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Abstract

Reaction of [TcOCl]~ with hydralazine-HCl in methanol at room temperature yields the
Tc(V)-hydrazido(3—) complex [Tc(CgHsN,)Cl,(PPh,),]-0.75CsH, (1). In contrast, the reaction in
refluxing methylene chloride produces the Tc(V)-nitrido complex [TcNCI(PPh,),]-0.25CH,Cl, (2).
Crystal data. 1: triclinic P1, a=11.592(3), b=12.105(3), c=17.884(4) A, a=107.76(2)°, B=99.03(2)°,
vy=106.11(2)°, V=2232.7(9) A%, Z=2, D.y.=1.40 g/m’; structure solution and refinement based on
2623 reflections (F>60(F,); Mo Ka, A=0.71073 A) converged at R=0.058. 2: monoclinic C2/c,
a=24.081(9), b=9.539(4), c=15.650(6) A, B=116.18(1)°, V'=3226.8(11) A3, Z=4, D,,.=1.37 g/cm>;

3118 reflections; R=0.052.

Introduction

The dramatic development of the basic coordi-
nation chemistry of the synthetic radioactive element
technetium in the past decade reflects its expanding
application in the diagnostic imaging of internal
organs by y-scintillation detection [1, 2]. *™Tc re-
mains the isotope of choice as a consequence of its
reasonable cost, ready availability and optimal nuclear
properties of high gamma energy (140 KeV) with
no particulate emissions. In order to be considered
as clinically useful radiopharmaceuticals, technetium
complexes must be easily prepared, yielding a single
radiochemically pure product, and stable under phys-
iological conditions and must possess useful bio-
distribution properties. One approach has focussed
on the binding of technetium to tumor localizing
monoclonal and polyclonal antibodies [3-5].

Previous efforts directed toward the conjugation
of ®™Tc¢ to proteins include the use of bifunction-
alized chelates, such as diethylenetriaminepenta-
acetic acid [6], N;S, and N,S donor ligands [7-13]
and direct reduction of the protein disulfide bonds
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to form free sulfydryl groups [14]. These methods
have met with only limited success [14].

We have recently described a simple, efficient and
general method for labelling proteins with ®™Tc
based on bifunctional hydrazine reagents. The hy-
drazine protein conjugates react with *™Tc gluco-
heptonate under mild conditions to give stable **™Tc
labelled proteins in >90% radiometric yield [15,
16].

However, the fundamental coordination chemistry
of technetium with organohydrazine ligands remains
largely unexplored [17-23], although that of its Group
7 congener Re has been extensively developed [24].
In order to gain some insight into the possible modes
of attachment of technetium to the organohydrazine
linker, we have undertaken extensive studies of the
chemistry of various organohyrazines with this ele-
ment using macroscopic quantities of the long-lived
radionuclide **Tc. The work has focussed on the
chemistry of complex precursors with the Te(V)—oxo
core, similar to that present in the radiopharma-
ceutical preparations. In this paper we present the
full details of the synthesis and structural investigation
of [TcCl,(CgHsN,)(PPhs),] - 0.75C,Hg [20] and report
the synthesis of [TcNCI,(PPh;),] via dissociation of
Tc~hydrazido species.
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Experimental

Caution: *’technetium is a weak B-emitter. All
work was performed in laboratories approved for
the use of low levels of radioactive materials. Pre-
cautions have been detailed elsewhere [25]. Solid
ammonium [®Tc] pertechnetate was supplied by
Oakridge National Laboratories, TN and was treated
with 35% H,0, and standardized according to Boyd’s
method [26]. [TcCly(PPhs),] and [TcOCl,][n-Bu,N]
were prepared according to literature procedures
[27, 28]. Reagents and solvents used were of com-
mercially available reagent grade quality and were
dried according to published methods prior to their
use. Preparations of the compounds were carried
out under Ar using standard Schlenk techniques
unless otherwise specified.

X-ray crystallographic studies were performed on
a Nicolet R3m/V diffractometer adapted for low
temperature collection. 'TH NMR spectra were re-
corded on a Varian 300 MHz spectrometer. IR spectra
were recorded on a Perkin-Elmer 1600 series FTIR;
electronic spectra were recorded on a Shimatzu UV
160. Elemental analysis were performed by Atlantic
Microlab, Atlanta, GA.

Synthesis of [TcCl,(CgHsNy)(PPh;s),]-0.75C,Hy (1)

Addition of a solution of [(n-C4H)sN][TcOClL,]
(0.100 g, 0.2 mmol) in 2 ml of anhydrous methanol
to a suspension of hydralazine-HC1 (0.081 g, 0.4
mmol) (hydrazinophthalazine-HCI) in 2 ml of meth-
anol resulted in a homogeneous red-brown solution.
To this solution was added triphenylphosphine (0.324
g) in 15 ml of methanol, resulting in no observable
color change. The final solution was refluxed for 2
min, cooled to room temperature, and chilled in an
ice bath for 30 min. The dark brown crystalline
precipitate was collected by vacuum filtration, re-
dissolved into a minimum of CH,Cl, and filtered
through a silica gel column using CH,Cl, as eluant.
Pure crystalline complex was obtained upon evap-
oration of solvent. X-ray grade crystals were grown
from solvent diffusion of toluene into a solution of
the complex in CH,Cl,.

Yield: 25%. Anal. Calc., for CsH,4N,P,ClTc-
nC.Hg: C, 64.8; H, 4.69; N, 5.93. Found: C, 64.5;
H, 4.52; N, 5.95%.

Synthesis of [TcNCI,(PPhs),]-0.25CH,Cl, (2)

Method A. A mixture of 1,1-diphenylthydrazine (55
mg; 0.3 mmol) and [TcCl,(PPh;),] (207 mg; 0.27
mmol) in 50 ml CH,Cl, was refluxed for 6 h. The
resulting red-brown solution was filtered to remove
some brown precipitate. The filtrate volume was

reduced to 20 m! and then layered with 45 ml toluene/
ether mixture (2:1). After two weeks at room tem-
perature, orange crystals were deposited at the in-
terface of the two liquids. The crystals were collected,
washed with cther and vacuum dried. Yield: 60%.
Anal. Calc. for Cy3sH;3oNCIL,P,Tc-0.25CH,Cl,: C, 61.1;
H, 4.27; N, 1.98. Found: C, 61.7; H, 4.25; N, 1.91%.
IR (KBr, cm™1'): 1480(m), 1435(s), 1260(w), 1075(s),
1085(s), 800(w), 740(vs), 700(m), 685(vs), 520(s),
495(s), 360(w), UV-Vis, Apay in DMF (¢, cm ™' M™%):
275 (6383), 344 (3053), 387 (580), 463 (325).

Method B. Repeated exactly as described above
except that dry hydralazine hydrochloride was used.
Yield: 50.%.

Method C. A methylene chloride solution of [(n-
C4Hg)4N][TcOCl,] (0.100 g, 0.2 mmol) and hydral-
azine-HCI (0.04 g, 0.2 mmol) was refluxed for 0.5
h. Addition of PPh; followed by cooling overnight
at —20 °C yielded orange crystals of 2.

Method D. A solution of [TcCly(PPh;),] (0.1 g,
0.13 mmol) and N,N-diphenylhydrazine (0.05 g, 0.26
mmol) in methanol (10 ml) was refluxed for 2 h in
a flask open to the atmosphere. Concentration to
S ml, followed by addition of either, yielded orange
crystals of 2 in 25% yield.

Synthesis of [Tc(NNMePh)Cl;(PPhs),] (3)

In a vessel open to the atmosphere, a solution of
[TcCly(PPhs),] (0.1 g, 0.13 mmol) and (Me;Si),-
NNMePh (0.035 g, 0.13 mmol) was stirred for 4 h.
Yellow orange crystals of 3 were obtained by careful
layering of the reaction solution with either, followed
by standing at —20 °C for 3 weeks. Anal. Calc. for
C:H3gN,P,CliTe: C, 60.7; H, 4.47; N, 3.30. Found:
C, 60.3; H, 4.26; N, 3.21%.

X-ray crystallographic studies of
[TcCl,(CsHsN,)(PPh;s),] -0.75C,Hy (1) and
[TcNCL (PPhs),]-0.25CH,Cl; (2)

Crystal data and experimental parameters for the
structure determinations of 1 and 2 are given in
Table 1. Tables 2 and 3 list atomic positional pa-
rameters, while Tables 4 and 5 provide selected bond
lengths and angles.

Green-violet dichroic crystals of 1 were grown
from diffusion of toluene into a solution of 1 in
CH,Cl, and mounted with a coating of epoxy to
prevent crystal decay due to evaporation of lattice
solvent. Dimensions of the crystal unit cell were
determined from the centering of 25 reflections
greater than 15° in 20 and confirmed by axial pho-
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TABLE 1. Summary of crystal data and experimental conditions for the X-ray crystallographic studies of
[Tc(CgHsNL)CL(PPh;),]-0.75C;Hg (1) and [TcNCl(PPh,),])-0.25CH,Cl, (2)

Crystal data
Empirical formula
Color; habit

Crystal size (mm)
Crystal system
Space group

Unit cell dimensions

)
vyolume (A%
z

Formula weight

Density (calc.) (g/cm?)
Density (exp.) (g/cm®)
Absorption coefficient (cm™")
F(000)

Data collection
Diffractometer

Radiation

Temperature (K)
Monochromator

26 Range (%)

Scan type

Scan speed (°/min)

Scan range (w)
Background measurement

Standard reflections
Reflections collected
Independent reflections
Observed reflections
Absorption correction

Tmu / Tmin

Solution and refinement
System used

Solution

Refinement method
Quantity minimized
Hydrogen atoms
Weighting scheme

Final R indices (obs. data)

Goodness-of-fit
Largest and mean A/o
Data-to-parametcr ratio

Largest difference peak (e A™?)
Largest difference hole (¢ A~%)

Clg2sHyN,P,Cl,Tc
green/violet parallelipeds
0.21x0.20x0.32

triclinic

Pl

11.592(3)
12.205(3)
17.884(4)
107.76(2)
99.03(2)
106.11(2)
2232.7(9)
2

942.7
1.402
1.40(2)
5.44
968.0

Nicolet R3m/V

Mo Ka (A=0.71073 A)

297

highly oriented graphite crystal
3.5-45.0

26-6

variable; 2.00-30.00

1.20° plus Ka-separation

Ci6.25H30.5Cl, sNTc
orange blocks
0.15%0.25%0.20
monoclinic

C2/c

24.081(9)
9.539(4)
15.650(6)
90.00
116.18(1)
90.00
3226.8(11)
4

667.5
1.37
1.34(2)
731
1330.5

Nicolet R3m/V
Mo Ka (A=0.71073 A)
233

stationary crystal and stationary counter at beginning and end of scan,

each for 25.0% of total scan time
3 measured every 98 reflections

6238

5887 (R, =2.29%)

2623 (F>6.00(F))

based on ¢ scans of 5 medium
intensity reflections

1.10

Nicolet SHELXTL PLUS (Micro VAX II)

Patterson method

full matrix least-squares
Sw(F,~F.)}

rigid model, fixed isotropic U
w1 =g?(F)+0.0011F?
R=0.058

R=0.056

1.15

0.003, 0.000

10.8:1

0.68

~-0.48

3270
3169 (R =3.01%)
3118 (F> 6.00(F))

1.08

w1 = g¥(F)+0.004F?
R=0.052

R=0.052

1.26

0.004, 0.001

13.6:1

0.42

-0.23

tographs. The quadrants +h, +k, 4/ were collected
from 3.5 to 45° in 26 using a 6-26 scan mode. The
intensities of 3 check reflections measured every 98
reflections throughout the data collection showed no

significant decay in crystal quality. Data were cor- refinement.

rected for absorption using ¢-scans of S medium
intensity reflections with ¢ in the ranges 75-85° and
260-265°. Of 6238 reflections collected 2623 reflec-
tions with F > 60(F) were used in the final structure
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TABLE 2. Atomic positional parameters (x10%) and
isotropic  temperature  factors  (A’x10%)  for
[Te(CgHsN,)CL(PPh;),]-0.75C,H; (1)

x y z Uy

Te(1) 2250(1) 1251(1)  2525(1)  26(1)

CI(1) 4319(3) 1946(3)  3382(2)  41(2)
CI(2) 2634(3) 193(3)  1291(2)  37(2)
P(1) 1902(3) —-662(3)  2822(2)  34(2)
CcR) —326(8)  —2129(8)  3012(4)  51(4)
C(3) — 1564 ~2913 2719 67(5)
C(4) —-2202 —13238 1910 81(5)
c(5) —1602 —2778 1396 72(5)
C(6) ~364 —1993 1689 57(4)
c(1) 274 —1669 2498 37(3)
C(8) 1840(7) 342(8)  4425(5)  49(4)
C(9) 2101 534 5253 61(4)
C(10) 2871 -6 5569 67(5)
c(11) 3379 ~739 5058 66(5)
C(12) 3117 -931 4230 54(4)
c(7) 2348 -391 3913 37(3)
C(14) 2049(6)  —2815(8)  1748(5)  67(5)
C(15) 2681 —3515 1335 75(5)
C916) 3976 —3048 1506 64(4)
c(17) 4639 — 1880 2091 66(5)
C(18) 4007 ~1180 2505 48(4)
C(13) 2712 —1648 2333 38(3)
P(2) 2801(3) 3141(3)  221002)  33(2)
C(20) 1039(8) 4332(7)  2210(4)  59(4)
c(21) -38 4495 1867 69(5)
C(22) -721 3749 1069 63(4)
C(23) -327 2842 613 56(4)
C(24) 750 2679 057 41(4)
C(19) 1433 3424 1755 29(3)
C(31) 3589(7) 4671(6)  3867(5)  41(3)
Cc(32) 4204 5783 4518 50(4)
C(33) 4889 6807 4383 62(4)
C(34) 4958 6719 3596 56(4)
C(35) 4343 5607 2944 47(4)
C(36) 3658 4582 3080 36(3)
C(26) 3579(6) 3549(7) 846(5)  45(4)
c27) 4441 3649 385 52(4)
C(28) 5540 3427 603 56(4)
C(29) 5776 3105 1281 66(5)
C(30) 4913 3005 1741 51(4)
C(25) 3815 3227 1524 34(3)
N(1) 1333(10) 1768(8)  3159(5)  34(5)
N(2) 210(10) 1722(9)  3097(6)  37(5)
N(3) 364(9) 707(9)  1820(6)  30(5)
N(4) —104(9) 88(9) 990(6)  36(5)
C(40) —402(12) 1052(11)  2271(8)  34(7)
C(41)  —1686(13) 799(11)  1927(8)  36(7)
C(42)  —2481(12) 1147(12)  2409(9)  45(7)
C(43)  —3716(13) 807(14)  2004(10)  61(10)
C(44)  —4172(13) 164(14)  1170(10)  58(8)
C(45)  —3404(13)  —174(12)  708(9)  47(7)
C(46)  —2147(11) 152(11)  1084(7)  33(6)
C(47)  —-1275(12)  —145(12)  661(8)  41(7)
C(81) 9028(9) 4704(8)  3746(6)  66(5)
C(82) 7736 4376 3568 70(5)
C(83) 7198 5177 3988 67(5)
C(84) 7953 6306 4586 73(5)
C(85) 9245 6634 4764 69(5)
C(80) 9783 5833 4344 66(5)
Cr86)  —1185(16) 3814(15)  5466(10)  97(6)

*Equivalent isotropic U defined as one third of the trace
of the orthogonalized Uj; tensor.

TABLE 3. Atomic positional parameters (x10%) and
isotropic  temperature factors (AX10%) for [Tc-
NCly(PPh;),]-0.25CH,Cl, (2)

x y z U
Tc 0 2639(1) 2500 23(2)
P(1) 945(1) 3042(2) 2295(1) 25(1)
C1(1) 549(1) 3484(2) 4083(1) 36(1)
N 0 960(8) 2500 27(4)
C(11) 894(3) 2487(7) 1151(4) 29(3)
C(12) 777(4) 1090(8) 920(6) 45(4)
C(13) 737(4) 571(8) 71(6) 51(4)
C(14) 804(4) 1450(8) —572(5) 41(4)
C(15) 914(4) 2852(8) —360(5) 41(3)

c(16) 962(3)  3380(7) 493(5)  35(3)

C21)  1149(3)  4915(7) 2421(5) 29(3)
C(22)  1705(3)  5382(7) 3141(5) 37(3)
C(23)  1843(4)  6804(8) 3252(6) 47(4)
C(24)  1420(4)  7762(8) 2639(6) 51(4)
C(25) 872(4)  7288(8) 1935(7) 55(4)
C(26) 731(3)  5887(7) 1819(6) 40(3)
C(31)  1639(3)  2103(7) 3123(5) 29(3)
C(32)  1624(3)  1340(7) 3873(5) 32(3)

C(33)  2145(3) 600(8)
C(34)  2673(4) 633(9)
C(35)  2698(4)  1411(11)
C(36)  2174(4)  2125(9)

4482(5) 38(3)
4367(5) 46(3)
3644(6) 61(4)
3007(5) 49(4)

*Equivalent isotropic U defined as one third of the trace
of the orthogonalized U; tensor.

Using the SHELXTL PLUS software package, the
technetium atom was located from a Patterson so-
lution and neutral atom scattering factors were used
throughout refinement. The aromatic rings of the
hydralazine ligand were refined as free anisotropic
atoms; the phenyl rings of the triphenylphosphines
were refined as idealized isotropic rigid groups. Al-
though some hydrogen atoms were located, final
hydrogen positions were calculated.

An orange block-shaped crystal of 2 taken directly
from the mother liquor was placed on a glass fiber
using epoxy resin and immediately bathed in a ni-
trogen stream at —40 °C. All other conditions and
details are similar to those noted above for 1.

Results and discussion

Syntheses and spectroscopic properties

Although technetium has been shown to form
multiple bonds with a variety of nitrogenous donor
ligands, forming structurally characterized nitrido
[29-39] and nitrosyl species [40], the coordination
chemistry with organohydrazine ligands capable of
stabilizing the Tc—diazenido cores (A or B) and the
Tc-hydrazido cores (C or D) [41] has not been
systematically developed.



TABLE 4. Selected bond lengths (A) and angles (°) for
[Tc(CgHsN4)Cl,(PPh,),] -0.75CH; (1)

Te(1)-CI(1) 2397(3) Te(1)-Ci(2) 2.371(3)
Te(1)-P(1) 2.490(4) Tc(1)-P(2) 2.477(4)
Te(1)-N(1) 1.767(12) Tc(1)-N(3) 2.151(9)
P(1)-C(1) 1.828(8) P(1)-C(7) 1.838(10)
P(1)-C(13) 1.826(10) P(2)-C(19) 1.834(10)
P(2)-C(36) 1.838(7) P(2)-C(25) 1.833(9)
N(1)-N(2) 1.274(17) N(2)-C(40) 1.403(15)
N(3)-N(4) 1.381(12) N(3)-C(40) 1.357(19)
N(4)-C(47) 1.305(17) C(40)-C(41) 1.425(20)
C(41)-C(42) 1.420(22) C(41)-C(46) 1.403(16)
C(42)-C(43) 1.380(19) C(43)-C(44) 1.388(21)
C(44)-C(45) 1.369(24) C(45)-C(46) 1.394(18)
C(46)-C(47) 1.414(20)

CI(1)-Te(1)-CI(2)  97.6(1)
CI(1)-Te(1)-P(1)  86.5(1) Cl(2)~Tc(1)-P(1)  87.4(1)
CI(1)-Tc(1)-P(2)  89.4(1) CI2)-Tc(1)-P(2)  89.1(1)
P()-Te(1)-P(2)  174.2(1) CIH(1)-Tc(1)-N(1)  106.6(3)
CI(2)-Tc(1)-N(1) 155.7(3) P(1)-Tc(1)-N(1)  92.6(4)
P(2)-Tc(1)-N(1)  925(4) CI(1)-Tc(1)-N@3) 176.3(3)
Cl2)-Te(1)-N(3)  86.0(3) P(1)-Tc(1)-N(3)  94.5(3)
P(2)-Te(1)-N(3)  89.9(3) N(1)-Tc(1)-N(3)  69.8(4)
Te(1)-P(1)-C(1)  114.2(4) Tc(1)-P(1)-C(7)  113.8(3)
Tc(1)-P(1)-C(13)  114.4(4) Tc(1)-P(2)-C(19) 112.9(3)
Te(1)-P(2)-C(36) 116.1(3) Tc(1)-P(2)-C(25) 116.5(3)
Tc(1)-N(1)-N(2)  138.6(7) N(1)-N(2)-C(40)  104.9(11)

Tc(1)-N(3)-N(4)  127.2(8) Tc(1)-N(3)-C(40) 113.5(7)
N(4)-N(3)-C(40)  119.3(10) N(3)}-N(4)-C(47) 118.7(11)
N(2)-C(40)-N(3)  113.2(11) N(2)-C(40)-C(41) 123.8(13)
N(3)-C(40)-C(41) 123.0(11) C(40)-C(41)-C(46) 116.7(13)
C(41)-C(46)-C(47) 116.4(11) N(4)~C(47)-C(46) 125.8(11)

£
J

A B
Singly bent Doubly bent
3-electron donor 1 - electron donor
R
R, N* R L
N QNé ~R
w i
M
C D

4-electron donor 2-electron donor

Reactions of metal-oxo species with organohy-
drazine ligands generally proceed by condensation
type reactions, resulting in displacement of the oxo
groups as H,O and formation of the chemically robust
metal-hydrazido (C) or metal-diazenido (A) unit
[41-43]. In contrast, the chemistry of the Tc—oxo
group appears to be complicated by a tendency toward
N-N bond cleavage and subsequent formation of
Tc~nitrido and Tc-imido species. The reactions of
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TABLE 5. Bond lengths (A) and angles (%) for [Tc-
NCI,(PPhs);]-0.25CH,Cl, (2)

Te-P(1) 2.464(3)  Te~Ci(1) 237702
Te-N 1.602(8) Tc~-P(1A) 2.462(3)
Te-CI(1A) 2375(2) P)-C(11) 1.820(8)
P(1)-C(21) 1.842(7)  P(1)-C(31) 1.832(6)
C(11)-C(12) 1.377(10)  C(11)-C(16) 1.401(11)
C(12)-C(13) 1.381(13) C(13)-C(14) 1.373(13)
C(14)-C(15) 1.376(11)  C(15)-C(16) 1.382(11)
C(21)-C(22) 1.390(9)  C(21)-C(26) 1.385(9)
C(22)-C(23) 1390(11)  C(23)-C(24) 1.388(11)
C(24)-C(25) 1371(11)  C(25)-C(26) 1.372(10)
C(31)-C(32) 1.395(11)  C(31)-C(36) 1.379(13)
C(32)-C(33) 1.385(9)  C(33)-C(34) 1.363(13)
C(34)-C(35) 1376(18)  C(35)-C(36) 1.393(11)
P(1)-Te-CI(1) 87.8(1) P(1)-Te-N 99.1(1)
Cl(1)-Te-N 109.9(1)  P(1)-Tc-P(1A) 162.0(1)
Cl(1)-Te-P(1A) 86.1(1) N-Tc-P(1A) 98.9(1)
P(1)-Tc—CI(1A) 86.1(1) CI(1)-Te-CI(1A)  140.3(1)
N-Tc-CI(1A) 109.8(1) P(1A)-Te-Cl(1A)  87.9(1)
Te-P(1)-C(11) 1146(2)  Te-P(1)-C(21) 111.0(3)
C(11)-P(1)-C(21)  106.6(4) Tc-P(1)-C(31) 116.0(3)
C(11)-P(1)-C(31)  101.4(3) C(21)-P(1)-C(31)  106.3(3)
P()-C(11)-C(12)  1172(6) P(1)-C(11)-C(16)  124.6(5)

C(12)-C(11)-C(16) 118.2(7)
C(12)-C(13)-C(14)  120.3(7)
C(14)-C(15)-C(16)  120.8(8)
P(1)-C(21)-C(22)  121.0(5)
C(22)-C(21)-C(26)  119.1(6)
C(22)-C(23)-C(24) 119.5(7)
C(24)-C(25)-C(26) 121.6(7)
P(1)-C(31)-C(32)  119.7(6)
C(32)-C(31)-C(36) 119.5(6)
C(32)-C(33)-C(34) 120.6(8)
C(34)-C(35)-C(36) 119.9(9)

C(11)-C(12)-C(13) 121.3(8)
C(13)-C(14}-C(15) 119.3(8)
C(11)-C(16)-C(15)  120.1(7)
P(1)-C(21)-C(26)  119.8(5)
C(21)-C(22)-C(23)  120.6(6)
C(23)-C(24)-C(25) 119.3(7)
C(21)-C(26)-C(25) 119.9(6)
P(1)-C(31)-C(36)  120.8(6)
C(31)-C(32)-C(33) 119.6(8)
C(33)-C(34)-C(35) 120.3(7)
C(31)-C(36)-C(35) 120.1(8)

[TcOClL,]~ with 1,1-disubstituted organohydrazines
yield deep red solutions of a species believed to be
[Te(NNR,)CL] ™ [20, 23]. However, analytically pure
compositions of this species cannot be isolated. Thin
layer chromatography reveals the presence of three
distinct species, and the IR spectrum of this product
suggested the presence of both hydrazido species
(1550-1600 cm ™!, {N=N)) and imido and/or nitrido
moieties (1000-1050 cm ™}, »(Tc=N)). By exploiting
the presence of various coligands, discrete
Tec~hydrazido(2—) complexes have been isolated.
Thus, addition of phosphine ligands or thiolate groups
results in crystalline products [TcCI(NNMePh)-
(dppe)2]* [23] and [Tc,N,(NNPh,),(SR),] [21]. Like-
wise, catecholate ligands have been found to stabilize
complexes with the highly unusual bridging mode
of organohydrazido coordination, reported for
[Tc,0,(0,C6Cly),(NNPh,),] ~ [44].

The addition of hydralazine-HCI to a solution of
[TcOCl,] ™ at room temperature, followed by addition
of PPh,, allowed isolation of the Tc(V)-hydrazido
complex [TcCL{CsHsN,)(PPh;s),]-0.75C;Hg  (1).
However, if the reaction is carried out in refluxing
CH,Cl,, N-N bond cleavage appears to be promoted
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and the nitrido species [TcNCl,(PPh,),] (2) is the
major product.

The IR spectrum of 1 exhibits strong bands at
1482, 1435, 744 and 693 cm™! consistent with co-
ordinated PPh;. Prominent bands at 1248, 1275, 1354,
1542 and 1618 cm™! are characteristic of the hy-
dralazino ligand of which the higher energy bands
are assigned to »(N=N), typically found in the
1500-1700 ¢cm™! region for hydrazido(3—) com-
plexes. The bands at 1542 and 1618 cm™! are of
moderate intensity at best reflecting the lower energy
stretching frequency of the ‘doubly bent’ coordination
mode and/or the unusual strain in the ligand bite
and delocalization of electron density through the
metallocycle. No bands attributable to »(Tc=0) are
observed in the 1000-700 cm™! region.

The isolation of [TcCl,(CsHsN,)(PPh;),] demon-
strates that the Tc-oxo moiety can react with or-
ganohydrazine ligands by the conventional conden-
sation-type reaction. Although oxo-atom abstraction
by PPh; is also possible, the IR spectrum of the
red-brown material produced prior to addition of
PPh, indicates the absence of bands associated with
»(Tc=0) and confirms that PPh; is not the agent
responsible for oxo abstraction.

The electronic spectrum of 1 exhibits two intense
UV bands at 261 and 330 nm (e=3.4x10* and
1.0x 10* cm™ M™Y, respectively) and a weak tran-
sition in the visible at 574 nm (e=1.6x10? cm™!
M™Y. The two UV bands are characteristics of
structures with the trans phosphine coordination,
while the band in the visible is tentatively assigned
as a d—d transition.

In order to confirm the extent of deprotonation
of the hydrazido moiety and the magnetism of com-
plex 1, the proton NMR spectrum was recorded at
room temperature. Only four signals were observed
upfield of 15 ppm relative to TMS, all in the 10-7
ppm range, establishing that the ligand is present
in the triply deprotonation or hydrazido(3—) form.
The six phenyl rings gave rise to two multiplets at
6.9 and 7.4 ppm in the ratio of 3:2. Two signals
downfield of these protons at 8.4 (multiplet) and
10.0 (singlet) in the ratio of 4:1 correspond to the
five aromatic protons of the phthalazine ring. The
integrated ratio of phthalazine protons to phosphine
phenyl protons was the anticipated 5:30.

In contrast, the reaction of [TcOCl,]~ with hy-
dralazine - HCI in refluxing CH,Cl,, followed by ad-
dition of PPh, and further refluxing for several
hours, yielded the Tc(V)-nitrido species [Tc-
NCI,(PPh;),]- 0.25CH,Cl; (2) as the major product.
Complex 2 was also isolated from reactions of
[TcOClL] ™ with disubstituted N,N organohydrazines,
RR!NNH, (R = CH;, C¢H;; R' = C¢Hs) and from the

reaction of [TcCl,(PPhs),] with disubstituted orga-
nohydrazines. In this latter case, the formation of
the Tc(V)-nitrido may be rationalized by the for-
mation of a hydrazido(l1—) intermediate, which is
subsequently protonated at the more basic g-nitrogen,
resulting in N-N bond cleavage and formation of
the diorganoamine RR'NH. Subsequent elimination
of HCI and oxidation produces the nitrido species.
These observations would suggest that, in the absence
of a proton source, the hydrazido species may be
isolated. Some evidence for this conclusion is provided
by the reaction of [TcCl,(PPhs),] with disilylated
diorganohydrazines RRINN(SiMe,), under analo-
gous conditions. The reaction proceeded smoothly
in the presence of oxygen to give
[TcCl;(NNRR;)(PPhs),] (3). There was no detectable
amount of the nitrido complex formed under these
conditions.

Complex 2 exhibits strong IR bands at 1078 and
1085 cm ™! which are associated with »(Tc=N) and
PPh; group vibrations. IR absorptions in the
1050-1085 cm™! range are characteristic of the
Tc(V)-nitrido complexes [APh,][TcNCIl,(PPhs;),]
[33], [TcBrN(bipy),][BPh,] and [TcBrN(bipy),],-
[TcBr,] [39]. The band at 350 cm™! is attributed to
(Tc-Cl).

Crystal structures of
[Tc(CgHsN,)CL,(PPh;),] -0.75C,Hg and
[TeNCLy(PPhs),] -0.25CH,Cl,

The structure of 1, shown in Fig. 1, is isomorphous
with that of the analogous rhenium species
[Re(CgH;sN,)Cl,(PPh;),] [24]. The Tc center exhibits
distorted octahedral geometry, with the phosphine
donors adopting the frans axial configuration. The
equatorial plane is defined by the two chloride donors

Fig. 1. ORTEP view of [Tc(CgHsN,)Cl,(PPh,),), showing
the atom-labelling scheme.



and the nitrogen donors of the chelating hydralazino
ligand.

The Tc-P and Tc—Cl average bond lengths, 2.484(6)
and 2.379(5) A, respectively, are within the range
observed for Tc—P and Tc~Cl bond lengths for Tc(III),
Tc(IV) and Te(V) complexes [45-47], suggesting that
these distances are relatively insensitive to the formal
oxidation state of the metal. The Tc-CI(1) bond
trans to the phthalazine N donor is significantly
longer that the Tc—-CI(2) bond which is trans to the
hydrazido nitrogen. As indicated by the metrical
parameters given in Table 3, there is considerable
delocalization throughout the Tc-N(1)-N(2) unit.
The short Tc-N(1) distance of 1.77(1) A is consistent
with significant multiple bonding, in contrast to the
Tc-N(3) distance of 2.151(9) A which approaches
the calculated limit for a Tc~N(sp?) single bond.
Similarly the N(1)-N(2) distance of 1.27(2) A is
significantly shorter than the N(3)-N(4) distance of
1.38(1) A, suggesting a bond order approaching 2
for N(1)-N(2). As illustrated in Table 6, the geometry
of the Tc~N(1)-N(2) moiety may be compared to
those observed for [Tc(NNC4H,Br),Cl(PPhs),] [17]
and [Tc,N,(NNPh;),(SCsH;Pr3),] [21] and contrasted
to that of [TcO(SCsH,Pr;)(PhNNCON,HPh)] [18]
where m-bonding to the oxo group and the require-
ments of sp hybridization at N(1) preclude significant
Tc-N multiple bond interactions.

The most significant structural features of 1 are
found in the hydrazidophthalazine ligand. The metr-
ical parameters of the ligand suggest charge delo-
calization over the entire phthalazino—metallocycle
ring system. As noted above, the N1-N2 bond distance
of 1.274(17) A is consistent with double bond char-
acter. The bicyclic aromatic phthalazine ring appears
structurally unperturbed with an average bond dis-
tance of 1.39(3) A. The N2-C40 bond distance of
1.403(15) A suggests a bond order of 1.5 and de-
localization of electron density throughout the entire
ligand. The average bond angle of the phthalazine
ring system of 120(3)° suggests that the ligand strain
is localized in the Tc-N1-N2-C40-N3ring. As further
evidence for delocalization of the electron density
throughout the phthalazino—metallocycle ring system
the Tc-N1-N2-C40 unit is planar within a deviation
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of 0.0002 A and the entire Tc-hydralazino unit is
planar within a deviation of 0.018 A.

The requirements of chelate ring formation con-
strain the N(3)-Tc-N(1) ligand bite angle to 69.8(4)°
and the Tc~-N(1)-N(2) angle to 138.6(7)°. The bi-
dentate coordination of the hydralazine ligand forces
the hydrazine function to mimic the ‘doubly bent’
coordination mode of the monodentate hydra-
zido(3—) ligands where the M-N-N and N-N-R
angles approach 115 and 135° respectively, rather
than the ‘singly bent’ coordination mode where angles
of 170-180° and 118-125°, respectively, are observed.

The molecular geometry and atom numbering of
complex 2 are shown in Fig. 2. Interatomic bond
distances and angles are given in Table 5. The
coordination geometry about technetium is best de-
scribed as distorted square pyramical with the nitrido
nitrogen atom at the apical position, and P(1), CI(1),
Cl(1a) and P(1a) defining the equatorial plane. The
technetium atom sits 059 A above the
P(1)-CI1(1)-Cl(1a)-P(1a) plane displaced towards the
apical nitrogen. An analysis [48] of the molecular
geometry gives a 7 value of 0.37 which falls within
the structural continuum of trigonal bipyramidal and
rectangular pyramidal geometries.

The Tc-N distance of 1.602(8) A is comparable
to that reported for other examples of Tc-nitrido
species, listed in Table 7. The Tc-N bond distances
listed reflect both the coordination numbers and the
presence of bulky and/or other m-bonding ligands.
Thus, five coordinate species with ligands which are
relatively non-demanding sterically fall in the
1.58-1.61 A range, while six coordinate species fall
in the 1.61-1.63 A range. The presence of both -
bonding coligands and bulky thiolate donors is re-
flected in the 1.64 A Tc-N distance of
[Tc;Na(NNPh,).(SCsH.Pri),] [21]. Although this
trend in Tc-N distances is unexceptional, it should
be noted that the errors associated with the Tc-N
distances in many of these structures are in the order
of 0.01 A, making detailed correlations tenuous at
best.

TABLE 6. Comparison of Tc-N-N fragments for Tc-hydrazido and related functional units®

Complex Tc-N N-N Tc-N-N
[Tc(CgHsN,)CL(PPh;),) 1.77(1) 1.27(2) 138.6(7)
[Tc(NNCH,Br),CI(PPhs),] 1.790(11) 1.227(12) 169.0(9)
[TcO(SCsH,Pr;),(PhANNCON,HPh)] 2.139(2) 1.298(3) 117.5(2)
[Tc,N,(NNPh,),(SCsH,Prs)d) 1.88(1) 1.25(2) 140.0(12)

a

*Bond lengths in A; bond angles in °.



Fig. 2. ORTEP view of [TcNCly(PPh;),].

TABLE 7. Comparison of Tc~N(nitrido) distances for five
and six coordinate technetium complexes

Complex Tc-N Reference
[TcNCI(PPh,),) 1.602(8) this work
[AsPhy][TcNCl,] 1.581(5) 31
[TcN(S,CNEt,),] 1.604(6) 32
[TeN(CsHgNS),} 1.623(4) 33
[TeN(NCS),(CH;CN)(PPh;),] 1.629(4) 34
[AsPh,][ Tc,N,O2(oxalate)s] 1.622(17) av. 35
[AsPh,][TcNBr,] 1.596(6) 36
[TeN(CsHgN,S;)(PPhj)] 1.611(3) 37
[TcN(CsHsN,S,);] 1.612(3) 37
[TeNBr(bipy);]2[TeBr,) 1.609(20) 38
[A;Phy][TeN(S;C:0,);] 1.606(7) 30
[TeN(SCsHMe,),{NHC(NMe,},] 1.615(6) 29
[Tc,Ny(NNPh),)(SCsH,Pr3),] 1.64(1) 21

Acknowledgement

This work was supported by a grant from Johnson

Matthey to Jon Zubieta.

References

1

E. Dcutsch, K. Libson, J.-L. Vanderheyden, A. R.
Ketring and H. R. Maxon, Nucl. Med. Biol., 13 (1986)
465, and refs. therein.

E. Deutsch and K. Libson, Comm. Inorg. Chem., 3
(1984) 83.

J. Franz, G. M. Freeman, E. K. Barefield, W. A.
Volkert, G. J. Ehrhardt and R. A. Holmes, Nucl. Med.
Biol., 14 (1987) 479.

C. F. Meares and T. G. Wensel, Acc. Chem. Res., 17
(1984) 202.

G. J. Huber, R. A. Alberto, P. Bliauenstein and G.
Anderegg, J. Chem. Soc., Chem. Commun., (1989) 879.
D. J. Hnatowich, W. W. Layne, R. L. Childs, D.
Lanteigne, M. A. Davis, T. W. Griffin and P. W.
Dohcrty, Science, 220 (1983) 613.

T. N. Rao, D. Adhikesavalu, A. Camerman and A. R.
Fritzberg, J. Am. Chem. Soc., 112 (1990) 5798.

10

11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

A. R. Fritzberg, S. Kasina, J. L. Vanderheyden and
A. Srinivasan, Eur. Pat. Appl. EP 284 071 (1988).

D. Lanteigne and D. J. Hnatowich, Int. J. Appl. Radiat.
Isot., 35 (1984) 617.

Y. Arano, A. Yokoyama, T. Furukawa, K. Horiuchi,
T. Yahata, H. Saji, H. Sakahara, T, Nakashima, M.
Koizumi, K. Endo and K. Torizuka, J. Nucl. Chem.,
28 (1987) 1027.

A. Fritzberg, Eur. Patent Appl. EP 188 256 2A4.

F. A. Liang, F. Virzi and D. J. Hnatowich, Nucl. Med.
Biol., 14 (1987) 63.

S. Z. Lever, K. E. Baidov, A. V. Kramer and H. D.
Burns, Tetrahedron Lett., 29 (1988) 3219.

S. J. Mather and D. Ellison, J. Nucl. Med., 31 (1990)
692.

M. J. Abrams, D. A. Schwartz, M. M. Hauser, F. E.
Gaul, J. A. Zubieta, S. K. Larsen, A. J. Fuccello, D.
J. Riexinger and D. W. Jester, Abstr., Society of Nuclear
Medicine, 37th Meet., Washington, DC, June 19-22, 1990;
U.S. Patent Appl. No. 07/315 270.

D. A. Schwartz, M. J. Abrams, M. H. Hauser, F. E.
Gaul and J. A. Zubieta, Bioconjugate Chem., in press.
T. Nicholson, N. de Vries, A. Davison and A. G. Jones,
Inorg. Chem., 28 (1989) 3813.

T. Nicholson and A. Davison, lnorg. Chim. Acta, 168
(1990) 227.

M. J. Abrams, S. N. Shaikh and J. Zubicta, Inorg.
Chim. Acta, 173 (1990) 133.

M. J. Abrams, S. K. Larsen and J. Zubieta, lnorg.
Chim. Acta, 171 (1990) 133.

M. J. Abrams, Q. Chen, S. N. Shaikh and J. Zubieta,
Inorg. Chim. Acta, 176 (1990) 11.

T. Nicholson, A. Davison and A. G. Jones, Inorg. Chim.
Acta, 168 (1990) 227.

C. M. Archer, J. R. Dilworth, P. Jobanputra, R. M.
Thompson, M. McPartlin, D. C. Povey, G. W. Smith
and J. D. Kelly, Polyhedron, 9 (1990) 1497.

T. Nicholson and J. Zubieta, Polyhedron, 7 (1988) 171,
and refs. therein.

A. Davison, C. Orvig, H. S. Trop, M. Sohn, B. V.
DePamphilis and A. G. Jones, Inorg. Chem., 19 (1980)
1988.

G. E. Boyd, J. Chem. Educ., 36 (1959) 3.

U. Mazzi, G. D. Paoli, P. D. Bernardo and L. Magon,
J. Inorg. Nucl. Chem., 38 (1976) 721.

G. Bandoli, D. A. Clemente, U, Mazzj and E. Roncari,
J. Chem. Soc., Dalton Trans., (1982) 1381.

N. de Vries, C. E. Costello, A. G. Jones and A, Davison,
Inorg. Chem., 29 (1990) 1348.

U. Abrams, R. Munze, R. Kirmse, K. Kohler, W.
Dietsch and L. Golic, Inorg. Chim. Acta, 169 (1990)
49,

J. Baldas, J. F. Boas, J. Bonnyman and G. A. Williams,
J. Chem. Soc., Dalron Trans., (1984) 2395.

J. Baldas, J. Bonnyman, P. M. Pojer, G. A. Williams
and M. F. Mackay, J. Chem. Soc., Dalton Trans., (1981)
1798.

J. Baldas, J. Bonnyman and G. A. Williams, /norg.
Chem., 25 (1986) 150.

J. Baldas, J. Bonnyman and G. A. Williams, J. Chem.
Soc., Dalton Trans., (1984) 833.

J. Baldas, S. F. Colmanet and M. F. Mackay, J. Chem.
Soc., Dalton Trans., (1988) 1725.



36

37

38

39

40

J. Baldas, J. Bonnyman and G. A. Williams, Aust. J.
Chem., 38 (1985) 215.

A. Marchi, A. Duatti, R. Rossi, L. Magon, R. Pasqualini,
V. Bertolasi, V. Ferretti and G. Gilli, J. Chem. Soc.,
Dalton Trans., (1988) 1743.

C. M. Archer, J. R. Dilworth, J. D. Kelly and M,

McPartlin, J. Chem. Soc., Chem. Commun., (1989) 375,

D. S. Brown, J. L. Newman, J. R. Thornback and A.
Davison, Acta Crystallogr., Sect. C, 43 (1987) 1692.
B. F. G. Johnson, B. L. Haymore and J. R. Dilworth,
in G. Wilkinson, R. D. Gillard and J. A. McCleverty
(eds.), Comprehensive Coordination Chemistry, Perga-
mon, Oxford, 1988. Ch. 13.3, pp. 99-159.

41
42
43

44

45

46

47

15

D. Sutton, Chem. Soc. Rev., 4 (1975) 443,

J. R. Dilworth, Coord. Chem. Rev., 21 (1976) 29.
M. J. Abrams, S. Larsen and J. Zubieta, Inorg. Chem.,
30 (1991) 2031.

R. C. Elder, R. Whittle, K. A. Glavan, J. F. Johnson
and E. Deutsch, Acta Crystallogr., Sect. B, 36 (1980)
1662.

G. Bandoli, U. Mazzi, E. Roncari and E. Deutsch,
Coord. Chem. Rev., 44 (1982) 191.

E. Deutsch, K. Libson, S. Jurisson and L. Lindoy, Prog.
Inorg. Chem., 30 (1983) 75.

A. W. Addison, T. N. Rao, J. Reedijk, J. V. Rijn and
G. C. Verschoor, J. Chem. Soc., Dalton Trans., (1984)
1349.



