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Abstract: Succinimido, amido, and ester functionalized tetrafluoroaryl azides selectively oxidize bisdiphe-
nylphosphinomethane at one of the P(lll) centers giving (iminophosphorano)phosphiasd8 respectively

in high yields. Succinimido functionalized perfluoroaryl azido (iminophosphorano)phosphine is attached to
angiotensin converting enzyme (ACE) inhibitor, lisinopril at one end, leaving the other end for chelation to
Rh(Ill) and Pd(ll) precursors including radioactive analogues establishing the hetero-bifunctionality for potential
in vivo tracking of the radiotracer. The measurement of inhibitory potency of lisinoprtal conjugates

(Rh and Pd), maodified through the primary amine reveals an increase in inhibitory potency, although small,
retaining the target potential of native lisinopril toward specific biological sites. However, direct complexation
utilizing the carboxylic groups of lisinopril with a Cu precursor resulted in the reduction of inhibitory potency
from nM to uM levels rendering it less useful for applications as an ACE inhibitor. Single-crystal X-ray
structural investigation of the Rh(lll) perfluoroaryl (iminophosphorano)phosphine corhpkexows a distorted

mer octahedral configuration with two ligands per metal center and only one of the phosphiniminato nitrogen
atom coordinating to the metal. Pd(ll) compl&8 reveals that the metal is bound to the iminato nitrogen
atom and the P(lll) center via cis disposition to form a five-membered ring. X-ray daf&fdriclinic, P-1,
a=11.570 (6) Ab = 13.668 A(7)c = 20.709 (10) A« = 86.068 (10),3 = 83.774 (10),y = 83.503 (10)

V =23229.6 (3) B, Z=2,R=0.028,R, = 0.050. X-ray data fof.8: triclinic, P-1,a= 11.457 (3) Ab=

12.223 (3) A,c = 13.219 (4) Ao = 89.98 (20),8 = 73.710 (20),y = 69.980 (20)V = 1665.7 (8) B, Z =
2,R=0.024,R, = 0.031.

Introduction binding of ACE with fibrous tissue formation in the failing
human heart. An impressive array of ACE inhibitors (e.g.,

Angiotensin converting enzyme (ACE, EC 3.4.15.1) isa zinc lisinopril, captopril, etc.) and the#3 analogues are shown to
metalloprotease enzyme which catalyzes the hydrolysis of inhibit the overexpression of ACE in vivo and to suppress

carboxy-terminal dipeptides from oligopeptide substratés. fibrosis in animal model§. This observation indicates that ACE
ACE is an important component of the renriangiotensin  inhibitors have a high target potential toward specific biological

system (RAS) associated with the biological conversion of sijtes rich in ACE. Functionalization of ACE inhibitors by
angiotensin | (Al) to angiotensin Il (All), a vasoconstrictor pifunctional chelating agents (BFCAs) carrying radiometals
shown to be partly responsible for hypertenstorRecent  (e.g.,%"Tc or 1%Rh) adds diagnostic potential to the already
studie8 have revealed the anatomic concordance of high-density established target potential of ACE inhibitors and may open a
new possibility of tracking them to specific biological sites in

vivo. Lisinopril, a lysine analogue of enalapril ([s]-Na-[1-
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Cavel et al® have established the combination of phosphine
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to lisinopril shows promising inhibitory potency, further func-

and iminophosphorane, produced by a selective oxidation of tionalization of azides by phosphines provides a needed lisi-
one of the diphosphines, as versatile chelating agents to severahopril—=BFCA conjugate ready to incorporate transition metals

transition metals including Rh(l). The recent studtesn the

and analogous radiometals. Selective oxidation of one of the

extension of the coordination chemistry of iminophosphoranes phosphines of diphosphines provides asymmetrically substituted

to the diagnostically useful transition metfTc and their

(iminophosphorano)phosphine combination which is expected

stability in aqueous medium indicates that these conjugates areto improve the stability of the complex through bidentate

potential in vivo tracking agents, provided they are conjugated
to a pharmacophore of interest. Sirf€&Tc has a short half-

coordination to metal®.”
Our interest here is to identify the best site on lisinopril for

life'? (6.5 h), we have used Rh- and Pd-based BFCAs for the further functionalization and to test the effect of metalated

present studies!®Rh has a low abundance pfrays €y =
306 keV, 5%, 319 keV, 19%) which would allow in vivo
tracking of drug®® at specific biological sites. However, the
major requirements for radiometalated ACE inhibitors to be

chelating frameworks at different sites of lisinopril (primary
amine group, secondary amine group, carboxylic groups, etc.)
on the inhibitory potency of lisinopril conjugates in the post
modification. Although Rh(lll) complexes with phosphines are

diagnostic agents include (a) the establishment of the coordina-known'¢17and Rh(l}-(iminophosphorano)phosphine complexes

tion chemistry of Rh(lll) including the geometrical configuration
of the chelate ring with respect to the binding sites of lisinopril
and (b) the confirmation of the retention of the inhibitory
potency of ACE inhibitors, functionalized by relatively bulky
and electron-rich metalated chelating agents.
studies, we have shown that functionalization of lisinopril at
the primary and secondary amine groups by tetrafluoroaryl

are quite commo# surprisingly, Rh(Ill)-(iminophosphorano)-
phosphines are uncommon. Siné®Rh is available in a
virtually “no carrier added” version as Rh(ll)&€kH,0, the
ultimate success of the ACE-inhibitor avid radiopharmaceutical

In our earlier as an in vivo tracking agent depends on the precise structural

determination of the nonradioactive Rh(lll) complex in solid
form and its conformation in solution. Hence, as a part of the

azides has improved their binding potency, assessed by auto-ongoing research on BFCAsand bifunctional photolabile

radiography studie¥,competitive radioligand binding assals,
molecular dynamics calculatiofand 1Go measurements using
amydolytic assay® Since attachment of perfluoroaryl azides
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chelating agents (BFPCA3),we wish to elucidate the X-ray
structural investigations on representative Rh(lll) and Pd(ll)
perfluoroaryl functionalized (iminophosphorano)phosphines,
supplemented by multinuclear and 2D NMR of functionalized
lisinopril derivatives. We also would like to establish the
retention of the inhibitory potency at nM level for primary amine
functionalized Rh(Ill) and Pd(Il) conjugates, in contrast to
functionalization at carboxylic groups with a Cu complex which
resulted in the significant loss of activity. These findings
constitute a first report on the biological activity of lisinopril,
tailored by metalated chelating agents.

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 a
subdued light by wrapping the flasks with aluminum foil. Nuclear
magnetic resonance spectra were recorded in €DCa Bruker WH-

300 spectrometer, and chemical shifts are reported in ppm downfield
from SiMe, for *H NMR. The3P NMR chemical shifts are reported
with respect to 85% BPO, as an external standard, and positive shifts
lie downfield from the standard!®F NMR chemical shifts are reported
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Table 1. Summary of the Crystallographic Data for Rh Complex

12 and Pd CompleX8

Pandurangi et al.

from ref 21(a-g). All hydrogen atoms in both of the structures were
located in difference Fourier maps and refined with fixed isotropic
thermal parameters. Listing of full experimental details, coordinates,

formula Cg4H27N3OF4P20|2Pd QeH5oN204FgP4C|3Rh'CH3CN 4 ) N
MW 808.85 1461.32 temperature factors, and anisotropic temperature factors are deposited
crystal size (mm) 0.150.15 0.35 0.30x 0.35x 0.35 as Supporting Information.

crystal system triclinic triclinic Synthesis of Perfluoro Functionalized Phosphinimines610. A
space group P-1 P-1 solution ofN-succinimidyl 4-azido 2,3,5,6-tetrafluorobenzoate (0.488
a(A) 11.457(3) 11.5702(6) g, 1.47 mmol) in chloroform was added dropwise to a solution of
b (A) 12.223(3) 13.6685(7) diphenylphosphinomethane (0.566 g, 1.47 mmol) cooled°® Onder
c(A) 13.219(4) 20.7090(10) dry nitrogen atmosphere. The solution turned yellow, and the mixture
o (deg) 87.980(20) 86.0680(10) was stirred fo 6 h before the solvent was removed in a vacuum to
B (geg) 73.710(20) 83.7740(10) give a pale yellow crystalline material. Recrystallization was carried
6(( ;39)]) 16(?62870((82)0) 3823230638510) out by dissolving the crude material in hot acetonitrile and cooled at 0
F(000) 810.55 1483'.5 °C to get analytically pure materiél(87.1% yield). 3P NMR (CDC})

Z 2 2 0 11.3 (dt,2Jpp= 54.1 Hz,*Jpr = 5.6 Hz),—30.5 (d,Jpp = 54.6 Hz).
Deatc (g/cn?) 1613 1503 IH NMR (CDCly) 6 2.86 (s, 4H), 3.39 (dd, 2HJp = 12.2 Hz), 7.+
20max (deg) 45.9 54.0 7.9 (m, 20H). **F NMR (CDCk) 6 —138.81 (m, 2F),—154.05 (m,

u (cm™?) 8.5 5.5 2F). Anal. Calcd for GeH2eN2F4sP,04: C, 62.78; H, 3.81; N, 4.07.
hkl range —11t012,0t0 13, —14,14,0,17, Found: C, 62.12; H, 3.87; N, 4.15.

—141to0 14 —26, 26 A solution of 4-azido 2,3,5,6-tetrafluoromethylbenzoate (2.5 g, 10.03
total data 4911 19282 mmol) in chloroform was added dropwise to a solution of diphe-
unique data 4636 13299 nylphosphinomethane (3.86 g, 10.01 mmol) cooled t€Qnder dry
ﬁ 88;‘1‘ 8828 nitrogen atmosphere. The solution turned yellow, and the mixture was

stirred fa 6 h before the solvent was removed in a vacuum to obtain

a pale yellow solid which was recrystallized by dissolving it in hot
acetonitrile followed by slow cooling at room temperature to ob%in
(82.4% vyield). 3'P NMR (CDCE) 6 11.8 (dt,2Jpp = 53.5 Hz,4Jpr =
with respect to CFGlas an external standard. Elemental analysis for 6.6 Hz). —30.5 (d,2Jep = 53.6 Hz). 'H NMR (CDCls) 6 3.36 (dd,

the new compounds were done by Oneida Research Services, Inc., NeveH, 2J pu =12.3 Hz), 3.87 (s, 3H), 7:47.9 (m, 20H). F NMR
York. Syntheses of functionalized perfluoroaryl azidés%) were (CDCly) 6 —144.00 (m, 2F);~154.80 (m, 2F). Anal. Calcd forgHzs
accomplished by the methods reported eatfié?. In general, organic NFsP,0O.: C, 65.45, H, 4.13; N, 2.31. Found: C, 66.15; H, 4.15; N,
azides are potentially explosive, and caution must be taken while 2.11.

preparing them%7 Metallic precursors, Rh@tH,O and PdG+ A solution of 4-azido 2,3,5,6-tetrafluorobenzamide (2.32 g, 10.99
(PhCNY, were obtained from Aldrich. Lisinopril was a gift from Merck ~ mmol) in toluene was slowly added to diphenylphosphinomethane
and was used as such without further purification. (dppm, 4.22 g, 10.97 mmol) in tolune at’C. The reaction mixture

ACE Binding Assays. Estimation of the inhibitory potency of all ~ was stirred fo 3 h and monitored by'P NMR spectroscopy. The
lisinopril derivatives was measured using amydolyic as$ayshout solvent was removed in a vacuum to obtain a crystalline solid which
10 uL of 0.25ug/mL ACE (from rabbit lung) in 30 mL of buffer (50 was dissolved in hot acetonitrile and recrystallized in the presence of
mM HEPES containing 300 mM NaCl at pH 7.5) was mixed with hexane to obtain a pure sol&(78.5% yield). 3P NMR (CDCE) o
various concentrations of lisinopril derivatives (td0M —10-¢ M) and 11.3 (dt,2Jpp= 54.1 Hz,"Jpe = 5.6 Hz),—30.5 (d,2Jpp = 54.6 Hz).'H
the mixture was incubated at room temperature for 10 min. The NMR (CDCk) 6 6.61, 6.56 (s, 2H), 3.39 (dd, 2HJpy = 12.2 Hz),
cleaving reaction was initiated with the addition of 40 of substrate 7.1-7.9 (m, 20H). **F NMR (CDCk) 6 —138.81 (m, 2F),—154.05
(1.25 mMN-(3-[2-furyl} acryloyl)-Phe-Gly-Gly) and monitored continu- (M, 2F). Anal. Calcd for GH24aN-F4P,0: C, 65.12; H, 4.06; N, 4.74.
ously for 8 min at 340 nm using a Molecular Devices ThermoMAX Found: C, 65.55, H, 4.15; N, 4.51.
plate reader. Cleavage of the substrate by the enzyme results in a Analytical Data for 9: (92.4% yield). 3! NMR (CDCE) 6 11.6
product which has an absorbance at 340 nm. Binding of new lisinopril (dt, 2Jpp = 53.1 Hz,*Jpr = 4.8 Hz). —30.2 (d,2Jpp = 53.7 Hz). H
derivatives to ACE changes the cleaving potential of ACE which is NMR (CDCl) 6 3.28 (dd, 2H2Jpy = 12.8 Hz), 7.6-7.8 (m, 20H) 1%
reflected in the reduction of absorbance at 340 nm. The relative NMR (CDCl) 6 —56.8 (t, 3F,*Jer = 21.6 Hz),— 144.23 (m, 2F),
integration of the areas under the curve is used for computing the —155.21 (m, 2F). Anal. Calcd for £H2.NFP2: C, 62.43; H, 3.60;
relative 1Gq values of new lisinopril derivatives. N, 2.28. Found: C, 62.01; H, 3.67; N, 2.15.

X-ray Data Collection and Processing. The crystal data and the A solution of 4-azido 2,3,5,6-tetrafluorobenzamido lisinopril (25.95
details of data collection for crystals @2 and 18 are listed in Table mg, 0.032 mmol) in DMF was slowly added to diphenylphos-
1. X-ray data were collected on an Enraf-Nonius CAD-4 diffracto- phinomethane (12.4 mg, 0.032 mmol) in dry DMF &@® The reaction
metef®2* with Mo Ko radiation and a graphite monochromator at 22 mixture was stirred fo3 h and monitored by'P NMR spectroscopy.
(1) °C. The cell dimensions were obtained from a least-squares fit to The solvent was removed in a vacuum to obtain a pasty solid which
setting angles of 25 reflections wittf2n the range 20.630.C°>. The was dissolved in CbkCl, and recrystallized to obtain solitD.
crystal exhibited no significant decay under X-ray irradiation. Analytical Data for 10: (76.5% yield). 3P NMR (CDC}) 6 11.4

The structures were solved by direct methods and were subsequently(dt, 2Jpp = 45.3 Hz,%Jpr = 6.1 Hz), —29.2 (d,2Jpp = 45.8 Hz). H
refined by full matrix least-squares method which minimiZeg(|Fo| NMR (CDCk) ¢ 3.39 (dd, 2H,2Jpyy = 12.1 Hz), 7.1-7.9 (m, 20H).

— |F¢[)?> where w! = [o(counting) + (0.008F0)?)/4Fo]. Atomic All other resonances coincide with native lisinopriPF NMR (CDCk)
scattering factors including anomalous scattering contributions were § —143.61 (m, 2F),—155.82 (m, 2F). Anal. Calcd for ggHsNy-

(20) Pandurangi, R. S.; Lusiak, P.; Kuntz, R. R.; Volkert, W. A, FAF;ZOG' C’.65'01’ H, 5.36; N, 5.73 Found: C, 65'55‘.H'5'23’ N, 5.61.
Rogowski, J.: Platz, M. SJ. Org. Chem1998 in press. ynthesis of Rh(lll) Complexes 1+15. To RhCkin chloroform

(21) The following references are relevant to the NRCVAX system: (a) (0.148 g, 0.71 mmol) were added a few drops of alcohol. The mixture
Gabe, E. G.; Page, Y. L,; Charland, J. L.; Lee, F. L.; White, R.. S\ppl. was heated until it dissolved. The hot Re€blution was added slowly
Crystallogr. 22, 384, 1989. (b) Flack, LActa Crystallogr. Sec. B9, 876 to a solution of6 (0.487 g, 0.71 mmol) in chloroform, refluxed for 3

I%’?ggr-asr? f]ggr?r?i?:gl CRe gort%gll—\ll?_PSAl 3';0%‘;& ;&Z@m?gggipé?ii;s'gﬁ , 1 and monitored b§P NMR spectroscopy until the disappearance of
. ; . ! . ! ’ . * phosphorus signals due to ligaBd The solvent was removed by a
C. Crystallographic Comput ksgaard: Copenhagen, 1970; p 293. P \ . ; :
rystallographic ComputingMunksgaar opEaagen P flash evaporator, and the orange-red solid was dissolved in a mixture

(e) Page, Y. L. JAppl. Crystallogr 1988 21, 983. (f) Page, Y. L.; Gabe h ?
of dichloromethane and hexane (8:2) and cooled & Qo obtain a

E. J.J. Appl. Crystallogr 1979 12, 464. (g) Rogers, DActa Crystallogr.
Sect. A1981, 37, 7. crystalline materiall1 (78.5% yield). 3P NMR (CDCk) 6 7.43 (dt,

AR = Y(IFo| = IF)/3IFol. °R = [YW(|Fo| — |Fc)ZY|Fol)T, wt
= [6]Fo| + 0.0005F°)7.
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ZJpp: 30.5 HZ,4JP|: =53 HZ), 16.5 (m,l.]prh =115.8 HZ,ZJpp =
24.2 Hz), 24.2 (MXp_rn =115.4 Hz 2Jpp = 24.6 Hz), 44.1 (dt2Jpp=
15.2 Hz),"H NMR (CDCly) 6 2.81 (s, 4H), 4.18 (dd, 2HJpy = 11.6
Hz), 5.20 (dd, 2H2Jpy = 10.4 Hz), 6.6-7.6 (m, 40H). %F NMR
(CDCl) 6 —132.2 (m, 2F)—~140.7 (m, 2F)—141.4 (m, 2F)-154.1
(m, 2F). 3C NMR (CDCk) 28.4 (m,"Jc—p = 26.3 Hz) and 37.1 (m,
Je-p= 28.3 Hz). Anal. Calcd for &Hs,N4FsP4Os RhCh: C, 54.54;
H, 3.31; N, 3.54. Found: C, 55.11; H, 3.65; N, 3.61.

RhCk (0.069 g, 0.329 mmol) was added to chloroform along with
a few drops of alcohol and heated till it dissolved. The hot solution of
RhCk was added slowly to a solution @f(0.200 g, 0.329 mmol) in
chloroform, refluxed for 3 h, and monitored BY? NMR spectroscopy
until the disappearance of phosphorus signals due to ligandhe

J. Am. Chem. Soc., Vol. 120, No. 44, 19387

NMR (CDCl;) 6 —141.10 (m, 2F),—152.80 (m, 2F). Anal. Calcd
for CssHasNF4P,O, PdChL: C, 50.71; H, 3.23; N, 1.79. Found: C,
50.23; H, 3.29; N, 1.82.

Synthesis of 18. A solution of PdC} (PhCN} (0.348 g, 90.7 mmol)
in dichloromethane (50 mL) was slowly added to a solution of ligand
8(0.520 g, 91.6 mmol) also in dichloromethane af@5 After stirring
for an hour, the solution was partially evaporated in a vacuum and
treated withn-hexane to precipitate the Pd complE& The solution
was filtered, and the precipitate was washec (30 mL) with n-hexane
and dissolved in hot acetonitrile. After slow evaporation of the solvent,
orange-red crystals were obtained for further X-ray studies. (78.1%
yield), (P=N) = 1245 cnm’. 3P NMR (CD,Cl,) 6 27.7 (m,2Jpp =
27.8 Hz),—53.2 (b,2Jpp = 27.7 Hz). *H NMR (CD.Cl,) 6 5.61, 6.22

solvent was removed by a flash evaporator to obtain an orange-red(s, 2H), 7.1-8.0 (m, 20H), 3.38 (dd, 2HJpn = 12.3 Hz),*F NMR

solid 12. To get X-ray quality crystals, the solid was redissolved in
hot CHCE and slowly evaporated over a layer of hexane at room
temperature (86.5% yield)3*P NMR (CDC}) ¢ 6.15 (dt,2Jpp = 30.3
Hz, 4Jpr = 5.3 Hz), 16.7 (MJp_rn =109.1 Hz,2Jpp = 27.1 Hz), 24.4
(m, lJp—Rh =111.9 HZ,ZJpp: 23.5 HZ), 42.3 (dt,ZJpp: 15.8 HZ,4JP|:

= 4.85 Hz). H NMR (CDCls) 6 3.89 (s, 3H), 3.97 (s, 3H), 4.01 (m,
2H), 5.18 (dd, 2H2Jpy = 12.3 Hz), 6.5-7.8 (m, 40H). %F NMR
(CDClg) 6 —132.9 (m, 2F),—140.9 (m, 2F),—143.8 (m, 2F)—153.9
(m, 2F). 3C NMR (CDCk) 27.4 (m,"Jc—p = 24.8 Hz) and 36.1 (m,
Jeo-p=29.1 Hz). Anal. Calcd for 6sHs3N3FgPsO4 RhCh. CH:CN:

C, 55.93; H, 3.66; N, 2.88. Found: C, 55.32; H, 3.51; N, 2.81.

Analytical data for 13: (84.5% yield). 3P NMR (CDC}) ¢ 6.83
(dt, 2Jpp= 32.5 Hz,4Jpe = 5.6 Hz), 17.5 (MJp_rn =118.7 Hz 2Jpp =
23.8 HZ), 23.4 (m:,l\]prh =131.5 HZ,Z\]pp= 27.1 HZ), 43.1 (dtg\]ppz
14.2 Hz,*Jpe = 5.1 Hz). *H NMR (CDCls) 6 6.76, 6.56 (s, 2H), 4.12
(dd, 2H,ZJPH =113 HZ), 5.28 (dd, 2|‘P,JPH =10.8 HZ), 6.6-7.6 (m,
40H). F NMR (CDCk) 6 —131.9 (m, 2F),~140.4 (m, 2F)~142.6
(m, 2F) —155.5 (m, 2F). 3C NMR (CDCk) 28.9 (m,Jc_p = 22.5
Hz) and 35.8 (m¥Jc—p = 29.1 Hz). Anal. Calcd for €HgN4FsP4Oo-
RhCk: C, 55.33; H, 3.49; N, 4.04. Found: C,55.28, H, 3.54; N, 4.09.

Analytical data for 14: (77.5% yield). 3P NMR (CDC}) 6 6.89
(dt, 2Jpp= 29.5 HZ,4JP|:= 5.7 HZ), 15.8 (m,l\]prh =118.5 HZ,Z\JPP=
23.9 Hz), 24.8 (MJp_rn =133.2 Hz,2Jpp = 28.6 Hz), 42.1 (dt2Jpp=
16.2 Hz,%Jpr = 4.9 Hz). 'H NMR (CDCl) ¢ 4.26 (dd, 2H,2Jpy =
11.3 Hz), 5.13 (dd, 2HJpy = 11.8 Hz), 6.6-7.6 (M, 40H). °F NMR
(CDCl;) 6 —56.5 (t, 3H,Jee = 18.3 Hz),—131.9 (m, 2F);~141.1 (m,
2F), —142.4 (m, 2F)—155.8 (m, 2F). *C NMR (CDCk) 26.4 (m,
Je-p = 25.3 Hz) and 35.8 (MJc—p = 28.0 Hz). Anal. Calcd for
CeaHaaN2F14PsRNCEL: C, 53.41; H, 3.08; N, 1.95. Found: C, 53.35;
H, 3.13; N, 1.88.

Analytical data for 15: (72.5% yield). 3P NMR (CDC}) 6 6.53
(dt, 2\]|:>|::= 31.3 HZ,4.]p|:= 4.8 HZ), 15.8 (m}\]prh =113.7 HZ,ZJPF:=
24.8 Hz), 24.7 (M Jp_rn =132.3 Hz,2Jpp = 26.6 Hz), 42.9 (dt?Jpp=
15.8 Hz,%Jpr = 4.9 Hz). 'H NMR (CDCL) 6 4.32 (m, 2H,2Jpy =
12.6 Hz), 5.10 (m, 2H2Jpyy = 11.6 Hz), 6.6-7.6 (m, 40H). All other
resonances coincide with native lisinopri?F NMR (CDCk) 6 —133.4
(m, 2F),—141.2 (m, 2F)~142.4 (m, 2F)-155.8 (m, 2F).3C NMR
(CDCly) 28.1 (m,%c-p = 23.7 Hz) and 37.9 (MiJc_p = 29.9 Hz).
Anal. Calcd for GogH10aNsFsP4sO12: C, 58.77; H, 4.84; N, 5.18.
Found: C, 58.68; H, 4.79; N, 5.24.

Synthesis of Pd(ll) Complexes 1620. A solution of PdC}
(PhCN} (0.139 g, 36 mmol) in dichloromethane (50 mL) was slowly
added to a solution o8 (0.250 g, 36 mmol) also in dichloromethane
at 25 °C. After stirring for an hour, the solution was partially
evaporated in a vacuum and treated withexane to precipitate the
Pd complex16. The solution was filtered, and the precipitate was
washed (3x 20 mL) with n-hexane and dissolved in hot acetonitrile.
After slow evaporation of the solvent, orange-red crystalline material
was obtained (78.6% yield)3'P NMR (CD.Cly) 6 25.7 (m,%Jpp =
27.8 Hz),—56.3 (b,?Jpp = 27.3 Hz). *H NMR (CDCl3) 6 2.89 (s,
4H), 3.42 (dd, 2H?Jpy = 13.2 Hz), 7.1-7.9 (m, 20H). °F NMR (CD-
Clp) 6 —139.91 (m, 2F),—152.05 (m, 2F). Anal. Calcd for
CaeH26N2F4P,04PdCh: C, 50.00; H, 3.03; N, 3.24. Found: C, 50.09;
H, 3.07; N, 3.28.

Analytical Data for 17: (82.1% yield). 3'P NMR (CD,Cl,) 6 23.7
(m, 2Jpp= 27.8 Hz),—58.3 (b,2Jpp = 27.3 Hz). *H NMR (CD,Cl,) 0
3.91 (s, 3H), 3.36 (dd, 2HJen = 13.8 Hz), 7.17.9 (m, 20H). *°*F

(CD.Clp) 6 —141.2 (m, 2F),—153.15 (m, 2F). Anal. Calcd for
Cs2H24N2F4P,PdCL-CH;CN: C, 50.56; H, 3.37; N, 5.21. Found: C,
50.38, H, 3.28; N, 5.36.

Analytical Data for 19: 3P NMR (CD:Cl,) 6 26.7 (m,2Jpp = 25.8
Hz), —56.3 (b,2Jpp = 25.2 Hz). H NMR (CD,Cly) 6 3.56 (dd, 2H,
2Jpn = 12.8 Hz), 7.1-7.9 (m, 20H). %F NMR (CD,Cly) 6 —55.9 (t,
3F4Jpr = 19.8 Hz),— 140.23 (m, 2F);~151.42 (m, 2F). Anal. Calcd
for CsoH2oNF/P, PACh: C, 48.55; H, 2.81; N, 1.77. Found: C, 48.48;
H, 2.79; N, 1.83.

Analytical Data for 20: 3P NMR (CD,Cly) 6 28.1.7 (m,2Jpp =
25.8 Hz),—54.3 (b,2Jpp = 27.2 Hz). *H NMR (CD,Cl,) 6 3.46 (dd,
2H,2Jpy = 11.8 Hz), 7.1-7.9 (M, 20H). 2°F NMR (CD,Cl,) 6 —140.61
(m, 2F),—152.32 (m, 2F). Anal. Calcd for 4gHs,N4F4P,0sPdCh:
C, 55.10; H, 4.54; N, 4.85. Found: C, 55.16, H, 4.60; N, 4.78.

Results and Discussion

I. Synthesis, Spectroscopy, and Coordination Chemistry
of Rh (Ill) and Pd (II) Perfluoroaryl (iminophosphorano)-
phosphines. Iminophosphoranes are known to display versatile
bonding interactions in both coordination and organometallic
chemistry” The incorporation of an iminophosphorane moiety
with the other donor atoms to form a bidentate chelating
framework or selective oxidation of one of the arms of
diphosphines leading to asymmetric (iminophosphorano)phos-
phine introduces mixed ligating centers P(lll) and P(V) and has
been a subject of extensive research in the last 7 yéa%.
For example, reactions of functionalized perfluoroaryl azides
(R-CsF4N3, R = succinimide, COOMe, CONfland CFk) with
diphenylphosphinomethane (dppm) give the corresponding
monosubstituted (iminophosphorano)phosphine in high yields
(> 90%, Scheme 1). Generally, these reactions are selective
in oxidizing only one P(lll) center in dppm. In fact, some of
the functionalized aryl azides (R CONH,, CF;, COOMe etc.)
when used 2 3-fold excess over dppm produce mono-oxidized
derivatives in>85% yield. Succinimido functionalized per-
fluoroaryl azides are useful precursors of BFCAs since they can
be conjugated to a biomolecule or pharmacophore at one end
and can be derivatized by a chelating framework at the other
end. For example, succinimido perfluoroaryl azideis
conjugated to lisinopril at one end, and at the other endsN
oxidized selectively by one of the phosphorus of dppm to yield
10in good yields ¢75%). All of the iminophosphoranes are
characterized by multinuclear NMRP, *H, 13C, and'°F), IR,
and elemental analysis.

Il. X-ray Structural Investigations. Single-crystal X-ray
structural investigations on the Rh(lll) compl&® and Pd(Il)
complex18 are determined to confirm the conclusions drawn

(22) (a) Miles, J. S.; Visscher, M. O.; Carlton, K. Borg. Chem1974
13, 1632. (b) Imhoff, P.; Elsevier: C. J.; Stam C. kiorg. Chim. Acta
199Q 175 209. (c) Imhoff, P.; Asselt, R. V.; Elsevier: C. J.; Zoutberg, M.
C.; Stam C. Hlnorg. Chim. Actal991 184, 73. (d) Imhoff, P.; Elsevier,
C. J.J. Organomet. Cheni989 369 c61. (e) Imhoff, P.; Sylvia, C. A;;
Elsevier, C. JOrganometallicsl991, 10, 1421.
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from the solution data (vide below) including the geometry and
stereochemical features. ORTEP diagrams of the Rh(lll)
complex12and Pd(Il) complex 8 with their atomic numbering

Pandurangi et al.

[133.36 (8)] on the noncoordinated arm of the other imino-
phosphorane. The bond length fo=R involved in chelation
[(1.606 A(17)] is slightly elongated compared to free=IR
[(1.578 A (18)]. Similarly, the bond length N(2)C(59) [1.411

A (3)] on the coordinating part is also longer than the bond
length N(1)-C(26) [1.352 A(3)] on the noncoordinate part of
iminophosphorane. In the uncomplexed iminophosphorane arm,
the lone pair of electrons on nitrogen may delocalize through
the perfluoroaryl group which may be responsible for the larger
angle for P(2)-N(1)—C(26) [133.38 (8)] and shorter bond
length for N(1)-C(26) [1.352 A(3)], leaning toward linear
geometry. However, the trigonal planar geometry around
nitrogen center on the complex arm [PN(2)—C(59) [120.58
(13)] indicates the directional donation of the lone pair of sp
nitrogen to Rh metal. The similar lengthening 6&=R bond
lengths and reduction in bond angles is well-reported for Rh(I)
complexed820 The Rh-Cl and RR-P bond lengths in complex
12 can be discussed in relation to the trans influence of the
chlorine and the iminophosphoraneR group. For example,
the P(3}-Rh bond [(2.305 A (5)], being trans to chlorine is
slightly longer compared to the P@Rh bond [(2.289 A (5)],
reflecting the small, yet noticeable relative trans influence of
the chlorine and #N moiety, respectively. The RHCI(2) bond
trans to phosphorus [2.384 A (5)] is longer than-Rel trans

to chloride (e.g., RRCI3, 2.349 A or RR-CI1, 2.365 A)
indicating that a larger trans influence for R@I(2) to
phosphorus may be due to RR & bonding. The elongation

of Rh—CI(2) compared to that of RhCI(1) and RR-CI(3) is

not unusual and in fact, reported for a number of dmpe
complexeg* The terminal chloride ligands CI(1), CI(2), and

schemes are shown in Figures 1 and 2 respectively. TheC|(3) have meridional geometry common to many Rh(lll)

structure of the Rh complex involves two ligands per metal
center with one of the iminophosphoranes not involving in
coordination to the metal and the other one forming a five
membered ring with P(lll) phosphorus. The availability of two

different P(V) centers on the same molecule may be helpful in

complexes with phosphora®xygen ligandg® Table 1 shows

the summary of the crystallographic data on crystié?sand

18. Selected bond lengths and bond angles are given in Tables
2 and 3 for Rh and Pd complexes, respectively.

The ORTEP plot ofL8 confirm the proposed five-membered

internal structural correlations and in addressing the hemilabile metallacyclic structure with Pd(ll) in square planar geometry.

behavior of ligands, chelating effect, and stability factrs.

Pd metal is bound to the iminato nitrogen and P(lIl) center via

‘The Rh center has slightly distorted mer octahedral geometry ¢ gisposition to form a five-membered chelate. Theé\Fbond
with trans chloride ligands and two iminophosphorane units, length in18 (1.60 A) is in the normal range expected for R
one being away from t_he _metal center such t_hat the two P(I) double bonds found in many reported compleXesSimilarly,
phosphorus atoms are in cis arrangement. This observation fromyne pg-p bond length (2.224 A) is also in the range normally

the crystal structure is also derived from tH® COSY NMR
spectrum ofl2where P1 and P3 couple with a coupling constant
of 30 Hz and is in the general range for cis coupled Rh
complexed* (in fact, trans coupling is around 630 Hz, vide
below). Compression of P(3Rh—N(2) [82.C° (4)] compared

to P(3-Rh—P(1) [98.8 (18)] indicates the ring strain which
is the expected value for the related phosphenigogen
systemsg®> A relative reduction of the angle P@AN(2)—C(59)
[120.56 (13)] on the coordinated arm of the iminophosphorane
is noted, compared to the bond angle P(R)1)—C(26)

(23) (a) Pregosin, P. S.; Kuntz, R. WP and3C NMR of Transition
Metal ComplexesSpringer: Berlin, Heidelburg, New York, 1979. (b)
Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973 10,
335 (c) Goggin, P. L.; Knight J. Rl. Chem. Soc. Dalto972 704.

(24) (a) Garrou, P. EChem. Re. 1981, 81, 829. (b) Chadwell, S. J.;
Coles, S. J.; Edwards, P. G.; Hursthouse, MJBChem. Soc. Daltoh995
3551. (c) Braunstein, P.; Matt, D.; Mathey, F.; ThawardJDChem. Res.
(S) 1978 232. (d) Verkhade, J. GCoord. Chem. Re 1972 9. (e) Garrou,
P. E.Inorg. Chem1975 14, 1435 (f) Suzuki, T.; Isobe, K.; Kashiwabara,
K. J. Chem. Soc. Dalto995 3609.

(25) (a) Al-Soudani, A. R. H.; Batsanov, A. S.; Edwards, P. G.; Howard,
J. A. K.J. Chem. Soc. Daltoh994 987. (b) Knight, D. A.; Cole-Hamilton,
D. J.; Cupertino, D. C.; Harman, M.; Hursthouse, M.F&lyhedron1992
11, 1987. (c) Braunstein, P.; Matt, D.; Mathey, F.; Thaward JDChem.
Res.(M) 1978 3041. (d) Skapski, A. C.; Stephans, F. A.Chem. Soc.
Dalton 1973 1789.

expected for similar Rh and Pd complexes.

Ill. NMR Investigations. Rh(lll) complexes are produced
by the slow addition of a hot solution of RhgtH,O in CHCh
to the solution of ligand$—10 in CHCIs in the presence of a
few drops of ethyl alcohol, followed by refluxing it for 4 h
(Scheme 2). Rh complek? is sparingly soluble in methanol
and ethanol and is characterized by multinuclear NM® (
1H, 19F, and 2D COSY!P NMR), IR, and elemental analysis.
31P NMR of 12 shows multiplets ab 6.15, 16.7, 24.4, and 42.3
(Figure 3) with equal intensity (1:1:1:1). The multipletséat
16.7 and 24.4 appear to be similar with coupling constants 109.1
and 111.1 Hz, respectively. These coupling constants are typical
of YJp-rn) coupling reported for a number of Rh complexés.
On the basis of the coupling constant range, multipletsi.7
and 24.4 are assigned to P(lll) phosphorus atoms. The two
peaks also show characteristic large downfield shifs= 47.2
and 54.9, respectively) compared to that of ligahdvhich is
reminiscent of the shifts exhibited by P(lll) coordination in
several metal complexé3. The peak at) 6.5 is a doublet and
not shifted substantially compared to that of the P(V) phosphorus

(26) Braunstein, P.; Chauvin, Y.; Nahring, Y.; Decian, A. and Fischer,
J.J. Chem. Soc., Dalto@995 863.
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Figure 1. ORTEP diagram of Rh complek2.

Table 2. Bond Lengths and Bond Angles for Compl&

Rh1-Cl1 2.3658(5) CI+Rh1-CI2 84.755(18)
Rh1-CI2 2.3840(5) CI+Rh1-CI3 172.004(17)
Rh1-CI3 2.3496(5) CI+Rh1-P1 86.958(17)
Rh1-P1 2.2894(5) CI+Rh1-P3 104.17(17)
Rh1-P3 2.3054(5) CI+Rh1-N2 88.65(4)
Rh1-N2 2.2316(16) Cl2Rh1-CI3 87.249(18)
P2-N1 1.5786(18) CI2Rh1-P1 88.709(17)
P4—N2 1.6064(17) Cl2Rh1-P3 168.529(18)
N1-C26 1.352(3) CI2Rh1-N2 91.14(4)
N2—C59 1.411(3) CI3-Rh1-P1 92.765(17)
CI3—Rh1-P3 83.777(17)
CI3—Rh1-N2 91.63(4)
P1-Rh1-P3 98.826(18)
P1-Rh1-N2 175.59(4)
P3-Rh1-N2 82.01(4)
Rh1-P1-C1 108.66(7)
Rh1-P1-C2 113.65(6)
Rh1-P1-C8 115.84(7)
N2—P4—-C34 103.32(9)
P2-N1-C26 133.36(15)
Rh1-N2—P4 123.11(9)
Rh1—-N2—-C59 116.32(12)
C21-C26 P4—N2—C59 120.56(13)
1) CH, groups of the two separate ligands, the latter peak being
Figure 2. ORTEP diagram of Pd comples8. shifted further downfield which can be assigned to,@ifithe

P—C—P backbone in which both P(Ill) and P(V) are involved
in ligand 7 (0 11.8) and, hence, indicates that it may not be in coordination. 'H NMR also shows two closely spaced peaks
involved in chelation to Rh via the nitrogen atom. On the other (3.89 and 3.91) assigned to two types of QCHroups.
hand, the peak at 42.3 is shifted downfieldAs = 30.5) with Similarly, 1°F NMR shows four signals at —132.9,—140.9,

a value similar to the reported values for P(V) phosphorus in —143.8, and—153.9 instead of the expected two signals of the
Rh(I) iminophosphorane complex&dndicating that it may be AA’" XX’ pattern for the perfluoro core, as for example in ligand
involved in coordination to the metal center. Both peaks exhibit 7 (6 —144.0 and-154.0.8). On closer examination, it appears
doublets with coupling constants 30.3 and 15.8 Rk_), that two sets of fluorine signals (i.e), —143.8 and—153.9)
respectively. However, it is to be noted that the broad P(V) are similar to the fluorine signals in ligantland, hence, can
phosphorus signals are not well-resolved, masking additional be assigned to perfluoroiminophosphorane in whieti\NAs not
information on long-range fluorine and Rh coupling. On the coordinated to Rh. Further characterization of the Rh(lll)
basis of the above observations, it can be safely assumed thatomplex is provided by3C NMR corroborating well with the
two ligands are involved in Rh complex formation. inference of two ligands per metal center by showing two sets
The inference of two ligands per metal center also comes of multiplets (doublet of doublet) at 28.4 {Jc_p = 26.4 Hz)
from the investigations ofH, 1°F, and'3C NMR of 12. For and 37.4 {Jc—p = 32.6 Hz), respectively for two different GH
example'H NMR of 12 shows two distinct peaks (doublet of groups on each of the-FC—P backbones of two ligands.
doublet,?Jp_y = 12.3 Hz) atd 4.01 and 5.18 (compared to the Although peaks due to P(V) phosphorus could be assigned,
peak atd 3.36,2Jpy = 12.3 Hz in ligand7) assigned to two it is difficult to assign peaks ab 16.7 and 24.4 as to which
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Table 3. Bond Lengths and Bond Angles for Compl&8 rationalized on the basis of ring formation through which A
Pd—C11 2.2927(10) C14Pd—C12 93.71(4) couples to B. The shape of both B and C peaks appear
Pd-C12 2.3577(9) C1tPd-P2 86.79(3) complicated owing to the coupling with phosphorus of the
Pd-P2 2.2248(9) C1iPd-N1 174.30(7) second ligand through the ring in addition to the existing
g‘lj:m i'gggg(ﬁ) ggﬁg:ﬁi 915‘2317(3) coupling with P(V) of the same arm. The coupling constants
P1_C8 1'787(3() ) P2 Pe-N1 89'328 around 23-28 Hz can be attributed t8Jpp coupling. The
P1-C14 1:792(3) N:P1-C8 10.9_22(13) assignment of C to phosphorus P3 (Figure 1) involved in the
P1-C20 1.795(3) N+P1-C14 115.68(12) ring formation with Rh is also based on the normal upfield shift
P2-C20 1.834(3) N+P1-C20 106.14(13) due to effect often called “ring contribution” proposed by Garrou
ﬁ%ﬁ% i-gggg; gggig%g ig?-g?gg; etal?* It has been shown that the phosphorus atom in a five-
N1-C1 1.399(3) C14P1-C20 109.60(13) membered chelate ring gives a Iowe_r field resonance compared
Pd—P2—C20 105.81(9) to a phosphorus atom not involved in the ritf§.
Pd-P2-C21 115.14(11) Functionalized Rh complexe$X, 13—15) show similar NMR
E%E’g;_cgl iéz-gi(ig) spectra including the one which is attached to lisinopril at the
C20-P2_C27 102'67&3; position para to perfluoroaryl azide group. On the basis of the
C21-P2—C27 109:93(14) similarity of the spectroscopic properties and X-ray structural
Pd-N1-P1 111.98(12) investigations ofL.2 (vide infra), it is reasonable to assume that
Pd-N1-C1 118.65(18) the lisinopril-conjugated Rh complex has also two ligands per
P1-N1-C1 127.23(19) metal center, which is also verified by conventional element
N1-C1-C2 121.52(54) analvsis
N1-C1-C6 122.86(24) ySIS.

belongs to which phosphorus using 1D NMR spectrum alone.
To understand the complicated coupling pattern and confirm
the assignments to different phosphorus P(lll) signals, &'PD

Unlike Rh complexes, Pd complexes of the functionalized
perfluoroaryl derivatives have a relatively simple NMR pattern.
For example, compount8 shows downfield shifts of 56 ppm
and 45 ppm for P(lll) and P(V), respectively, after coordination.

COSY experiment was conducted. Figure 4 shows the 2D NMR The magnitude ofJep coupling decreases to 25 Hz upon

spectrum for complexd2. For simplicity, phosphorus peaks

complexation. The complexation with Pd Il wighis expected

are numbered A, B, C, and D. To start with, A and D are to withdraw electron density away from the {R—C—P
already assigned to coordinated P(V) and noncoordinated P(V),skeleton and presumably cause a decrease in the s character
respective|y_ Coup”ng of D with B, but not with C’ indicates within the P-C—P framework. The chemical constitution of
that D is connected to B on the same arm of iminophosphorane 18 was confirmed by the single-crystal X-ray investigations.

which is not coordinated to Rh. Hence, peak B can be assigned

IV. IC 5o Measurements Using ACE Amidolytic Assay.

to P1(vide infra). Coupling of A with both C and B can be ACE from rabbit lung is incubated with lisinopril derivatives
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Figure 4. 2D 3P COSY NMR spectrum of Rh complei2.

or metal conjugates at various concentrations in a mixture of

methanol and buffer. The inhibition induced by modified

lisinopril derivatives reduces the cleaving potency of ACE which

results in the decreasing absorbance of the cleaved product
the substrate at 340 nm. The change in the percentage
inhibition is calculated by measuring the relative integration o

peak areas. Lisinopril forms a positive control. Figure 5 shows g,

the concentration dependence of lisinopril conjugateslo,
15, and 20) on their inhibitory potency compared to that of
native lisinopril. 1Go values calculated from the graph fb2

T
5

T
ppm

T

20 15 10

In the absence of the availability of the crystal structure of
ACE, studies on the determination of the binding sites of ACE
revolve around the measurement ofsdGralues for ACE
inhibitors, functionalized by a variety of groups?® However,
ACE is a metalloprotease enzyme similar to carboxypeptidase
A2 or thermolysirt® and the availability of the crystal structure
of thermolysin and its binding studies with different substrates
can be extended to understand the binding modes of ACE with
ACE inhibitors. Of special interest was the bidentate coordina-
tion of the carboxylate oxygens next to the secondary amine
group on lisinopril 6 in Scheme 1). Along with the hydro-
phobic binding pockets with phenyl'Slysyl part S!, and
leucine ! these are found to be responsible for the tight binding
of the ACE inhibitor to ACE. The importance of the carboxylic
group of theN-carboxy alkyl fragment of ACE inhibitors is
revealed by the marked decrease in inhibitor potency from 1.2
nM to 5.8 uM after replacing the carboxylic group with
hydrogen (Table 9 in ref 8c). Our studies on the esterification
of both carboxylic groups on lisinopril also resulted in the
reduction of inhibitory potency from nM taM levels1415The
biological activity of ACE has long been known to be abolished
by chelating agents such as EDTA, and in fact, the EDTA effect
has led to the conclusion that ACE is a metalloenzytn&@he
functional role of Zn in ACE-mediated hydrolysis of oligopep-
tides is shown to be similar to that of Zn in carboxypeptidase
A2 or thermolysind®3! |t is possible that ACE inhibitors may
also bind to substrates other than ACE (e.g., in the deactivation
of bradykinirf). However, the concordance of high-density
o]‘43§27) Mendelsohn, F. A. OClin. Exp. Pharmacol. Physioll984 11,
of (28) Bernstein, K. E.; Martin, B. M.; Edwards, A. S.; Bernstein, E. A.

f J. Biol. Chem.1989 264, 11945.

(29) (a) Valle, B. L.; Glades, D. S.; Auld; Riordan J. F.Nfetal ions in
ology: Zinc EnzymesSpiro, T. G., Ed.; Wiley: New York, 1983; Vol.
5, pp 25-75. (b) Lipscomb, W. N.; Hartsuck, J. A.; Quiocho, F. A.; Reeke,
G. N.Proc. Natl. Acad. Sci. U.S.A969 64, 28. (c) Vallee, B. L.; Rupley,

J. A.; Coombs, T. L.; Neurath, Hl. Biol. Chem.196Q 235, 64.
(30) (a) Holmquist, B. and Vallee, B. L. Biol. Chem1974 249, 4601.

and18indicates that functionalization at the primary amine site (b) Kester, W. R.; Matthews, B. WBiochemistryl977, 16, 2506.

sustains the inhibitory potency at nM level, and hence, these
derivatives should be useful for further radiochemical studies.

ICso values for the other derivatives are shown in Table 4.

(31) Colman, P. M.; Jansonius J. N.; Matthews, B. WJ.JMol. Biol.
1972 70, 701.

(32) Gonzalez, E. B.; Farkas, E.; Soudi, A. A; Tan, T.; Yanovski, A. |;
Nolan, K. B.J. Chem. Soc., Dalton Tran$997, 2377.
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Figure 5. Concentration dependence of functionalized lisinopril derivatbek0, 15, and20.

Table 4. 1Cso Values for Lisinopril Conjugates obscure the contrast between normal and fibrotic sites. The
compd 1Go (NM) ref combination of two phosphines and one iminophosphorane may
lisinopril 112 7c.d 8¢ 1415 E_rowd_e a much_ r_1eeded stability for a Rh(Ill) metal complex in
1-125 351A 26 6¢c, 8¢, 27 iological conditions.
primary amine modified lisinoprib 0.62 14,15
secondary amine modified lisinopril 30.2 14,15 V. Conclusions
esterified lisinopril 201 14,15
compoundLO 26 this work Functionalization of ACE inhibitors by Rh- and Pd-based
Rh complexi2 5.2 this work BFCAs opens a possibilty of introducing clinically useful
I'_DO.' CO”‘.IpleCX W'tm8| ) 65;-9 tﬂ'_s Worlli radionuclides to pharmacophores for in vivo tracking applica-
Isinopril—Cu complex this wor tions in humans. Measurement of sfCvalues of lisinopril
2 Reference 32. conjugates functionalized at various positions on lisinopril enable

us to introduce relatively bulky chelating frameworks far away
ACE binding with fibrotic tissues and the absence of carboxy- from the binding sites retaining the inhibitory potency in the
peptidase or thermolysin at such sites makes ACE inhibitor postmodification stage. Selective oxidation of one arm of
scintigraphy feasible. Lisinopril conjugates bind ACE strongly diphosphines by functionalized perfluoroaryl azides §&8l3
(ICso values are in nM range) which may be attributed to the (R = COOMe, succinimide, G§ and lisinopril) lead to a
availability of additional binding sites in the form of hydro- combination of a phosphirgéminophosphorane framework
phobic interactions and H-bonded interactions similamto suitable for introducing Rh(lll) and Pd(Il) precursors. Tailoring
carboxy alkyl dipeptide$> Recently, Gonzalez et al. have lisinopril through the primary amine functionalized perfluoroaryl
reported on a Cu(ll) dimeric complex with lisinopril in which  azides with or without metal exhibited high inhibitory potency,
oxygen atoms of carboxylate and carbonyl groups as well asretaining the character of native lisinopril. On the other hand,
the secondary amine nitrogen of one of the lisinopril ligands direct complexation with carboxylic oxygens of lisinopril by a
occupy three positions in the basal plane of Cu, whereas themetal abolishes the ACE activity, exemplified by the lowdC
fourth position is occupied by the prolyl carboxylate of a second value. Structural characterization of the Rh(lll) complex
lisinopril ligand3? Our ICso values, measured on a €u perfluoroaryl (iminophosphorano)phosphih2 by multiprobe
lisinopril conjugate, show a significant reduction in inhibitory NMR and single crystal X-ray crystallography revealed the
potency touM levels (Figure 5) indicating the sensitivity of  presence of two ligands per metal center with two phosphines
substituents to the biological activity of lisinopril. In contrast, and only one of the iminophosphorane participating in coordina-
introduction of Rh and Pd on the long-chain end of the aliphatic tion to Rh. These studies also confirmed that the electron-rich
primary amine function did not affect the inhibitory potency centers in BFCAlisinopril conjugates are far away from the
after functionalization. Such modified lisinopril derivatives may binding sites of lisinopril, verifying the retention of their
be amenable to noninvasive imaging of biological sites in vivo. inhibitory potency. These new findings on the retention of
However, the ultimate diagnostic applications demand high inhibitory potency of Rh and Pd functionalized lisinopril form
stability of the metal complex in vivo since demetalation would the basis for introduction df°Rh and'%°Pd radiomarkers. The
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