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Isomers based on the RS and EZ geometrical isomerism of the neutral, deprotonated species of HMPAO and
their complexes with zinc(ll) ion have been investigated by semiempirical AM1 optimization method. The
Hartree-Fock energies on AM1 geometries of HMPAO species were calculated with HF/6-31G* methods.
Twenty-two isomers of the neutral and twenty isomers of the deprotonated species of HMPAO have been
found. The presence of four EE-series isomers of both zinc(ll) complexes with the neutral and deprotonated
HMPAOQO have been expected and the SREE typical isomer of both types of complexes is the most stable
isomer. Energies of complexation of zinc(Il)/HMPAO isomers with AM1 geometries were calculated by HF/
6-31G* method. Due to the complexations with zinc(ll), the structural reorganizations of some isomers of the
neutral HMPAO have been occurred. The optimized geometrical parameters of the related conformations have
been discussed in terms of their stabilities and existences.
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Introduction metries of HMPAO computed kb initio calculations with
HF/3-21G"*° and HF/6-31G* methods were obtained. The

HMPAO (hexamethylpropylene amine oxime) has beerenergies of zinc(ll) complexes with neutral and deprotonated
known as a ligand forming complex with technetium-99m adHMPAO were computed by Hartree-Fock method using 6-
radiomedical reagent for the medical t3echnetium-99m/ 31G* basis set and derived from the Hartree-Fock energies
HMPAO complex was used in SPECT, SPET and MRlat 3-21G theoretical level including counterpoise correc-
applications for brain treatmerit$.According to the geo- tions. All calculations were performed with Gaussian 94
metries of HMPAO isomers, their complexes with transitionprogram®
metals particularly with technetium-99m can be formed as Neutral, deprotonated forms of HMPAO and hydroxyl
Tc-D,D- and Te-L,L-HMPAO isomer$.n order to obtain  proton, are denoted by LHLH™ and H, respectively.
the useful and specific isomer for medical examination, th& herefore, the process of deprotonation, complexation for
stereoselective isomer of HMPAO such a d,l-HMPAO wasdivalent transition metal such aZmvith neutral and depro-
synthesized and researcHéd. tonated species of HMPAO can be written as egs. (1), (2)

To get more understanding on HMPAO isomers and theiand (3), respectively.
complexation with transition metals, the structural infor-
mation of HMPAO and their related species could be
investigated. In the present work, the geometrical investigation LH™ + Zn? = ZnLH* 2)
of HMEAO isomers and th_elr zinc(ll) complexes has been, LH, + Zn? = ZnLH2 3)
theoretically attempted using quantum mechanical calcu-
lations. Zinc(ll) ion has been selected as an appropriatEnergies of complexation for zinc(ll) complexes with neutral
divalent transition metal to form complexes with different (AEgommex) and deprotonatedMEiommex ) HMPAO can be
geometries of HMPAO in order to obtain preliminary infor- calculated according egs. (4) and (5), respectively.
mation for further study of their stereoselective synthesis

. d ; . 0 _

and complexes with radiochemical cations. AEcompiex = E

LHy= LH™ + H* 1)

- ELH2 - EZn2+ (4)

2+
ZnLH,

Methods AEéomplex =E - ELH_ - EZn2+ (5)

ZnLH"
Most stable conformations of neutral and deprotonatedOUnterpoise corrections of Boys and Berriardiere

forms of HMPAO for each possible types of isomers which@PPlied for energy improvement by eliminating the basis set
defined by the RS/EZ geometrical isomerism were carrie¢UPerposition error (BSSE). The BSSE energies of complex-

out by geometry optimization using semiempirical AM1 20N AEcompiesasse}* based on the neutral and deproto-
method’ The single-point energies of the optimized geo-Nated HMPAO were evaluated by egs. (6) and (7),
respectively.

“Corresponding Author. Phone: +66-2218-7643; Fax: +66-2218- o : o

7598; e-mail: vithaya.r@chula.ac.th Ecomplexssse = EZnLHg* ~ Bin,psse EZn2+,BSSE (6)
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of the ZnLH geometry and Z1 with a set of ghost orbital
on LH position of the ZnLF geometry , respectively.

Method of search for stereoisomeric conformations of
neutral and deprotonated forms of HMPAO is by scanning
for the lowest energy conformations using the AM1-geometry
optimization. All possible isomers have been considered and
defined by a symbolic formula of XYAB based on the RS/
EZ geometrical isomerism as described in Figure 1. Accord-
ing to the fixed positions of four variables X, Y, A and B in
the XYAB isomeric formula at two possibilities for each
_ o o ) variables (X=R or S, Y=R or S, A=E or Z and B=E or 2),
Figure 1. Definition of typical isomers of HMPAQ according 10 ynan the combination number which is the number of basic
itggmsrisc/iim%?; n\]\(leffzf’:: lx '?gn;fgs),mA (sépgfg;ec;ng;; Egeorxs\;'?‘g conformgtions, is equal to six_tefan. Because of this. basis_,
(E or Z) represent the left and right parts of HMPAO molecule,9€0metries and number of their isomers have to be investi-
respectively. (R, S defined at the left and right parts of HMPAOgated under consideration of these sixteen conformational
molecule according to the tetrahedral C8 and C9 centerstypes. The sixteen basic conformations of typical isomers
respectively. E, Z defined at the left and right parts of HMPAO 5ra RREE, RREZ, RRZE, RRZZ, RSEE, RSEZ, RSZE,
molecul_e according to the C12=N16 and C13=N17 bondS'RSZZ, SREE, SREZ, SRZE, SRZZ, SSEE, SSEZ, SSZE
respectively.) and SSZZ. The isomers of zinc(ll) complexes with different
conformations of HMPAO were obtained by consideration

AEimWBSSE =E, .+~ ELH_’BSSE— E;n2+’BSSE @) of the Iowe;t energy cc_)nf_ormation for gach typical isome:rs
by comparing their optimized geometrical parameters with
whereE 2 gse andEQrP’BSSE are the energies forith ~ x-ray crystal data’
a set of ghost orbital on Zhposition of the ZnLkF*
geometry and Z4 with a set of ghost orbital on IH Results and Discussion
position of the ZnLKF* geometry, respectively. and are the
energies for LAwith a set of ghost orbital on Znposition According to the AMZ1-optimizations on the neutral

® ey ¥
12, SSEE 13, SSEZ ¢ (SSZEY) 14, SS77

Figure 2. Fourteen isomers of neutral HMPAO, obtained from AM1 geometry optimizatRREZ and RRZE are identicARSEZ and
RSZE are enantiomef§REZ and SRZE are enantiomé®SEZ and SSZE are identical)
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Table 1 The Hartree-Fock energies of neutral and deprotonatedable 1 Continued
HMPAO with HF/6-31G* methods and relative energies of their
isomers Isomers E(HF/6-31G*)

Rel. energie%®

Rel. energie%®
of HF/6-31G*

Isomers E(HF/6-31G%) of HE/6-31G* RRZzZ -875.312340760 7.8
RSEE -875.299139717 16.1

neutral form, LH RSEZ! -875.303844984 13.1
RREE -875.916760553 0.0 RSZE) -875.303844984 13.1
RREZ (RRZE) -875.916287807 0.3 RSZZ -875.308951359 9.9
RRZZ -875.906513573 6.4 SREE -875.318047663 4.2
RSEE -875.909636452 4.5 SREZ -875.324756825 0.0
RSEZ -875.900244513 10.4 SRZE -875.324756825 0.0
RSZE -875.900244513 10.4 SRZZ -875.319017152 36
SREE -875.913592773 2.0 SSEZ -875.307588399 10.8
SREZ -875.912608646 26 SSzE -875.304125258 12.9
SRZE -875.912608646 26 sszz -875.312340760 7.8
SRZZ -875.913907973 18 3energies in hartre@AE in kcal/mol relative to most stable isomer of
SSEE -875.911144034 3.5 neutral speciesiAE in kcal/mol relative to most stable isomers of
SSEZ (SSZE) -875.911333939 3.4 deprotonated speci¢: 9 o be enantiomers
SSzz7 -875.911323375 34

deprotonated form, LH

RREE' -875.309789774 9.4 species of HMPAO and the isomer identification, fourteen
RREZ _875.304125258 12.9 isomers of the neutral species have been obviously found as
RRZE" -875.307588399 10.8 shown in Figure 2. Their geometries of the RREZ and SSEZ

isomers are identical to the RRZE and SSZE isomers,

13, SSEE “ 14, SSEZ* 15, SSZE * 16, SSZZ¢

Figure 3. Sixteen isomers of deprotonated HMPAO, obtained from AM1 geometry optimizARREE and SSEFPRREZ and SSZE ,
°RRZE and SSEZRRZZ and SSZZRSEZ and RSZESREZ and SRZE are enantiomers.)
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Table 2. Geometry-optimized structures of fourteen and sixteen typical isomers for neutral and deprotonated HMPAO respectieely, specif
by dihedral angles ofp(C1-C4-N6-C8),x (C4-N6-C8-C12),6 (N6-C8-C12-N16),w(C8-C12-N16-018) (C10-C8-C12-C14)¢ (C1-
C5-N7-C9),x' (C5-N7-C9-C13)p' (N7-C9-C13-N17) ' (C9-C13-N17-019) ang/' (C11-C9-C13-C15)

Isomers Q X 7] w 1] ¢ X e o Y group
neutral form, LH
RREE 178.6 62.9 41.8 179.0 94.8 178.6 62.9 41.8 179.0 948 ., C
RREZ? -172.1 62.8 41.8 179.0 94.8 178.6 61.4 51.7 -0.7 1053 1 C
RRZE?
RRZZ -175.0 171.9 58.5 -0.5 110.2 -175.0 171.9 58.5 -0.5 1102 , C
RSEE 179.0 62.9 41.8 179.0 94.8 -174.4 85.0 -20.4 -179.9 695 1 C
RSEZ" -170.8 101.1 -41.4 0.7 -90.4 178.6 62.9 41.8 179.0 948 1 C
RSZEP 178.6 62.9 41.8 179.0 94.8 -170.8 101.1 -41.4 0.7 904 . C
RSzzZ 178.8 61.3 51.6 -0.7 105.2 -170.9 1011 -41.3 0.7 903 1 C
SREE 175.2 -62.8 -47.8 -179.0 -100.5 -170.3 66.5 415 178.8 949 1 C
SREZ* 170.2 -63.8 -47.8 179.0 -101.2 172.5 59.2 53.0 04 1066 1 C
SRZE® -172.5 -59.2 -53.0 -0.4 -106.6 -170.2 63.8 47.8 -179.0 1012 ; C
SRZZ 175.2 -59.9 -50.2 0.3 -103.2 1715 61.4 52.9 0.3 106.7 1 C
SSEE 174.3 -172.4 -59.2 -179.2 -110.2 174.3 -172.4 -59.2 -179.2 -1102 , C
SSEZ 174.3 -172.4 -59.2 -179.2 -110.2 174.3 -172.4 -59.2 0.6 -1102 . C
SSZE
SSzz 175.0 -171.9 -58.5 0.5 -110.2 175.0 -171.9 -58.5 0.5 -1102 ., C
deprotonated form, LH
RREE® 172.7 -40.3 -82.3 177.8 -32.6 170.2 62.0 52.5 179.4 1064 ., C
RREZ' 154.9 44.2 -104.1 179.3 -52.5 -159.8 56.8 50.0 1.3 1035 1 C
RRZE® 175.9 -38.8 -95.2 -0.6 -40.8 -170.1 62.9 52.6 -179.5 1073 1 C
RRzZ" -167.1 -59.8 -52.3 1.3 -107.0 -178.2 56.7 47.4 14 1005 1 C
RSEE 171.9 -69.0 -69.1 179.0 -19.2 -175.1 56.7 69.5 178.7 195 1 C
RSEZ! 173.2 -56.7 -68.0 178.6 -17.6 178.8 68.4 713 3.7 228 1 C
RSZE' -178.8 -68.4 -71.3 -3.7 -22.8 -173.2 56.7 68.0 -178.6 176 1 C
RSzzZ 167.3 -58.6 -50.2 2.4 3.2 172.0 67.8 84.2 5.9 3%5 1 C
SREE 176.4 -60.7 -44.5 -178.7 -97.8 -176.0 62.0 52.0 -179.8 1060 1 C
SREZ 166.9 -59.5 -41.6 -180.0 -95.2 162.0 64.5 61.8 1.3 1178 1 C
SRZE -162.0 -64.5 -61.8 -1.3 -117.8 -166.9 59.5 41.6 180.0 952 1 C
SRZZ 178.1 -56.8 -47.4 -1.4 -100.5 167.1 59.8 52.6 -1.3 1330 1 C
SSEF® -170.2 -62.0 -52.5 -179.4 -106.4 -172.7 40.3 82.3 -177.8 326 1 C
SSEZ 170.1 -62.9 -52.6 179.5 -107.3 -175.9 38.8 95.2 0.6 408 1 C
Ssze 159.8 -56.8 -50.0 -1.3 -103.5 -154.9 -44.2 104.1 -179.3 525 1 C
Sszz" 178.2 -56.7 -47.4 -1.4 -100.5 167.1 59.8 52.3 -1.3 1070 . C

adto beidentical,”*¢"9"{o be enantiomers

respectively. Their total energies of two pairs of neutralSRZE (enantiomer of SREZ); there are totally twenty-two
species isomers are equivalent (Table 1). Sixteen geometisomers. The stereoisomers of deprotonated HMPAO are
cal isomers of the deprotonated species of HMPAO and theiotally twenty isomers namely the RSEE, RSZZ, SREE,
total energies of six pairs of enantiomers are shown in Figur8RZZ and their enantiomers, RREE, SSEE (enantiomer of
3 and Table 1, respectively. The optimized geometries o0RREE), RREZ, SSZE (enantiomer of RREZ), RRZE, SSEZ
possible isomers of the neutral and deprotonated species @nantiomer of RRZE), RRZZ, SSZZ (enantiomer of RRZZ),
HMPAO, specified by dihedral angles @{C1-C4-N6-C8), RSEZ, RSZE (enantiomer of RSEZ), SREZ, SRZE (enanti-
X (C4-N6-C8-C12),0 (N6-C8-C12-N16),w(C8-C12-N16-  omer of SREZ).

018), Y (C10-C8-C12-C14),¢' (C1-C5-N7-C9), x' (C5- The w(C8-C12-N16-018) andw' (C9-C13-N17-019)
N7-C9-C13),6' (N7-C9-C13-N17),w' (C9-C13-N17-019) dihedral angles (Table 2) approach 180 and O degrees that
and ' (C11-C9-C13-C15) are listed in Table 2. Due to thecorrespond to the E and Z typical isomers, respectively. The
consideration of the optical isomerism on the basic conforRREE, RRZZ, SSEE and SSZZ isomers of the neutral
mations of HMPAO, all stereocisomers of the neutral specie$IMPAO are in C2 symmetry, otherwise C1, that correspond
are actually the RREE, RRZZ, RSEE, RSZZ, SREE, SRZZ{o the identical set of dihedral angles at the left and right of
SSEE, SSZZ and their enantiomers, RREZ (or RRZE), SSEmolecular parts (Figure 1). Absolute values of @{{€1-C4-

(or SSZE), RSEZ, RSZE (enantiomer of RSEZ), SREZ andN6-C8) and¢' (C1-C5-N7-C9) of either the ligand or the
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Table 3. Optimized geometrical parameters of the lowest energies structures of Zn(ll) complexes with the neuts&) (delpkbtonated
(ZnLH") species of HMPAO and Zn-N bond length, obtained by AM1 method

Isomers Q X 0 w 1/} ¢ X g W 1) Zn-N?
ZnLH?
RREEP 174.8 -86.5 -19.0 180.0 34.1 172.5 146.9 -9.3 179.0 45.8 2.146
RREZ® -170.3 -59.9 -66.1 -0.6 -13.2 176.7 115.7 7.2 -178.8 61.1 3.117
RRZE -164.6 -47.1 -65.5 -0.4 -13.5 177.7 134.7 2.3 176.1 55.0 3.249
RRzz® -169.9 -62.3 -66.1 -1.7 -13.8 -174.8 44.5 59.9 -0.2 115.1 3.293
RSEE -174.7 -86.8 -19.3 -179.9 33.8 173.4 158.2 -22.1 179.9 -74.4 2.155
RSEZf -172.6 -59.5 -65.5 -0.7 -12.4 173.6 99.3 9.3 179.8 -43.0 3.123
RSZE' -173.6 -99.3 -9.3 -179.8 43.0 172.6 59.5 65.5 0.7 124 3.123
RSzz -173.3 -72.6 -66.1 -0.5 -13.7 178.5 55.2 62.5 0.9 8.7 3.172
SREE -171.2 -147.6 9.0 178.8 -46.0 174.3 98.1 15.6 -171.4 69.5 2.148
SREZ® -171.1 -134.6 4.1 179.5 -50.5 177.4 42.9 54.2 -5.5 108.8 3.365
SRZE’? -177.4 -42.9 -54.2 55 -108.8 1711 134.6 -4.1 -179.5 50.5 3.365
SRzZzZ -168.7 -71.9 -58.7 -2.3 -111.6 -174.9 44.7 60.2 -0.1 115.5 3.293
SSEP -172.5 -146.9 9.3 -179.0 -45.8 -174.8 86.5 19.0 -180.0 -34.1 2.146
SSEZ -177.7 -134.7 -2.3 -176.1 -55.0 164.6 47.1 65.5 0.4 135 3.249
SSZFE° -176.7 -115.7 -7.2 178.8 -61.1 170.3 59.9 66.1 0.6 13.2 3.117
SSzz° 174.8 -44.5 -59.9 0.2 -115.1 169.9 62.3 66.1 1.7 13.8 3.293
ZnLH*
RREE" 171.8 105.0 12.9 178.7 66.2 179.5 -84.1 -33.3 -175.8 24.2 2.196
RREZ' -177.7 -54.7 -61.8 1.4 -8.7 167.6 146.5 -11.5 178.8 43.5 2.874
RRZE! -174.7 -57.5 -61.5 15 -8.5 168.4 130.8 1.8 178.5 95.5 2.867
RRZZ* 178.8 -56.6 -62.8 0.6 -9.9 174.3 42.3 67.5 0.9 122.7 3.470
RSEE 177.6 -82.8 -335 -176.8 23.9 169.6 86.1 20.3 177.5 -32.9 2.216
RSEZ' 177.9 -54.5 -62.1 1.2 9.1 170.1 162.9 -28.8 179.7 -82.3 2.871
RSZE -170.1 -162.9 28.8 -179.7 82.3 -177.9 54.5 62.1 -1.2 9.1 2.871
RSzz 176.5 -59.0 -62.9 0.8 -9.7 168.5 50.5 68.8 0.8 15.8 3.317
SREE 179.8 98.2 24.9 177.4 76.0 -171.4 -107.4 -12.8 -178.6 -66.0 2.193
SREZ™ -165.6 146.4 13.3 -178.3 -41.7 -178.2 53.6 55.7 -1.9 110.3 2.897
SRZE™ 178.2 -53.6 -55.7 1.9 -110.3 165.6 -146.4 -13.3 178.3 41.7 2.897
SRZZ 177.6 28.0 -86.8 2.8 -139.1 -178.6 53.0 55.7 -2.3 1104 4.748
SSEE' -179.5 84.1 33.3 175.8 -24.2 -171.8 -105.0 -12.9 -178.7 -66.2 2.196
SSEZ -168.4 -130.8 -1.8 -178.5 -95.5 174.7 57.5 61.5 -15 8.5 2.867
SSZE -167.6 -146.5 11.5 -178.8 -43.5 177.7 54.7 61.8 -14 8.7 2.874
SSZZ¢ -174.3 -42.3 -67.5 -0.9 -122.7 -178.8 56.6 62.8 -0.6 9.9 3.470

3distance ind, Pedetaniiklig he enantiomers

complex isomers approach 180 degree which indicate theith the small change of the dihedral angleg,of and6.
stabilities of their geometries as shown in Table 2 and 3. The Due to the RS/EZ geometrical isomerism, transformation
total energies of the neutral and deprotonated species aimong isomeric types is not possible. Then fourteen neutral
HMPAO with HF/6-31G* methods and their relative ener- HMPAQO isomers, except the RREZ (RRZE) and SSEZ
gies derived from HF/6-31G* energies listed in Table 1(SSZE), and the sixteen deprotonated species can not be
show that the most stable isomers for the neutral anttansformed to the others. The geometrical patterns of the
deprotonated HMPAO are the RREE and SREZ (or SRZE)neutral and the deprotonated forms are extremely different
respectively. Deprotonations of the neutral RREE, RREZgxcept the SREE, SREZ, SRZE and SRZZ isomers (SR-
RRZE, RRZZ, RSEE, RSEZ, RSZE, RSZZ, SSEE, SSEZseries isomers). The geometrical parameters of the AM1
SSZE and SSZZ isomers are occurred with the big change geometries of zinc(ll) complexes with either the neutral or
their geometries indicated by the change of geometricalleportonated HMPAO and their Zn-N bond lengths are
parameters (Table 2). This means that these neutral isomezempared as listed in Table 3.

must spend the large amount of energies to transform their The Zn-N bond length searched from x-ray crystal struc-
geometries to form transition-state conformations and distures of CSD using CCDC progr&hand 2009 records of
sociate one proton to become the deprotonated species. @mc(ll) complexes were found that the minimum, the maxi-
the other hand, deprotonation of the neutral SREE, SREZnum and the average Zn-N bond lengths are 1.754, 2.712
SRZE and SRZZ isomers have affected their geometrieand 2.096 + 0.0924, respectively. The average Zn-N bond
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RREE/neutral
AE=4.1 kcal mol™**
AE= 4.8 kcal mol™”

RSEE/neutral
AE= 4.4 kcal mol**
AE= 5.3 kcal mol™?

SREE/neutral
AE= 0.0 kcal mol™*

RREE/deprotonated

AE=4.1 kcal mol'“
AE=4.7 kcal mol™*?

RSEE/deprotonated

AE= 8.5 kcal mol™
AE=9.4 kcal mol™?

SREE/deprotonated
AE= 0.0 kcal mol™"

Figure 4. EE-series isomers of zinc(ll) complexes with neutral and deprotonated species of HMPAO and their relative energiesccompared t

Vithaya Ruangpornvisuti et al.

AQ_EP
! ~ ~
il llf
SSEE/neutral
AE=4.1 kcal mol™**
AE= 4.8 kcal mol™"?

SSEE/deprotonated

AE=4.1 kcal mol'*
AE=4.7 kcal mol™*?

VAN

most stable isomePBSSE energies at HF/3-21G level &htiF/6-31G* energies without counterpoise corrections).

length found in the zinc(ll) complexes with proféimnd  neutral HMPAO and of Zn(ll)/deprotonated HMPAO species
with dipyridine-containing macrocyclsare 2.1 +0.1 and are more stable than the RREE, SSEE and RSEE isomers by
2.19 £ 0.064, respectively. To compare the optimized geo-
metrical bond lengths of Zn-N (Table 3) to the x-ray Zn-N
RSEE SREI,E and SSEE) only exist. The graphical ebrjeutral and Zn(ll)/deprotonated HMPAO complexes and their

- . - y. ' grap . 9 complexation energies without counterpoise corrections
mertries of EE isomeric type of zinc(Il) complexes with the

neutral and deprotonated HMPAO and their relative energiel$omers Ezun,”  RelEnerg§ Ein,” AEomprex”

are shown in Figure 4. The HF/3-21G energies of zinc(IlRREE -2653.018143700 4.8  -875.836358434 -357.5
complexes with neutral, deprotonated HMPAO, their relatecRSEE  -2653.017345320 5.3  -875.836119613 -357.1
configurations and the complexations with counterpoiSeSREE -2653.025783240 0.0  -875.843852113 -357.6
correction (Table 4) show that the SREE of the neutral andSEE  -2653.018143700 4.8  -875.836358434 -357.5
deprotonated forms are the most stable isomers. The SREfomers§ Ezniir E.-P AEzomprex®

of Zn(Il)/neutral HMPAO species is more stable than theRREE -2652.706262490 4.7  -875.266013532 -519.7
RREE, SSEE and RSEE isomers by 4.1, 4.1 and 4.4 KCRISEE -2652.698779200 9.4  -875.262563661 -517.2
mol™ respectively and SREE of Zn(ll)/deprotonated HMPAO SREE ~ -2652.713807210 0.0 -875.272383724 -520.4
is more stable than the RREE, SSEE and RSEE isomers I88EE  -2652.706262490 4.7 -875.266013532 -519.7

4.4, 4.4 and 8.5 kecal md) respectively. Results of the HF/ aneyiral HMPAO Penergies in hartrefelative energies of complexes in
6-31G* energies in Table 5 show that the SREE of Zn(lIl)/kcal mol?, “AE in kcal mot?, “deprotonated HMPAO

Table 4. Total energies at HF/3-21G theoretical level of HIMPAO (neutral and deprotonated), their counterpoise components and their

complexation energies with BSSE corrections

Isomeré Eznun, ® Rel Energy Ein, psse” AED 2 gssc® AEmpiexssse®
RREE -2639.88964310 4.1 -870.97619978 -1768.33297834 -364.2
RSEE -2639.88925173 4.4 -870.97557505 -1768.33308914 -364.3
SREE -2639.89620806 0.0 -870.98289279 -1768.33203461 -364.8
SSEE -2639.88964310 4.1 -870.97619978 -1768.33297834 -364.2
Isomers’ EZnLH' b ELH',BSSEb AE;nz*,BSSEb AEéomplexBSSEd
RREE -2639.56875032 4.4 -870.42839669 -1768.33508100 -518.3
RSEE -2639.56174676 8.5 -870.41595518 -1768.33509444 -515.4
SREE -2639.57526067 0.0 -870.43639111 -1768.33514218 -518.6
SSEE -2639.56875032 4.4 -870.42839669 -1768.33508100 -518.3

2neutral HMPAO  energies in hartre€relative energies of complexes in kcal MJIAE in kcal mot?, ¢deprotonated HMPAO
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Table 6. Lowest, reorganization and pre-organization energies of neutral and deprotonated HMPAQO and their relative energies

Isomers Lowest energy 1-Rel energy  Reorganization enerfly 2-Rel energy Pre-organization enerfly 3-Rel energ¥y
Neutral forms

RREE -875.916760553 0.0 -875.877820744 44 -875.836358434 4.7
RSEE -875.909636452 4.5 -875.898981045 4.7 -875.836119613 49
SREE -875.913592773 2.0 -875.913592773 0.0 -875.843852113 0.0
SSEE -875.911144034 35 -875.877820744 4.4 -875.836358434 47
Deprotonated forms
RREE -875.309789774 5.2 f 9 -875.266013532 4.0
RSEE -875.299139717 11.9 f 9 -875.262563661 6.2
SREE -875.318047663 0.0 f 9 -875.272383724 0.0
SSEE -875.309789774 5.2 f 9 -875.266013532 4.0

3global minimum energie8HF/6-31G* energies in hartredowest energies in kcal nid] “reorganized energies in kcal/m@dre-organized energies in
kcal mor, fthe same as global minimum energit®e same as 1-rel energies

respectively. Results in Table 5 and 6 show that the comeomplexation, only four types of the RREE, RSEE, SREE
plexation energies of Zn(Il))HMPAO complexes derived and SSEE isomers either the neutral and deprotonated
from the HF/3-21G energies with BSSE corrections get veryigands are considered. Due to the structural reorganization
close to the energies computed from the HF/6-31G* energiesf the neutral HMPAO for their complexations, the energies
of the corresponding types of complexes. The complexationf their reorganized structures must be used in the compari-
energies at the HF/3-21G level of theory, including counterson of their stabilities. For this reason, the SREE isomer is
poise corrections, of the neutral and deprotonated HMPAGhe most stable conformation when compare to those
get very close to their corresponding energies at the HF/Georganized structures and then more stable than the RREE,
31G* without counterpoise corrections (Table 5); they areRSEE and SSEE conformations by 4.4, 4.7 and 4.4 kcal
different by 7.0 + 0.25 and 1.6 + 0.2 kcal rmpkespectively.  mol™?, respectively (Table 6). Because the EE-series isomers
To form the Zn(Il)/neutral HMPAO isomers, the neutral of deprotonated HMPAO are the same geometries of their
ligands of RREE, RSEE and SSEE isomers must beeorganized conformations, their energies are therefore the
reorganized to be stable conformation and pre-organizatiosame values; reorganized conformation is defined as a local
before complexing with zinc(ll) ion. According to the minima geometry that will transform to be a pre-organized

AE preorg AE %regfg 0

AECDmp/ex
LH, <> LH; (reorg) e — LH; (preorg) e —— /n LHz2+
. + Zn*'
A E%)reorg AEiomp/ex
LH <—= LH reorg) —= ZnLH"
+ Zn*
(A) AESreorg = 26.0, AE(cJomp/ex =-357.5 (-364.2°), aFYrepy = 27.5, AEiomp/eX =-519.7(-518.3%)
(B) AEYreorg =394, AEgomp/eX =-357.1(-364.3%), AEbreory = 23.0, AEzamp/ex =-517.2(-515.4%)
AE preorg AE (c)‘amp/ex
LH, <—= LH;(preorg) = Zn LH,*
- + Zn*"
AE%’ eorg AE iomp/ex
LH == LH (preorgg ===  ZnLH"
+ Zn2+
(C) AFYeorg=43.8, AE(c)amp/eX =-357.6(-364.8°), AFbreorg=28.7, AEiomp/ex =-520.4 (-518.6%)

Scheme 1 Stabilization energies (kcal mylaccording to complex isomers of the (A) RREE and SSEE (B) RSEE, and (C) SREE, derived
from HF/6-31G* energies?BSSE energies at HF/3-21G theoretical leX,,npiexssse
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geometry for complexing with Zn(ll) ion. The SREE is also ~ N.; Rodari, M.; Delmonte, M.; Taddei, G.; Rodriguez, G.;
the most stable isomer and more stable than the RREE, Mariani, G.J. Nucl. Med.2001, 42(5), 45. (b) Fukushima, K.;

: Hayashida, K.; Sugimura, K. Nucl. Med2001, 42(5), 405. (c)
RSEE and SSEE isomers by 5.2, 11.9 and 5.2 kcafmol Kao. C. H. Lan, J. L. ChangLai, S. P Liao. K. K.. Yen, R. F-

respectively. _ Chieng, P. UEur. J. Nucl. Med2001, 26(2), 129.

Due to the complexations, only the RREE, RSEE, SREE 3. Ding, H.-J.; Huang, Y.-F.; Tzeng, C.-C.; Wei, L.-M.; Yeh, S.-J.
and SSEE isomers of the neutral and deprotonated HMPAO Bioorg. Med. Chem. Let1.999 9(22), 3199. _
are involved in reaction mechanism in terms of the stabili- 4- Jeong, f] M. Lim, J. 1.; Ch?”% Y. S.; Son, M.; Kim, WB Bl,ll;dCho’
zation energies (Scheme 1). Energies of deprotona&tBg. (o ) JH:Oh C H.;Lee D.S; Chung, J.-K.; Lee, MiC.abelle

L . Compd. Radiopharni999 S42:1 s573.

and reorganizationAE.e,; ) of some stable conformations 5 | arsson, A.: Skoog, |.; Aevarsson, O.; Arlig, A.; Jacobsson, L.;
based on the rotational barriers of corresponding transfor- Larsson, L.; Ostling, S.; Wikkelso, ®lucl. Med. Commur2001,
mation process, their values have to be evaluated by 22 741. .
consideration of energy barriers. Pre-organization energy®6- Jackson, G. E.; Nakani, B. 5.Chem. Soc. Dalton Trank996§
(AEyeorg) is an energy difference between pre-organized 1373.

. . 7. (a) Dewar, M.; Thiel, WJ. Am. Chem. So&977, 99, 4499. (b)
structure according to the complexation process and stable pyis | pet. al J. Comput. Cheni981 2, 433. (c) Dewar, M.

conformation of reorganized structure. J. S.: McKee, M. L.; Rzepa, H. $. Am. Chem. So¢97§ 100,
3607. (d) Dewar, M. J. S.; Zoebisch, E. G.; Healy, El. Am.
Conclusions Chem. Socl985 107, 3902. (e) Dewar, M. J. S.; Reynolds, C. H.

J. Comput. Cheni.986 2, 140.

. . . 8. (a) Binkley, J. S.; Pople, J. A.; Hehre, WJJAm. Chem. Soc.
We have investigated for the isomers of the neutral, ](_9)80 102y939_ () Ggrdon M. S. Binkley, J. S.; Pople, J. A.;

deprotonated species of HMPAO and their complexes with  pietro, W. J.: Hehre, W. J. Am. Chem. Sot982 104, 2797.

zinc(Il) ion. We found that there are twenty-two isomers 9. Pietro, W. J.; Francl, M. M.; Hehre, W. J.; Defrees, D. J.; Pople, J.
(stereoisomers) of the neutral species and twenty isomers 08 'A;-riisE::i;]‘k'&yf j-_STJr-u'gg Cc?e\r?v'-sggﬁlsez ;04|’_|5OB39-G"| —
the deproto.nated species of HMPAO, respectively. The fout Johnsén, N é.; RobB, M. A.'; Cheeger'nan, 3 R 'Keith, T A.;
EE-series isomers of both zinc(ll) complexes with the  petersson. G. A Montgomery, J. A Raghavachari, K.; Al-
neutral and deprotonated HMPAO have been found. Either Laham, M. A.: Zakrzewski, V. G.; Ortiz, J. V.: Foresman, J. B.:
the SREE isomers of zinc(Il) complexes with the neutral and Cioslowski, J.; Stefanov, B. B.; Nanayakkara, A.; Challacombe,
deprotonated HMPAO are the most stable isomers. Either M- Peng, C.Y.; Ayala, P.'Y;; Chen, W.; Wong, M. W.; Andres, J.
Zn(Il) complexes with the neutral or the deprotonated HMPAO, L Replogle, E. S.; Martin, R. L.; Fox, D. J.; Binkley, J.'S.;

. . Defress, D. J.; Baker, J.; Stewart, J. P.; Head-Gordon, M.;
the complexes with the SREE isomers are the most stable ggonza1ez C.: Pople, J. aussian 94W, Revision D Gaussian

species. Inc.: Pittsburgh, PA, 1995.
Supporting Information Materials . Listing of optimized  11. Boys, S. F; Bernardi, Nol. Phys197Q 19, 553.
geometrical parameters and cartesian coordinates of alf- Makowski, M.; Raczyska, E. D.; ChmurzyskiJLPhys. Chem.

proposed isomers of HMPAO is available on request from13 égﬁgﬁ ;Stavgfs?én 1L ZCDC, 2001

the correspondent author. 14. Yazal, J. E.; Pang, Y.-.Phys. Chem. B999 103 8773.
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