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ABSTRACT 
» 

The title compound [Tc(S ?CNEt ?UCO] has been prepared by the 

reduction of [NH.][TcCLj with formamidinesulphinic acid in the presence of 

Na[S ?CNEt ?j. It is suggested that the co-ordinatea carbon monoxide is 

formed after co-oraination of formamidinesulphinic acid, or some Decomposition 

product, with technetium. The crystal structure of [Tc(S2ChEt„)3C0] has 

been determined by single-crystal X.-ray diffraction methods at 17 "C. 

Crystals are triclinic, space group £1, with ji = 9.510(1), t) = 9.976(1), £ = 

14.637(3) A, a = 103.79(1), B = 105.42(1), y = 72.52(1)*, and I = 2. 

Diffractometry has provided significant Bragg intensities for 2045 independent 

reflections and the structure has been refined by full-matrix least-squares 

methods to £ 0.049. The compound is isostructural with the rhenium analogue 

and consists of discrete [Tc(S 2CNEt 2) 3CO] molecules, each containing a 

terminal "linear" CO group. The technetium atom has a seven co-ordinate 

environment which is best described as a distorted pentagonal bipyramid. The 

geometry of the T c H I - C - 0 group [T- C, 1.861(12); C-0, 1.15(1) A], by 

comparison with the Re -C-0 case, indicates that technetium is a poorer v 

donor than is rhenium. 



INTRODUCTION 

The chemistry of technetium has attracted increasing attention in recent 

years due to both the widespread use of the short-lived isomer, technetium-y9m 
1 2 (_t,,p oh; in diagnostic nuclear medicine, ' and the greater availability 

t 
of technetium-99 Ui/p 2-12 x 10 years). Tin(II) chloride is generally 

used to reuuce the pertecnnetate anion i_TcO,]_ to a lower oxidation state 

required for complex formation. 

In 1977 Fritzberg e_t aj_. prcposea formamidinesulphinic acid 

(aminoiminomethanesulpninic acia, NH iNh)CS0?H) as an alternative general 
99m 3 

reducing agent for the preparation of Tc-raaiopharmaceuticals. This 

new reducing agent avoids some of the problems associated with the tendency of 

tin(II) salts to hydrolysis and to oxidation. 

we recently reported the biological behaviour of a highly lipophilic 

lGithiocaroamato)technetium-99m complex prepared by use of formamidinesulphinic 
4 acid as the reducing agent fcr pertechnetate. In the present paper we 

report the isolation, characterisation, and X-ray crystal structure 

determination of carbonyltris(^,^-diethyldithiocarbamato)technetium(III). This 
-99 -, complex was prepared by the reduction of ammonium [ Tcjpertechnetate with 

formamidinesulphinic acid in the presence of sodium diethyldithiocarbamate. 

The formation of a carbonyl complex was unexpected but is of significance to 

any intended use of formamidinesulphinic acid as a reducing agent in the 
*. • i 99m., , • , 

oreparation of Tc-radiopharmaceuticals. 
EXPERIMENTAL 

99 Ammonium i Tcjpertechnetate was supplied by The Radiochemical Centre, 
99m Amersharn. i>oaium L Tcjpertechnetate (supplieu by the Australian Atomic 

Energy Commission) was added to reaction mixtures to determine the yields of 

technetium-99 compounus. Tne gamma activity was measured in a Capintec CRC-2N 

ionisation chamber. Formamidinesulphinic acid was obtained from the Aldrich 

Chemical Co., Milwaukee, USA. basic alumina (activity I), used for column 

chromatography, was supplied by E. Merck, Darmstadt, Germany. 
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The i.r. spectra were determined in KBr discs on a Perkin-Elmer 197 

spectrophotometer. Microanalyses were performed by the Australian 
Microanalytical Service, Melbourne. 

Formamidinesulphinic acid (3 g, 28 mmol) was added to distilled water (150 
cm ) and the pH was adjusted to 9 with 8 mol dm sodium hydroxide. To 
this aqueous solution was added sodium diethyldithiocarbamate (3 g, 17.5 mmol) 

-99 followed by ammonium L Tcjpertechnetate (80 mg, 0.44 mmol) containing 50 
99m MBq of soaium L Tcjpertechnetate. The mixture rapidly darkened and was 

stirred at 60 *C for 45 min. The precipitate, containing 98°/o of the 
radioactivity, was collected by filtration, dissolved in chloroform, dried 
over anhydrous sodium sulphate, ana applied to an alumina column (2.5 cm 
diameter x 10 cm). Elution with chloroform gave an orange-brown fraction, 
45°/o yield based on [NHJ[Tc0 J, ano subsequent elution with methanol 
gave a dark brown fraction (45°/o yield) which could not be purified 
further. On concentration, the chloroform eluate deposited orange-brown 
crystals of carbonyltris(JY,N-diethy1dithiocarbamato)technetium(III) which were 
collected and recrystallised from a benzene-ethanol mixture, m.p. 187-191 °C 
dec. (Found: C, 33.7; H, 5.1; N, 7.2; S, 32.6. C l f aH 3 t )N 30S 6Tc 
requires C, 33.6; H, 5.3; N, 7.4; S, 33.6 °/o). The i.r. spectrum showed 
peaks at 1895(vs), 1496(sl, 1432(m), 1273(s), 1212im), and 947(m) cm - 1. 
Crystallography. - Single crystals suitable for X-ray diffraction studies 
were grown by slow evaporation of a benzene-ethanol solution of 
[Tc(SpCNEtJ.C0j at room temperature. Oscillation ano Weissenberg 

photographs showed the crystals to be triciinic, and the subsequent refinement 
of the structure confirmed the choice of the centrosymmetric space group £1. 
Unit-cell parameters, together with their estimated standard deviations 
(e.s.d.s), were derived by least-squares from the 26 values, for 25 
reflections well separated in angle, measured on a diffractometer at 17 "C 
with Cu-K radiation (\ = 1.5418 A). 
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Crystal data. - Cj^Q^OSgTc, M = 571.70, triclinic, ^ = 9.510(1), b = 
9.976(1), c = 14.637(3) A, o = 103.79(1), B = 105.42(1), Y = 72.52(1)*, 
£ = 1257.7 A 3, 1 = 2, F_(000) = 588, ̂  = 1.51 Mg m" 3, J = 17 'C, space 
group PT, w(Cu-K ) = 9.07 mm - 1. 5 

Intensity data were recorded at 17 *C on a Rigaku-AFC four-circle 
diffractometer with graphite-monochromatised Cu-K radiation. The crystal 
had well developed (100), (010), and (001) faces with perpendicular distances 
between parallel faces cf 0.08, 0.12, and 0.05 mm respectively. The crystal 
was sealed in a thin-walled Lindemann glass tube and aligned with the j) axis 
approximately parallel to the diffractometer * axis. Intensities were 
measured by an u-26 scan, with a 28 scan rate of 2° min~ , a scan range in u 
of 1.2 + 0.5tan6, and 10 s stationary background counts. Three reference 
reflections, monitored every 50 reflections, showed no significant variations 
in intensities during data collection. A total of 2900 reflections, having 
non-

Of these, there were 2740 unique data, of which 2046 were considered observed 
CI > 3o(j_)] and were used for the structure analysis. The integrated 
intensities were corrected for Lorentz and polarisation effects, and for 
absorption. 

Structure Determination and Refinement. - The structure was solved by the 
heavy-atom method. The position of the Tc atom was derived from a three-
dimensional Patterson map, and subsequent difference-Fourier syntheses 
revealed the positions of all 27 non-hydrogen atoms. Full-matrix least-squares 
refinement, with data uncorrected for absorption and with anisotropic 
temperature factors assigned to all atoms, converged with a reliability index 
R., defined as £ A £ / I | F ^ | where A F_ = 11 FJ - | ̂  11 , of 0.063. The 
function minimised was £ W(AF_) , where w_ is the weight assigned to the 
[F ! values. After absorption corrections were applied to the intensity 
data, with transmission factors ranging between 0.50 and 0.66, the same 
refinement converged with R 0.056. 

i-zero intensities, were measured within the limit (sin8)/x 4: 0.583 A~ . 
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Difference syntheses yielded the sites of all hydrogen atoms, ana these 

were induced in the scattering utooel. The positions of the hydrogen atoms 

were not refined, ano tney were assigned a variable overall isotropic 

temperature factor ti which, at convergence, hao the value 8.1(7) A . An 

examination of | F^ | ana | F. | values at this stage indicated that only the 

most intense reflection, 101, was significantly affected by extinction ano 

this was omittea from the refinement. Least-squares refinement (245 
2 2 

variables, 204b observations, w = 1.165/[c (F ) + C.0005F ]) converged 

with R 0.049 anc R' (= L^W(AF_) 2/ I W F ^ ] 1 ' 2 ) 0.052. Tne maximum 

parameter shift-to-error ratios at convergence were 0.01:1 for the overall 

isotropic hydrogen-atom £i value, and 0.003:1 for all other parameters. The 

largest peaks on a final difference synthesis were of heights 0-98 and -0.82 e 
,_3 

A close to the Tc atom. 

Final atomic positional co-oroinates, witn e.s.o.s in parentheses, are 

listeii in Table 1. Atomic thermal parameters are given in the Table SUP-1. 

Neutral atom scattering-factor curves for C, N, 0, and S were taken from 

ref. 6, that for neutral Tc was from ref. 7, ano that for H was from ref. 8. 

Real and imaginary anomalous dispersion corrections v.ere applied to the 

non-hydrogen atoms. Structure determination and refinement were performed 
g with the SHELX 76 program system on a VAXll/780 computer at the La Trobe 

University Computer Centre. 
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RESULTS AND DISCUSSION 

The molecular geometry and atom numbering of the [Tc(S2CNEt-),C0] 
molecule are shown in the Figure. Interatomic bond distances and angles, with 
estimated standard deviations derived from the refinement, are given in Tables 
2 and 3. Intramolecular and intermolecular contact distances are given in 
Table 4. 

FIGURE. An ORTEP (C.K. Johnson, Report ORNL-3794, Oak Ridge National 
Laboratory, Tennessee, 1965) drawing of the [Tc(S 2CNEt 2) 3C0] molecule. 
The thermal ellipsoids are constructed at the 40°/o probability level. 
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The structure consists of discrete molecules of [Tc(SpCtitt2),CO], 

each containing a terminal "linear" CO group [angle Tc-C-G = 178U)"]. 

The coMiprund is isostructural with the rhenium analogue 

[RefSpCNEt-KCO], with a seven co-ordinate distorted pentagonal 

bipyramidal environment about the technetium(Ill) atom. Two of the 

SpCNEtp ligands occupy equatorial positions, while the third spans an 

equatorial and an axial site. The remaining axial site is occupiea by 

the carbonyl group. 

The [TctS.CNEtpKCO] molecules pack in the unit cell in an analogous 

fashion to the isostructural [Re(S 2CNEt 2KCO]. There art no 

contacts of signficance between neighbouring molecules (Table 4). The 

dithiocarbamato ligands adopt the usual geometry with planar S^CKC-

segments (Table 5). The largest deviations from planarity (ignoring the 

terminal methyl groups) occur in the dithiocarbamato ligand which spans an 

equatorial and an axial site. As in the case of [Re(S0CNEtp)-CU], the 

metal atom is c_a. 0.3 A out of this dithiocarbamato plane whereas it is almost 

coplanar with the two equatorial dithiocarbamato ligands. In the equatorial 

"plane", the technetium and four sulphur atoms of the equatorial 

dithiocarbamato ligands are nearly coplanar (Table 5). However, the 

"equatorial" sulphur atom, [S(6)]f of the remaining dithiocarbamato ligand 

is significantly displaced [0.684(3) A] from this mean TcS. plane, a result 

imposed by the restricted bite of the bidentate ligand [S(5)...S(6), 2.88 A]. 

The [Tc(S2CNEtp)3C0] structure can be compared with that of another 

seven-co-ordinate complex of technetium, [TcTK(Phe 2Ph) 3C0]. In this 

case the co-ordination polyhedron around the technetium(III) atom is a 

distorted capped octahedron. The geometry of the Tc-C-0 group in this 

phosphine complex [Tc H I-C, 1.86(2); C-0, 1.12(3) A; Tc-C-0, 178(2)'] is in 

excellent agreement with that found in [Tc(S 2CNEt 2) 3C0] (Tables 2 and 3). 



The isoscructural [Tc i n(S 2CNEt 2) 3C0] and [Re H I(S 2Cll£t 2) 3CO], 
y 

together with the two isostructural nitrido complexes [M (S ?CNEt 2) 2N], 
12 13 where M * Tc, or Re, provide an opportunity to compare bonding to 

technetiiM and rheniua in the two oxidation states. Relevant Mean bond 
distances in these conpounds are presented in Table 6. In each case the mean 
V III 

N -S bond distance is less than the N -S distance, consistent with the 
different oxidation state and co-ordination number of the metal. For 
technetium and rhenium in the same oxidation state, there is little difference 
in the N-S bond distances. Presumably the ability of the dithiocarbamato 
sulphur atoms to compete for the available s^ £, <), and £ valence orbitals of 
the metal atoms is affected by both the radial extents of the orbitals and by 
the steric constraints imposed by the bidentate 'igands. The similarity in 
Tc-S and Re-S bond lengths is also consistent with the lanthanide contraction. 

However, the Tc =N bond is significantly shorter [1.604(6) A] than 
the Re sl< bond [1.656(8) A], and this suggests a greater affinity of 
technetium(V) over rhenium(V) for strong »-donor ligands such as N . 
On the other hand, the T c I H - C 0 and R e H I = C 0 bond distances [1.861(12), 
1.852(8) A respectively] show a trend in the reverse direction and indicate 
that technetium(III) is a poorer « donor to the w-acceptor carbony1 ligand 
than is rhenium(III). This is supported by the C-0 bond lengths cf 1.154(12) 
and 1.171(10) A respectively in the technetium and rhenium complexes. Thus 
the weaker Tc >C0 bonding is associated with a stronger CO bond. 

The intense infrared absorption at 1895 era in [Tc(S 2CNEt 2) 3CO] is 
assigned to the carbonyl stretching frequency. By analogy, the carbonyl 
stretching frequency in [Re(S 2CNEt 2) 3C0] occurs at 1870 cm"1 (in the 

14 original report of this compound, it was incorrectly formulated as 
[Re(S 2CNEt 2) 3(C0) 2]). These carbonyl stretching frequency values are 
in agreement with a greater CO bond order, and 
bonding, in the technetium case. 

hence weaker metal-carbonyl 
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The suggestion that technetium is a poorer « donor than r!.?nium is 

supporteo by the bono distances in the isostructural metaUI) complexes 

[TciCO) j.TPP and L*elCO>,j,TPP where TPP « meso-tetraphenylporphine. 

The average Tc»CU il.&KU?) Aj ana ke*CO |.l.t»»5llJ) Aj bono distances in 

these compounds indicate that the technetium-carbonyl bono is the weaker. 

Again, tne average CU bond distances in the technetium il.4t>Uj Aj and rhenium 

1.1.1621*) Aj complexes are in agreement with this view of tne metal-carbonyl 

bonding. It therefore appears that complexes of technetiuni containing the 

•-acceptor oinitrogen ligana will oe considerably less stable than the rhenium 

analogues. 

It is apparent that both technetium and rhenium favour t^e ood-numbereo 

oxidation states +III and +V in these dithiocarbamato complexes. by 

considering the structures of the carbonyl 3no nitrico con.pl exes, it 

appears that steric factors have little influence on whether two or three 

dithiocarbamato ligands are present. In the case of i.Tc(S?CNEt KCOj, 

with the strong v-acceptor carbonyl liganu, the presence of three 

dithiocarbamato groups, which are themselves gooo electron oonors, is 

preferred. 

Origin of the carbonyl ligand. - In the formation of iJclS rNEt ) rOj, the 

fonnamidinesulphinic acid acts both as a reducing agent and as a source of the 

carbonyl ligano. The use of reducing agents other than formamioinesulphinic 

acid for the preparation of oithiocarbarcato complexes of technetium resulteo 

in products which aid not exhibit carbonyl absorptions in the i.r, 

spectra. A satisfactory mechanism tor the formation of carbon monoxide by 

the Decomposition of formamidinesulphinic acid in aqueous solution is 

difficult to envisage. It is probable that the CO group is formeo after 

co-oruination by formamidinesulphinic acio, or some decomposition product, has 

occurred to technetiuni. This suggestion is supporteo by our earlier work which 

http://con.pl


showed that the reouction of i TcjpertecnneUte in the presence ot on»> 

formanidintsulphinic acid U ; reSiitec in <.ompiex formation. Tne impure 

meMtanol eluate, separated from tne reaction nurture whicr. yieioeu 

LTctS-.CfcEt.,j,COj, r.howeo peans in tne i . r . spectrum characteristic or 

the oiethyioithiocarbaoiato iigana. On stanoing, this material gradually 

oeveioped a peak at 20ob cm- in the i . r . spectrum. This supports tne 

contention that tne carbonyl l i jana is formeo tron. a co-oroinatec species. k 

oec:ianisBt consistent »i tn these observations is given in the Soiene. 

PWj O PUj 

sc 
A 

/ 

\ 
OH 

SCHEKE. iuggesteo mechanise for tht formation of to-orum<jteo c.rbon 

monoxice from foniian;ioinesulphinic aou (it. 
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TABLE 1 

Final atomic positional co-ordinates and equivalent isotropic temperature 
factors B (A ) for non-hydrogen atoms of [Tc(S ?CNEt ?KCO]. 

Atom 111 Uk 111 
* 

Tc 0.20278(10) 0.10040(9) 0.24112(6) 2.56 

S(l) 0.4043(3) -0.1180(3) 0.2087(2) 3.21 

S(2) 0.2214(3) 0.0419(3) 0.0696(2) 3.52 

S(3) 0.0966(3) 0.2596(3) 0.3790(2) 3.70 

S(4) 0.2937(3) -0.0111(3) 0.3878(2) 3.57 

S(5) 0.3965(3) 0.2437(3) 0.2873(2) 3.39 

S(6) 0.0884(3) 0.3288(3) 0.1858(2) 3.34 

0 -0.0565(9) -0.0380(9) 0.1857(6) 4.54 

N(l) 0.4417(9) -0.1942(9) 0.0256(6) 3.39 

N(2) 0.1910(9) 0.1471(10) 0.5428(6) 3.69 

N(3) 0.2709(9) 0.5054(10) 0.2448(6) 3.41 

C(D 0.3664(11) -0.1059(11) 0.0901(7) 2.82 

C(2) 0.3972(13) -0.1775(13) -0.0762(8) 4.29 

C(3) 0.3031(15) -0.2756(14) -0.1366(9) 5.52 

C(4) 0.5665(12) -0.3171(12) 0.0527(8) 3.74 

C(5) 0.7156(14) -0.2826(15) 0.0863(9) 5.83 

C(6) 0.1896(11) 0.1353(12) 0.4504(7) 3.25 

C(7) 0.2768(12) 0.0324(13) 0.5981(7) 3.93 

C(8) 0.1815(14) -0.0674(16) 0.5948(9) 4.60 

C(9) 0.1061(14) 0.2827(15) 0.5950(9) 4.67 

C(10) 0.1984(16) 0.3836(15) 0.6448(11) 6.35 

can 0.2562(11) 0.3757(12) 0.2400(7) 3.07 

C(12) 0.4090(14) 0.5516(14) 0.2997(10) 4.84 

C(13) 0.3947(18) 0.6102(15) 0.4045(11) 7.40 

C(14) 0.1516(12) 0.6179(11) 0.2027(8) 3.39 

C(15) 0.1511(14) 0.6156(12) 0.0988(9) 4.87 

C(16) 0.0419(11) 0.0159(12) 0.2051(8) 3.04 

•Calculated from the refined anisotropic thermal parameters (deposited), 
B - 8ir2U . -eq -eq 



TABLE 2 

Interatomic bond distances (A) in [Tc(S?CNEt?)^CO]. 

Tc-S(l) 2.475(3) N(D-C(4) 1.48(1 

Tc-S(2) 2.480(3) N(2)-C(6) 1.33(1 

Tc-S(3) 2.491(3) N(2)-C(7) 1.47(1 

Tc-S(4) 2.483(3) N(2)-C(9) 1.50(1 

Tc-S(5) 2.520(3) N(3)-C(ll) 1.33(1 

Tc-S(6) 2.440(3) N(3)-C(12) 1.49(1 

Tc-C(16) 1.861(12) N(3)-C(14) 1.46(1 

S(l)-C(l) 1.704(10) C(2)-C(3) 1.49(2 

S(2)-C(l) 1.713(9) C(4)-C(5) 1.49(2 

S(3)-C(6) 1.696(11) C(7)-C(8) 1.52(2 

S(4)-C(6) 1.711(10) C(9)-C(10) 1.47(2 

S(5)-C(ll) 1.698(11) C(12)-C(13) 1.53(2 

S(6)-C(ll) 1.730(11) C(14)-C(15) 1.51(2 

N(1)-C{1) 1.33(1) C(16')-0 1.15(1 

N(l)-C(2) 1.47(1) 

I 



TABLE 3 

Bond angles ( ° ) in [Tc(S 2CNEt 2) 3CO]. 

s(i) -Tc--S(2) 

S(3] -Tc--S(4) 

S(5] -Tc--S(6) 

S(l] -Tc--S(4) 

S(2] -Tc--S(6) 

S(3] -Tc--S(6) 

S(l] -Tc--S(3) 

S(l] -Tc--S(6) 

S(2] -Tc--S(3) 

S(2] -Tc--S(4) 

S(4] -Tc--S(6) 

S(l] -Tc--S(5) 

S(2 -Tc--S(5) 

S(3 -Tc--S(5) 

S(4 -Tc--S(5) 

Sd |-Tc--C(16) 

S(2 -Tc--C(16) 

S(3 -Tc--C(16) 

S(4 |-Tc--C(16) 

S(5 >-Tc--C(16) 

S(6 )-Tc--C(16) 

Tc-! 5(D--C(D 

Tc-! 5(2)--C(l) 

Tc-! >(3)--C(6) 

Tc-! >(4)--C(6) 

Tc-! 5(5)--C(ll) 

68.21 1) 

68.4| 1) 

71.0( 1) 

72.4( 1) 

76.81 1) 

76.2| i l ) 

139.71 1) 

138.61 1) 

151.91 1) 

139.61 1) 

142.91 1) 

89.01 1) 

92.8 1) 

85.7 [1) 

95.0 r D 
97.8 r3) 

87.6 [3) 

90.6 (3) 

89.2 [3) 

172.9 (3) 

102.2 (3) 

91.7 (3) 

91.3 (3) 

90.7 (3) 

90.6 (4) 

86.2 (4) 

Tc-S(6)-C(ll) 88.1(4) 

C(l)-N(l)-C(2) 121.0(9) 

C(l)-N(l)-C(4) 121.0(9) 

C(2)-N(l)-C(4) 117.9(8) 

C(6)-N(2)-C(7) 122.4(9) 

C(6)-N(2)-C(9) 119.9(9) 

C(7)-N(2)-C(9) 117.7(9) 

C(ll)-N(3)-C(12) 122.4(9) 

C(ll)-N(3)-C(14) 123.7(9) 

C(12)-N(3)-C(14) 113.8(9) 

S(l)-C(l)-S(2) 108.8(5) 

S(l)-C(l)-N(l) 125.0(8) 

S(2)-C(l)-N(l) 126.2(8) 

N(l)-C(2)-C(3) 112.6(10) 

N(l)-C(4)-C(5) 113.1(10) 

S(3)-C(6)-S(4) 110.3(6) 

S(3)-C(6)-N(2) 127.0(8) 

S(4)-C(6)-N(2) 122.7(9) 

N(2)-C(7)-C(8) 111.3(9) 

N(2)-C(9)-C(10) 113.6(10) 

S(5)-C(ll)-S(6) 114.4(7) 

S(5)-C(U)-N(3) 123.7(8) 

S(6)-C(ll)-N(3) 121.9(8) 

N(3)-C(12)-C(13) 109.2(11) 

N(3)-C(14)-C(15) 113.1(9) 

Tc-C(l6)-0 177.8(10) 



1 
TABLE 4 

Selected intramolecular and intermolecular contact distances (A) in 
[TcfSpCNEtpKCO].* The latter are given within the limits of the 
contact radii: 
Tc, 2.5; S, 2.1; 0,N,C, 1.7 A. 

T c . C ( l ) 3.05 S(5)...S(6) 2.88 

Tc...C(6) 3.03 S(1)...S(4) 2.93 

T c . C ( l l ) 2.94 S(2)...S(6) 3.05 

T c . O 3.02 S(3)...S(6) 3.04 

C(16)...S(1) 3.29 C(7).. .S(i r ) 3.71 

C(16)...3(2) 3.04 O.. .S(2 H ) 3.64 

C(16)...S(3) 3.12 C(13) . . .S(4 H I ) 3.66 

C(16)...S(4) 3.08 C(7)...S(5 I) 3.79 

C(16)...S(6) 3.37 C(3). . .S(6 H ) 3.77 

S(1)...S(2) 2.78 C(3) . . .0 ( H ) 3.40 

S(3)...S(4) 2.80 

•Roman numeral superscripts refer to the following co-ordinate transformations: 

I 1-x, -I, 1-zi II -x, -£, -i» I H *> 1 +*» I 



TABLE 5 

Planarity of groups of atoms within the [Tc(S 2CNEt 2) 3CO] molecule and distances from least-squares planes. 

Atoms defining plane Mean deviation of Maximum deviation of Atom out of Perpendicular distance 
atoms in plane (A) atoms in plane (A) the plane from the plane (A) 

S(lhS(2),S(3i,G^;,Tc 

S(lhS(2),C(l),N(l),C(2),C(4) 

S(3),S(4),C(6),N(2),C(7),C(9) 

S(5),S(6),C(11),N(3),C(12),C(14) 

0.106 

0.016 

0.023 

0.036 

0.165(3) 

0.023(13) 

0.035(14) 

0.060(14) 

S(5) -2.514(3) 

S(6) -0.684(3) 

C(16) 1.860(11) 

Tc -0.016(1) 

C(3) 1.394(15) 

C(5)' -1.376(14) 

Tc -0.046(1) 

C(8) 1.433(15) 

C(10) -1.395(16) 

Tc -0.266(1) 

C(13) -1.534(16) 

C(15) 1.431(13) 



TABLE 6 

Mean bond distances (A) in two isostructural pairs 
of technetium and rhenium complexes. 

Complex M-S M=C0 MsN 

[Tc H I(S 2CNEt 2) 3C0] 2.482 1.861(12) -

[Re I H(S 2CNEt 2) 3C0] 2.480 1.852(8) -

LTcV(S2CNEt2)2N] 2.401 - 1.604(6) 

LReV(S2CNEt2)2NJ 2.388 - 1.656(8) 



TABLE SUP-1 

Final anisotropic temperature factors for the non-hydrogen 
atoms of [Tc(S 2CNEt 2) 3CO] at 17 °C. 

^ tensors are in A . The anisotropic temperature factors are defined by 
T = exp[-2w 2(^* 2Mii + J L V 2 M 2 2 + i2c.*2Ui33 + 

2hka*b*U 1 2 + 2h1a*c*U 1 3 + 2k1b*c*U 2 3)]. 

Atom i o 3 u n io 3u 2 2 io 3u 3 3 io 3u 2 3 io 3u 1 3 io 3u 1 2 

Tc 33.8(5) 31.3(6) 34.6(5) 7.P(4) 10.3(4) -6.4(4) 
S(l) 46(2) 39(2) 37(1) 9(1) 11(1) -3(1) 
S(2) 53(2) 48(2) 38(2) 16(1) 13(1) 2(2) 
S(3) 55(2) 39(2) 51(2) 4(1) 22(1) -6(2) 
S(4) 58(2) 45(2) 39(2) 12(1) 16(1) -5(2) 
S(5) 35(2) 38(2) 60(2) 15(1) 8(1) -6(1) 
S(6) 39(2) 39(2) 49(2) 12(1) 7(1) -7(1) 
0 41(5) 63(6) 74(6) 4(5) 13(4) -15(5) 
N(D 46(5) 42(6) 42(5) 2(5) 15(5) -10(5) 
N(2) 45(6) 64(7) 39(5) 11(5) 11(4) -15(5) 
N(3) 36(5) 39(6) 56(6) 12(5) 10(4) -3(5) 
C(l) 37(6) 32(6) 44(6) 13(5) 12(5) -5(5) 
C(2) 64(8) 66(9) 37(7) 2(6) 15(6) -11(7) 
C(3) 86(10) 75(10) 47(8) -8(7) 7(7) -14(8) 
C(4) 45(7) 45(8) 55(7) 2(6) 21(6) -4(6) 
C(5) 47(8) 110(12) 69(9) 3(8) 8(7) -12(8) 
C(6) 36(6) 50(8) 44(7) 6(6) 15(5) -11(6) 
C(7) 54(7) 72(9) 35(6) 23(6) -2(6) -11(7) 
C(8) 65(9) 113(12) 79(10) 53(9) 9(7) -48(9) 
C(9) 61(8) 92(11) 50(8) -1(7) 33(7) -7(8) 
C(10) 84(11) 67(10) 101(12) -38(9) 9(9) -9(9) 
C(ll) 48(7) 29(7) 49(7) 4(6) 17(5) -13(6) 
C(12) 59(8) 57(9) 85(10) 25(8) -17(7) -28(7) 
C(13) 115(13) 75(11) 90(12) 26(9) -6(10) -10(10) 
C(14) 57(7) 39(7) 65(8) 31(6) 28(6) 19(6) 
C(15) 85(9) 38(8) 71(9) 10(7) 16(7) -10(7) 
C(16) 25(6) 46(8) 50(7) 18(6) 2(5) -2(6) 


