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Functionalization of perfluoro aryl azides by bifunctional chelating agents (BFCASs) capable of
forming high specific activity complexes with **™Tc (for y-imaging) and '%Re (for radiotherapy) is
described. The synthesis of multidonor BFCAs containing N,S,, N4, and N3S donor groups containing
imidazole, pyridine, and pyrazine functionalities that may be important for tuning the pharma-
cokinetic parameters is also described. Functionalization of perfluoro aryl azides at various sites
on BFCAs yields novel bifunctional photolabile chelating agents (BFPCASs) that are useful for
covalent attachment to biomolecules. A representative Re—BFPCA 8a in a model solvent,
diethylamine, proceeded to give a high yield of intermolecular NH insertion product without the
decomplexation of the metal ion from 8a. All products originated from the photolysis of 8a in
diethylamine are characterized by analytical techniques, and a plausible mechanism of formation
of different photolytic products is suggested. The high yield of intermolecular NH insertion of Re—
BFPCA 8a is extended to labeling of human serum albumin (HSA) and Fab fragments under
aqueous conditions. The photolabeling technology developed here offers a new way to attach
diagnostically and therapeutically useful radiotracers (e.g., °*"Tc, #Re) to Fab fragments for

potential noninvasive imaging and therapy of cancer.

Introduction

Conjugation of radiolabeled molecular probes to anti-
bodies and antibody fragments (Fab, Fyy, and Fy) is a
versatile technique to target the molecular probes to
specific biological sites either for imaging or for therapy
of cancer.?3 Radioimmunoconjugates based on *™T¢ and
its congeners, 18Re and #Re, continue to attract much
attention in the diagnosis of cancer*® and cardiovascular
diseases® due to their favorable nuclear properties (**™Tc,
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y, 140 keV, t1, = 6 h; 1%Re, 3, 1.07 MeV, t1, = 90 h, ¥8Re,
B,2.21 MeV, ty, = 17 h).”8 Fab fragments are, in general,
better carriers of radiotracers to tumors than the whole
antibody because of the observed improvement in the
image quality of tumors resulting from relatively fast
clearance of the radiolabeled fragments from nontarget
sites.® 1!

Most conjugation methods developed thus far for
peptides and proteins have focused on attaching the
bifunctional chelates (BFCAs) at the N-terminal amino
group, e-amino group of lysine, C-terminal carboxyl
group, and carboxyl groups of aspartic and glutamic
acids.'? However, these functional groups may be es-
sential for bioactivity, and any alterations of these
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residues may potentially result in loss of affinity of the
antibody or of its fragments to the target tissue. For
example, labeling antibodies at the e-amino groups, which
are located near the antigen-binding sites, has often
resulted in low bioconjugation yield and loss of antibody
specificity of the eventual bioconjugates.'® In contrast,
direct attachment of BFCAs at the unactivated positions
in the hydrocarbon side chain such as valine, leucine,
phenylalanine, etc. has not been extensively investigated.
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This approach would be very desirable because of two
principal reasons: (a) it would preserve the functional
groups needed for binding antigens, and (b) it would
obviate the need for protecting group manipulations in
the carrier molecules.

However, covalent attachment of molecular probes to
hydrocarbon side chains is challenging and requires
activation of CH bonds under buffer conditions. The
photolabeling method does not require specific functional
groups to be present in the biomolecule since labeling can
be achieved by activating the C—H bond of hydrophobic
residues. Singlet nitrenes are versatile CH activating
agents in model solvents, studied by Platz et al.** and
Keena et al.,'> and we have extended the studies to
incorporate *°™Tc¢ metal for labeling biomolecules in our
laboratory.® Successful utility of the photolabeling tech-
nique in nuclear medicine depends on several factors
including (a) selection of high specific activity BFCA, (b)
the ease of preparation of ®®*"Tc¢c and Re complexes, and
(c) preservation of the photochemical moiety (N3) and its
intermolecular insertion properties after metal complex-
ation. Recently, we have reported the synthesis and
photoattachment of BFPCAs with °™Tc to human serum
albumin (HSA)'” and to immunogloblin'® on the basis of
the photochemistry of perfluoro aryl azides. While the
reported BFPCAs were shown to insert into the hydro-
phobic part of these biomolecules with high efficiency and
with retention of bioactivity, they could not be prepared
in high specific activity required for eventual clinical use.

Previous studies on the preparation of technetium—
mercaptoacetyl glycylglycylglycine (®*"Tc—MAG3) com-
plexes at very high specific activity (i.e., 3 Ci/mmol)®-24
and on the favorable pharmacokinetic properties of some
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CHART 1
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heterocyclic N3S metal complexes’®® prompted us to
explore novel MAG;-type photochemical probes as well
as other nitrogen—sulfur ligands with different chelating
motifs (e.g., N3S, N,S;, Ny, etc.), which can be used to
tune the lipophilicity of the probe and to provide different
coordination modes for Tc and Re to achieve high stabil-
ity, high specific activity, and optimium pharmaco-
kinetics?®=27 in vivo. In general, **"Tc—MAG; is formed
through the deprotection of sulfur at high temperature.?8-33
The ease of formation of ®*™Tc complexes depends on the
ease of removal of the protecting group on sulfur.

High temperature condition is clearly undesirable due
to thermal sensitivity of the biomolecule involved in
labeling.

Thus, as a part of our research efforts directed at the
development of efficient photochemical bioconjugate
probes, herein we describe the synthesis of some novel
heterocyclic ligands 1—4 (Chart 1) and of the photoprobes
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CHART 2
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9a: Ar = 2-pyridyl 1a: Ar = 2-pyridyl
9b: Ar = 2-pyrrolyl 1b: Ar = 2-pyrrolyl
9c: Ar = 2-thienyl 1c¢: Ar = 2-thienyl
9d: Ar = 2-pyrazinyl 1d: Ar = 2-pyrazinyl
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THP: Tetra hydro pyranyl

5—8 (Chart 2); present the results pertaining to rhenium
metal complexation, photochemistry, and photoconjuga-
tion of rhenium-chelated photoprobe 8; and provide some
insight on the possible mechanism of N—H insertion into
the biomolecules by establishing the photochemistry of
the Re complex at the macroscopic level using diethyl-
amine as a model solvent. Photochemistry of the Re—
MAG; photoprobe (8a) in diethylamine and conjugation
of Re—photoprobe to HSA and Fab fragments constitutes
the first report of the metal remaining intact during the
photoconjugation process.

Results and Discussion

I. Synthesis of Bifunctional Chelating Agents
(BFCAs) and Photoprobes. The synthesis of hetero-
cyclic Ng4 ligands is shown in Scheme 1. Ligands la—d
were prepared by acylation of 2,3-diaminopropionic acid
(10) with the active esters 9a—d derived from pyridine,
pyrrole, thiophene, and pyrazine, respectively. Synthesis
of N3S ligands (2—4) are shown in Schemes 1 and 2. The
pyridyl ligand 2a was prepared by the reaction of the
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SCHEME 2
1. HSCH,CO,H, E4N,
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|
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N 1. Et3N, CHyCN, r.t
( \ .HCI 2. Trifluoroacetic acid
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(CHy) 2. N-Hdroxysuccinimide,
24 DCC
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HN 17 4. 1.0N NaOH

corresponding alcohol 11%° with succinic anhydride
(Scheme 1). The pyridyl ligand 2b was prepared in four
steps with an overall yield of about 30% as follows. First,
the active esters 13a,b were prepared by the reaction of
mercaptoactetic acid with tetrahydropyranyl chloride and
methyl chloroformate, respectively, followed by esterifi-
cation of acid with N-hydroxysuccinimde (Scheme 2).
Reaction of the ester 14 with 2-aminomethylpyridine
(15) followed by hydrogenolysis of the o-Cbz group,
condensation with the active ester 13a, and deprotection
with trifluoroacetic acid (TFA) resulted in 2b (Scheme
2). Similarly, the imidazolyl ligand 3 was prepared in five
steps with an overall yield of about 20% as follows:
reaction of 14 with 2-aminomethyl-imidazole (16)%2
followed by deprotection of the e-t-BOC group, acylation
with succinic anhydride, hydrogenolysis of the a-Cbz
group, and condensation with the active ester 13a. The
histidyl ligand 4 was prepared in three steps with an
overall yield of about 40% as follows: acylation of 17 with
the active ester 13b, esterification of the carboxyl group
with N-hydroxysuccinimide, and condensation with his-
tidine under alkaline conditions.

I1. Synthesis of Perfluoroaryl Photoprobes. The
azidoamide 18c was prepared by esterification of the acid
18b with N-hydroxysuccinimide followed by monoacyl-
ation of ethylenediamine with active ester 18a. The

F R!
F. R F. R2
N3 F Ng F
F%& ]
o) N o]
) 19a: R' =-CO,Me, R® =-F
18a: R = —0OCO 19b: R' =-CN,R% =-F
18b: R =-COH 19¢c: R' =-COyMe, R? = -NH(CH,),NH,

18c: R =-CONH(CHy),NH, 19d: R' =-CN, R? = -NH(CH,),NH,

azidoester 19c and the azidonitrile 19d were prepared
from their corresponding tetrafluoro derivatives 19a and
19b™1% by nucleophilic aromatic substitution of fluorine
at the position ortho to the methoxycarbonyl or cyano
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group in 19a and 19b, respectively, with excess ethyl-
enediamine. The (Amax) of chromogenic photoprobes 19c¢,d
exhibited bathochromic shifts to wavelengths greater
than 330 nm, which permit photochemical conjugation
at longer wavelengths. Photolysis at >320 nm is always
desirable because it will minimize the perturbation of
native structure of biomolecules under photolytic condi-
tions.16

I11. Synthesis of BFCA—Photoprobe Conjugates
(BFPCAS). In general, N3S- and N,S,-based %" Tc¢ radio-
pharmaceuticals have been successfully used as non-
invasive imaging probes in nuclear medicine.®? It is also
known that hemithioacetals and hemithioketals are
better protecting groups for sulfur compared to the
benzoyl group with respect to metal complexation
reactions.’® In the present study, N3S and N,S, ligands
2a,b 20a,b, and 21 (Scheme 3) bearing tetrahydro-
pyranyl, benzoyl, and ethoxyethyl sulfur protecting groups,
respectively, were attached to photoprobes. BFPCAs 5a,d
and 6 were prepared in good yields by the condensation
of the photoprobes 18c with 20a, 20b, and 21 BFCAs,
respectively, while, 5b,c, 7a, and 7b were prepared by
condensation of photoprobes 19c,d, 18b, and 18a with
20a, 20a, 11, and 2b BFCAs, respectively, using a
standard coupling procedure (HBTU) as shown in Scheme
3.

IV. Synthesis of Re—BFPCAs. Re complexes of
MAG; (benzoyl-protected sulfur) were prepared using
standard procedures with either tetrabutylammonium
(TBA) or tetraphenylphosphonium (TPP) cations, respec-
tively.?® The complexes were treated with photoprobe 18c
in the presence of DPEC (1-[3-(dimethylamino)propyl]-
3-ethylcarbodiimide hydrochloride) and N-hydroxy-
succinimide to give the TBA or TPP salts 8a and 8b,
respectively, (Scheme 4). Re-photoprobe conjugates were
characterized by H, 3!P, 13C, and **F NMR and MS. The
mass spectrum of Re—BFPCA complex 8a, for example,
showed a pair of [M + 1] signals (m/z = 719.1 and 721.1)
in a ratio of 1:2, characteristic of 1%°Re and ‘8Re isotopes.
The infrared spectrum of 8a shows the presence of strong
bands at 2120 and 960 cm™!, which are characteristic
peaks for the N3 and the Re(V)=0 groups, respectively.
These data clearly indicate that both the metal and the

J. Org. Chem, Vol. 67, No. 19, 2002 6751



JOC Article

SCHEME 4
o
0
oN. ON_ N u/ I\
T N +18c T L -
e
/ N\
S N O F
L NHS/DPEC \H HN
COOH ~_/
Y= BU4N Y= BU4N, 8a
= PPhq =PPh, 8b

azide group remained intact during the conjugation
reaction under agueous conditions; i.e., rhenium does not
undergo oxidative decomposition with concomitant re-
duction of the azide moiety. This is particularly important
since both azide group and metal in oxidation state V
are required for conjugation of biomolecule and for
imaging/thearpy studies, respectively. Re complex 8a was
extensively used to conduct photochemistry in model
solvent and in labeling HSA and Fab fragments.

V. Photochemistry of Re—BFPCA Complex in
Model Solvent. NH Insertion. It is important to verify
the retention of favorable photochemical characteristics
of Re-metalated photoprobes because photochemistry of
metal complexes could be complicated due to demetala-
tion followed by indiscriminate radical combination,
oxidation, and reduction that occur after photolysis. In
order for these agents to be useful in nuclear medicine,
the conjugation should be mediated, in general through
singlet nitrene rather than triplet nitrene.'®" However,
under certain circumstances, triplet nitrene can form a
radical after abstracting a proton from the substrate
followed by radical—radical combination leading to the
insertion product, which is indistinguishable from singlet-
mediated product.'>1%d Successive abstraction of hydro-
gens by triplet nitrene will lead to amine 25, which will
not be useful for photobioconjugation. Photochemical
reaction of Re complex 8a in diethylamine solvent showed
four products (24, 25, 30, and 31) that were separated
by column chromatography. Mass spectrum of Re com-

O
H
24: X = —N—NEt,
25: X= —NH;

\E \II/
R . _
30: X= —NgNEt
31: X= —N NEt,
X F Y J/ \’H

F Me
R= Bu4N

plex 8a after photolysis showed four molecular ion peaks
of two sets each at m/z =764.3, 766.3 (major product),
m/z = 776.3, 778.3 (minor product), m/z = 790.3, 792.3
(minor product) in addition to the triplet mediated
noninsertion product at m/z = 693.2, 695.2 (see the
Supporting Information). The major product was found
to be the hydrazine derivative 24 originated from the
singlet nitrene insertion into NH bond of diethyl-
amine. The mass spectrum of 24, isolated from the post-
photolysis mixture, showed a clean set of m/z signals at
0 764.3 and 766.3 corresponding to 185 and 187 isotopes
of Re. 1°F NMR of 24 showed a shift of the 3,5 fluorine
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signal to 6 —157, a characteristic feature of singlet NH
insertion in contrast to triplet product 25 in which the
3,5 fluorine signal shift to 6 —164.1%¢" The characteriza-
tion of NH insertion product 24 to be the major product
of photolysis signifies that the required intermolecular
insertion properties by Re azides is retained in metalated
BFPCA. Clearly, the Re metal complex remained stable
during photolysis conditions.

Formation of minor products 25, 30, and 31 can be
explained by the possible mechanism based on the similar
product distribution by azides reported in the litera-
ture®4~3¢ and is outlined in Scheme 5. The triplet nitrene
23 abstracts hydrogen atoms from diethylamine to form
the reduced product imine 26, which rearranges to
enamine 27. Such dehydrogenation of dialkylamines is
known to occur upon thermolysis or photolysis of azides
in the presence of tertiary amines.3* Subsequent equili-
bration to the imine 27 followed by the addition of
diethylamine with an elimination of ethylamine yields
diethylvinylamine (28). The vinylamine 28 undergoes 1,3-
dipolar cycloaddition reaction with the azide 8a to give
the triazoline 29. Compounds 30 and 31 are formed by
the extrusion of either N, or CH,;N, molecules, respec-
tively, from the triazoline 29. The mechanism outlined
here is consistent with the previous work on the thermal
and photochemical reaction of azides in the presence of
amines.®>3% The successive abstraction of two hydrogens
by triplet nitrene from diethylamine led to noninsertion
product 25. In essence, except compound 25, all the
photolysis products can be considered to be insertion
products although, compounds 30 and 31 are routed
through triplet nitrene, which makes the insertion ef-
ficiency of Re—BFPCA greater than 90% in diethylamine.

VI. Photochemical Conjugation of Re—BFPCA
with HSA. A mixture of rhenium conjugate 8a and HSA
(3:1) was subjected to size-exclusion HPLC (Waters) prior
to photolysis. Figure 1 shows a clear separation of the
photoprobe 8a (tr = 16.8 min) and HSA (tg = 10.4 min).
However, after photolysis, it was observed that the
intensity of the peak at tr = 16.8 min (photoprobe) was
reduced while the intensity of the peak at tg = 10.4 min

(34) Polanc, S.; Stanovnik, B.; Tisler, M. J. Org. Chem. 1976, 41,
3152.

(35) Polanc, S.; Stanovnik, B.; Tisler, M. J. Heterocycl. Chem. 1973,
10, 565.

(36) Polanc, S.; Versek, B.; Sek, B.; Tisler, M. J. Org. Chem. 1974,
39, 2143.
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(protein) increased significantly (Figure 1). The ad-
ditional product peak at about tg = 16.3 min corresponds
to the nonconjugated triplet-derived amine. Additional
low intensity peaks at tg ~14—15 min and at tg ~10 min
could be due to impurity in the Re—BFPCA preparation
or HSA aggregate, respectively. The HPLC of the product
after photolysis of 8a in the absence of protein shows
predominantly two peaks with tg = 16.3 min and tg ~14—
15 min (Figure 2b), which coincides with triplet product
and with the impurities, respectively, as stated above.
In alternate studies, increasing the concentration of
photoprobe with respect to HSA (e.g., 3, 5, and 10 times)
resulted in the proportional increase in the intensity of
the peak corresponding to HSA—photoprobe adduct (see
the Supporting Information, Figure S1). Although it is
clear from the present data and from our previous
work?®#~¢ that the photoprobe is covalently attached to
the protein, the quantification of conjugation from the
UV spectroscopic data alone is not possible and requires
a radiomarker such as *™Tc.

VIIl. Photochemical Conjugation of Re—-BFPCA
with Fab Fragments. Attachment of photoprobes to
Fab fragments was carried using the same methods as
for HSA. Size-exclusion HPLC of a mixture of Fab
fragments derived from human IgG (Accurate Chemical
and Scientific Corp.) and the Re—BFPCA complex 8a in
an approximately 1:5 ratio is shown in Figure 2a. The
retention times for the Fab fragment and complex 8a are
12 and 16.3 min, respectively, under these chromato-
graphic conditions. After photolysis, the intensity of the

N\

31

J_

/ /
N N —
N . \>—N
30
29

-CH,N,

/_
N

Fab peak increases significantly with a decrease in the
intensity of the peak corresponding to the photoprobe 8a.
However, a greater abundance of triplet nitrene photo-
products are observed in this photolysis than those
observed with HSA. It appears that that labeling is less
efficient with F,, compared to HSA. Again, the quanti-
fication of photoprbe attachment in the absence of a
radiomarker is difficult. However, present protocol used
for Re—BFPCAs can be extended to %°"Tc—BFPCAs
under tracer conditions for the quantification of efficiency
of photoconjugation.

VI1I. Conclusions

In this study, we have demonstrated that: (a) covalent
attachment of Re—BFPCA in HSA and Fab fragments
can be achieved by a photochemical insertion method; (b)
the intermolecular insertion efficiency of Re—BFPCA is
high with no oxidation of Re metal or reduction of azide
moiety in model solvent; (c) decomplexation of metal ion
does not take place under photolytic conditions; and (d)
synthesis of high specific activity prone photochemical
probes has been achieved. In our earlier investigations
on photochemical conjugation of the monoclonal antibod-
ies'® and bioactive drugs,'*® we have shown that the
immunoreactivity and biological activity respectively are
retained in post photoconjugation. The combined results
from the present work and previous studies clearly
illustrate that photochemical conjugation is a useful
technique for selectively delivering clinically useful metal
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ions to target tissues. We have also synthesized other
types of ligands that are capable of forming metal
complexes with high specific activity and potentially
providing greater flexibility in tuning the lipophilicity of
the eventual radiochemical conjugates. Finally, we have
also characterized post-photolysis Re—BFPCA products
in diethylamine and proposed a plausible mechanism of
formation of minor products. Efforts to enhance the
efficiency and quantification of insertion of BFPCASs into
Fabs using **"Tc radiomarkers are in progress and will
be published elsewhere.

Experimental Section

All synthetic procedures were conducted in a dry nitrogen
atmosphere using standard Schlenk tube techniques and
prepurified solvents. Reactions involving the synthesis of
azides were carried out in subdued light by wrapping the flasks
with aluminum foil. Nuclear magnetic resonance spectra were
recorded in CDCl3, and chemical shifts are reported in ppm
downfield from SiMe, for *H NMR. The 3P NMR chemical
shifts are reported with respect to 85% HzPO, as an external
standard, and positive shifts lie downfield from the standard.
In general, 3C NMR spectra were taken at 75 MHz unless
otherwise specified. In the 3C NMR spectra of fluorinated
compounds, signals due to C—F bonds are not reported due to
the low intensity of carbon signals split by fluorines. *F NMR
chemical shifts are reported with respect to CFCIl; as an
external standard. Elemental analyses for the new compounds
were done by Oneida Research Services, Inc., New York.
Chromatograms were obtained from Waters HPLC system
fitted with a size-exclusion column (Biosil SEC 250, 5 um, 100
A) and, in general, eluted with phosphate buffer (PBS, 0.02
M sodium phosphate, monobasic containing 0.05 M sodium
sulfate, pH = 6.8 pumped at 1 mL/min.).
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Photolysis was carried out with a 200 W high-pressure Hg
lamp. The focused beam passed through a water filter before
photolysis of soutions containing photoprobes. In general,
organic azides are potentially explosive, and caution must be
taken while preparing them. Metallic precursor Re gluconate
was prepared as reported earlier.?° Mass spectra were obtained
with a mass spectrometer operated in positive or negative ion
electrospray ionization modes. Samples were introduced using
a syringe pump in a corresponding solvent at a flow rate 400
uL/min. The temperature of the heated capillary was 350 °C,
electrospray voltage 4.5 kV (positive ions) or 3.0 kV (negative
ions).

General Procedure for the Preparation of Active
Esters 9a—d. A mixture of the desired heteroaromatic car-
boxylic acid (20 mmol), N-hydroxysuccinimide (20 mmol), and
dicyclohexyl carbodiimide (20.5 mmol) in dry THF was stirred
at ambient temperature for 12 h. The solid was filtered off
and washed with dry THF, and the filtrate was evaporated in
vacuo. The crude products were purified by recrystallization
from methylene chloride/hexane. The analytical data for the
specific compounds are given below.

Pyridyl Active Ester 9a. Yield: 3.2 g (71%). *H NMR
(CDCl3) 6: 8.82 (m, 1H), 8.22 (m, 1H), 7.92 (m, 1H), 7.60 (m,
1H), 2.85 (s, 4H). 13C NMR (CDCls) 6: 168.75, 160.38, 150.44,
144.07, 137.22, 128.36, 126.55, 25.64. HRMS: calcd for
C10HsN204 220.0484, found 220.0479.

Pyrrole Active Ester 9b. Yield: 3.4 g (91%). 'H NMR
(CDCl3) 6: 7.17 (m, 1H), 7.08 (m, 1H), 6.32 (m, 1H), 2.87 (s,
4H). BC NMR (CDCI3) ¢: 169.77, 155.71, 126.17, 119.43,
116.65, 111.50, 25.60. HRMS: calcd for CoHsgN,O, 208.0484,
found 208.0491.

Thienyl Active Ester 9c. Yield: 3.7 g (84%). 'H NMR
(CDCl3) 6: 8.03 (dd, J; = 1 Hz, J, = 3.2 Hz, 1H), 7.77 (dd, J;
=1Hz, J, =4.1 Hz, 1H), 7.2 (dd, 3, = 3.2 Hz, J, = 4.1 Hz,
1H), 2.85 (s, 4H). 3C NMR (CDCls) 6: 169.11, 157.27, 136.57,
135.65, 128.34, 126.84, 25.56. HRMS: calcd for CoH/NO4 S
225.0096, found 225.0104.

Pyrazinyl Active Ester 9d. Yield: 3.4 g (76%). 'H NMR
(CDCl3) 6: 9.39 (d, J = 1.2 Hz, 1H), 8.89 (d, 3 = 1.9 Hz, 1H),
8.82 (dd, J; = 1.2 Hz, J, = 1.9 Hz, 1H), 2.85 (s, 4H). 13C NMR
(DMSO) o6: 168.50, 159.46, 149.08, 146.97, 144.92, 139.99,
25.63. HRMS: calcd for CoH7N304 221.0437, found 221.0441.

General Procedure for the Preparation of Hetero-
cyclic Ligands la—d. A mixture of the active esters 9a—d
(11 mmol), 2,3-diaminopropanoic acid hydrochloride (5 mmol),
and sodium bicarbonate (7.5 mmol) in acetonitrile/water (20:
1) was stirred at ambient temperature for 16 h. The solvent
was removed under reduced pressure, and the crude mixture
was purified by chromatography over silica gel using aceto-
nitrile/methanol (7:3). The analytical data for the specific
compounds are given below.

Pyridyl Ligand 1a. Yield: 0.94 g (60%). *H NMR (DMSO)
d: 9.04—8.98 (m, 2H), 8.65—8.59 (m, 2H), 8.03—7.92 (m, 4H),
7.62—7.54 (m, 2H), 4.34 (dd, J, = J, = 6.3 Hz, 1H), 3.85—-3.61
(m, 3H). 13C NMR (125 MHz, DMSO) §: 172.17, 163.93, 163.58,
149.67, 149.62, 148.54, 148.49, 137.86, 137.80, 126.67, 126.57,
121.85, 121.80, 53.37, 40.92. MS: m/z = 315.1 (M + H).

Pyrrolyl Ligand 1b. Yield: 0.80 g (56%). 'H NMR (DMSO)
0: 11.54 (bs, 1H), 8.38 (t, J = 5 Hz, 1H), 8.21 (d, 1H), 6.82—
6.85 (m, 2H), 6.73—6.76 (m, 2H), 6.07—6.02 (m, 2H), 4.36—
4.44 (m, 1H), 3.71—3.53 (m, 2H). 1*C NMR (DMSO) §: 172.68,
161.29, 161.09, 139.86, 139.81, 130.62, 128.71, 128.32, 127.83,
54.11. MS: m/z = 291.1 (M + H).

Thienyl Ligand 1c. Yield: 0.91 g (56%). *H NMR (CDCly)
d: 9.09 (t, 1H), 8.69 (d, 1H), 8.01 (d, 1H), 7.85 (d, 1H), 7.71 (t,
2H), 7.09 (m, 2H), 4.47 (m, 1H), 3.72 (m, 2H). 23C NMR (CDCl5)
o0 172.41, 161.51, 161.27, 139.77, 139.63, 130.81, 130.74,
128.87,128.46, 127.90, 127.86, 107.8, 53.82. MS: m/z = 325.1
(M + H).

Pyrazinyl Ligand 1d. Yield: 1.3 g (84%). 'H NMR (CDClg)
0 9.17 (t, 3 = 4.2 Hz, 1H), 9.15 (d, J = 1.2 Hz, 2H), 8.86—
8.84 (m, 3H), 8.73—8.70 (m, 2H), 4.17—4.11 (m, 1H), 3.91—
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3.82 (m, 1H), 3.57—3.49 (m, 1H). **C NMR (CDCls) ¢: 171.53,
162.56, 162.13, 147.59, 147.46, 144.50, 144.38, 143.36, 143.24,
53.21, 48.56, 41.24. MS: m/z = 317.1 (M + H).

Preparation of the Pyridyl Ligand 2a. A mixture of the
alcohol 11'%2 (1.10 g, 3.0 mmol), succinic anhydride (0.33 g,
3.1 mmol), and 4-dimethylaminopyridine (12 mg, 0.3 mmol)
in dry acetonitrile was heated under reflux for 16 h. Upon slow
cooling of the reaction mixture to ambient temperature, the
product cyrstallized out as an off-white solid, which was
collected by filtration, washed with cold acetonitrile, and dried
in vacuo to obtain 2a as an off-white solid. Yield: 860 mg
(70%). *H NMR (CDCls3) 6: 9.28 (bs, 1H), 8.45 (d, 1H), 7.92 (t,
H-1H), 7.82—7.55 (m, 2H), 7.33 (dd, 1H), 7.27 (t, 1H), 4.78 (m,
1H), 4.55 (m, 1H), 4.50 (t, 2H), 4.25 (m, 1H), 4.15 (m, 1H),
3.95 (m, 1H), 3.41 (m, 1H), 3.35 (d, 2H), 3.20 (d, 1H), 2.15 (m,
4H), 2.15—1.51 (m, 6H). 33C NMR (CDCls) ¢: 176.9, 176.4,
172.6, 171.6, 170.5, 170.2, 156.6, 156.5, 149.1, 138.5, 123.4,
123.1, 106.6, 83.4, 83.3, 65.7, 65.1, 60.8, 50.4, 50.3, 43.8, 34.6,
31.8, 30.9, 29.8, 28.2, 25.0, 21.7, 21.4. MS: m/z 523.1 [M +
H]. Anal. Calcd for C,;:H2sN3O/S: C, 53.96; H, 6.21; N, 8.99;
S, 6.85. Found: C, 54.08; H, 6.27; N, 9.00; S, 6.92.

Preparation of the Pyridyl Ligand 2b. A mixture of the
p-nitrophenyl ester 14 (12.5 g, 25 mmol), and 2-aminomethyl-
pyridine 15 (2.8 g, 26 mmol) in chloroform was stirred at
ambient temperature for 16 h. The solution was repeatedly
extracted with 10% NaOH solution until the organic layer was
colorless. The organic layer was then washed with water, dried
(MgSO0,), and filtered, and the filtrate was taken to dryness
under reduced pressure to give the product as off-white foam.
Yield: 9.5 g (75%). The material was used as such for the next
step.

A solution of the pyridyl amide above (9.5 g, 25 mmol) in
methanol was carefully treated with 10% Pd—C (2.0 g) and
the mixture hydrogenated at 3.5 atm (50 psi) for 6 h. The
reaction mixture was filtered through Celite, and the filtrate
was evaporated in vacuo to give the amine as a pale yellow
gum. Yield: 6.2 g (90%). The product was used as such for
the next step.

A mixture of the amine above (4.03 g, 12 mmol) and
N-succinimido-S-tetrahydropyranyl mercaptoacetate!®® 13a
(3.20 g, 12.2 mmol) in dry acetonitrile (20 mL) was stirred at
ambient temperature for 4 h. The reaction mixture was poured
onto water (50 mL) and extracted with methylene chloride.
The combined organic extracts were washed with water, dried
(MgS0O,), and filtered, and the filtrate was taken to dryness
under reduced pressure. The crude product was purified by
column chromatography over silica gel using chloroform/
methanol (95:5) as eluent. The desired fractions were pooled
and evaporated under vacuo to give 2.6 g (50%) of the ligand
2b as a waxy, pale tan solid. *H NMR (CDCl3) 6: 8.47 (d, 1H),
7.60 (m, 1H), 7.50 (m, 1H), 7.38 (m, 1H), 7.21 (d, 1H), 7.15 (m,
1H), 4.60 (m, 2H), 4.48 (m, 3H), 3.62 (m, 1H), 3.50—3.18 (m,
3H), 3.02 (broad, 2H), 1.25 (s, 9H), 1.92—1.15 (m, 6H). 13C NMR
(CDCls) 6: 171.8,170.0, 157.0, 156.7, 149.3, 137.0, 122.5, 121.9,
84.0, 83.6, 79.0, 66.2, 65.7, 53.2, 44.4, 40.0, 35.0, 34.6, 31.7,
31.0, 28.2, 25.0, 22.4, 21.6.

Preparation of the Imidazolyl Ligand 3. A mixture of
the p-nitrophenyl ester 14 (5.0 g, 10 mmol), 2-aminomethyl-
imidzole dihydrochloride 16 (1.70 g, 10 mmol), and triethyl-
amine (2.20 g, 22 mmol) in acetonitrile was heated under
reflux for 4 h. The reaction mixture was poured onto water,
and the precipitate was collected by filtration and dried.
Recrystallization from aqueous acetone afforded 3.2 g (60%)
of amide as a colorless solid used as such for the next step.

The t-BOC derivative above (3.2 g) was treated with
trifluoroacetic acid and kept at ambient temperature for 2 h,
and thereafter, excess TFA was removed by evaporation in
vacuo. The crude TFA salt of the product was treated with a
solution of KOH (1.6 g in 3 mL of water) and purified by flash
column chromatography over reversed-phase C-18 sorbent.
The column was first eluted with water to remove salts and
other polar impurities and thereafter eluted with water/
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methanol (3:1). The desired fractions were pooled and evapo-
rated in vacuo to give the product amine as a pale green gum.
Yield: 1.7 g (60%).

The e-amino compound above (1.65 g, 5 mmol) and succinic
anhydride (0.55 g, 5.5 mmol) in acetonitrile and isopropyl
alcohol were heated under reflux for 2 h and stirred at ambient
temperature for 16 h. The solvent was removed under reduced
pressure, and the residue was redissolved in methanol and
was carefully treated with 10% Pd—C (0.5 g). The mixture was
hydrogenated at 3.5 atm (50 psi) for 4 h. The reaction mixture
was filtered through Celite, and the filtrate was evaporated
in vacuo to give the a-amino compound as a pale yellow gum.
Yield: 6.2 g (90%). The product was used as such for the next
step.

A mixture of the amine above (1.55 g, 5 mmol) and
N-succinimido-S-tetrahydropyranylmercaptoacetate 13a (1.31
g, 5 mmol) in dry acetonitrile was stirred at ambient temper-
ature for 16 h. The solvent was evaporated in vacuo, and the
crude product was purified by flash column chromatography
over reversed-phase C-18 sorbent. The column was first eluted
with water to remove N-hydroxysuccinimide and other polar
impurities and thereafter eluted with water/methanol (3:1).
The desired fractions were pooled and evaporated in vacuo to
give the desired ligand 3 as an off-white amorphous solid.
Yield: 1.4 g (50%). 'H NMR (D:0) d: 6.78 (s, 2H), 4.17 (dd,
2H), 3.78 (m, 1H), 3.45 (m, 1H), 3.10—2.80 (m, 4H), 2.65 (t,
2H), 2.15 (m, 2H), 1.95 (m, 2H), 1.42—1.15 (m, 6H). *C NMR
(D20) o: 181.3, 177.5, 177.2, 175.6, 145.7, 121.1, 84.9, 84.8,
79.0, 68.0, 56.0, 40.7, 36.3, 35.3, 33.2, 33.0, 32.5. 32.1, 29.6,
26.5, 24.0, 23.2.

Preparation of the Active Ester 13b. A mixture of
mercaptoacetic acid (9.20 g, 0.10 mol) and triethylamine (22.22
g, 0.22 mol) in acetonitrile/water was stirred and cooled to O
°C in an ice—salt bath. Thereafter, methyl chloroformate (10.40
g, 0.11 mol) was added dropwise via pressure-equalized
addition funnel at such a rate that the temperature of the
solution did not exceed 15 °C. After the addition, the reaction
mixture was stirred at ambient temperature for 4 h. The
reaction mixture was concentrated to about half the volume,
treated with concentrated HCI, and extracted with ethyl
acetate. The combined organic extracts were washed with
brine, dried (Na;SO,), and filtered, and the filtrate was
evaporated in vacuo. The crude product was purified by
distillation under reduced pressure (100—105 °C, 0.2 Torr) to
give 13.5 g of colorless liquid that solidified upon standing.

A mixture of S-methoxycarbonylmercaptoacetic acid above
(1.18 g, 10 mmol) -hydroxysuccinimide (1.15 g, 10 mol) and
dicylohexyl carbodiimide (DCC) (2.06 g, 10 mol) in dry aceto-
nitrile was stirred at ambient temperature for 16 h. The
reaction mixture was filtered to remove dicyclohexyl urea
(DCU) and the filtrate evaporated in vacuo. The residue was
triturated with ether and the colorless solid 13b, which was
collected by filtration and dried. The material was used as such
for the next step.

Preparation of the Histidyl Ligand 4. A mixture of the
active ester 13b above (2.47 g, 10 mmol), N-e-BOC lysine 17
(3.42 g, 10 mmol), and triethylamine (2.02 g, 20 mmol) in dry
acetonitrile was stirred at ambient temperature for 16 h. The
reaction mixture was poured onto water, treated with concen-
trated HCI, and extracted with methylene chloride. The
combined organic layers were washed with brine, dried
(NazS0,), and filtered, and the filtrate was evaporated in vacuo
to give 3.3 g of pale brown gum, which was used as such for
the next step.

A mixture of the above acid (3.78 g, 10 mmol), N-hydroxy-
succinimide (1.15 g, 10 mol), and dicylohexylcarbodiimide
(DCC) (2.06 g, 10 mol) in dry acetonitrile was stirred at
ambient temperature for 16 h. The reaction mixture was
filtered to remove dicyclohexyl urea (DCU) and the filtrate
evaporated in vacuo. The residue was triturated with ether
and the colorless solid, which was collected by filtration and
dried. The material was used as such for the next step.
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The active ester above (1.18 g, 2.5 mmol) was dissolved in
isopropyl alcohol and treated with a solution of histidine (0.40
g, 2.6 mmol) in 2.5 mL of 1.0 N NaOH. After the addition, the
mixture was stirred at ambient temperature for 48 h. The
reaction mixture was poured onto acetone. The solid was
collected by filtration, washed with acetone, and dried to obtain
histidyl ligand 4. Yield: 1.4 g (50%). *H NMR (D20) 6: 7.95
(s, 1H), 7.00 (d, 1H), 4.45 (m, 1H), 4.38 (m, 1H), 3.80 (s, 3H),
3.20—2.80 (m, 4H), 1.75—1.50 (m, 6H), 1.40 (s, 9H).

Preparation of Azide 18c. A solution of perfluoroazido-
succinimide 18a (3.5 g, 10.542 mmol) in acetonitrile was added
dropwise over a period of 15 min into an excess of ethylene-
diamine (11.123 g, 185.08 mmol) in acetonitrile. After the
mixture was stirred for an additional 45 min, a white precipi-
tate was formed that was filtered and washed with acetonitrile
The solution was diluted with equal amounts of water and
extracted with chloroform. The combined organics were washed
with water and brine, dried over MgSO,, and evaporated in a
drying dish overnight. A pale yellow colored solid amine 18c
(1.2 g, 41%) was obtained. *H NMR (CDCls) 6: 6.4 (b, 1H), 3.6
(m, 2H), 3.2 (2H), 2.9 (s, 2H). MS: m/z = 277.9 (M + H).13C
NMR (DMSO) ¢: 168.61, 160.25, 25.63.

Preparation of the Azide 19d. A solution of the nitrile
19b (3.5 g, 16.196 mmol) in methylene chloride was added
dropwise over a period of 30 min to ethylenediamine (4.87 g,
80.989 mmol) also taken in methylene chloride. The mixture
was transferred to separatory funnel, extracted with CH,Cly,
stirred for 2 h, washed with water and brine, and dried over
MgSO.. The solvent was removed under vacuum to give
compound 19d (3.675 g, 88.57% yield). *H NMR (CDCls) o:
5.12 (s, 1H), 3.6—3.47 (m, 2H), 3.01—2.93 (m, 2H), 2.83 (s, 2H).
13C NMR (DMSO0)_9¢, 206.61, 125.72, 112.75, 51.15, 46.28, *°F
NMR (CDCls) 6: —135.24, —147.78, —161.67. HRMS: calcd for
CoH7NgF3 256.0684, found 256.0673. UV (CH30H): Amax = 330
nm.

Preparation of the MAG; Ligand 21. A mixture of EOE-
succinimide!® (4.00 g, 15.32 mmol) in acetonitrile/water (20:
1, 75 mL), triglycine (2.635 g, 13.93 mmol), and sodium
bicarbonate (1.287 g, 15.32 mmol) was stirred overnight. The
solvent was removed under reduced pressure, and the crude
mixture was flash chromatographed (AcCN/MeOH, 70:30) to
give the acid 21 (4.16 g, 75.4% yield). *H NMR (DMSO) 6:
8.24—8.17 (m, 2H), 7.93 (t, J = 5.0 Hz, 1H), 4.79 (9, J = 6.3
Hz, 1H), 3.75—3.71 (m, 4H), 3.65—3.60 (m, 3H), 3.44—3.33 (M,
2H), 3.23 (s, 2H), 1.42 (d, J = 6.3 Hz, 3H), 1.08 (t, J = 7.0 Hz,
3H). ¥C NMR (DMSO) ¢: 171.10, 169.40, 168.98, 167.80,
80.77,62.07, 42.25,42.12, 40.33, 31.45, 22.48, 14.84. MS: m/z
= 358.1 (M + Na).

Preparation of the Photoprobe 5a. The MAG; ligand 20a
(0.5 g, 1.36 mmol) was taken in dry DMF (25 mL). HBTU (0.56
g, 1.36 mmol) and N-methylmorpholine (0.53 g, 5.25 mmol)
were added followed by photoprobe amine 18c (0.29 g, 1.05
mmol) also taken in DMF. The mixture was stirred for 4 h
and filtered, and solid was thoroughly washed with methanol
to obtain 5a (Yield 0.485 g, 74%). *H NMR (DMSO) 6: 8.89 (t,
1H), 8.45 (t, 1H), 8.17 (t, 1H), 8.10 (t, 1H), 7.94—7.53 (7H),
3.87 (s, 2H), 3.84—3.66 (8H), 3.4—0.3.2 (4H). °F NMR (DMSO)
0: —142.43, —151.25.

Preparation of Photoprobe 5b. The MAG; ligand 20a
(1.975 g, 5.38 mmol) in dry DMF (50 mL) was mixed with
amine 19c (1.556 g, 5.38 mmol), HBTU (2.55 g, 6.725 mmol),
and N-methylmorpholine (2.72 g, 26.9 mmol). The mixture was
allowed to stir at room temperature under inert atmosphere
(N) for 16 h. The solution was filtered, and filtrate was poured
into ether. The precipitated solid was filtered, washed with
methanol, and dried to obtain compound 5b. Yield: 1.96 g,
57%. 'H NMR (DMSO) o: 8.46 (t, J = 5.6 Hz, 1H), 8.19 (t, J
= 5.6 Hz, 1H), 8.07 (t, J = 5.6 Hz, 1H), 7.94—7.90 (m, 2H),
7.85 (t, J =5.4 Hz, 1H), 7.73—7.67 (m, 1H), 7.58—7.52 (m, 2H),
6.53 (s, 1H), 3.87 (s, 2H), 3.85 (s, 3H), 3.79—3.73 (m, 4H), 3.65
(d, 3 = 5.7 Hz, 2H), 3.3—3.20 (m, 4H). *C NMR (DMSO) ¢:
190.27, 169.15, 169.10, 169.00, 167.27, 164.40, 135.90, 134.03,
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129.09, 126.84, 52.79, 45.32, 45.17, 42.50, 42.17, 41.94, 32.43.
F NMR (DMSO) ¢: —139.20, —143.90, —162.58. MS: m/z =
661.1 (M + Na).

Preparation of the Photoprobe 5c. The MAG; ligand 20a
(0.537 g, 1.463 mmol) in dry DMF (35 mL) and amine 19d
(0.300 g, 1.171 mmol) were mixed with HBTU (0.555 g, 1.463
mmol) and N-methylmorpholine (0.592 g, 5.855 mmol) followed
by stirring at room temperature under inert atmosphere (N2)
for 16 h. The solution was filtered and poured into ether. The
precipitated solid was filtered, washed with methanol, and
dried to obtain compound 5c (0.485 g, 68.4%). 'H NMR
(DMSO0) ¢: 8.48 (t, J = 5.6 Hz, 1H), 8.22 (t, J = 5.6 Hz, 1H),
8.12 (t, J = 5.8 Hz, 1H), 7.93—7.88 (m, 3H), 7.71—7.69 (m, 1H),
7.57—7.54 (m, 2H), 6.5 (s, 1H), 3.87 (s, 2H), 3.77 (d, J = 5.6
Hz, 2H), 3.74 (d, J = 5.6 Hz, 2H), 3.67—3.65 (m, 2H), 3.53—
3.45 (m, 2H), 3.32—3.25 (m, 2H). 3C NMR (DMSO0) d: 190.28,
169.42, 169.20, 169.06, 167.28, 135.88, 134.08, 129.13, 126.86,
44.20, 42.48, 42.17, 41.96, 38.88, 32.45. *®F NMR (DMSO) d:
—137.84, —145.42, —163.18. MS: m/z = 628.1 (M + Na).

Preparation of the Photoprobe 5d. Mono-EOE-protected
NS acid 20b (1.8 g, 5.367 mmol), HBTU (2.036 g, 5.368 mmol),
and N-methylmorpholine (3.132 g, 30.96 mmol) were mixed
in acetonitrile, followed by the addition of photoprobe amine
18c (1.143 g, 4.128 mmol). The mixture was stirred overnight
and filtered. The solid was thoroughly washed with methanol
and dried to give compound 5d (1.25 g, 39.2% yield). *H NMR
(DMSO0) 6: 8.92 (t, J = 5.2 Hz, 1H), 8.21—8.1 (m, 3H), 7.9 (m,
1H), 4.79 (q, 3 = 6.2 Hz, 1H), 3.75—3.57 (m, 8H), 1.42 (d, J =
6.2 Hz, 3H), 1.08 (t, J = 7.0 Hz, 3H). *C NMR (DMSO0) o:
169.57, 169.24, 169.08, 168.98, 157.08, 80.78, 62,12, 42.34,
42.09, 37.95, 31.38, 22.49, 14.88. 1°F NMR (DMSO) ¢6: —142.46
(m, 2F) —151.25 (m, 2F). MS: m/z = 617.4 (M + Na).

Preparation of N,S, Ligand 21. EOE succinimide®
(4.086 g, 15.65 mmol) was taken in acetonitrile/water (20:1,
75 mL). 2,3-Diaminopropanoic acid hydrochloride (1.0 g, 7.114
mmol) and sodium bicarbonate (0.896 g, 10.67 mmol) were
added, and the mixture was stirred for 12 h. The solvent was
removed under reduced pressure, and the crude mixture was
flash chromatographed over silica gel using AcCN/MeOH (70:
30) as eluent to obtain the pure product 21 (1.97 g, 70%). *H
NMR (DMSO) 6: 8.09(m, 1H), 8.07(m, 1H), 4.81—4.72(m, 2H),
4.08 (dd, J; = J, = 6.6 Hz, 1H), 3.69—3.56 (m, 2H), 3.45—-3.32
(m, 6H), 2.57 (s, 2H), 1.43—-1.39 (m, 6H), 1.08 (t, J = 7 Hz,
6H). 3C NMR (DMSO0) 6: 171.94, 169.07, 168.71, 80.81, 80.74,
62.5, 62.24, 62.15, 62.10, 53.03, 48.54, 31.58, 22.62, 22.49,
14.88. MS: m/z = 419.1 (M + Na).

Preparation of the Photoprobe 6. The EOE-protected
N.S; acid 21 (0.940 g, 2.373 mmol) in acetonitrile (50 mL) was
mixed with HBTU (0.900 g, 2.373 mmol) and N-methyl-
morpholine (0.923 g, 1.003 mL, 9.13 mmol) before the photo-
probe amine 18c (0.506 g, 1.862 mmol) was added, and the
mixture was stirred overnight. The solvent was removed under
reduced pressure, and the crude mixture was flash chromato-
graphed (CHCl,/MeOH, 97:3) to obtain the pure compound 6
(0.490 g, 41% yield). *H NMR (CDCl5) 6: 7.87 (t, J = 5.5 Hz,
1H), 7.81 (t, J = 5.9 Hz, 1H), 7.49 (m, 2H), 4.79 (m, 2H), 4.48
(m, 1H), 3.75—3.41 (m, 10H), 3.28—3.20 (m, 4H), 1.52 (m, 6H),
1.17 (m, 6H). 3C NMR CDCl3) 6: 172.1, 169.62, 169.19, 168.27,
80.86, 62.16, 42.93, 42.36, 42.14, 31.50, 22.56, 14.94. 1°F NMR
(CDClg) 6: —141.23 (m), —150.88 (m). MS: m/z = 678.4 (M +
Na).

Preparation of the Photoprobe 7a. The alcohol 111
(0.300 g, 0.816 mmol) in dry THF (30 mL) with perfluoro aryl
photoprobe acid 18b prepared earlier® (0.192 g, 0.816 mmol)
was added along with DCC (0.185 g, 0.897 mmol), and the
mixture was stirred at room temperature under inert atmo-
sphere (N) for 24 h. The solution was filtered, the solvent
removed and flash chromatographed over silica gel using
CHCl,/MeOH (98:2) as eluent to obtain product 7a (0.189 g,
39.6%). 'H NMR (CDCl3) o: 8.49 (d, J = 4.6 Hz, 1H), 7.7—
7.61 (m, 2H), 7.46—7.41 (m, 1H), 7.27-7.16 (m, 2H), 4.78—
4.68 (m, 2H), 4.56—4.43 (m, 4H), 4.04—3.93 (m, 1H), 3.53—
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3.40 (m, 1H), 3.82 (dd, J, = 16 Hz, J, = 3 Hz, 2H), 2.42-2.34
(m, 1H), 2.25-2.13 (m, 1H), 1.99—-1.52 (m, 6H). 3C NMR
(CDCl3) o: 170.51, 169.82, 156.33, 156.06, 149.06, 136.72,
121.65, 121.6, 84.19, 83.84, 66.71, 63.13, 50.72, 44.59, 35.31,
34.94, 31.19, 30.97, 25.14, 22.30. *F NMR (DMSO) 6: —138.35,
—150.86. MS: m/z = 585.5 (M + H).

Preparation of the Photoprobe 7b. The amine 2b (0.075
g, 0.19 mmol) was taken in acetonitrile (5.0 mL). Perfluoroaryl-
succinamide®9 18a (0.07 g, 0.209 mmol) was added, and the
mixture was stirred for 4 h. The solvent was removed under
reduced pressure, and the crude mixture was flash chromato-
graphed over silica gel to obtain compound 7b (0.089 g, 76.5%
yield). *H NMR (CDCls) 6: 8.50 (d, J = 4.6 Hz, 1H), 7.7—7.61
(m, 1H), 7.58—7.49 (m, 2H), 7.29—7.19 (m, 2H), 6.71—6.61 (m,
1H), 4.79—4.54 (m, 1H), 4.54—4.52 (m, 3H), 4.04—3.96 (m, 1H),
3.48—3.30 (m, 3H), 3.35 (d, 1H), 3.27—3.19 (m, 1H), 1.9-1.2
(m, 12H). ¥C NMR (CDCl3) ¢: 173.01, 171.51, 170.0, 157.79,
156.23, 148.60, 137.41, 122.61, 122.27, 84.02, 83.84, 66.25,
65.70, 52.9, 50.72, 44.32, 39.71, 35.22, 34.94, 31.71, 31.16,
28.00, 25.44, 25.21, 22.31. **F NMR (DMSO) ¢: —138.35,
—150.86. MS: m/z = 612.4 (M + H).

Synthesis of Re—MAG; Photoprobes 8a. The TBA (tetra-
butylammonium) salt??® of ReOMAG3; (200 mg, 028 mmol) was
mixed with photoprobe 18c (88 mg, 0.32 mmol), NHS (36 mg,
0.32 mmol), and DPEC (1-[3-(dimethylamino)propyl]-3-ethyl-
carbodiimide hydrochloride, 71 mg, 0.37 mmol) in anhydrous
CHCl,, and the solution was stirred under nitrogen until
HPLC indicated complete reaction of photoprobe 18c (~7 h).
The solution was filtered, washed with H,O twice, dried, and
evaporated to give 189 mg (62%) of crude product. Flash
chromatography using 3% MeOH in CH.Cl; as eluent yielded
two fractions that had the same HPLC retention time and
spectroscopic properties. Both fractions were collected and
evaporated to obtain 8a as the tetrabutylammonium salt (21%
yield), which was used for bioconjugation. *H NMR (CDCly) 6:
5.21—-3.74 (AB patten for CH; protons, 8H), 3.61 (m, 2H), 3.36
(m, 2H), TBA peaks, 3.15 (m, 8H), 1.61—0.98 (28 H). 1°F NMR
(CDCl3) 6: —140.75 (m, 2F), —154.68 (m, 2F). MS: m/z =719.1
and 721.1 (M~ ion corresponds to 185 and 187 Re isotopes).

The tetraphenylphosphonium (TPP) salt?? of ReOMAG3;
(200 mg, 0.25 mmol) was dissolved in 10 mL of anhydrous
CH_CI; and was mixed with photoprobe 2 (69 mg, 0.25 mmol),
NHS (29 mg, 0.25 mmol), and DPEC (1-[3-(dimethylamino)-
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propyl]-3-ethylcarbodiimide hydrochloride, 57 mg, 0.30 mmol),
and the solution was stirred under nitrogen until HPLC
indicated complete reaction of photoprobe 18c. The solution
was filtered and washed with water two times. The organic
layer was separated, dried, and evaporated to obtain the crude
product 8b as a tetraphenylphosponium salt (64% yield). Flash
chromatography of product 8b using 3% MeOH in CH.CI; as
eluent yielded pure product (yield 21%). *H NMR (CDCIs) o:
7.61—7.31 (20 H, PPh,), 5.31—3.85 (AB patten for CH, protons,
8H), 3.65 (m, 2H), 3.38 (m, 2H), 1°F NMR (CDCls) 6 —141.25
(m,2F), —154.32 (m, 2F). MS: m/z =719.1 and 721.1 (M~ ion).

Photochemistry of 8a in Diethylamine. A solution of Re
complex-photoprobe 8a in a mixture of diethylamine and
CH.ClI; was exposed for 10 min to a light from a 200 W high-
pressure Hg lamp filtered to remove wavelengths below 310
nm. The mass spectrum of the mixture showed four products.
The solution was evaporated and flash chromatographed using
3% MeOH in CHCI; to separate NH insertion product hydra-
zine 24 as a major product and 3 other minor products 25,
31, and 32.

Analytical Data. Compound 24. MS: m/z = 764.3, 766.3.
F NMR (CDClg) 6: —143.4, —157.2.

Compound 25. MS: m/z = 693.2, 695.2. *°F NMR (CDCls)
0: —144.8, —164.2.

Compound 31. MS: m/z = 790.3, 792.3.

Compound 32. MS: m/z = 776.3, 778.3.
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