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This report describes the synthesis and structural characterization of the indium complex of 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid mono(p-aminoanilide) (DOTA-AA), a model compound for *In-
labeled DOTA-biomolecule conjugates. In(DOTA-AA) was prepared by reacting DOTA-AA with 1 equiv of InCls in
0.5 M ammonium acetate buffer (pH ~ 6). It was characterized hy spectroscopic methods (IR, ES-MS, and 'H
NMR), elemental analysis, and X-ray crystallography. For comparison purposes, we also prepared the complex
Y(DOTA-AA). ES-MS and 'H NMR data are consistent with the proposed structure. HPLC analysis using a reversed
phase method shows that the retention time of In(DOTA-AA) is ~2.0 min shorter than that of Y(DOTA-AA),
demonstrating that In(DOTA-monoamide) is more hydrophilic than Y(DOTA-monoamide). In the solid state, In-
(DOTA-AA) has a twisted square antiprismatic coordination geometry with all eight donor atoms (N4O,) bonded to
the In center. The average In—N and In—O distances are almost identical to those of Y=N and Y-O bonds found
in Y(DOTA-D-Phe-NH,) even though the ionic radius of Y3* is much longer than that of In*. It seems that In®* does
not fit the coordination cavity of DOTA-AA perfectly. The *H NMR data clearly demonstrated that In(DOTA-AA)
becomes fluxional at room temperature, most likely due to dissociation of the acetamide-oxygen, rotation of acetate
chelating arms, and inversion of ethylenic groups of the macrocyclic ring. Results from this study and our previous
studies (Liu, S.; Pietryka, J.; Ellars C. E.; Edwards D. S. Bioconjugate Chem. 2002, 13, 902-913) suggest that the
In®* complex of DOTA-monoamide in the solid state might be different from that in solution due to dissociation of
the carbonyl-oxygen donor. Although Y3* and In®* complexes of DOTA-monoamide are both eight-coordinate in the
solid state, the difference in their solution structures is most likely responsible for their difference in lipophilicity.

Introduction conjugate is often used as a surrogate for imaging and
dosimetry determinatiot:2° The advantage of usinglin

There is a great current interest in tPY-labeled bio- . ; . .
g as the imaging surrogate f8fY is that 1*inCl; is com-

conjugates as target-specific therapeutic radiopharmaceutical
for the treatment of cancers. Several reviews have appeared(7) Signore, A.; Annovazzi, A.; Chianelli, M.; Coretti, F.; Van de Wiele,
recently covering a broad range of topics related to radio- €. Watherhouse, R. N.; Scopinaro, Eur. J. Nucl. Med2001, 28,
labeled small biomolecules (BMs) as therapeutic radiopharm- (g) Lju, s.; Edwards, D. STop. Curr. Chem2002 222, 259.

aceuticals 1% While the °°Y-labeled bioconjugate is used  (9) Jong, M.; Kwekkeboom, D.; Valkema, R.; Krenning, E.ERr. J.
Nucl. Med.2003 30, 463.

for tumor radiotherapy, the corresponditign-labeled bio- (10) Fichna, J.. Janecka, Aioconjugate Chem2003 14, 3.
(11) Smith-Jones, P. M.; Stolz, B.; Albert, R.; Ruser, G.; Briner, U.;
*To whom correspondence should be addressed. E-mail: lius@ Maecke, H. R.; Bruns, QNucl. Med. Biol.1998 25, 181.
pharmacy.purdue.edu. Phone: 765-494-0236. Fax: 765-496-3367. (12) van Hagen, P. M.; Breeman, W. A. P.; Bernard, H. F.; Schaar, M;
(1) Reubi, J. CQ. J. Nucl. Med1997, 41, 63. Mooij, C. M.; Srinivasan, A.; Schmidt, M. A.; Krenning, E. P.; de
(2) Volkert, W. A.; Hoffman, T. JChem. Re. 1999 99, 2269. Jong, M.Int. J. Can. (Radiat. Oncol. krest.)200Q 8, 186.
(3) Heeg, M. J.; Jurisson, &cc. Chem. Red.999 32, 1053. (13) De Jong, M.; Bakker, W. H.; Breeman, W. A. P.; Bernard, B. F;
(4) Kwekkeboom, D.; Krenning, E. P.; de Jong, 8.Nucl. Med.200Q Hofland, L. J.; Visser, T. J.; Srinivasan, A.; Schmidt, M.;igeM.;
41, 1704. Macke, H.; Krenning, E. Plnt. J. Cancer.1998 75, 406.
(5) Boerman, O. C.; Oyen, W. J. G.; Corstens, F. H. 3&min. Nucl. (14) De Jong, M.; Bakker, W. H.; Bernard, B. F.; Valkema, R.; Kwekke-
Med. 200Q 30, 195. boom, D. J.; Reubi, J.-C.; Srinivasan, A.; Schmidt, M.; Krenning, E.
(6) Liu, S.; Edwards, D. SBioconjugate Chen001, 12, 7. P.J. Nucl. Med.1999 40, 2081.
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mercially available and has a half-life of, = 2.8 days,
which is almost identical to that oPY (ti, = 2.7 days).

However, recent studies have shown differences between

9y- and n-labeled antibodies and small peptides with
respect to their biodistribution characteristiédt23 This
causes some concerns about the validity8fn-labeled
BFC—BM conjugates as imaging surrogates for their cor-
responding®®Y analogues.

Although many®°Y-labeled small peptides have been
studied for their therapeutic efficacy in tumor therapy?°

Liu et al.

NH

O
N
Hooc\_(\N/w

N
N/w

HOOC
—N N

N N—\
_\COOH \/ COOH
N N
HOOCJ HOOCJ
DOTA-BA DOTA-AA
Figure 1. Structures of two model compounds: DOTA-BA and

very few studies have been directed toward understandingDOTA-AA.

the differences between tA®/- andn-labeled BFC-BM

more hydrophilic than Y(DOTA-BA). The NMR'H and

conjugates with respect to their lipophilicity, structures, and 13C) data clearly demonstrated that In(DOTA-BA) is flux-

biodistribution characteristics. Thus, we have initiated a series;

of studies on the radiochemistry &t- and *in-labeled
DTPA- and DOTA-BM conjugate¥;,2° and the coordination
chemistry of If" and Y3 with DOTA-monoamide deriva-
tives3® These studies are aimed at exploring the differences
between IA" and Y chelate$/262°and how these differ-
ences influence the physical and biological properties of
%y- and *in-labeled DTPA- and DOTA-BM bioconju-
gates?®

In our previous communicatiolwe reported the synthesis
of In®* and Y¢™ complexes of 1,4,7,10-tetraaza-4,7,10-tris-
(carboxymethyl)-1-cyclododecylacetylbenzylamine (DOTA-
BA, see Figure 1). Y(DOTA-BA) and In(DOTA-BA) were
prepared as model compounds for the corresponding
90y- and1n-labeled DOTA-BM conjugates. By a reversed
phase HPLC method, it was found that In(DOTA-BA) is

(15) De Jong, M.; Breeman, W. A. P.; Bakker, W. H.; Kooij, P. P. M.;
Bernard, B. F.; Hofland, L. J.; Visser, T. J.; Srinivasan, A.; Schmidt,
M. A.; Erion, J. L.; Bugaj, J. E.; Meke, H.; Krenning, E. PAnticancer
Res.1998 58, 437—441.

(16) Reubi, J. C.; Waser, B.; Schaer, J. C.; Laederach, U.; Erion, J.;
Srinivasam, A.; Schmidt, M. A.; Bugaj, J. Eur. J. Nucl. Med1998
25, 481.

(17) Behr, T. M.; Jenner, N.; B& M.; Angerstein, C.; Gratz, S.; Raue,
F.; Becker, W.J. Nucl. Med.1999 40, 1029.

(18) Behr, T. M.; Jenner, N.; B& M.; Angerstein, C.; Gratz, S.; Raue,
F.; Becker, W.Clin. Cancer Res1945 5, 3124s.

(19) Kwekkeboom, D. J.; Bakker, W. H.; Kooj, P. P. M.; Erion, J.;
Srinivasan, A.; de Jong, M.; Reubi, J.-C.; Krenning, EE&r. J. Nucl.
Med. 200Q 27, 1312.

(20) Janssen, M.; Oyen, W. J. G.; Massuger, L. F. A. G.; Frielink, C;
Dijkgraaf, I.; Edwards, D. S.; Rajopadyhe, M.; Corsten, F. H. M;
Boerman, O. CCancer Re002 62, 6146.

(21) Carrasquillo, J. A.; White, J. D.; Paik, C. H.; Raubitschek, A.; Le,
N.; Rotman, M.; Brechbiel, M. W.; Gansow, O. A.; Top, L. E;
Perentesis, P.; Reynolds, J. C.; Nelson, D. L.; Waldmann, TJ.A.
Nucl. Med.1999 40, 268.

(22) Canera, L.; Kinuya, S.; Garmestani, K.; Brechbiel, M. W.; Wu, C.;
Pai, L. H.; McMurry, T. J.; Gansow, O. A.; Pastan, |.; Paik, C. H,;
Carrasquillo, J. AEur. J. Nucl. Med1994 21, 640.

(23) Rsch, F.; Herzog, H.; Stolz, B.; Brockmann, J.;ie, M.; Muhlen-
siepen, H.; Marbach, P.; Mer-Gétner, H.-W. Eur. J. Nucl. Med.
1999 26, 358.

(24) Liu, S.; Cheung, E.; Rajopadyhe, M.; Williams, N. E.; Overoye K.
L.; Edwards, D. SBioconjugate Chen001, 12, 84.

(25) Liu, S.; Edwards, D. SBioconjugate Chen2001, 12, 630.

(26) Liu, S.; Cheung, E.; Rajopadyhe, M.; Ziegler, M. C.; Edwards, D. S.
Bioconjugate Chen2001, 12, 559.

(27) Liu, S.; Edwards, D. SBioconjugate Chen2001, 12, 554.

(28) Liu, S.; Ellars, C.; Harris, T. D.; Edwards, D.Bioconjugate Chem.
in press.

(29) Onthank, D. C.; Liu, S.; Silva, P. J.; Barrett, J. A.; Harris, T. D;
Robinson, S. P.; Edwards, D. Bioconjugate Chemsubmitted.

(30) Liu, S.; Pietryka, J.; Ellars, C. E.; Edwards, DBtconjugate Chem.
2002 13, 902.
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ional at room temperature while Y(DOTA-BA) only becomes
fluxional only at elevated temperatures50 °C), suggesting
that IN(DOTA-BA) and Y(DOTA-BA) might not have the
same structure in the solutigh.

Recently, Make and co-workers described the synthesis
and the crystal structure of Y(DOTA-Phe-NH). It was
found that Y?* is eight-coordinated in a square antiprismatic
coordination geometry with four amine-nitrogen, one car-
bonyl-oxygen, and three carboxylate-oxygen atoms bonding
to the metal centet To further explore the structural dif-
ferences between %h and Y chelates, we prepared the
In3* complex of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra-
acetic acid mong-aminoanilide) (DOTA-AA). As a con-
tinuation of our previous studié$,3° we now present the
synthesis and characterization of In(DOTA-AA). The goal
of this study is to compare structures of Y(DOTDAPhe-
NH,) and In(DOTA-AA) in the solid state, and to understand
the differences between solution and solid state structures
of In(DOTA-AA).

Experimental Section

Materials and Methods. Chemicals were purchased from Sigma
Aldrich (St. Louis, MO) and were used as received. 1,4,7,10-
Tetraazacyclododecane-1,4,7,10-tetraacetic acid mono(p-amino-
anilide) (DOTA-AA) was purchased from Macrocyclics, Inc.
(Dallas, TX). The NMR {H and*H—H COSY) data were obtained
using a Bruker DRX 600 MHz FT NMR spectrometer, and chemical
shifts aso are reported in ppm relative to TMS. The infrared (IR)
spectrum was recorded on a Perkin-Elmer FT-IR spectrometer. Mass
spectral data of complexes In(DOTA-AA) and Y(DOTA-AA) were
collected using both positive and negative modes on a Finnigan
LCQ classic mass spectrometer, School of Pharmacy, Purdue
University. Elemental analysis was performed by Dr. H. Daniel
Lee using a Perkin-Elmer series Il analyzer, Department of
Chemistry, Purdue University.

The HPLC method used a LabAlliance semi-prep HPLC system
with a LabAlliance U\+-vis detector (model 500} = 254 nm)
and a Zorbax CN column (4.6 mm 250 mm, 300 A pore size).
The flow rate was 1 mL/min with the mobile phase starting 90%
of solvent A (10 mM ammonium acetate buffer, p6.8) and
10% solvent B (acetonitrile) to 80% solvent A and 20% of solvent
B at 20 min.

Synthesis of IN(DOTA-AA). To a 5 mLvial were added DOTA-

AA (150 mg, 0.30 mmol), anhydrous In£68 mg, 0.309 mmol),

(31) Heppler, A.; Froidevaux, S.; M&e, H. R.; Jermann, E.;'Be M.;
Powell, P.; Hennig, MChem. Eur. J1999 5, 1974.



Synthesis and Characterization of IN(DOTA-AA)

Table 1. Selected Crystallographic Data for In(DOTA-AAH,0O

formula C22H39|I'1N6011
fw 678.41

space group P2:/n (No. 14)

a A 9.3412(2)

b, A 23.4757(7)

c, A 13.0486(4)

S, deg 108.5963(15)

vV, A3 2712.04(13)

z 4

deaie, glcn? 1.661

T, K 150

crystal dimensions, mfn 0.38x 0.35x 0.33
radiation ¢, A) Mo Ko (0.71073)
transm factors 0.540.74

R 0.036

Rw 0.072

and 0.5 mL of ammonium acetate buffer (0.5 M, pH6.0). The Figure 2. Typical HPLC chromatogram of con-injected In(DOTA-AA)
mixture was heated at 100 for 30 min. The reaction mixture and Y(DOTA-AA).

was filtered, and the filtrate was transferred into a clean 5 mL vial.
Slow evaporation of the solvent afforded the product as light pink
crystals suitable for X-ray crystallography. The solid was separated
by filtration and was dried under vacuum overnight before being . .

submitted for elemental analysis. The yield was 137 mg§5%). Results and Discussion

A sample was analyzed by HPLC (purity99%), and the retention Synthesis of IN(DOTA-AA) was straightforward. We
time was 8.8 min. IR (cm'): 1624.7 (syc—o) and 3433.2 (bs,  prepared In(DOTA-AA) by reacting DOTA-AA with 1 equiv
vo-). MS (ESI, positive mode):m/z = 607.2 for [M + H]* of indium chloride in ammonium acetate buffer (0.5 M, pH
([C22H22nNeO7] ™). MS (ESI, negative model)mz = 605.2 for gy |n(DOTA-AA) was isolated from the reaction mixture
M — HI" ([CoHaonNsO7] ). *H NMR (90% H0/10% DO; as pink crystals suitable for X-ray crystallography and has

65 °C): 3.1-3.6 (m, 16 H, NCHCH,N); 3.72 (AB quartet, 4H, . .
CH,COy); 3.74 (s, 2H, CHCO,): 4.08 (s, 2H, CHCONH), 7.45 been characterized by elemental analysis, IR, ES-MS, and

AlphaServer 2100 using SHELXL?.Crystallographic drawing
were produced using the program ORTEP.

(d, 2H, aromaticu = 6.5 Hz) and 7.68 (d, 2H, aromatidy = H NMR methods. The IR spectrum of In(DOTA-AA) shows
6.5 Hz). Anal. Calcd for GHaInNgO-4H,0: C, 38.87; H, 5.80; & strong and broad band at 3433 rdue to crystallization
N, 12.34. Found: C, 38.95; H, 5.79; N, 12.39. water molecules, and a strong band at 1625%due to the

Synthesis of Y(DOTA-AA). To a 5 mLvial were added DOTA- coordinated carboxylate and carbonyl groups. Upon coor-
AA (15 mg, 0.03 mmol), Y(N@)s6H,0 (35 mg, 0.09 mmol), and  dination, stretching frequencies corresponding to the car-
1.5 mL ammonium acetate buffer (0.5 M, p¥6.8). The mixture boxylic acid ¢’c—o ~ 1737 cnTl) groups undergo a signifi-
was heated at 100C for 30 min. After filtration, the product was  cant “red-shift” ¢-112 cntl). The ES-MS spectrum of
separated from the reaction mixture by HPLC. Collected fractions IN(DOTA-AA) shows a molecular ion atvz = 607.2 for
were combined and lyophilized to give a white powder. The yield [M + H]* and 605.2 for [M— H]*. The elemental analysis

was 11.5 mg. The sample was analyzed by HPLC (puri#g%), . . .

and the retention time was 10.8 min. MS (ESI, positive mode): ﬁatatl)s CompIefFer %Ogsi[?m with tth?I propor.:,ed formula and

m/z = 581.2 for [M+ H]* ([C2:H32YNO5]*). MS (ESI, negative as been confirmed by A-ray crystaliograpny.

model): m'z = 579.2 for [M — H]~ ([C22H30YNeO7] ). 1H (90% For comparison purposes, we also prepared the complex

H;0/10% D,O; 5°C): 2.0-3.4 (b, 16 H, NCHCH,N); 2.85 and  Y(DOTA-AA). HPLC analysis of Y(DOTA-AA) shows

3.08 (AB quartet, 2H, CKCO,); 2.90 and 3.32 (AB quartet, 4H,  >98% purity. ES-MS spectrum of Y(DOTA-AA) shows a

CH,COy); 3.35 and 3.54 (AB quartet, 2H, GAONH); 7.05 (d, molecular ion atm/z = 581.2 for [M + H]t ([CoHaxr

2H, aromaticJuy = 6.5 Hz), 7.35 (d, 2H, aromatid,y = 6.5 Hz) YNeO;]") and 579.2 for [M— H]~ ([C22H30YNgO7] 7). A

and 10.7 (s, 1H, CONH). reversed phase HPLC method was used to determine the
X-ray Crystallographic Analysis. Crystallographic data for relative lipophilicity of IN(DOTA-AA) and Y(DOTA-AA).

In(DOTA-AA)-4H,0 were collected on a Nonius Kappa CCD  Tng solution containing IN(DOTA-AA) and Y(DOTA-AA)

diffractometer. Selected crystallographic data are listed in Table 1. was co-injected to avoid chromatographic changes for two

Crystals were mounted on a glass fiber in a random orientation. consecutive iniections. Fiaure 2 shows the tvpical HPLC
Preliminary examination and data collection were performed using | - 719 oy

graphite monochromated ModKradiation ¢ = 0.71073 A). Cell chromatogram of the SOIl_Jt'On_ containing In(DOTA—AA) and
constants and an orientation matrix for data collection were obtained Y (DOTA-AA). The retention time of In(DOTA-AA) is~2.0
from least-squares refinement, using the setting angles in the rangeNin shorter than that of Y(DOTA-AA). This result is con-
1° < 0 < 27°. A total of 17859 reflections were collected of which ~ Sistent with our previous observations that In(DOTA-mono-
6101 were unique. Lorentz and polarization corrections were applied amide) is more hydrophilic than Y(DOTA-monoamidéy°

to the data. A linear absorption coefficient is 9.2/cm for Ma K
radiation. An empirical correction was applied using the program (33) Beurskens, P. T.; Beurskens, G.; deGelder, R.; Garcia-Granda, S.;

SCALEPACK32 The structure was solved using the structure g;sliledrﬁcRrys?él;lolgrr:;A’y T;bgrg]tg%/ '\S-nib’e”;'s‘i‘fy 'gf'ﬁ%':gegn_"{\ﬂj%ng‘en

solution program PATTY in DIRDIF9¥ and was refined on a The Netherlands, 1999. ' ’ '
(34) Shelderick, G. MSHELXL 97. A Program for Crystal Structure

(32) Otwinowski, Z.; Minor, W.Methods Enzymoll997, 276, 307. RefinementUniversity of Gdtingen: Gitingen, Germany, 1997.
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Figure 3. ORTEP drawing of In(DOTA-AA) (ellipoids are at 50%
probability). Crystallization water and hydrogen atoms are omitted for the
sake of clarity.

An ORTEP view of the structure of In(DOTA-AA) is

Liu et al.
Table 2. Selected Bond Distances (A) for In(DOTA-AAH,0

atom 1 atom 2 distance
In(5a) 0(43) 2.2185(19)
In(5a) 0(73) 2.269(2)
In(5a) 0(103) 2.2746(19)
In5(a) 0(14) 2.3143(19)
In(5a) N(7) 2.372(2)
In(5a) N(10) 2.413(2)
In(5a) N(4) 2.417(2)
In(5a) N(1) 2.518(2)

radius of ¥+ (1.02 A for eight-coordinated %) is about
0.1 A longer than that of fi (0.92 A for eight-coordinated
In).#2 The average bond distance betweeft land three
carboxylate-oxygen atoms is 2.254(2) A. The-@ (car-
bonyl) bond length (2.3143(19) A) is only slightly longer
than those of IrO (carboxylate) bonds (varying from
2.2185(19) to 2.2746(19) A). The +O bond distances are
almost identical to the ¥O bond distances (2.241(6)
2.282(6) A for Y—0 (carboxylate) and 2.318(7) A for-YO
(carbonyl)) found in Y(DOTAp-Phe-NH).3! This suggests

shown in Figure 3. The selected crystallographic data arethat I** might not fit perfectly in the cavity of the DOTA-

listed in Table 1. There are four IN(DOTA-AA) molecules
in each unit cell, along with four crystallization water
molecules surrounding each In(DOTA-AA) molecule. DOTA-
AA acts as an octadentate ligand in bonding to tHé inith

AA. Both In—N and In—O bond distances in the complex
IN(DOTA-AA) are about 0.075 A longer than those (2.1578-
(7)—2.202(7) A for In-O bonds and 2.314(8)2.395(8) A
for In—N bonds) found in In(DO3A}? These Ir-O and

four amine-nitrogen, one carbonyl-oxygen, and three car- IN—N bond differences in In(DOTA-AA) and In(DO3A) may

boxylate-oxygen atoms. this deeply buried inside the/9,
coordination cavity of the DOTA-AA chelator at a distance
of ~1.3 A above the four-nitrogen plane and..2 A below

be caused by the changes in the coordination number.

In3* and Y3t are trivalent cations. The difference between
In3* and Y3* is their size. As a result, 1 and Y3* com-

the four-oxygen plane. The four-nitrogen square plane is plexes of DTPA and DOTA derivatives often show different
almost parallel with the four-oxygen plane. The twist angle coordination chemistry with respect to their coordination
between these two planesi28°, resulting in a coordination  number and solution properties of their complexes. For

geometry between prismatic (theoretical twist angle 9f 0
and antiprismatic (theoretical twist angle of°45The rela-
tive orientation of the four-oxygen plane is different from
that found in Y(DOTAbp-Phe-NH).3! The coordination
geometry is best defined as “inverted square antiprism”
arrangement (traditionally termed as m isomer) to differenti-
ate it from the usual square antiprismatic geometry (tradi-
tionally termed as M isomer) found in Y(DOTA-Phe-NH)
and many other lanthanide complexes of DOTA and its
derivatives®® 4!

Table 2 lists selected N and In—O bond distances
in the coordination sphere. The average hhbond length
is 2.430(2) A, which is very close to that of-YN bonds
(2.418(6) A) in Y(DOTAD-Phe-NH) even though the ionic

(35) Chang, C. A.; Francesconi, L. C.; Malley, M. F.; Kumar, K,;
Cougoutas, J. Z.; Tweedle, M. Fhorg. Chem.1993 32, 3501.

(36) Kumar, K.; Chang, C. A.; Francesconi, L. C.; Dischino, D. D.; Malley,
M. F.; Cougoutas, J. Z.; Tweedle, M. Fhorg. Chem1994 33, 3567.

(37) Aime, S.; Botta, M.; Ermondi, G.; Terreno, E.; Anelli, P. L.; Dedeli,
F.; Uggeri, F.Inorg. Chem.1996 35, 2726.

(38) Aime, S.; Batsanow, A. S.; Botta, M.; Dickins, R. S.; Faulkner, S;
Foster, E. C.; Howard, J. A. k.; Moloney, J. M.; Norman, T. J.; Parker,
D.; Royle, L.; Williams, J. A. GJ. Chem. Soc., Dalton Tran£997,
3623.

(39) Aime, S.; Barge, A.; Benetollo, F.; Bombieri, G.; Botta, M.; Uggeri,
F. Inorg. Chem.1997, 36, 4287.

(40) Morrow, J. R.; Amin, S.; Lake, C. H.; Churchill, M. Riorg. Chem.
1993 32, 4566.

(41) Aime, S.; Barge, A.; Botta, M.; Fasano, M.; Ayala, J. D.; Bombieri,
G. Inorg. Chim. Actal996 246 423.
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example, ¥+ has an ionic radius of 1.02 A, which fits per-
fectly into the cavity of DOTA derivatives. It is not surprising
that Y complexes of DOTA derivatives are able to maintain
their rigid eight-coordinated structure in solutiin®" has
an ionic radius of 0.92 A, which is much smaller than that
of Y3*. The coordination number for th is typically 6 or
74448 As a matter of fact, the complex In(DOTA-AA)
described in this report represents a rare example of eight-
coordinated IA" complexeg? 5t

On the basis of the solid state structure, it is quite clear
that the DOTA-monoamide chelator forms®tnand Y¢*
complexes with different coordination geometries. The dif-
ference between In(DOTA-monoamide) and Y(DOTA-mono-

(42) Shannon, R. DActa Crystallogr.1976 A32 751.

(43) Riesen, A.; Kaden, T. A,; Ritter, W.; Mke, H. R.J. Chem. Soc.,
Chem. Commuril989 460.

(44) Liu, S.; Rettig, S. J.; Orvig, norg. Chem.1992 31, 5400.

(45) Liu, S.; Wong, E.; Rettig, S. J.; Orvig, Morg. Chem.1993 32,
4268.

(46) Liu, S.; Wong, E.; Karunaratne, V.; Rettig, S. J.; Orvig, I@org.
Chem.1993 32, 1756.

(47) Wong, E.; Caravan, P.; Liu, S.; Rettig, S. J.; Orvig/itarg. Chem.
1996 35, 715.

(48) Wong, E.; Liu, S.; Lgger, T.; Hahn, F. E.; Orvig, dnorg. Chem.
1995 34, 93.

(49) M&ke, H. R.; Riesen, A.; Ritter, W1. Nucl. Med.1989 30, 1235.

(50) Malyrick M. A.; llyhin, A. B.; Petrosyans, S. Main Group Met.
Chem.1994 17, 707.

(51) Maeke, H.; Scherer, G.; Heppeler, A.; Henig, Br. J. Nucl. Med.
2001, 28, 967 (Abstract OS-27).



Synthesis and Characterization of IN(DOTA-AA)

Y(DOTA-BA) only becomes fluxional at elevated temper-
atures ¢45 °C).2° From this point of view, the differences
in lipophilicity and solution behaviors between In(DOTA-
AA) and Y(DOTA-AA) are most likely caused by their
different solution structures.
Figure 5 shows the aliphatic region of thé NMR spectra
of IN(DOTA-AA) in H,0/D,0 (90:10= v:v) at 25°C (top)
and 65°C (bottom). At room temperature, all resonance
signals in the aliphatic region are broad. The broad singlet
at 3.67 ppm is tentatively assigned to the two methylene
hydrogens of the acetamide group and the broad singlet at
) ) ) ) ) ~ 3.30 ppm to methylene hydrogens of the three acetate arms.
E;?duégs - ?g:ﬁg‘l':xggexgtgﬁ?;;Z?Sﬁgfg]l'gfgg?figms and ethylenic tp e ratio of the integrated intensity for the two broad peaks
at 3.67 and 3.30 ppm is 1:3. The broad singlet at 3.10 ppm

amide) is the conformation of ethylenic bridges and the and the multiplet at 2.73 ppm are from methylene hydrogens

relative orientation of the acetamide and three acetate armsf the macrocyclic framework.

(Figure 4). This slight structural difference might be ableto  The observation of two broad singlets at 3.67 and 3.30
explain the lipophilicity difference between In(DOTA-BA)  ppm at room temperature is significant and suggests that the
and Y(DOTA-BA)?2° but it hardly explains the fact that coordinated DOTA-AA has become partially fluxional due
IN(DOTA-BA) is fluxional at room temperature while to dissociation of the carbonyl-oxygen and rotation of the

25 degrees C ’

65 degrees C
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Figure 5. Aliphatic region of the!H NMR (600 MHz) spectrum of In(DOTA-AA) (in HO/D,0 = 90:10) at 25°C (top) and 65°C (bottom).
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Figure 6. Variable temperaturéH NMR (600 MHz) spectrum of Y(DOTA-AA) (in HO/D,O = 90:10) in the aliphatic region.

three acetate arms. As the temperature increases, the coor- Dissociation of the carbonyl-oxygen in solution (Figure
dinated DOTA-AA becomes more fluxional. As a result, all 7) may contribute to the high hydrophilicity of In(DOTA-
resonance signals in the aliphatic region become sharper. TheAA) and at the same time makes it easier for the three acetate
coalescence point for the complex In(DOTA-AA) 1835 arms to rotate. The rapid rotation of three acetate arms and
°C, at which temperature the signal is at its broadest andinversion of ethylenic groups makes In(DOTA-AA) more
splitting cannot yet be observed. At 88, the resonance  symmetrical. However, all three carboxylate-oxygen donors
signal from the two methylene hydrogens of the acetamide remain firmly bonded to the K1 as evidenced by the
group appears as a singlet at 4.08 ppm. The two methylenepresence of the AB quartet pattern at 3.71 ppm in the NMR
hydrogens of the acetate arm opposite to the acetamide grougpectrum of IN(DOTA-AA) at 65C. If any of these three
show a singlet at 3.74 ppm while methylene hydrogens from carboxylate-oxygen donors were dissociated, there would
the two remaining acetate arms appear as an AB quartethave been three singlets: one from methylene hydrogens of
pattern at 3.72 ppm. If the #n in IN(DOTA-AA) were still the acetamide, one from methylene hydrogens of the opposite
eight-coordinated in solution, there would have been two AB acetate arm, and one from the two remaining acetate arms.
quartets for methylene hydrogens of the acetamide group Figure 6 shows the VIH NMR spectra of Y(DOTA-

and those of the opposite acetate arm as obseretNiMR AA) in a mixture of HO/D,0 (90:10= v/v). At 5 °C, reso-
spectra of Y(DOTA-AA) (Figure 6). nance signals from methylene hydrogens of the acetamide
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HZNQ HZNQ Conclusions
NH NH

In conclusion, a new model compound, In(DOTA-AA),
for in-labeled DOTA-BM conjugates has been prepared

o]
oi&"‘/w and characterized by spectroscopic methods and X-ray crys-
tallography. In the solid state, all eight donor atomg@h

h— N—In—N
are bonded to the #1 and form a rare example of eight-
LS LN le of i

o coordinated IA" complexes with a twisted square antipris-
matic geometry. ThéH NMR data showed that In(DOTA-

e} o . . . . .

In(DOTA-AA) In(DOTA-AR) AA) is fluxional in solution at room temperature most likely

Solid State Solution due to the dissociation of the acetamide-oxygen frofm.In
Figure 7. Structures of In(DOTA-AA) in the solid state (left) and solution  Although Ir** and Y** are eight-coordinated in solid state
(right). structures of their DOTA-monoamide complexes, differences

dth ot th I ted A'n their solution structures are most likely responsible for
an ree acetale arms appear as three wel-separate eir different lipophilicity and solution behaviors. It should

quartets with the integrated intensity of 1:2:1 while resonance be noted that the radiometal chelate is only one part of the
signals from methylene hydrogens of the macrocyclic 1130 and*%Y-labeled DOTA-BM conjugate. Th&n and
backbone appear as several overlapped multiplets in theQOY chelates may have different solution structures, which
region between 2.0 and 3.7 ppm. A.‘t room temperature, thecauses the difference in lipophilicity between t#n- and
splitting pattern of all resonance signals due to methylene 90y.|abeled DOTA-BM conjugate. Ultimately, it will be the
hydrogens of the acetamide and three acetate arms remainBioequivalence that determines if th’éln-labéled DOTA-

;_e Iladt |v_|<_arlly unbchang;e_d defsg:te a ignlﬂca?ttagr:tal ShlfttdOWI’]- BM conjugate can be used to accurately predict the radiation
ield. The observation of three guartet patterns a roomdplosimetry of the correspondirfY analogue.

temperature is significant and suggests that the coordinate
DOTA-AA in Y(DOTA-AA) is rigid. There is neither a Acknowledgment is made to Mr. M. John Pietryka at
dissociation of the carbonyl-oxygen nor rapid rotation of Bristol Myers Squibb (BMS) Medical Imaging for his help
three acetate arms, at least at the NMR time scale. As thewith variable temperaturédH NMR studies on In(DOTA-
temperature increases above“ds all resonance signals in - AA) and Y(DOTA-AA).

the aliphatic region start to collapse. Unfortunately, we were

unable to observe the coalescence point for Y(DOTA-AA)  Supporting Information Available: ~ X-ray crystallographic file
even at temperaturesss °C. On the basis of the VT NMR in CIF format for. the reported structure. This material is available
data, it is clear that the coordinated DOTA-AA in Y(DOTA- free of charge via the Internet at http://pubs.acs.org.

AA) is more rigid than that in In(DOTA-AA). IC0349914
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