(CH)y Ry= \L(CO-‘,H
{h:CbCO:CANNN\/\NACO‘ZC{CH!)) . HO;CAN/\’N"‘/\NACO-,H
(HiCHCC,C™ {HiCHRCOLC HOICJ HG,C

WRZEFER(Im)A S0ml ZBEHEBEMA NN'-Z Boc-Z T ZE=f%
(14g)#1 50ml ZBE70 19m] = ZREE0 I, 3633 2 ot RBE TR EEH,
HREEN(CR/CBRZEBEAERB)SEHEYEI PR, EFE 1 1 =
BB RS RMNBEYPHEE 3 /DI, BREZYRFPREREYH 2 4 Boc f£
PEE, REETHEZEN, BKMNZHESE, AFTRER 2R, &
N,N-Z— FEFEL P H# Gly-DTPA-O-tBu. DIC 1 HOBt(%& 2.2 2 E)45 475+,
REHEZRZ(0)EAZ(ZRALBE)ERET NN-ZREFBRES, FHE()
MEIRNERT, MAZRARELEE pHIETE 9.0,




WE 12 ANE, BAKBELER, ALBRZERN, REMFRTER
KEW . MARBRIARAAMNEMESR. BTKRELELZE, REET(OK
IO ZEESE] 845Smg BN IERA AN ETH YR EETAEF, S/ 800mg
FEETF 10ml O, Oml FEH Iml ZZE(EF 20% 8B R, #EpEx
5 EEH, AEEHBEITEAFATRE. £5%F EDC M HOBY(E 1.2 ZE)H
TRFL RS LLER(750me)30 S, B LIRS M MB-01 AR A T -2 E
ENCE-BR_EQCmERT _EaF K+, AMIERRER®, TAZHE
AZELFEG pHATE 0.0, LG, RERLEBEY, AHEL HPCL(C-4 #,
20mi/ 4 5%, 30: 70 40 K3 100 0 BR/E 25 068, RELER 10 o84 B
10 B 150mg¥ i, ARERIEIENS FE. E8®K. ZFE. —§8K¢G: 1: 1)
R S AN, V18I DTPA WM AT EE, UFEERE, REETHREZEN,
BERTIKFIFARHRTER(EEE 90mg). KEMTEH GdACL AL DTPA-ELE &
(£ W Lauffer R.B.,%¥ A, Radiology 207:38 529-38 T1(1998)],

15 SR 12: M8-09 B4 AL
8nBr, DIEA % 4+n-BuPhCOC! Q %
CH,Ch -, ElyN, CH,CH J_/@J\Nn "bH
! HN o \
H:N folS { 2 Ph

Ph
1.4, Q04 THF
2. 1BUOOKH
3. 2M NHy , MeOH

% - / FPr:N-p'O"AO\‘
N‘ ‘-b m.HCI, E‘zo N\ :b 6 (CO-}.&J
Q=p’ Cxp!
o’ Pon o LA coutu kn’:Nﬁ?u;' Gt
o) 2 ’ o 2 4
4 co,tgsql&tczlﬂu

1

MB-0S T N'\riq,——co,H 3 ) “f\N/—co;tau 4
‘ bl M)
COulBu
(G,HCG’H COgH ‘::o,uau #cozmy

Z(1R-28)-(+)- M= -1-H E-2-EIiEEE(15g) M1 — S BB R (00m) BIZEH P fn A
“RAREZKEGBSmY), AEBNATFTERQ172g). LRSI ®R. HKE
WL, FA OINHCIERER 2K, Be&3#KE8 pHITE 8, H CH,Ch

20 REMKE 4K. FEMESAFEREHFOFNE REBESNTHR, TEHKE
B3 - FHEEBE--HHE05.62e), ARERIEESTFEME me=239.95).
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i5

20

F-FEEE2-HFEIQ0S)M=ZZ8%(9.2ml) f1 Z 8 F ££(250m1) ¥ i 3E 7§ 1
AN4TEZFHEO. Iml). HELRBEW 4 PBF, RERET TIKRE.

GEREDERTIRBRCES, FAKRE, REBESTE, JiE, BETK
BHEREER(CH/CBEOEARRABER 1-0-TEFFBRE-1-FEEE-
2-BITEEZ(12.7g):'H NMR(CDCI3) 6 0.93(t,3H),1.24-1.4(m,2H),1.5-1.65(m,2H),2.6
(t,2H),2.8(% d,1H),3.07(dd,1H),4.52(m,1H),4.65(m,2H), 5.13(m,1H), 7.09-7.32.(m,
11H),7.38-7.62(m,2H). 4§ 1-X-TEFXFEE-1-FEF E-2-E0HBEE(1.26g) F0
DTPA T BEELAZERAR(2.99g)iE i TN E KB (Sm)F, 5S4 FRastH 30 94,
SREEEPIMATIM(265mg), HELIESY 45 240,

P NMR R RN TN, EHESHFMAMR-TESEIENLD(0.433m]),
SRIERFEELRMESY 1 A EER PP NMR 2R RNFEK. TIEBERANR
BN TR, REEEBRTMAZEFR. MFERARBRPER. BEBREAH
EWAMBEMET LS REREER MERATE, TEFETRE. BN
REREMRYTMAN M ERFEER. ERKEEDER, RAERETSRE
BR. REEFT(CEREIE/FEAGRBRAUEENEEY, BIHESEEK
B ER —Bg: *'P NMR(THF-d®) 6 -0.28;L.C-MS(m/e)1165.75(M").

WA T T P RAA 12N SR A, Rk DTPA R T LA T EELL
AR . LG, A SN E8USKEERE pHIAWE 1.5, BERRE
HETE, ARBEH=15)%% 2 K. 25ETRIREY 48 /6T, BEHESE
A RE) 4 LC-MS(m/e)885.15(M"). EEMITIEA GdCl, /B DTPA-ALE
& 49(& I Lauffer R.B.,2 A, Radiology 207:5 529-38 71(1998)].
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SCREAT 13: MB-10 H1&

DHP/ ¥ B 5 o, Bulv ZE
oM o O B ~°
/\1/ , ot U ZmEE HO\/\Js U
/_\/o_.%l:.._.g P':‘ l.ZMP:EIVI'EA
soc\ﬁ/ or ‘\N /\/ U
EN N] _ Boc F_I
-N N 5, N3,CO, ™~
Boe” I__J Bee 1. AcOH/THF/H,0 [ ACN '\/\4/ U
P 2.7, Tewazole Boc” L‘—J Boc
3. tBuOOH &
4.2M

TFA/CH{Cl;  NHy/MeOH

10
RLIR
Sy HATU/HOAL ‘ ‘
Gly-DTPA o
il
o-p—g

oL B

CO,C{CH,) . H
2 3 G% \’/ BDC\ i \ p

N /N N N

(H3C)]CO-‘.CA)N’\’ \/\)NACO"!C(CH:):: l'd‘ '6—P\' ~ |:N Nj
; ;

(H3Cl1C0,C” (H3CHRCO,C Ph OK-CN Boc” _I Boc

7
Gly-DTPA g
H §
o N
0 HN
Ry = Lco,cqcr&,b R, = \[rCD?H
N
(H3E1RC0,C7 N T~ NTTC0,CiCHs 'HOICAN’\JN\/\NACO:H
(H3C1COE (HyChCO,C HOLC HD:CJ

TEEH 3,4- 7S 0LmE(12g) FX0T B 258 BE (tosic acid)(20mg)HY Z%&(zwml)qﬂ
WA 3-T BR-1-BE(10g)12 /MR, REETKRELBBR, BRBYELE ZEMK
Z B 5B AR E A KB R BRI B LA VE, i B AN T, FFIk 4518 5 DHP-
RIPRIEE(18.7g), HEFEH — S E BRIk 8 DHP-EE(18.7g)F R T Z,E‘ﬁ(ésml)
hHAHIE-TSC, RAEEHEBEEERFMAT ZEE(50.5ml 47 2.0M #E),
MALEFEGS). 4/MEE, LEERAREZE, MAKQOm). FEK
B, ETRBHAEVERIERY, REEN (LB ZE/CHRAERB) S FE
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S-THP-2-X%"-1,5-F2(13g), B 'HNMRIFFHEZH.

BB ERIREQO)HILA FIERES(882mg FEERE, 1.6m =2
fE, ZEER), AR EHURB Y (6.2g BiLH, T/KEFE). == Boc-1,4,7,10-
& 223+ Z 52 (200mg) FIBRER S §1(200me) 8 8ml ZIEHE B PR H L5
(1.2g)1.5 /BT, AEETREREZEN, HREBIN(LCBRZE/CHEAERR)
aify, &8 '"HNMR M LC-MS{EBE RN EY(240mg). 40°CTE 4: 2: 1 BIZF.
PO&ERER . 7k (12ml) R 325 1IN 2 4(240mg)6 /B 38 (8 % THP 247, RER
KB ERBEURNY, MFABRMEKBEEMKERADELHEREN
2, BREBMTRIRESIEFEQS0mg). ALR M8-01 & 5T AR R4
BrRgBAmafb25(E . T EE TS Y. E/FE)SHMES 1-x-THEEFEH
HoEEE L - TREORE .

MEATABERER(ZE BN ZEaFRERAERF 1,47, 10-l0F LR
TIHR EB =D Boc RIFER, RERABGEFTZRBREINN=ZMEKA Gly-
DTPA-O-tBu LR B AR (HATU/HOAL “ RAE Z &, “—EBH). & 4: 1: ]
BIEhER. EEE. —EFirPiE s NITHRE DTPA TR TR TELUSAR
B, REETBRZER, BETFKIFFAZETE. BF¥EAFTER GdCl; B
DTPA-4LZ &4 (& ML Lauffer R.B.,5 A, Radiology 207:5 529-38 T1(1998)].




SCRER 14: MS-06 RIS AR

i
1 [»] 1.4, 7O g Rg—G'?"OH
BocHN, OMe OH 2. tBuOOH o
" 5 3. 2M NH./McOH o g
HaN z BocHN” N7 N “NHBoc Bacun' N7 NT NHBoc
OH H,H M., H
1o o z 3
BocHN  OMe OH _
oc 5 TFA/CH,C,
W
Ry-0-P-0OH Ry-HN  NH-R, 9
o) —  R30-P-OH
Q Q
S { \ Gly-DTPA o
NH El m HN DiC/HOBy o 0
SN
o o DIPEA CHCl ﬁ ﬁ}_\NHz
NH-R{ NH-R, NH-R{NH-R, 3
&
i M
RyO-P-OH | HCY 5% BEVCH,C, Ry=F T
o
M8-06 S O o) O™cn
N H 4
SN N NT RN
MR o 0
c HO
Ky
RyHN  NH-R;  RpHN  NHR; . o .
CO,C(CH  Gy-DTPA
N
% {H1CHCO,C N1 "N COC(CHy),
o (H3ChCCHC” (HalhCO,C

.;_i ;ﬁh{"“?&é‘ -i—i

HN HN

o o]
. Ry=
Ry = Lco,qcmh 1 COzH

N
HO,C N TN COH

J

N ~
[HaChCOLC N """ N "CO4C(CHak

{H3CRCOC” (HaCHED,C HOZC HO,C

WRF4 2 5 N-Boc- H HER FEEM N-Boc- 4 EE FEERNE R B,

ArRFEEM. §TESIEAY. E/FE)EIFEAEE 1-X-TERFE
E--FETE2-NHEERRME . HLAL4DIC/HOBL,ZREAZEZ
B, TERR)BTFTE-C-EE-FEEFE2-FE)NREMN 2 BEM Gly-
DTPA-O-tBu RNFEARENG .2 YER BES 2 ZRTEY RN LU
R E. 4 1. 1 AR EF. “E§FRPHHE S5 MIREDIPAL
ERMRTEUTERR, REETHRERT, BRTRKPIFRETER. £F




MAER GdCl; AL DTPA-(LE 547(& A Lauffer R.B.,,%¥ A, Radiology 207:
5 529-38 T1(1998)].

SCHE) 15: M8-04 BI& Al

Q I
i
7] e Ry-0-P-OH  HO-P-O-R,
I W w0, 3 thu00H 0 o
o g“foﬁo jﬂ-il%gvi OH 0/—\0
BocHN N N NHB 3 e
B ocHN OMe oc H 5 ) e BocHN Ib-‘ll ﬁ NHBoce
1
3
TFA/CH,Cl,
3 i1 e 7
1 |
Ry-0-P-OK HO—IT-O-R; Ri0--OH  HO-P-0-R,
o o) Gly-DTPA o o
<. 50 o) ? DiC/HOBt ( ) o) >
TN PanuanN
e’ N N kR, DIPEACHiCL N N Ny
H  H H o H
6 5
HCV % B E/CH,Cl,
9 7
RyO-P-OH  HO-P-OR, b
N
o o Ry—R T
o} (o) \
>——Z O™cn
RyHN Ec ﬁ NH-R; 4
M8-04

T
o

I

Z\)"o

o
R. = 0 LCO?C(CHJ}J Gly-DTPA
’ N /Os" . e N o~
Mon {(HaChCO,C” N N7 COLCICHN
A A

- {H3CJaCC;C7 (HaCHhTOC

o} 2 -”:
AN OHNC
Ry =
R, = Lco,cu::—q,), 2 LCO:H
N o~ e N o~
[HyGiaCCaC N7 ™ \/“‘)N"‘r:cn;.c(cl-i,)3 HO,C™ N N CopH
(HyC}lCO,C” {H2CHCE,C HO,C HO,C

KWL E 2358 N-Boc-ZFE PERERNEMA B, it Bkt —%
REFERGE ERTRI ZHEREEMTEY . RATHERNTEFAERY 14 ik
B F ¥, EEE TBM FEEF.




SCRER] 16: M8-05 IS AL

o] a
tl? ﬁ’ i f
Ry-0-P-OH  HO-P=-0-Ry DIC/HOBL Ry-0-f-On HO*T—O'R’
& 5 DIPEA, CH,Cl, o o
o g (O 5 (
C L5 o
FaminN
SN
HNT N N NH © NN N W
H H o} O
1 Ri-HN  NH-R,
: Ry-HN NH-R;  Ry-HN NH-R,
2
HCY 3 S §#/CH,Cl,
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