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In the course of a systematic study of transition metal complexes exhibiting three properties, electron rich metal
centers, core structures with trans thiolate donors, and the capability to bind nitrogenase related small molecules,
the pentadentate ligands pyfbS;-H, (=2,6-bis(2-mercaptophenylamino)dimethylpyridine) and g2 (=2,6-
bis(2-mercaptophenylthio)dimethylpyridine) have been synthesized. Alkylation kj-2@nzothiazolone by 2,6-
bis[(tosyloxy)methyl]pyridine and subsequent alkaline hydrolysis yieldedidy8-H, (3). Template alkylation

of [Ni(S2CsH4)2]?~ (6) by 2,6-bis[(tosyloxy)methyl]pyridine gave [Ni(pyB: (7) whose acidic hydrolysis yielded
pySi-Hz-HCI (9). The reaction of Fe(ll) salts with pydN>S?~ gave [Fe(pyNH,S;)] (10). Five-coordinatelO is
paramagnetices (293 K) = 5.34ug), has a trigonal bipyramidal structure, and coordinates CO to give diamagnetic
[Fe(CO)(pyNH2S:)] (11). Although ther(CO) of 11 (1928 cnt! (KBr)) indicates electron rich Fe centers and
strong Fe-CO bonds 11 readily dissociated CO in solution. Reactions of pi#h5,2~ with ruthenium precursor
complexes yielded diamagnetic [Ru(L)(pyS;)], (L = DMSO (12), PPh (13), or CO (L4)) which have
practically substitution inert RdL bonds. Only12 could be converted int@4 under drastic conditions (140 bar

CO, 120°C, 12 h, THF). Methylation of the thiolate donors to give [Ru(L)(piNS-Mey)]l, (L = DMSO (15)

and PPh (16)) did not labilize the Re-L bonds. The reaction of Fe(ll) salts with py?S in the presence of CO
yielded [Fe(CO)(py9] (17). Complex17 has a highew(CO) (1955 cm! in KBr) than 11 but is stable toward
Fe—CO dissociation. The spectroscopic data of all synthesized complexes and X-ray structure analy$6s of

13, 15, 16, and 17 showed that all six-coordinate [M(L)(pyN>S;)] and [M(L)(pySs)] complexes uniformly

have C, symmetrical core structures and trans thiolate donors, thus differing from analogous complexes of
pentadentate §,S?~ ligands & + y = 5) whose [MNS] cores exhibit eitheCs or C; symmetry and cis or

trans thiolate donors. ThgCO) frequencies in homologous [Fe(COYNS,)] complexes X + y = 5) showed

that exchange of aromatic thioether S for amine NH donors considerably increases the electron density at the iron
centers. A minor influence was observed for the exchange of aliphatic thioether S for NH donors or changes of
the [FeNS,] core structures.

Introduction reomerA yields high-spin [Fe(L)(NH®] complexes with L=
N2H4, NHs, and MeOH, diastereomd forms low-spin [Fe-
(L)(NHS,)] complexes with L= CO, NoH,, and PR. Neither
diastereomeA or B, however, binds N>°

Anticipating that a higher electron density at the Fe centers
avors the binding of N° we have tried to systematically
exchange the potentially-accepting S thioether functiohef
the NHS?~ ligand for o-donor NH amine functions. A series
of pentadentate #,S-H> ligands & + y = 5) was prepared
(Scheme 1}:"11The characteristic and, for our goals, important

Metal oxidation state, type, and number of donor atoms and
core structures are major factors which determine strueture
function relationships of transition metal comple%é&tructure-
function relationships can also be expected to control the ability f
of metal complex fragments to coordinate and activate or
stabilize nitrogenase related small molecules such,abIM,,
N2H4, NHs, CO, Hp, etc?

In our quest for transition metal complexes binding these
molecules we have found that the [Fe(NfiSragment exists
in the two diastereomeric forms andB (Scheme 1). Diaste-

(5) Sellmann, D.; Soglowek, W.; Knoch, F.; Ritter, G.; Dengletndrg.
Chem.1992 31, 3711.

* To whom correspondence should be addressed. (6) Sellmann, D.; Soglowek, W.; Knoch, F.; Moll, Mngew. Cheml989
(1) For part 135, see: Sellmann, D.; Utz, J.; Heinemann, FEW. J. 101, 1244;Angew. Chem., Int. Ed. Engl989 28, 1271.
Inorg. Chem.1999 341. (7) Sellmann, D.; Kunstmann, H.; Knoch, F.; Moll, Morg. Chem1988
(2) Mellor, D. P. InChelating Agents and Metal Chelat&wyer, F. P., 27, 4183.
Mellor, D. P., Eds.; Academic Press: New York, 1964; p 44. (8) Sellmann, D.; Hofmann, T.; Knoch, Fhorg. Chim. Actal994 224,
(3) Burger, K. In Biocoordination ChemistryBurger, K., Ed.; Ellis 61.
Horwood: New York, 1990; p 11. (9) Sellmann, D.; Sutter, Acc. Chem. Red997, 30, 460.
(4) Sellmann, DAngew. Chem1993 105 67; Angew. Chem., Int. Ed. (10) Henderson, R. A.; Leigh, G. J.; Pickett, C.Adv. Inorg. Chem.
Engl. 1993 32, 64. Radiochem1983 27, 245.

10.1021/ic990169h CCC: $18.00 © 1999 American Chemical Society
Published on Web 10/21/1999



Transition Metal Complexes with Sulfur Ligands

Inorganic Chemistry, Vol. 38, No. 23, 199%315

Scheme 1. Ligands and Core Structures of Metal Complex Fragments
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feature common to all these ligands are the terminal thiolate
functions. They(CO) bands of the iron carbonyl complexes [Fe-
(CO)(NoH2S3)] and [Fe(CO)(NHsSz)] (~1930 cnrl) indeed
indicate a higher electron density at the iron centers than in
[Fe(CO)(NHS)] (1960 cnTlh). However, these CO complexes
are labile in solution, readily dissociate CO, and exhibit the core
structureC. This structure, due to its cis thiolate donors, is unfit
to stabilize reactive species such as diazene via bifurcatdd-N
-+(S), bridges, which are a major stabilization factor of diazene
in complexes such ag{N.Hx{Fe(NHS)},] and related spe-
ciesb?

Finally, the aromatic NH functions of [M(L)(PH.S3)] and
[M(L)(N 3H3S,)] complexes readily deprotonate to give amide
donors, possibly accounting for the limited coordination chem-
istry of [Fe(NbH2S3)] and [Fe(NHsS,)] complex fragments that
bind only CO. Analogous [Ru(L)(M>Sz)] and [Ru(L)(NsHzS,)]
complexes, which could only be obtained with== PR; and
NO*, also exhibit the core structur@, and proved virtually
substitution inert. For these reasons we have now tried to
exchange the conformationally flexible central NHKG),
bridge in the NH,S-H> ligands by the rigid 2,6-bismethyl-
enepyridine entity (€H3N)(CH,)2 ([py(CH>)2]).12 The goal was
to introduce steric constraints in the target ligands pyi$,-

H, and pyS-H,, to enforce meridional coordination of the three
central donors and trans coordination of the terminal thiolate
donors, such that the resulting core structDre&eompares to
the diastereomeB of [Fe(NHS)].

When our studies were in progress, H. Vahrenkamp et al.
published the synthesis of pyN,S,-H, and one of its zinc
complexes3 We found that [Fe(CO)(pyM.S;)] exhibits the
anticipated core structui2 and av(CO) frequency (1928 cm)
indicating a high electron density at the iron center. Neverthe-
less, [Fe(CO)(pybH2S,)] proved as labile as [Fe(CO)N,S3)]
and [Fe(CO)(NHsS,)] with respect to CO dissociation. This
was a major reason to synthesize the pkS ligand and to
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(12) Rothermel, G. L., Jr.; Miao, L.; Hill, A. L.; Jackels, S. lBorg. Chem.
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investigate its coordination to Fe(ll) centers in orienting
experiments.

Experimental Section

General Methods. Unless noted otherwise, all procedures were
carried out under Nat room temperature using Schlenk techniques.
Solvents were dried and distilled before use. As far as possible the
reactions were monitored by IR spectroscopy. Spectra were recorded
on the following instruments: IR, Perkin-Elmer 16 PC FT-IR; NMR,
JEOL JNM-GX 270 and JNM-EX 270; mass spectra, Varian MAT
212 and JEOL JMS 700. [RugPPh)s],** [RUCL(DMSO)],*® [Ru-
(H)(CI)(CO)(PCy)2],*¢ 1,2-benzenedithidl, 2,6-bis[(tosyloxy)methyl]-
pyridine!® and 2(3H)-benzothiazolon® were prepared by literature
methods. Hydrazine was obtained by 2-fold distillation oHNH-O
over solid potassium hydroxide under reduced pressure.

Syntheses.Alkylation of 2(3H)-Benzothiazolonel)( by 2,6-Bis-
[(tosyloxy)methyl]pyridine To Ge 2. A suspension of 2(3)-ben-
zothiazolone 1) (0.34 g, 2.25 mmol) and ¥CO; (0.38 g, 2.75 mmol)
in 2-butanone (20 mL) was refluxed for 30 min and then combined
with a suspension of 2,6-bis[(tosyloxy)methyl]pyridine (0.51 g, 1.14
mmol) in 2-butanone (20 mL). The reaction mixture was refluxed for
another 14 h and evaporated to dryness. The white residue was dissolved
in boiling EtOH (20 mL). Addition of HO (40 mL) precipitated a white
powder, which was separated, recrystallized from EtOH, and dried in
vacuo yielding 0.33 g (72%) &. IR (KBr, cm1): 1682 vsy(CO).H
NMR (DMSO-ds, ppm, 269.6 MHz): 6 = 7.80-7.01 (m, 11 H,
CH(aryl)), 5.17 (s, 4 H, Ely). 3C{*H} NMR (DMSO-ds, ppm, 67.7
MHz): 6 = 169.0 CO), 154.7,138.4, 136.9, 126.4, 123.1, 122.8, 121.3,
120.9, 111.5C(aryl)), 46.9 CH,). MS (FD, DMSO): mz 405 [2]*.

Anal. Calcd for GiH1sN30.S, (405.50): C, 62.20; H, 3.73; N, 10.36;
S, 15.82. Found: C, 62.42; H, 3.91; N, 10.45; S, 15.73.

pyNeH2S-H: (3). A solution of NaOH (0.26 g, 6.50 mmol) inJ®
(20 mL) was added to a suspensior2q0.33 g, 0.81 mmol) in EtOH
(20 mL). The mixture was refluxed for 14 h, cooled to room
temperature, and concentrated hydrochloric acid was added until pH 5
was reached. The resulting solution was concentrated in volume to one-
half, diluted with HO (20 mL), and extracted with Gi€l, (50 mL).

The combined CKCl, phases were dried with anhydrous 8@,
filtered, and evaporated to dryness yieldt.28 g, 97%) as a viscous
yellow oil which solidified at room temperature. IR (KBr, ci#): 3414
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w, 3395, 3374 my(NH), 2524, 2505 w(SH).*H NMR (CD,Cl, ppm,
269.6 MHz): 0 = 7.51-6.65 (m, 11 H, Ei(aryl)), 5.98-4.55 (s, br,

2 H, NH), 4.41 (s, 4 H, ®.), 4.15-2.65 (s, br, 2 H, 8). 13C{*H}
NMR (CD.Cly, ppm, 67.7 MHz):0 = 157.9, 148.4, 137.5, 135.2, 129.6,
120.2, 117.4, 112.1, 111.@(aryl)), 49.2 CH3). MS (FD, CHCl,):
m/z 706 [(pyNeH2S-H)o]*, 353 [pyNH2S-Ho*. Anal. Calcd for
CiaH1oN3S, (353.51): C, 64.55; H, 5.42; N, 11.89; S, 18.14. Found:
C, 64.30; H, 5.54; N, 11.89; S, 19.71.

pyNH.S-Me, (4). Mel (0.50 mL, 8.03 mmol) was added to a
solution of pyNH»S,-H, (3) (1.09 g, 3.08 mmol) and LiOMe (6.20
mmol, 6.20 mL ¢ a 1 M solution in MeOH) in THF (20 mL). The
reaction mixture was stirred for 16 h and then evaporated to dryness.
The residue was redissolved in a 1:1 mixture (80 mL) @OHand
CH.Cl,. The CHCI, phase was separated, dried with anhydrous Na
SO, and evaporated to dryness yieldidd1.00 g, 85%) as a yellow
oil. IH NMR (CD.Cl,, ppm, 269.6 MHz):0 = 7.62 (t, 1 H, H,
pyridine), 7.42 (dd, 2 H, €H.), 7.22 (d, 2 H, H, pyridine), 7.13 (dt,

2 H, GHa), 6.67 (dt, 2 H, GH4), 6.60 (d, 2 H, GHa), 5.97 (t, 2 H,
NH), 4.55 (d, 4 H, ®l,), 2.39 (s, 6 H, SE3). *C{H} NMR (CD,Cl,,
ppm, 67.7 MHz):6 = 158.5, 148.2, 137.5, 133.9, 129.5, 120.6, 120.0,
117.4, 110.7 C(aryl)), 49.5 CH,), 18.2 (SCH3). MS (FD, THF): m/z
762{[pyN2H252-M82]2}+, 381 [py’\szsz-MEZ]+.

pyNeH2S-Me*2HCI (5). Concentrated hydrochloric acid (0.20 mL,
2.40 mmol) was added to a solution of pHNS,-Me; (4) (0.42 g, 1.10
mmol) in MeOH (20 mL). After removal of the solvents the bright
yellow residue was digested three times with CH (15 mL), and
dried in vacuo to yield 0.47 g (90%) & 'H NMR (DMSO-ds, ppm,
269.6 MHz): 6 = 9.75 (s, br, 4 H, M), 8.35 (t, 1 H, H, pyridine),
7.72 (d, 2 H, K, pyridine), 7.28 (d, 2 H, €H4), 7.00 (t, 2 H, GHJ),
6.61 (t, 2 H, GH4), 6.59 (d, 2 H, GH4), 4.92 (s, 4 H, €ly), 2.35 (s, 6
H, SCHy). 3C{*H} NMR (DMSO-ds, ppm, 67.7 MHz): 6 = 155.6,
146.0, 146.0, 132.4, 128.6, 123.3, 120.6, 117.8, 110(ar¢l)), 43.6
(CHy), 17.2 (XHs). MS (FD, DMSO): vz 381 [pyN:H,S-Mey]*.
Anal. Calcd for GiH25CloN3S*HO (472.51): C, 53.38; H, 5.76; N,
8.89; S, 13.57. Found: C, 53.54; H, 5.66; N, 8.71; S, 13.64.

[Fe(pyNeH2S)] (10). A solution of FeCf-4H,0 (0.123 g, 0.617
mmol) in MeOH (15 mL) was added to a solution of pNS,-H, (3)
(0.218 g, 0.617 mmol) and LiOMe (1.23 mmol, 1.23 mLtal1l M
solution in MeOH) in THF (20 mL) yielding a yellow suspension. After
30 min the yellow solid was separated, washed with THF and MeOH
(20 mL each), and dried in vacuo yielding 0.247 g (98%)16f IR
(KBr, cm™): 3283 m, 3152 w, br(NH). MS (FD, DMSO): m/z 407
[Fe(pyNeH2S)] ™. ptetr (293 K) = 5.34ug. Anal. Calcd for GoH17/FeNsS,
(407.35): C, 56.02; H, 4.21; N, 10.32; S, 15.74. Found: C, 55.97; H,
4.21; N, 10.31; S, 16.23.

[Fe(CO)(pyNH,S)] (11). CO was bubbled through a yellow
suspension of [Fe(pyM.S;)] (10) (0.38 g, 0.49 mmol) in CkCl, (30
mL) for 2 h. An orange solid resulted which was separated, washed
with CH:ClI; (20 mL), and dried in vacuo yielding 0.42 g (99%) L.

(11 is obtained in equally high yields when the reaction mixture
resulting in the synthesis df0 is directly treated with CO for 2 h.) IR
(KBr, cm™1): 3280 w, 3176 w, bw(NH), 1928 vsy(CO). 'H NMR
(DMSO-ds, ppm, 269.6 MHz):6 = 7.83 (t, 1 H, H, pyridine), 7.54
(d, 2 H, H, pyridine), 7.03 (d, 2 H, €H4), 6.97 (d, 2 H, GH,), 6.70
(m, 4 H, GH.,), 6.50 (d, 2 H, NH), 4.54 (dd, 2 H, G&iH), 4.22 (d, 2 H,
CHH). *C{*H} NMR (DMSO-ds, ppm, 67.7 MHz): 6 = 222.8 CO),
158.1, 150.7, 149.2, 136.5, 129.4, 125.8, 124.6, 120.2, 1C%ar\)),
67.2 CH,). MS (FD, DMSO): m/z 407 [Fe(pyNH.S,)]*. Anal. Calcd
for CooH17FeNsOS,-0.25CHCI, (456.59): C, 53.27; H, 3.86; N, 9.20;
S, 14.05. Found: C, 53.27; H, 4.09; N, 9.30; S, 14.24.

[RU(CO)(pyNH2S)] (14). (a) From [Ru(DMSO)(pyhH:S,)] (12).

In an autoclave, a yellow suspension of [Ru(DMSO)(ghib$,)]-MeOH
(12-MeOH) (0.100 g, 0.178 mmol) in THF (30 mL) was heated to 120
°C under 140 bar of CO pressure for 12 h. The yellow solid was
separated, washed with THF and MeOH (30 mL each), and dried in
vacuo yielding 0.078 g (88%) df4-0.5MeOH. (b) From [Ru(H)(CI)-
(PCy)2(CO)]. [Ru(H)(CI)(PCy)»(CO)] (0.206 g, 0.283 mmol) was
added to a solution of pyM,S,-H, (3) (0.100 g, 0.283 mmol) and
LiOMe (0.28 mmol, 0.28 mL ba 1 M solution in MeOH) in THF (25
mL). The reaction mixture was stirredrf@ h and the resulting red
solution refluxed for 3 h. The precipitating yellow solid was separated,

Sellmann et al.

washed with THF and MeOH (10 mL each), and dried in vacuo yielding
0.02 g (14%) ofl4-0.5MeOH. IR (KBr, cnt?): 3284, 3241 w(NH),
1927 vsy(CO).*H NMR (DMSO-ds, ppm, 269.6 MHz):6 = 8.37 (d,
2H,NH), 7.73 (t, 1 H, H, pyridine), 7.41 (d, 2 H, il pyridine), 7.18-
7.08 (m, 4 H, GH,), 6.84-6.72 (m, 4 H, GH,), 4.87 (dd, 2 H, GIH),
4.48 (d, 2 H, CHH). 3C{*H} NMR (DMSO-ds, ppm, 67.7 MHz):

0 = 207.2 CO), 155.5, 149.9, 149.1, 137.3, 129.9, 126.1, 125.0,
120.5, 120.2C(aryl)), 69.2 CH,). MS (FD, DMSO,°Ru): nvz 481
[Ru(CO)(pyNH2S,)]*. Anal. Calcd for GeH1/NsORuS:-0.5CHOH
(496.60): C, 49.58; H, 3.86; N, 8.46. Found: C, 49.83; H, 4.14; N,
7.51.

[Ru(PPh)(pyNeH2S)] (13). [RUCKL(PPh)3] (0.814 g, 0.849 mmol)
was added to a solution of pyN.S;-H, (3) (0.300 g, 0.849 mmol)
and LiOMe (1.70 mmol, 1.70 mLfa 1 M solution in MeOH) in THF
(20 mL). The reaction mixture was stirred for 15 h and then refluxed
for 2 h yielding a red suspension. The red solid was separated, washed
with MeOH andn-hexane (15 mL each), and dried in vacuo to yield
0.500 g (79%) ofL3-MeOH. IR (KBr, cnm?): 3247, 3200 wv(NH).
IH NMR (DMSO-ds, ppm, 269.6 MHz):0 = 7.47 (t, 1 H, H, pyridine),
7.24 (d, 2 H, H, pyridine), 7.19-6.50 (m, 23 H, GH, and P(GHs)
superimposed), 6.25 (d, 2 HHY, 4.81 (dd, 2 H, €GiH), 4.31 (d, 2 H,
CHH). *C{*H} NMR (DMSO-ds, ppm, 67.7 MHz):6 = 156.6, 151.5,
148.9 C(aryl)), 137.5 (d, PCeHs)), 133.8 C(aryl)), 132.8 (d, RCeHs)),
129.8 C(aryl)), 127.7 (br, ReHs)), 126.9 (d, PCsHs)), 125.2, 124.8,
119.3, 119.0 C(aryl)), 69.9 CH,). **P{*H} NMR (DMSO-ds, ppm,
109.38 MHz): 6 = 52.9 (s,P(CeHs)). MS (FD, DMSO,Ru): m/z
715 [Ru(PPR)(pyNzH,S;)] . Anal. Calcd for GH3NsPRuS-CHsOH
(746.91): C, 61.11; H, 4.86; N, 5.63; S, 8.59. Found: C, 61.24;
4.65; N, 5.69; S, 8.70.

[Ru(PPh)(pyNeH2S-Mey)]l 2 (16). (a) From [Ru(PPH(pyN2H2S)]-
MeOH (13:MeOH). Mel (2.28 g, 16.1 mmol) was added to a red
solution of [Ru(PPE(pyN2H2S;)]-MeOH (13-MeOH) (0.21 g, 0.28
mmol) in THF (30 mL). The reaction mixture was stirred for 2 d
yielding a beige suspension. The beige solid was separated, washed
with THF and MeOH (10 mL each), recrystallized from &Hb/n-
hexane, and dried in vacuo to yield 0.23 g (80%)16f0.33CHCI..

(b) From pyNH.S;-Me; (4). pyN:H.S,-Me; (4) was synthesized in situ
by addition of Mel (0.15 mL, 2.41 mmol) to a solution of pyfbS,-

H> (3) (0.34 g, 0.96 mmol) and LiOMe (1.95 mmol, 1.95 miaol M
solution in MeOH) in THF (20 mL) and stirring the reaction mixture
for 12 h. After removal of the solvent the yellow residue was dissolved
in THF (20 mL) and [RuC{PPh)s] (0.86 g, 0.90 mmol) was added.
The brown reaction mixture was refluxedrfd h yielding a green
suspension, from which a beige solid could be separated. The beige
solid was washed with THF and MeOH (10 mL each), recrystallized
from CH,Cly/n-hexane, and dried in vacuo to yield 0.65 g (70%) of
16:0.33CHCl. IR (KBr, cm2): 3190 wv(NH). *H NMR (DMSO-

ds, ppm, 269.6 MHz):0 = 7.97 (t, 1 H, H, pyridine), 7.93 (d, 2 H,
NH), 7.58 (d, 2 H, H, pyridine), 7.477.03 (m, 23 H, GH4 and
P(GsHs)s superimposed), 5.56 (dd, 2 HHE), 4.58 (d, 2 H, CHH),
1.95 (s, 6 H, SEl3). *C{'H} NMR (DMSO-ds, ppm, 67.7 MHz): 6
=158.9, 151.8, 138.3, 132.9 (d), 132.0, 131.5 (d), 131.0, 129.7, 128.8,
128.0 (d), 125.2, 121.4(aryl)), 69.1 CHy), 22.0 (d, £Ha). 3P{1H}
NMR (DMSO-ds, ppm, 109.38 MHz):0 = 39.2 (s,P(CeHs)). MS (FD,
DMSO,°%Ru): mVZ] 745 [Ru(PPB)(pyN:H2S-Mey)]*, 730 [Ru(PPh-
(pyN2H2S,-Me)]t, 715 [Ru(PPE)(pyN:H.S;)]*. Anal. Calcd for
CsgH3gl2N3PRUS-0.33CHCI, (1027.05): C, 46.00; H, 3.79; N, 4.09;
S, 6.24. Found: C, 45.89; H, 3.89; N, 4.14; S, 6.02.

[Ru(DMSO)(pyNH,S5)] (12). [RUCKL(DMSO)] (0.137 g, 0.283
mmol) was added to a solution of pyNLS,-H, (3) (0.100 g, 0.283
mmol) and LiOMe (0.57 mmol, 0.57 mLf@ 1 M solution in MeOH)
in THF (25 mL). The reaction mixture was stirred for 15 h and then
refluxed for 2 h. A yellow suspension resulted, from which the yellow
solid was separated, washed with THF (20 mL), and dried in vacuo
yielding 0.11 g (69%) ofLl2:MeOH. IR (KBr, cnt?): 3106 w, brv-
(NH), 1011 s»(SO).H NMR (DMSO-ds, ppm, 269.6 MHz): 6 =
7.51(t, 1 H, H, pyridine), 7.47 (d, 2 H, N), 7.24 (d, 2 H, H, pyridine),
7.22-7.14 (m, 4 H, GHy), 6.77-6.64 (m, 4 H, GH.), 4.68 (dd, 2 H,
CHH), 4.28 (d, 2 H, CHH), 3.15 (s, 3 H, GisS(O)CH;), 2.75 (s, 3 H,
CH3S(O)TH3). *C{*H} NMR (DMSO-ds, ppm, 67.7 MHz):6 = 156.8,
150.6, 150.0, 134.2, 130.0, 125.6, 125.2, 119.7, 110(4ryl)), 68.7

H,
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(CHy), 46.4, 44.2 CH3). MS (FD, DMSO, *%?Ru): m/z 906 [Ru-
(pyNszsz)]f, 453 [RU(pyI\QstQ)]Jr Anal. Calcd for GiHa3Ns-
ORuS-CH3OH (562.75): C, 46.96; H, 4.84; N, 7.47. Found: C, 47.05;
H, 5.01; N, 6.81.

[Ru(DMSO)(pyNH2S-Mey)]l 2 (15). Mel (0.1 mL, 1.6 mmol) was
added to a yellow suspension of [Ru(DMSO)(p¥NS;)]-MeOH (12
MeOH) (0.10 g, 0.178 mmol) in THF (30 mL). The reaction mixture
was stirred fo 2 d yielding a red suspension. The red solid was
separated, washed with THF and MeOH (10 mL each), and dried in
vacuo to yield 0.14 g (91%) df5-0.75THF. IR (KBr, cnl): 3260 w,
br »(NH), 1020 s»(SO).H NMR (DMSO-ds, ppm, 269.6 MHz): 6
=10.18 (d, 2 H, M), 8.00-7.41 (m, 11 H, Ei(aryl)), 5.34 (dd, 2 H,
CHH), 4.57 (d, 2 H, CHH), 3.00 (s, 3 H, GisS(O)CH), 2.74 (s, 3 H,
CHsS(0)Hs), 2.08 (s, br, 6 H, El3). *C{*H} NMR (DMSO-ds, ppm,
67.7 MHz): 6 = 157.9, 151.6, 138.6, 132.3, 131.9, 131.5, 129.4, 125.9,
121.9 C(aryl)), 67.3 CH,), 46.6, 45.7 CHz, DMSO), 21.9 CH5). MS
(FD, DMSO, 22Ru): m/z 561 [Ru(DMSO)(pyNH,S,-Mey)]*. Anal.
Calcd for GaHa2gl2N3S;RuOG-0.75CGHs0 (868.67): C, 35.95; H, 4.06;
N, 4.84. Found: C, 35.83; H, 4.32; N, 4.91.

[Ni(pySy)]2 (7). A solution of Ni(ac)-4H,O (0.96 g, 3.84 mmol) in
MeOH (15 mL) was added to a solution of 1,2-benzenedithiol (1.09 g,
7.68 mmol) and LiOMe (15.3 mmol, 15.3 mlf @ 1 M solution in
MeOH) in MeOH (20 mL). The resulting solution was combined with
a suspension of 2,6-bis[(tosyloxy)methyl]pyridine (1.72 g, 3.84 mmol)
in THF (30 mL) and stirred for 14 h. A brown-yellow suspension
formed from which the brown solid was separated, washed with THF
and MeOH (20 mL each), and dried in vacuo to yield 1.4 g (79%) of
7-MeOH. IR (KBr, cnT?): 3049 mv(CH(aryl)), 1594 m, 1577 $-
(CC(aryl)), 738 sd(CH(aryl)). MS (FD, DMSO %Ni): n/z 443 [Ni-
(PYS)]T. et (293 K) = 3.2815. Anal. Calcd for GaHaoN2NizSz* CH:OH
(920.63): C, 50.88; H, 3.72; N, 3.04; S, 27.86. Found: C, 50.67; H,
3.44; N, 3.18; S, 26.13.

pyS-H2+HCI (9). Concentrated hydrochloric acid (15 mL) was added
to a suspension of [Ni(pyH2"MeOH (7-MeOH) (1.0 g, 1.09 mmol)
in CH.CI, (30 mL) and stirred for 1 h. The GBI, phase was separated
from the green KD phase, dried with anhydrous D, and
evaporated to dryness yieldirgy(0.90 g, 98%) as a white foam. IR
(KBr, cm™1): 2550 m, bry(NH) + »(SH). 'H NMR (CD.Cl,, ppm,
269.6 MHz): 6 = 17.5 (s, br, 1 H, W), 7.82 (t, 1 H, H, pyridine),
7.35 (d, 2 H, GHa), 7.32 (d, 2 H, GHa), 7.21 (dt, 2 H, GH.), 7.10 (d,

2 H, Hg, pyridine), 7.09 (dt, 2 H, €Ha), 4.59 (s, 4 H, €ly), 4.34 (s, 2

H, SH). BC{*H} NMR (CDCl,, ppm, 67.7 MHz):6 = 154.1, 143.8,
138.6, 135.4, 129.8, 129.6, 126.5, 128X04tyl)), 35.6 CH,). MS (FD,
CHCl,): mVz 388 [pyS-Hs]*. Anal. Calcd for GeH1sCINS, (424.08):

C, 53.81; H, 4.28; N, 3.30; S, 30.25. Found: C, 53.70; H, 4.18; N,
3.32; S, 30.06.

[Fe(CO)(py9)] (17). (@) From pyH,-HCI (9). To a solution of
pySi-Hz-HCI (9) (1.55 g, 3.65 mmol) and LiOMe (10.95 mmol, 10.95
mL of a 1 M solution in MeOH) in MeOH (20 mL), into which CO
was continuously introduced, a solution of Fe@H,O (0.726 g, 0.65
mmol) in MeOH (20 mL) was added. A red suspension resulted which
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X-ray Structure Analysis of [Fe(pyN2H.S)] (10), [Ru(PPhs)-
(pyNoH>S,)]-1.5THF (131.5THF), [Ru(PPhg)(pyNoH:S,-Meo)]l o
CHzC|2 (lG‘CHzClz), [Ru(DMSO)(pyNzHZS[Mez)]I 0_5C|1_5‘l.SCH2C|2‘
0.5DMSO (18-1.5CH,CI,+0.5DMSO0), [Fe(CO)(pyS)]-MeOH (17-
MeOH), and [Ni(pySa)]. (7). Brown plates of [Fe(pybH:S;)] (10)
were obtained by layering a solution of pyS;-H. (3) (0.109 g, 0.309
mmol) and LiOMe (0.62 mmol, 0.62 mLf@ 1 M solution in MeOH)
with a solution of FeGt4H,O (0.062 g, 0.309 mmol) in MeOH (20
mL). Green plates of [Ru(PRYipyN:H.S;)]-1.5THF (13-1.5THF)
formed when a saturated solutioni8in THF was layered with EO.
Yellow-green blocks of [Ru(PRJ{(pyNzH.S;-Mey)]l 2:CH:Cl, (16-:CHy-

Cl,) and green blocks of [Ru(DMSO)(pyN2S,-Me)]l 0.5Cli5*1.5CH-
Cl,»0.5DMSO (@5-1.5CHCI,*0.5DMSO), respectively, were grown
from a saturated solution df6 in CH.Cl, and15in a 10:1 mixture of
CHCl,:DMSO which was layered with-hexane. The Clions located

in the structure oll5 are assumed to derive from the solvent,CH.

The distribution of the counterions Cand I was estimated from the
X-ray data as well as from the elemental analysis (Anal. Calcd for
[Ru(DMSO)(pyNH2S,-Mey)]l 0.5Cly 5 1.5CHCI>*0.5DMSO: C, 36.30;

H, 4.18; N, 4.98; S, 13.30. Found: C, 35.38; H, 4.22; N, 4.72; S, 12.95).
Layering a saturated solution df7 in THF with MeOH gave red
columns of [Fe(CO)(pyd]-MeOH (17-MeOH). Dark green plates of
[Ni(pySa4)]2 (7) formed by layering a solution of py$,-HCI (9) (0.100

g, 0.236 mmol) and LiOMe (0.707 mmol, 0.707 mEa1 M solution

in MeOH) in THF (30 mL) with a solution of Ni(ag)4H:0O (0.059 g,
0.236 mmol) in MeOH (30 mL). Suitable single crystals were sealed
under N in glass capillaries and data were collected with a Siemens
P4 diffractometer using Mo « radiation ¢ = 71.073 pm, graphite
monochromator). The structures were solved by direct methods
(SHELXTL 5.03)2° Full-matrix least-squares refinements were carried
out onF?-values (SHELXTL 5.03%° In the case ofil0, 16, 15, and7

all hydrogen atoms were calculated for ideal geometries. Their isotropic
displacement parameters were tied to those of the adjacent carbon atoms
by a factor of 1.516 crystallizes with 1 molecule of Ci€I, per formula

unit. 15 crystallizes with 1.5 molecules of GBI, and 0.5 molecule

of DMSO per formula unit. One Ci&l, as well as the DMSO molecule
are located on a crystallographic mirror plane. The methyl group bound
to S1 is disordered (C1A and C1B). Two sites could be refined, of
which site A is occupied to 67(2)% and site B to 33(2)%. Compound
13 crystallizes with 1.5 molecules of THF per unit of which half a
THF is disordered and located on an inversion center. The H atoms of
the other THF molecule were calculated for ideal geometries. Their
isotropic displacement parameters were tied to those of the adjacent
carbon atoms by a factor of 1.5. For the disordered THF no H atoms
were considered. All other H atoms 8 as well as the H atoms df7

were located in a difference Fourier synthesis and isotropically refined,
except H2 (hydroxyl H atom) of7. For H2 of compound.7 both the
coordinates and an isotropic displacement parameter were kept fixed
during refinement. Table 1 contains selected crystallographic data of
[Fe(pyNH2S)] (10), [Ru(PPR)(pyNzH:S)]-1.5THF (13-1.5THF), [Ru-
(PPR)(pyNzH2S,-Mey)]l *CH,Cl, (16:CH,Cly), [Ru(DMSO)(pyNH,S,-

was saturated with CO for another 2 h. The red solid was separated,Me2)]l0sCl15'1.5CHCI»*0.5DMSO (5-1.5CHCIl,*0.5DMSO0), [Fe-

washed with MeOH (30 mL), and dried in vacuo yielding 1.56 g (85%)
of 17-MeOH. (b) From 1,2-benzenedithiol. Fe€IH,O (0.87 g, 4.38
mmol) was added to a solution of 1,2-benzenedithiol (1.25 g, 8.79
mmol) and LiOMe (17.6 mmol, 17.6 mLf@ 1 M solution in MeOH)

in MeOH (40 mL). The resultant solution was saturated with CO for
3 h, combined with a solution of 2,6-bis[(tosyloxy)methyl]pyridine (1.97
g, 4.40 mmol) in THF (40 mL) and stirred for 24 h. After filtration the
solution was concentrated in volume to one-half and diluted with MeOH
(40 mL). A red solid precipitated which was separated, washed with
MeOH (25 mL), and dried in vacuo to yield 1.20 g (55%)16¥MeOH.

IR (KBr, cm™): 1955 vs»(CO). *H NMR (THF-ds, ppm, 269.6
MHz): 6 = 7.63-7.56 (m, 2 H, GH,), 7.44 (t, 1 H, H, pyridine),
7.36-7.30 (m, 2 H, GHa), 7.28 (d, 2 H, H, pyridine), 6.96-6.80 (m,

4 H, CHy), 4.99 (d, 2 H, GiH), 4.68 (d, 2 H, CHH). 3C{*H} NMR
(THF-ds, ppm, 67.7 MHz):6 = 217.9 CO), 159.2, 158.8, 136.5, 133.8,
132.3, 131.0, 128.8, 122.4, 122@(&ryl)), 56.5 CH,). MS (FD, THF,
[m/Z]): 882{[Fe(pyS)]a*, 441 [Fe(pyQ)]'. Anal. Calcd for GoHis-
FeNOS-CH;OH (501.50): C, 50.30; H, 3.82; N, 2.79; S, 25.58.
Found: C, 50.58; H, 3.60; N, 2.79; S, 25.76.

(CO)(pyS)]-MeOH (17-MeOH), and [Ni(pyS)]2 (7).

Results and Discussion

Syntheses of LigandsThe target ligands pyM,S;-H> (3)
and pyS-H, (8) were synthesized according to the routes
indicated in Scheme 2.

For the synthesis of pyM>S,-H, (3), we used the route
which had proved successful in the preparation of the analogous
N2H,S3-H, and NsH3S,-H, ligandsh!! Treatment of deproto-
nated 2(81)-benzothiazolonel)) with 2,6-bis[(tosyloxy)methyl]-
pyridine yielded2. Traces of byproducts resulting froBralky-
lation of 122 were removed by extracting the crude product with
EtOH. TheN-alkylation of1 could be confirmed, in particular,
by the CO group®C{*H} NMR signal ¢ = 169.0 ppm) and

(20) SHELXTL 5.03, Siemens Analytical X-ray Instruments, 1995.
(21) Cf.: Klein, G.; Prijs, B.Helv. Chim. Actal954 37, 2057.
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Table 1. Selected Crystallographic Data for [Fe(pNS;)] (10), [Ru(PPR)(pyNzH2S)]-1.5THF (1L3-1.5THF),
[Ru(PPh)(pyNzH2S-Mey)]l 2»CH.Cl, (16:CH,Cl,), [Ru(DMSO)(pyNH2S-Me)]l0sCli 5 1.5CHCI,:0.5DMSO (5-1.5CH.Cl,-0.5DMSO0),

[Fe(CO)(pyS)]-MeOH (17-MeOH), and [Ni(pyS)]2 (7)

compd 10 131.5THF 16-CH.Cl, 15-1.5CHCI,-0.5DMSO 17-MeOH 7
formula GoHiFeNsS,  CusHaN301 sPRUS CyoHaoClalaNsPRUS  Cos H3sClyslo.sN3O1sRUSs s CotHioFeNGS;  CagHaoNoNi2Ss
fw 407.33 820.96 1083.61 843.82 501.46 888.54
crystsize, mm 0.6 x 0.3x 0.15 0.5x 0.3x 0.1 0.5x 0.4x 0.3 0.6x 0.5x 0.4 0.5x 0.4x 0.1 0.25x 0.25x 0.08
cryst system monoclinic triclinic monoclinic orthorhombic _triclinic _triclinic
space group P2;/c P1 P2,/n Pnma R P1
a, pm 1290.3(3) 1086.1(2) 1059.5(1) 1852.9(6) 840.5(3) 837.6(2)

b, pm 960.3(5) 1355.2(3) 2342.6(2) 3337.2(6) 1126.0(6) 1064.9(2)
c, pm 1421.9(3) 1443.8(3) 1684.6(2) 1085.1(3) 1226.5(5) 1094.2(2)
a, deg 90 111.13(1) 90 90 67.97(4) 77.56(1)

S, deg 96.52(2) 103.74(1) 92.85(1) 90 84.30(3) 79.19(2)

y, deg 90 97.82(1) 90 90 88.50(4) 81.24(2)

V, nme 1.750(1) 1.8670(7) 4.1760(7) 6.710(3) 1.0706(8) 0.9298(3)
VA 4 2 4 8 2 1

eal g/c® 1.546 1.460 1.724 1.671 1.556 1.587

w(Mo Ko), mmt 1.106 0.615 2.153 1.531 1.113 1.494

T,K 200 200 293 200 293 293

26 range, deg 5. k20 <552 4.2<20=<54.0 3420 <545 4.3< 20 < 50.0 4.2< 20 = 54.3 4.9< 20 <52.0
meas reflns 5720 9288 11229 7385 5365 4422

indep reflns 4051 7803 9207 6013 4737 3641

obsd reflns 2699 5250 5360 4458 3595 1162
refined params 226 598 462 384 334 226

R (WRy),2P % 4.48 (12.66) 5.60 (12.81) 4.45 (11.99) 6.70 (19.02) 2.68 (6.86) 5.86 (14.86)
o 0.0684 0.0328 0.0601 0.1000 0.0419 0.0457

rb 2.9082

ARy = [S]|Fol = IFd[/3|Fol] for F > 40(F). PWR, = [S[W(F2 — FA)/S[W(FA?]] Y2 wherew = 1/[0%(Fo?) + (gP)? + rP] and P = (F¢? +

2F2)I3

the»(CO) IR band at 1682 cni (in KBr). Alkaline hydrolysis
of 2 and subsequent acidification ga8en quantitative yield

as a yellow oil, which solidified at room temperature. This
preparation of3 differs from that reported by Vahrenkamp et

and exhibits a structure which had been aimed at by introducing
the [py(CH),] bridge into the [FeNS;] core. Complex10
readily coordinated CO to give th& symmetric and diamag-
netic [Fe(CO)(pyNH,S;)] (11) showing trans thiolate donors.

al., who used 2,6-pyridinedialdehyde and 1,2-aminothiophenol The»(CO) of 11 (1928 cn1?) further indicated a high electron

as starting materiaf$. The alkylation of3 with Mel yielded
the S-alkylated ligand pyBH,S,-Me; (4) as a yellow oil which
was purified via its white dihydrochloride pyN2S,-Me,-2HCI
(5).

For the synthesis of pySH, (8) nickel coordinated 1,2-
benzenedithiolate [Ni(£sH4)2]2~ (6)2226 was template alky-

lated with 2,6-bis[(tosyloxy)methyl]pyridine to give the dinu-

clear brown [Ni(py9)]2 (7). Complex7 readily hydrolyzed when
treated with hydrochloric acid to yield py$i, (8) which was
isolated as the pyridinium salt py$l,-HCI (9).

The compound®, 3, 4, and9 are well soluble in ChCI,
and THF, the salt5 and9 dissolve in MeOH while compleX

is only sparingly soluble in hot DMF and DMSO. The

density at the Fe center and strong+&0 z-back-bonding.
Although11is stable in solid state, it slowly dissociated CO in
THF solution to give back0. CO dissociation had also been
observed for the analogous [Fe(COJINS,)]. In a further
analogy to the [Fe(BHsS;)] fragment, the [Fe(pybH.S;)]
fragment did not add any other ligand than CO when treated,
for example, with NH,4, NEYN3, PMes, or N, under pressure.
These findings prompted us to proceed as in the previous
investigations with the pH,S32~ and NsH3S2~ ligand$-1tand
to also study those ruthenium complexes that could be expected
to be less labile. Treatment of [RuPMSO),] and [RuC}-
(PPR)] with pyN,H>S,*~ gave yellow [Ru(DMSO)(pyhH:S,)]
(12) and red [Ru(PP(pyN2H.S,)] (13), which proved not only

compounds were characterized by elemental analysis andless labile but virtually substitution inert. They did not exchange

spectroscopic methods, and the molecular structuré was
determined by X-ray diffraction.

Syntheses and Reactions of ComplexeScheme 3 sum-
marizes the syntheses and reactions of $44$,2~ and pyS?~
complexes.

The reaction between Fe(ll) salts and the piyp8,2~ anion
resulting from deprotonation d8 with LiOMe gave yellow
paramagnetic [Fe(pyM>S;)] (10) (uerr (293 K) = 5.34 ug).
X-ray structure determination proved thHd is mononuclear

(22) Baker-Hawkes, M. J.; Billig, E.; Gray, H. B. Am. Chem. So4966
88, 4870.

(23) Sellmann, D.; Fefgelder, S.; Polmann, G.; Knoch, F.; Moll, Minorg.
Chem.199Q 29, 4772.

(24) Sellmann, D.; Fafgelder, S.; Knoch, F.; Moll, MZ. Naturforsch.
1991, 46b 1601.

(25) Sellmann, D.; Bail, P.; Knoch, F.; Moll, MChem. Ber1995 128,
653.

(26) Sellmann, D.; Bail, P.; Knoch, F.; Moll, Mnorg. Chim. Actal995
237, 137.

their DMSO or PPhcoligand for CO (50 bar, 20C, 2 d), NH4
(N2H4 used as solvent, 41, 1 d) or other nitrogen compounds

at ambient or moderately elevated temperatures. Only under
drastic conditions (140 bar of CO, 12Q, 12 h) could DMSO/

CO exchange be observed f&R to give yellow [Ru(CO)-
(pyN2H2S,)] (14). As for the homologous [Fe(CO)(pyN2Sy)]

(11), the »(CO) of 14 (1927 cn1?) indicates a high electron
density at the metal center and a strong-®0O bond, but in
contrast to the Fe complekl, the ruthenium complei4 is
stable in solid state as well as in solution at ambient and elevated
temperatures up to 10€. Complexl4 was also obtained from
[Ru(H)(CI)(CO)(PCy),] and pyNH2S,2~, but only in very low
yields. In an attempt to diminish the substitution inertness of
[Ru(DMSO)(pyNH:S,)] (12) and [Ru(PPE(pyN2H2S,)] (13),

the thiolate donors af2 and13 were alkylated with Mef—30

(27) Sellmann, D.; Mahr, G.; Knoch, F.; Moll, Nhorg. Chim. Actal994
224, 45,
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Scheme 2. Synthesis of Ligands

a) + 2 K,COg, + (C5H3N)(CH,OTs),, 2-butanone, reflux, 14 h; b) 1. + NaOH, EtOH / Hy0, reflux, 24 h;
2.+ HCl;c) + 2 LiOMe, + exc. Mel, 16 h; d) + HCI, MeOH

S f) S s
SO el L. 0
2

O ¢
)
9) S H + (C5H3N)(CHoOTs), MeOH, 14 h; f), g) + HCI, CH,Cly
—_—
Ts = p-Toluenesulfonyl
SH

yielding the thioether derivatives [Ru(DMSO)(pybS,-Me,)]- first target complex, [Fe(CO)(pyg (17) was prepared. Com-
I, (15 and [Ru(PPE)(pyN2H2S-Mey)]l 2 (16). Complexesl5 plex 17 was obtained either by template alkylation of
and16were fully characterized, but they proved as substitution [Fe(CO}(S;CsHa)2])%~ 32 with [py(CH,OTs)] or from FeCh:
inert as the precursor complex&® and 13. For example, the  4H,O and py%?~ in the presence of CO. Although th€CO)
PPh ligand of [Ru(PPE)(pyN2H2S,-Mey)]l2 (16) could not be of 17 (1955 cnt?) indicates a weaker FeCO bond in17 than
substituted by CO or pHy. In these experiments it was noted in [Fe(CO)(pyNH2S,)] (11) (1928 cnt?), 17 is stable toward
that 16 is not deprotonated by W4 to give, e.g., [Ru- Fe—CO dissociation in solid state as well as in solution.
(PPh)(pyN2HS,-Mey)]l, thus differing from the related [Ru- General Spectroscopic Properties of ComplexesAll
(PPh)(N3HsS,-Mey)]l 2 which readily and reversibly deproto-  complexes, with the exception of [Fe(patibS;)] (10) and [Ni-
nates to give [Ru(PRNNsH2S-Mey)]l. This indicates a (pySw)]2 (7), are diamagnetic. They are soluble in DMF and
potentially important reactivity difference of [M(L)@¥3S,)] DMSO, only moderately soluble in GBI, and usually insoluble
and [M(L)(pyN:H2S;)] complexes. In fact, the core structure in other common organic solvents. All complexes have been
of [M(L)(pyN2H>S;)] complexes is expected to disfavor the characterized by elemental analysis and IR, NMR, and mass
deprotonation of the aromatic NH functions into amide func- spectra. The FD mass spectra exhibited either the molecular
tions, as the deprotonation requires a conversion of tetrahedralions or ions resulting from loss of the coligands. The complexes
four-coordinate N into planar three-coordinate N atGns. with [M(pyN2H>S,)] cores exhibit either one unresolved broad
The extreme substitution inertness of the [Ru(L) (phib5,)] or two weakv(NH) IR bands in the region of 329100 cnt?.
complexes and the very limited coordination chemistry of Characteristic IR bands are the very strarf@O) absorptions
the [Fe(pyNH.S;)] complex fragment on one hand, and the of 11 (1928 cnt?), 14 (1927 cntt), and17 (1955 cn1l). The
rich coordination chemistry of the [Fe(NH)$complex fragment frequency of the strong/(SO) IR bands of [Ru(DMSO)-
on the other hand, prompted us to return to complexes (pyN:H.S;)] (12) (1011 cntl) and [Ru(DMSO)(pyNH,S,-
with [Fe(NS,)] cores and to synthesize the pgSligand. As a Mey)]l2 (15) (1020 cn?) indicated S coordination of the DMSO
ligands!® The13C{H} NMR spectra proved the most suitable

(gg) 'Srell'mharllani\;/l R%hm, ch_; _Moll_l, ra/nlz Natégorsig.é2925058221729- spectroscopic probe for determining the symmetry of the
reicnel, P. M.; Rosennein, L. Unorg. em. : . ; H :
§30; Sellmann, D.: Becker, T.. Knoch, E%em. Eur. J1996 2, 1072. complexes. Nine plus on¥C NMR signals for the aromatic

(31) Cameron, B. R.; House, D. A.; McAuley, A. Chem. Soc., Dalton
Trans.1993 1019. (32) Sellmann, D.; Kreutzer, P.; Unger, E.Naturforsch1978 33h, 190.
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Scheme 3. Syntheses of [M(L)(pyhH>S,)] Complexes (M= Fe, Ru) and of [Fe(CO)(pyH

DMSO § S PPh?
12 PyNoHpS,2- 13
ld) 9 le) ld)
CH3 CHS
HSC\HN | s/ Al _Js HSC\HN | s/ 2
N\~~~ | ~p .~ NV ~p,
@S/RIU\H@ 2 @S/F}u\u,@ @S/Rlu‘m,@:l
Hapfgls\CHa co PPhs
15 14 16

a) + FeCl, - 4 HO, MeOH/ THF; b) + CO, 1 bar, 2 h, CH,Cly; ¢) + [RuClx(PPhg)z], THF, reflux, 2 h;
d) + exc. Mel, THF, 2 d; e) + [Ru(H)(CI)(CO)(PCys),], THF, reflux, 3 h; f) + [RuCl,(DMSO),4], THF, reflux, 2 h;
g) + CO, 140 bar, THF, 120 °C, 12 h

0 N

s
sl __co n sl _Js i S S
Rkl O G ©)

)\ ) )

h) + (CsHaN)(CHoOTs),, THF / MeOH, 24 h; i) + FeCly - 4 Hy0, + CO, MeOH, 2 h

and the methylene C atoms of the chelate ligands clearly
indicatedC, symmetry for the [M(L)(pyNH.S;)] complexes
and [Fe(CO)(py9p]. One 13C NMR signal for the S methyl
groups of 16 further indicated thatSalkylation of 13 had
occurred in a diastereoselective way yielding only one diaste-
reomer of16. The S-CHs 13C NMR signal of15is distinctly
broadened and probably consists of two unresolved singlets
indicating the formation of two diastereomers, which were
revealed by the X-ray structure determination1& The 'H

NMR spectra, too, are consistent with symmetrical structures. 2 ")
For example, the chemically equivalent £ptotons of the free ~ Figure 1. ORTEP diagrams of (a) [Fe(pyN2S)] (10) and (b) [Fe-

or [Fe(CO)(py$)] (17) giving rise to two signals. In the case ~2nd solvate molecules omitted).

of 17, these signals are split into doublets; in the case of [M(L)- trigonal bipyramid in which the pyridine donor N3 and the two
(pyN2H2S;)] complexes the lower field doublet is further split  thiolate donors occupy equatorial and the two amine donors
into a doublet of doublets due to coupling with the adjacent N1 and N2 apical positions. CompléxX exhibits approximate
NH proton. C, symmetry with theC, axis going through the FeAN3 bond.

X-ray Structure Determinations. X-ray structure analyses  The [Fe(py3)] core of pseudo-octahedral [Fe(CO)(p)iS17)
corroborated the spectroscopic results for several complexesalso has approximat€, symmetry. The distinct difference of
Figure 1 depicts the molecular structures of [Fe(gyb,)] (10) Fe—S and Fe-N distances in paramagneti® vs diamagnetic
and [Fe(CO)(py®]-MeOH (17-MeOH). Table 2 lists selected 17 can plausibly be traced back to electrons in antibonding
distances and angles. The core structurd®fs a distorted metal-ligand molecular orbital&?
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Figure 2. ORTEP diagrams of (a) [Ru(PRtpyN:H,S,)]-1.5THF (13-
1.5THF), (b) the cation of [Ru(PRIipyN:H2S-Mey)]l 2 CH,Cl, (16:CH,-
Clp), and (c) the cation of [Ru(DMSO)(pyN,S-Mey)]l 0:Cl1 5 1.5CH-
Cl,*0.5DMSO (5-1.5CHCl,*0.5DMSO0) (50% probability ellipsoids;
H atoms and solvate molecules omitted).

Table 2. Selected Distances (pm) and Angles (deg) of
[Fe(pyNeH2S2)] (10) and [Fe(CO)(py]-MeOH (17-MeOH)

complex 10 17MeOH complex 10 17MeOH
Fel-N1  223.6(3) 201.4(2) N3/S4Fel-S2 135.36(8) 90.26(5)
Fel-S1 236.9(1) 231.1(2) N2/SFel-S2 84.41(8) 87.43(5)
Fel-S2 232.1(1) 228.9(2) N2/SFel—-S1 121.12(8) 89.87(5)

Fel-N2/S3 226.4(3) 222.5(1) NiFel-N3/S4 75.41(11) 85.12(6)
Fel-N3/S4 209.8(3) 223.2(1) NiFel-S2  107.01(8) 89.44(6)
Fel-C1 175.7(2) Ni-Fel-C1 178.19(8)

The Fe-S and Fe-N distances of0lie between those found
in related high-spin and low-spin Fe(ll) complexe8. For
example, the FeS distances 010 (236.9(1) and 232.1(1) pm)
are longer than in7 (d(Fe—S(thiolate)): 231.1(2) and 228.9-
(2) pm) but shorter than in high-spin [Feftk)(NHS,)] (d(Fe—
S(thiolate)): 238.1(3) and 240.2(3) pm).

The closest analogue tH0 is high-spin [Fe(NH®]-THF 2
which also has a pseudo-trigonal bipyramidal structure. The
closest structural analogue 19 is [Fe(CO)(NHS)]. Both 17
and [Fe(CO)(NHg)] exhibit virtually identical Fe-S(thiolate)
and Fe-S(thioether) distances. They differ in the -F¢
distancesX7, 201.4(2) pm; [Fe(CO)(NHg)], 207.2(8) pm) and
in their symmetry. Whilel7 has approximat€, symmetry in
solid state andC, symmetry in solution, [Fe(CO)(NHJ has,
due to the NH(GH,4), bridge, onlyC; symmetry in solid state
and in solution.

Figure 2 depicts the molecular structures of the ruthenium
complexes [Ru(PRI(pyN-H>S,)]-1.5THF (3-1.5THF), [Ru-
(PPh)(pyNszsg-MEZ)u2'CH20|2 (16’CH2C|2), and [RU(DMSO)-
(pyN2H2S,-Me))]l 0.Cl1 52 1.5CHCI+0.5DMSO (L5+1.5CHCly

Figure 3. ORTEP diagram of [Ni(py8]. (7) (50% probability
ellipsoids; H atoms omitted).

Table 3. Selected Distances (pm) and Angles (deg) of
[Ru(PPh)(pyN;H,S;)]:1.5THF (3-1.5THF),
[Ru(PPR)(pyN2H2S,-Mey)]l 2*CH,Cl, (16:CH.Cl,), and
[Ru(DMSO)(pyNH.S,-Me;)]l 0.sCly 5:1.5CHCl>*0.5DMSO
(15+1.5CHCI>*0.5DMSO)

complex 13-1.5THF 16-CH,Cl, 15-1.5CHCI,-0.5DMSO
Rul-N1 211.9(4) 214.1(4) 213.4(6)
Rul—N2 217.3(4)  214.4(4) 213.5(6)
Rul-N3 201.2(4) 203.8(4) 199.5(5)
Rul-S1 236.5(2) 234.8(2) 232.4(2)
Rul-S2 238.0(2) 232.5(2) 234.0(2)
Rul-P1/S3 230.1(1) 237.4(2) 227.0(2)
N1-Rul-S1 85.0(1) 83.6(1) 83.8(2)
N2—-Rul-S1 92.1(1) 98.4(1) 95.2(2)
N2—Rul-S2 83.3(1) 83.9(1) 84.0(2)
N3—Rul-N1 78.9(2) 79.4(2) 79.7(2)
N3—-Rul-S1 86.8(1) 93.2(1) 91.7(2)
N3—Rul-P1/S3 170.7(1) 177.7(1) 176.3(2)

Table 4. Selected Distances (pm) and Angles (deg) of [Ni}S
U]

Ni1—N1 206.0(8) S4Ni1-S2 87.5(1)
Ni1—S1 239.6(3) S3Ni1-S2 92.9(1)
Ni1—S2 238.1(3) S3Ni1-S1 87.07(9)
Ni1—S3 239.7(3) NENi1—S4 82.5(2)
Nil—S4 237.5(3) N%Ni1—S2 93.3(2)
Ni1—S1A® 244.8(3) NI-Nil—S1A 173.4(2)

a Symmetry code:—x, -y + 2, —z+ 1.

in the Ru-N1 and Ru-N2 distances 013 (211.9(4) vs 217.3-

(4) pm) is certainly due to crystal packing effects, because the
NMR spectra unambiguously reve@h symmetry for13 in
solution. The molecular structure df5 confirmed the S
coordination of the DMSO ligand which had been indicated by
the IR spectrum. Worth noting is the formation of only one
diastereomer in the case of [Ru(BRhyNH,S-Me)]2™ while

two diastereomers in a ratio of 2:1 are formed in the case of
the [Ru(DMSO)(pyNH»S;-Mey)]2" cation. The 2:1 ratio of the
two diastereomers follows from the disorder of the—-&Hj;
groups which could be refined with an A:B occupancy of 67-
(2):33(2)%. The formation of only one diastereomer in the case
of the cation ofL6 can be traced back to the sterically demanding
PPh ligand which allows nucleophilic attack of the thiolate
donors only from one side.

Figure 3 depicts the molecular structure of [Ni(R)|2 (7)

0.5DMSO0). Selected distances and angles are listed in Table 3which had been obtained as intermediate in the 4py5
In all complexes the ruthenium centers are pseudo-octahe—synthes's- Table 4 lists selected distances and angles.

drally surrounded and the [Ru(pyN.S;)] cores exhibit ap-
proximateC, symmetry. Distances and angles show no anoma-
lies. The Ru-S(thiolate) are only slightly longer than the Ru
S(thioether) distances-@37 vs~233 pm), and the RauNH
distances {213 pm) are distinctly longer than the Ru
N(pyridine) distances¥201 pm). The relatively large difference

The dinuclear [Ni(py9]2 (7) exhibits crystallographically
imposed inversion symmetry. The nickel centers are pseudo-
octahedrally coordinated, the [Ni(py)$cores are approximately
C, symmetrical, and bridged via thiolate donors. The-Bi
thiolate and thioether distances in the range of-2340 pm
are typical for paramagnetic six coordinate nickel complexes
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Scheme 4. Donor Atom Sets, Core Structures anCO) Frequencies (cmt) of [Fe(CO)L] Complexes (I= Ss2-, NHSZ,

PYSi2, NoH2S2™, N3HsS2™, pyNoH»S27)
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and have also been found in the closely related [Ni(W)HS?
The Ni—N(pyridine) distances i (206.0(8) pm) are (expect-
edly) shorter than NiN distances to aliphatic NH donors such
as in [Ni(NHS)]2 (d(Ni—N): 214.4(7) pm).

The results show that increasing the number of N donors
increases the electron density at the metal centers of complexes
with [M(L)(N,S))] cores. Exchange of aromatic thioether S vs
aromatic amine NH donors has a major effect in comparison to

The structures of all complexes described here demonstratean exchange of aliphatic thioether S vs NH and pyridine N
that theC, symmetrical core structures can be considered a donors or to a change of the metal donor core structure. The

typical feature of [M(pyNH>S;)] and [M(pyS;)] fragments

introduction of [py(CH).] bridges into the pentadentate$y

because they are maintained over a wide range of metal donorligands caused steric constraints insofar as all complexes with
distances in both five- and six-coordinate complexes which can [M(pyN2H,S;)] or [M(pyS,)] fragments invariably exhibiC;

be diamagnetic or paramagnetic.

Influence of Donor Atom Sets and Core Structures upon
the Metal Electron Density in Six-Coordinate [Fe(CO)(NS))]
Complexes k + y = 5). The ligands and iron carbonyl
complexes described in this and preceding papétsender it

symmetrical core structures and trans coordination of the thiolate
donors as found in the low-spin [Fe(L)(NEFcomplexes (L
= CO, PR, NO™, NzH,, etc.).

The steric constraints and the increase of the metal electron
density effected by a growing number of N donors do not

possible to estimate the influence of donor atom sets and corenecessarily lead to kinetically more stable-Mbonds in [M(L)-

structures upon the electron density at the iron centersyThe

(NxSy)] complexes. This result, which we cannot plausibly

(CO) frequency of the complexes is used as a probe and [Fe-explain yet, is demonstrated by the pair of [Fe(CO)(giyb5,)]

(CO)(S)] (S5~ = 2,2-bis(2-mercaptophenylthio)diethyl sulfide-

and [Fe(CO)(pyd] complexes. Although the/(CO) bands

(2—)) as the starting complex. Scheme 4 schematically depictsindicate stronger FeCO bonds in [Fe(CO)(pybdH2S,)] than
the structures of the relevant complexes and demonstrates thain [Fe(CO)(pyS)], [Fe(CO)(pyNH.S;)] is much more labile
exchange of aliphatic thioether S atoms for either aliphatic N than [Fe(CO)(py9] toward CO dissociation. The ability of the

or pyridine N donors does not significantly change tH€O)
frequencies in [Fe(CO)EH (1960 cn?t) and [Fe(CO)(NHP)]
(1960 cntl) or [Fe(CO)(py9Q)] (1955 cntl). (The Fe-S
distances within the [FePBplanes of these three complexes also
remain approximately identical.)

Thev(CO) decrease of 27 cthbetween [Fe(CO)(pys and
the isostructural [Fe(CO)(pyNI,S;)] allows a conclusion that
the comparable(CO) difference of 26-28 cnt ! between [Fe-
(CO)(NHS})] (1960 cn1?) and [Fe(CO)(NHS3)] (1932 cnt?)
or [Fe(CO)(NH3S,)] (1934 cntl) is rather due to the exchange

[Fe(pyNeH2S,)] fragment to coordinate ligands other than CO
is as limited as that of the related [FefiySs)] or [Fe(NsH3S,)]
fragments, which have a different core structure.

The complex fragment [Ru(pyNl;S,)] is slightly more
versatile in binding various coligands, but the resulting com-
plexes proved extremely substitution inert and did not yield
nitrogenase related series of complexes witHNigands either.
More detailed investigations of the [Fe(pyBragment, which
is analogous to the [Fe(NH fragment, but sterically preor-
ganized, are being carried out in order to test its binding

of aromatic thioether S by aromatic NH donors than caused by capability toward nitrogenase related small molecules.

different core structures.

Conclusion

The primary aim of this work was the synthesis of the new

ligands pyNH,S,%~ and pySQ?~ in order to introduce steric
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