2402 Inorg. Chem.2001,40, 2402-2408

Synthesis and Structure of W§?-mp)2(CO)s (mp = Monoanion of 2-Mercaptopyridine) and
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Oxidative addition of the sulfursulfur bond of 2,2pyridine disulfide (GH4NS—SGH4N) with LsW(CO) [L =
pyridine, /3CHPT; CHPT= cycloheptatriene] in methylene chloride solution yields the seven-coordinate W(II)
thiolate complex Wig2-mp),(CO)s (mp = monoanion of 2-mercaptopyridine). This complex undergoes slow further
oxidative addition with additional pyridine disulfide, yielding Y mp). Reaction of Wg2-mp)(CO); with

NO results in quantitative formation of the six-coordinate W(0) complex3ip)(NO),. Reaction of W#g?-
mp(CO); with NO in the presence of added pyridine disulfide yields the seven-coordinate W(ll) nitrosyl complex
W(n?-mp)(NO) as well as Wif2-mp)(NO), and trace amounts of W{-mp). The complex W2-mp)s(NO) is
formed during the course of the reaction and not by reaction af2(p), or W(r2-mp)(NO), with NO under
these conditions. The crystal structures ofp/(mp)(CO), W(#2-mp)(NO),, and W{2-mp)(NO) are reported.

Introduction

Oxidative addition of disulfides is an important route to 7\ o
preparation of metal thiolate complexeas part of our interest Ol 8 O ¥
! . . N | o N ; co
in physical studies of metal/sulfur complexeswe report the ~u N0 >~ 3
study of oxidative addition of phenyl disulfide to the W(0) N/‘\CO N \CO” mSNO - (3)
complex: O s Q

|
W(phen)(CO)(EtCN) + PhS-SPh— @ @

W(phen)(CO)(SPh), (1)
o Reaction of an analogous thiolate complex W(phen)¢C£)
The coordinatively saturated W(Il) complex was observed 10 g g arene) in which the sulfur atoms were part of a chelating
rapidly and reversibly bind CO: arene disulfide ligand indicated different reactitiand prompted
the current studies using 2-mercaptopyridine as a chelating

ligand.
S @ For the group VI metals, several investigators have reported
ON \ co QN S| co complexes relevant to this work. Abraham3aeported the
~" o Sw Lo () preparation of CpW(CQjy*-mp) as well as its decarbonylation
ON/ \CO ON/|\C0 [reactions 4 and 5 occurring with visible and UV light
S respectively]:

[CPW(CO)], + PyS-SPy— 2(;-mp)W(CO)Cp (4)

The dicarbonyl complex reacted with NO via reductive elimina-

hw
tion* of PhSNO: (n-mp)W(CO)Cp— (17*-mp)W(CO)Cp+ CO (5)
lUn!versity of Miami. In addition, Deeming and co-workers have investigated the
University of Florida. reaction of W(CO)MeCNY) and pyridine-2-thione to give low

1) Transition Metat-Sulfur SystemsACS SympSer. 1996 653 and - .
() references therein. Y yme 8 yields of a dichelate Wf-mp)(CO); as well as Wigl-mp)-

(2) For related work on group VI metabulfur chemistry and thermo- ~ (CO)s byproduct® The crystal structure of a stable phosphine-

gheg“ils”y Segh(a) (fgggség-(%ég"gg’l A-(?b?tg“?haroz”pgo“v K-?}'("Offv substituted seven-coordinated complex7®hp)(PMePh)-
. D. Inorg. Chem , . auer, A.; Capps, K. L

B.; Wixmerten, B.; Abboud, K. A.; Hoff, C. Dinorg. Chem 1999 (CO), was also reported. A similar complex, Ympdk(CO)s
38, 2136-2142. (c) Capps, K. B.; Bauer, A.; Ju, T. D.; Hoff, C. D.
Inorg. Chem 1999 38, 6130-6135. (d) Capps, K. B.; Wixmerten, (4) Capps, K. B.; Bauer, A.; Abboud, K. A.; Hoff, C. Dnorg. Chem.

B.; Bauer, A.; Hoff, C. D.Inorg. Chem.1998 37, 2861-2864. (e) 1999 38, 6212-6217.
Ju, T. D.; Capps, K. B.; Roper, G. C.; Lang, R. F.; Hoff, C.IBorg. (5) Brandenburg, K. L.; Heeg, M. J.; Abrahamson, H.lBorg. Chem
Chim. Actal998 270, 488-498. 1987 26, 1064-1069.

(3) Lang, R. F.; Ju, T. D;; Kiss, G., Hoff, C. D.; Bryan, J. C.; Kubas, G.  (6) Deeming, A. J.; Karim, M.; Powell, N. . Chem. Soc., Dalton Trans.
J.Inorg. Chem.1994 33, 3899-3907. 199Q 2321.
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W(72-mp)(CO); (mp = 2-Mercaptopyridine Monoanion)

(mpd = monoanion of 2-mercaptopyrimidine), was prepared
by Baker and co-workefsfrom the reaction of WHCO)s-
(NCMe), and K[mpd], and its crystal structure was reported.

Further chelation of the N,S moiety was demonstrated by
Cotton and llsle§who prepared the eight-coordinate complex
W(n2-mpd),. Zubieta and co-workers extended this work by
reporting a number of complexes derived from 2-mercapto-
pyridine, 2-mercaptopyrimidine, and related ligahdsl =
Mo, W1

[base] 2

MCI ,(thf), + 4H-mpd—— M(%*-mpd), (6)
The crystal structures of both eight-coordinate M(IV) thiolate
products show bidentate coordination of each of the thiopy-
rimidine ligands. This degree of coordinative saturation is in
contrast to the four-coordinate tetrahedral structure of Mo(S
t-Bu)s, a related M(1V) tetrathiolate that does not have chelating
donor ligands? Also noteworthy is that these chelating S,N
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described here are the basis for detailed kinetic and thermody-
namic studies in progress, which will be reported later.

Experimental Section

General. All manipulations were performed under an argon atmo-
sphere using standard Schlenk tube and glovebox techniques. Solvents
were purified and degassed using standard procedures. Infrared spectra
were obtained in sealed solutions cells on a Perkin-Elmer 2000 FTIR
spectrophotometer. NMR spectra were obtained on a Bruker AVANCE
300 MHz NMR spectrometer using septa-fitted tubes from Wilmad
Scientific and were solvent-calibrated. 2Ryridine disulfide was
obtained from Aldrich Chemical and used without further purification.
Nitric oxide was obtained from Matheson gas and purified by passing
though a copper trap maintained a8 °C to remove NGN;Oa,.
Research grade carbon monoxide was obtained from Matheson gas and
was used without further purification. Elemental analyses were
performed by Galbraith Laboratories, Inc. Mass spectra were obtained
on a VG MASSLAB TRIO-2 spectrometer using FAB of methylene
chloride solutions.

Preparation of (>-mp),W(CO)s. In a glovebox 4.04 g of (CHPT)W-

donor complexes bear a resemblance to the well-developed(CO) (0.0112 mol; CHPT= cycloheptatriene) and 2.50 g of pyridine

chemistry of the dithiocarbamate ligand, a monoanionic ligand
with S,S donor atom&

2,2-Pyridine disulfide presents a good system for study
because its chelating properties allow it to form four-membered
ring complexes that may be subject to steric strain. Earlier

disulfide (0.0113 mol) were weighed into a 100 mL round-bottom flask.
To this flask was added approximately 100 mL of £, and the
contents were stirred overnight. The reaction was monitored by FTIR,
and the bands of the starting material at 1981, 1908, and 1872 cm
decreased over a period of several hours as the bands of the product at
2022 and 1928 cnt increased. After abd( h the reaction was judged

thermochemical investigations showed that strain energies onessentially complete and the solution was filtered to remove any solid

the order of 10 kcal/mol were present in four-membered ring

materials. After addition of 25 mL of heptane, the solution was filtered

systems involving metal complexes of chelating diphosphines through a short Celite column and stored in the freezer overnight. An
and that this strain nearly vanished for five- and six-membered amount of 0.43 g of the first crop of crystals was isolated. The filtrate

rings1? For the chelating 2-thiopyridine ligand, the presence
and magnitude of ring strain as well as its possible chemica

consequences remain largely an open question. Flood and co

workerg? have recently reported the study of reactionsnef-
(PMe&3)30s(H)(72-O—Py) in which ring strain was implicated.

was concentrated, and additional heptane was added. Storage in the

| freezer for several hours yielded 1.87 g of red-purple crystals. Further

workup of the filtrate yielded 0.37 g of a third batch for a combined
yield of 2.67 g (49% yield). NMR data indDs show four signals each
of relative intensity 1 at 8.01 (doublet), 6.26 (triplet), 6.12 (doublet),

and 5.80 (triplet) ppm. Mass spectroscopic data show a weak parent

This paper reports syntheses and structures of several thiopeak due td®W(;?>-mp)(CO); at m/e = 488 with the characteristic

pyridine complexes of tungsten. It is part of a long-term goal
to understand the physical chemistry of the metallfur bond

in organometallic complexes. The synthetic and structural studies

(7) Baker, P. K.; Harman, M. E.; Hughes, S.; Hursthouse, M. B.; Malik,
K. M. A. J. Organomet. Chenl995 498 257.

(8) Cotton, F. A.; lisley, W. Hinorg. Chem.1981, 20, 614.

(9) (a) Latham, I. A.; Leigh, G. J.; Pickett, C. J.; Huttner, G.; Jibrill, I.;

Zubieta, JJ. Chem. Soc., Dalton Tran$986 1181-1187. (b) Rose,

D. J.; Maresca, K. P.; Kettler, P. B.; Chang, Y. D.; Soghomomlan,

V.; Chen, Q.; Abrams, M. J.; Larsen, S. K.; Zubietalnbrg. Chem.

1996 35, 3548-3558. (c) Rose, D.; Chang, Y. D.; Chen, Q.; Zubieta,

J.Inorg. Chem.1994 33, 5167-5168. (d) Latham, I. A.; Leigh, G.

J.; Pickett, C. J.; Huttner, G.; Jibrill, I.; Zubieta, J. Chem. Soc.,

Dalton Trans.1986 1181-1187. (e) Block, E.; Gernon, M.; Kang,

H.; Ofori-Okai, G.; Zubieta, Jinorg. Chem.1991, 30, 1736-1747.

Kamata, M.; Yoshida, T.; Otsuka, S.; Hirotsu, K.; HiguchiJTAm.

Chem. Soc1981, 103 3572-3574.

The dithiocarbamate ligand system${CNR,) = (SS) is a similar

(10)
(11)

chelating monoanion and has been extensively studied. Complexes

isotope pattern of WAV = 26.4%,183W = 14.4%,'8W = 30.6%,
and®V = 28.4%. Additionahve peaks showing this pattern and based
on A\ were assigned the following: W{-mp)(CO), = 460, W
mp)(CO) = 432, W?-mp), = 404. Peaks assigned to loss aHGN
from the mp ligand are Wi¢-mp)(=S) at 326 and WES), at 248.

The complex Wg2-mp)(CO); is also readily obtained by stirring a
slurry of W(Py}(CO); and pyridine disulfide in methylene chloride
overnight. Trace amounts of the complex )& Mmp), (see below) are
formed in these reactions and give a characteristic purple tint to the
normally red-orange solutions of WAmp)(CO). This side product
can be maintained at a low level by use of a slight molar excess of the
W starting material. Solid W-mp)(CO); can be stored and handled
in air without noticeable decomposition. Solutions ofp##Mp)(CO)
are somewhat air-sensitive but show no signs of decomposition or loss
of CO when maintained under argon at room temperature in the dark
over a period of days.

Preparation of W(5?-mp), from W(Py)3(CO); and 2PySSPyIn
a glovebox a 500 mL round-bottom flask was filled with 0.65 g of

of Mo and W analogous to those reported here for the 2-mercapto- W(PY)(CO) [0.00129 mol] and 0.563 g of PySSPy [0.00255 mol].
pyridine ligand have been previously reported. The authors thank one Approximately 50 mL of CHCI, was added, and the mixture in the
of the referees for this observation. For leading references to related stoppered flask was stirred overnight. During this time all solids
chemistry involving dithiocarbamate ligand systems please see: (a) dissolved, and the solution color changed from clear red to intense

Colton, R.; Scollary, G. R.; Tomkins, I. BAust. J. Chem1968 21,
15. (b) Chin, G. J.-J.; McDonald, J. W.; Newton, W.IEorg. Chim.
Acta 1977, 22, 249. (c) Broomhead, J. A.; Budge, J.; Grumley, W.
Inorg. Synth1976 16, 235. (d) Templeton, J. L.; Ward, B. G. Am.
Chem. Socl198Q 102 6569. (e) Minelli, M.; Young, C. G.; Enemark,
J. H.Inorg. Chem.1985 24, 1111. (f) Wilkinson, G., EdCompre-
hensve Coordination ChemistryPergamon Press: Oxford, 1987; Vol.
3.

(12) Nolan, S. P.; Lopez de la Vega, R.; Mukerjee, S. L.; Hoff, Gnbrg.
Chem.1988 27, 8l.

(13) Flood, T. C,; Lim, J. K.; Deming, M. AOrganometallic200Q 19,
2310-2317.

purple. An aliquot of heptane was added, and the solution was left
standing for a week. Air-stable emerald-green crystals slowly formed
and precipitated during this time. These crystals were isolated and
washed with a small amount of heptane, yielding 0.33 g (41%). The
filtrate was concentrated and stored in the glovebox and later yielded
an additional 0.1 g for a combined yield of 53%. Anal. Calcd for W(S
CsHsN)s: C=38.5, H= 2.6, N=9.0, W= 29.5. Found: G=38.18,
H=2.72, N=8.94, W= 28.7. Mass spectroscopic data show a strong
parent peak due t8W(n%-mp) at m'e = 624 with the characteristic
isotope pattern of W:18AN = 26.4%,83W = 14.4%,8W = 30.6%,
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and 18V = 28.4%. Additionalm/e peaks showing this pattern and
based ort®W were assigned as follows: WAMp)(=S)= 546, W(;*
mp)s = 514, W2-mph(=S) = 436. NMR data in €@Ds show signals
at 9.09 (doublet, relative area 1), 6.24 (multiplet, relative area 1),
and 5.96 (multiplet, relative area 2) ppm.

anisotropically, whereas the hydrogen atoms were calculated in ideal
positions and were riding on their respective carbon atoms.

a. W(n?-mp),(CO)s. Crystals were grown under an argon atmosphere
by slow diffusion of heptane into a concentrated methylene chloride
solution. Red-brown plates precipitated out and were mounted for

Preparation of W(?-mp), from W(#?2-mp)z(CO)s and PySSPy. diffraction study. A total of 191 parameters were refined in the final
The complex Wg?-mp), is readily prepared by direct reaction of % cycle of refinement using 2837 reflections with- 2 o(1) to yield R1
mp)(CO) and PySSPy in either methylene chloride or toluene solution. and wR2 of 2.41% and 5.55%, respectively.

In a typical reaction a solution of W{-mp)(CO) obtained from b. W(5?-mp)2(NO),. Crystals were grown under an argon atmo-

reaction of 0.41 g of (CHPT)W(CQ@Js described above was reacted sphere by slow diffusion of heptane into a concentrated methylene
with an additional equivalent of PySSPy over a period of several hours. chloride solution. Yellow plates precipitated out and were mounted
Workup from methylene chloride/heptane solution produced a final for diffraction study. The asymmetric unit consists of two complexes
yield of emerald-green crystals of 0.225 g, 41% based on the (CHPT)W- that are crystallographically independent but chemically equivalent. A

(CO); starting material. The complex WAmp),, which is emerald-
green as a solid, dissolves in either £ or toluene to give an
intensely purple solution. Well-formed crystals obtained by several
different techniques and solvent combinations failed to give a set of
data that could be resolved to a final structure.

Reaction of @2-mp),W(CO)3; and NO. In a 50 mL Schlenk tube
under argon atmosphere a solution of p#Mp)(CO) (0.1 g) was
prepared in 20 mL of CkCl,. This solution was transferred by syringe
to a thermostated glass reactor filled with 1 atm of NO. The solution
was maintained at 285C and monitored by FTIR spectroscopy over a
period of several hours. Theo bands of W2-mp)(CO); (2022 and
1928 cn1t) smoothly decreased aso bands at 1744 and 1644 cin
of W(r?>-mp)(NO), increased. The reaction was clean and quantitative
in solution as judged by analysis of FTIR data. After several hours of

total of 344 parameters were refined in the final cycle of refinement
using 3085 reflections with > 2 (1) to yield R1 and wR2 of 2.35%
and 6.15%, respectively.

c. W(n?-mp)3(NO). Crystals were grown under an argon atmosphere
by slow diffusion of heptane into a concentrated methylene chloride
solution. Yellow-green plates precipitated out and were mounted for
diffraction study. The asymmetric unit consists of a half complex
(located on a mirror plane &t in y) and a half methylene chloride
disordered around a center of inversion. The Cl atoms of each part are
related by symmetry; thus, only the @init of each disordered part
was actually disordered. The methylene chloride was refined in two
parts, major and minor. Their site occupation factors were dependently
refined to 0.50(1) for each. A total of 162 parameters were refined in
the final cycle of refinement using 2238 reflections with 2 (1) to

reaction, excess NO was removed by evacuation and the methyleneyield R1 and wR2 of 1.56% and 3.72%, respectively.

chloride solution was filtered into a clean tube and layered with heptane.
Over a period of 10 days, yellow crystals of ¥¥{mp).(NO), suitable
for structural analysis were obtained.

Reaction of @?>-mp),W(CO)3z and PySSPy/NOIn a 50 mL Schlenk
tube under an argon atmosphere a solution containingWip),(CO);

(0.1 g) and PySSPy (0.024 g) [W/mp molar ratio 1/1] was prepared in
20 mL of CHCIl,. This solution was transferred by syringe to a
thermostated glass reactor filled with 1 atm of NO. The solution was
maintained at 28C and monitored by FTIR spectroscopy over a period
of several hours. Theco bands of W{2-mp),(CO) (2022 and 1928
cm™1) smoothly decreased aso bands at 1744 and 1644 cinof

W (n>-mp)(NO), together with a singleno band at 1626 cm? assigned

to W(;>mp)(NO) increased. The solution developed a faint purple
color characteristic of WZ-mp), but quantitative analysis of the FTIR
data indicated a product distribution of Y#{mp)(NO), ~ 85%, W
mp)x(NO) ~ 12%, and W§>mp), = trace. After several hours excess
NO was removed by evacuation and the methylene chloride solution
was filtered into a clean tube and layered with heptane. The first crystals
to develop were W{>-mp)(NO). Further workup of the filtrate yielded
W(n?-mp)(NO),, characterized as described above. Mass spectroscopic
data show a weak parent peak dué®V(»?>-mp)(NO) atm/e = 544

with the characteristic isotope pattern of VIPAW = 26.4%,183W =
14.4%,8W = 30.6%, and®dWW = 28.4%. Additional peaks showing
this pattern and based 6#W were assigned as W{-mp) = 514 and
W(>-mp)(NO) = 434,

Reaction performed in a fashion identical to that described above
but with a large excess of PySSPy [W/mp molar ratio 1/10] gave a
product distribution as follows: Wg-mp)(NO), ~ 73%; W{?-mp)s-

(NO) ~ 26%; W{r>mp), = trace. Reactions performed in the presence
of added PhSSPh [W/PhS-SPh molar ratio 1/10] showed quantitative
formation of W¢2-mp)(NO),, and the solutions remained clear yellow.

X-ray Experiments. Data Collection. Data were collected at 173
K on a Siemens SMART PLATFORM equipped with a CCD area
detector and a graphite monochromator utilizing Ma Kadiation
(A = 0.710 73 A). Cell parameters were refined using up to 8192
reflections. A hemisphere of data (1381 frames) were collected using
the w-scan method (0°3frame width). The first 50 frames were
remeasured at the end of data collection to monitor instrument and
crystal stability (maximum correction oh was less than 1%).
Absorption corrections by integration were applied on the basis of
measured indexed crystal faces.

The structure was solved by the direct methods in SHELXTL5 and
refined using full-matrix least squar&sThe non-H atoms were treated

Results and Discussion

Synthesis and Structure of W?-mp)2(CO)s. The complex
W(n?-mp)(CO); is readily obtained by oxidative addition
reactions such as

L.W(CO), + PyS-SPy— W(;>mp),(CO), + 3L (7)

where L= Py, Y/3CHPT. The 18-electron tricarbonyl complex
W(n?-mp)(CO) is stable and readily isolated. While there is
kinetic evidence of loss of CO in some reaction pathwdys,
the equilibrium shown in

o]
C

S {Z—CO

P
@/(N/ — @:/ IS + CO
U o

lies far to the left for the chelating system. No spectroscopic
evidence can be found to indicate the presence of a stable
dicarbonyl complex even after prolonged storing under vacuum
at room temperature. That is in stark contrast to W(gPBhgn)-
CO),, which is formed immediately upon release of CO
pressure from solutions of W(SR(phen)(CO), as shown in

eq 2. The complexes W(SRphen)(CO) and Wg2-mp)(CO)

are both W(ll) containing similar ligand sets [two arene thiolate
ligands, two aromatic nitrogen donors, and three CO ligands].
More facile dissociation of W(SP¥(phen)(CO) may be due

to the fact that loss of CO yields W(SB{phen)(CO), which
adopts a nearly pure octahedral geometry together. Loss of CO
from W(;2-mp)(CO) yielding W(@2-mp)(CO), may not allow

the same degree of rearrangement because the acute “bite” of
the mp ligand prevents expansion to a wider angle. Regardless

®)

Zz— % —00

(14) Sheldrick, G. MSHELXTL5 Bruker-AXS: Madison, WI, 1998.
(15) Sukcharoenphon, K.; Ren, T.; Abboud K. A.; Hoff, C. D. Work in
progress.
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Table 2. Selected Bond Lengths [A] and Angles [deg] for
W(rr*-mp)(CO)*

W-S1 2.5067(10) W-C8 1.994(4)
W-S1 2.5330(11) C6-06 1.147(5)
W—-N1 2.201(3) C#07 1.137(5)
W—NI' 2.231(3) Cc8-08 1.135(5)
W-C6 1.989(5) StC1 1.737(4)
W-C7 2.009(5) St-CY 1.745(4)
C6—W—-C8 73.78(17) C#W-S? 79.37(14)
C6-W-C7 75.48(17) N+W-S1 91.36(10)
C8-W-C7 104.98(18) Nt-W—ST 64.99(9)
C6—~W—N1 117.77(15) SEW-S? 144.06(4)
C8-W-N1 84.38(15) C+S1-W 81.72(14)
C7-W-N1 165.92(16) C5N1-W 135.8(3)
C6~W—NZ' 139.67(15)  CEN1-W 103.5(3)
C8-W-N1' 146.02(15) N+C1-S1 109.9(3)
C7-W-NZ' 84.05(16)  C2C1-S1 129.1(4)
N1-W-NT' 82.42(12) CL-S1-W 81.02(15)
C6-W-S1 75.21(11) C5-N1'—-W 137.8(3)
Cc8-W-S1 117.39(12) CENI—-W 102.3(3)
C7-wW-s1 117.69(13) NtC1-ST 111.7(3)
N1-W-S1 64.83(9) C2-Cl-SI 127.1(4)
N1'-W-S1 84.57(9) 06C6-W 178.6(4)
C6—W-St 140.61(12) O#C7-W 177.7(4)
C8-W-St 84.23(12) 08-C8-W 176.7(4)
Figure 1. Ortep drawing of Wg*-mp)(CO)s. aFull data are available as Supporting Information.
Table 1. Crystallographic Data and Structure Refinement for [2.354(2) and 2.368(2) A] However. the W distances have
2 2 2. . . . |
W0r-mpl(CO), WOr™-mpl(NO), "fmd Wo™mp)k(NO) nearly identical average values: [2.201(3) and 2.231(3) A for
Spgce group lpf%%/gg . ?2604 . PTE%MO . W(n%-mp)(CO)s compared to values of 2.217(5) and 2.215 A
o s 1rees  1oosiste) for W(SPh)(COX)(phen)? This may imply that the burden of
¢ A 13.3415(8) 12.7995(5) 8.9312(4) the strain in the four-membered chelate ringf8-N angles
a, deg 90 91.720(1) 90 of 64.83(9} and 64.99(9) is placed on the WS bond rather
B, deg 100.391(1) 95.989(1) 90 than on the W-N bond. However, it should be pointed out that
{’/’ ‘2@9 19f79 3(2) 25'22445(21()9) 3823 7) the shorter W-S distances in the formally 16-electron complex
fo 488.18 464.17 629 .24 W(SPh)(phen)(CO) may also be a consequence of partial
Pealcs Mg/m? 2.192 2.327 2.065 multiple bond character involving additional donation from
chem formula GaHsN20sSW CroHeN4OS;W - Cp6H14C1NLOSW sulfur to W in this complex to compensate for loss of the seventh
z glOO ‘;036 46 207 ligand. None of the structures reported show distortion of the
ﬁ’ ‘r%m ~100 ~100 —100 planarity of the pyridine ring system.
A 0.71073 0.71073 0.71073 Reaction of W(p?-mp)(CO)s and PyS-SPy To Form
R1a 0.0241 0.0235 0.0156 W(n?-mp)s. In the presence of excess additional pyridine
WR2P[I > 20(l)] 0.0555[2837] 0.0615[5456] 0.0372[2238] disulfide, solutions of Wig2-mp),(CO); were found to slowly
aR1 = Y(IIFsl — IFd)/3IFol.°WR2 = [S[W(Fo2 — F?/ turn from.red-orange to purple. The resulting complexy®v(
SIW(FAIY2 (1 > 2 o(I)]. mp), which can be isolated as a beautiful emerald-green

crystalline solid, is formed according to
of the reason, the WCO bond in W{2-mp),(CO) is observed

to be significantly stronger than in W(SBfphen)(CO3, where o
Dw-co ~ 7 kcal/mol3 c o @\5
The crystal structure of the seven-coordinate W(ll) bisthiolate ]/C co \\ /@
is shown in Figure 1, and selected data are shown in Tables 1 S—w—" w> , 3c0

: _ _ N |+ PSSPy ——»
and 2. Full data are available as Supporting Information. The | “

/
SN/ \\

crystal structure bears a strong resemblance to that of the related N @ S b )]
pyrimidine analogue W{-mpd)(CO), described as a capped O \Q
trigonal prism by Bakéerand co-workers. There are several
idealized geometries that seven-coordinate complexes can
display® and in practice it can be difficult to determine which
of the ideal structures is closest to the actual one. For example
the similar complex Wif2-mp)2(CO}(PMePh) was described
by Deeming as being close to both the capped octahedral and 2
4?/3 piano-s?ool geor?wetries. i LaW(CO); + 2PyS-SPy—W(»"-mp), + 3L + 3CO (10)

The coordinatively saturated complex ¥¢{mp)(CO); has
longer W-S bond vectors [2.5067(10) and 2.5330(11) A] than
does the formally 16-electron complex W(SKR)O)(phen)

Direct preparation of this complex is also readily accomplished
by reaction of LW(CO); [L = Py, 1/3 CHPT] with 2 equiv of
'disulfide:

Elemental analysis [C, H, N, W}H NMR, and mass spectros-
copy were used to characterize the complex. Several attempts
to determine the crystal structure of ¥W{mp), were not

(16) (a) Cotton, F. A Wilkinson, G.. Murillo, C. A+ Bochmann, M.: successful. Crystals of Wf-mp), are severely twinned. Several

Advanced Inorganic Chemistnsth ed.; Wiley: New York, 1999; p.  @Pproximate solutions, but from huge lattice unit cells, could
7. (b) Lippard, S. JProg. Inorg. Chem1976 21, 91. be obtained and were supportive of an eight-coordinate mono-
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Figure 2. Ortep drawing of W{2-mp)(NO),.

mer. However, the data obtained were not of high enough quality
for publication. Attempts are in progress to improve the crystal

quality, solution, and refinement. The analytical data unequivo-
cally support the formulation as W{-mp),, and the solubility

Sukcharoenphon et al.

Table 3. Selected Bond Lengths [A] and Angles [deg] for
W(rr>-mp)(NO)*

W1-N2
W1-N3
W1-NT'
W1-N1
W1-S1
Wwi1-S1
S1-C1

SI-Cr
N2—-02

N3—03

02—-N2—-W1
0O3—N3—-W1
N2—W1-N3
N2—W1-N1'
N3—W1-N1'
N2—W1-N1
N3—W1-N1
N1'-W1-N1
N2—W1-S1
N3—-W1-S1
N1'—-W1-ST
N1-W1-S1
N2—-W1-S1
N3—-W1-S1

1.827(3)
1.828(3)
2.198(3)
2.210(3)
2.4695(10)
2.4760(9)
1.748(4)
1.748(4)
1.183(4)
1.184(4)

178.1(3)
176.1(3)
89.83(14)
90.06(13)
167.63(13)
167.07(13)
96.49(13)
86.16(11)
102.62(11)
101.38(10)
66.61(9)
87.22(8)
101.76(11)
102.69(10)

W2-N13
W2-N12
W2-N11
W2-N11
W2-S11
WwzS11
S1tCi11
S11+-Ci1t
N12-012
N13-013

N1-W1-S1
N+W1-S1
StEW1-S1
C+S1-w1
C5N1-w1i
CEN1-W1
N+C1-S1
C2Cl-S1
CES1-W1
C5-N1'-w1
C1-N1I'-Ww1
N1-C1-SIt
C2-C1-S71

1.827(3)
1.835(3)
2.196(3)
2.199(3)
2.4830(10)
2.4872(10)
1.750(4)
1.739(4)
1.179(4)
1.189(4)

89.44(9)
65.88(8)
145.53(3)
81.53(12)
137.9(3)
101.8(2)
110.8(3)
127.6(3)
81.40(13)
138.4(3)
101.1(3)
110.8(3)
128.5(3)

a Full data are available as Supporting Information.

and presence of a strong parent peak in the mass spectroscopic

data all support its formulation as a monomer. In view of the roughly trans to the nitrogen atoms of the coordinating pyridines
and nearly orthogonal to each other [OM/—NO = 89.83-

(14)°]. In this regard it resembles the previously reported
octahedral structure for W(phen¥S,S-toluene)(NO) which
has an ON-W—NO angle of 88.8(2) The W—S bond lengths
in W(72-mp)(NO), [2.4695(10) and 2.4760(9) A] are shorter
than those in Wi2-mp)(CO); [2.5330 and 2.5067 A as
discussed above] and somewhat longer than those in W(phen)-
(7*S,S-toluene)(NO) [2.423(1) and 2.461(1) A]. As structural
and calorimetric data are extended for a range of analogous
complexes, more detailed analysis of these metrical parameters
may be warranted.
Reaction of W(p2-mp),(CO); with NO in the Presence of
PyS—SPy To Yield W(?-mp)3(NO). Reaction of Wg2-mp),-
(CO); with NO in the presence of additional excess pyridine

literature structurés® of M(»2-mpd) [M = Mo, W], W(;2-mp),

is formulated as an eight-coordinate monomeric W(IV) complex.
Reaction of W(2-mp),(CO)z with NO To Yield W(n?

mp)>(NO),. Reaction of pure samples of WEmp)(CO); give

guantitative formation of the bisnitrosyl product as shown:

¢ ® o
S\VIV//CO ~ N
-) | s + 2NO ——> QN/

@/\( @st ()

—2ZQ

]

+ 3CO

The bis-nitrosyl product is formed with no sign of formation disulfide proceeds as shown:

of nitrosylthiol, as shown for W(SP§(phen)(COj) in eq 3. In

this regard, the reaction with nitric oxide resembles that observed

earlief for W(phen){2-S,S-arene)(CO), which proceeds by

elimination of CO:
@ @r ”

$
N\ ’/S N\T/S
W + 2NO —» W + 200
N o Ny
Q! O IL o (2
o o

Apparently, having the sulfur atom as part of a chelate ring

electron complexes.
The crystal structure of W-mp)(NO), is shown in Figure

W(r>mp),(CO); + PySSPy">

W(*-mp), + W(*-mp),(NO), + W(5*-mp),(NO) (13)
10-25%

trace

75—85%

In the presence of 1 atm of NO, only trace amounts of;%A/(
mp), are formed. The two dominant products are)®ip),-
(NO), and W(z2-mp)(NO). The exact ratio of products depends
on the PySSPy/NO/W ratio, and the kinetics and mechanism
of this reaction are under detailed investigation. Because of its
lower solubility, crystalline W§?-mp)(NO) may crystallize
preferentially despite being present as a minor product.

The complex W§?-mp)(NO) was discovered accidentally
system reduces the tendency for nitrosothiol reductive elimina- during an attempt to prepare a sample of ifnp)(NO),
tion for the complexes in eqs 11 and 12 when compared to the according to eq 12 to grow crystals for structural analysis. A
analogous reaction in eq 3. In addition, the rate of reaction 11 crude solution of Wig>-mp)(CO); obtained from an in situ
is much slower than the rates of reactions 3 and 12, as wouldreaction must have contained unreacted PySSPy. The yellow-
be expected for the reactivity of the formally 18- versus 16- green crystals first selected for structural analysis did not prove
to be the expected six-coordinate ¥mp)(NO), (Figure 2)
but the seven-coordinate complex ¥Hmp)(NO) as shown
2, with selected data in Tables 1 and 3. The distorted octahedralin Figure 3 [this structure was actually determined prior to that
structure apparent in this drawing has the two NO ligands of the expected product W{-mp)(NO),].
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Initially it was believed that Wif2-mp)(NO) might have been
obtained from reaction of W€-mp), and NO:

However, under 1 atm of NO at room temperature, reaction 14
does not occur. A second possibility was that)inp)(NO),

is formed first and is slowly converted to Wmp)(NO) in

the presence of Wg-mp), or PySSPy-the two most likely
contaminants of the crude sample of M{np)(CO) used in

the first experiment. Neither of these reactions generate detect-
able amounts of W-mp)s(NO).

Studies show that Wg-mp)(NO) is produced continuously
during the reaction and that the presence of both NO and
PySSPy }s required for its formation. The coordinating gbility Figure 3. Ortep drawing of Wg2-mp)(NO).
through its nitrogen donor atoms may play a role in the
formation of W(2-mp)s(NO) in reaction 13. Reaction with ~ Table 4. Selected Bond Lengths [A] and Angles [deg] for
PhS-SPh/NO in a manner analogous to that shown in reaction W(7*-mp)(NO)*

13 produced only Wf-mp)(NO), and did not show signs of W—N2 1.779(3) W-S1 2.5204(6)
formation of either W{2-mp)(SPh)(NO) or W{2-mp)(SPh}, W-N1 2.215(3) W-STA 2.5204(6)
that is, the products corresponding to&mp)(NO) or Wy W—NT 2.220(2) S+Cl1 1.753(4)
m - - - A W-N1'A 2.220(2) S1-Cr 1.733(2)
p), respectively. In addition, deliberate injection of oxygen W-S1 2.4853(8) 02N2 1.215(4)
does not lead to production of WAmMp)(NO), implying that ' '
W(r72-mp)(NO) is not produced from reactions involving radical ~ O2—-N2—W 179.8(3) N2-W-STA 97.89(7)
attack by NQ. No sign of formation of NO was observed ~ N2-W-N1 171.30(11) ~ N¥W-SIA 89.15(6)
during these reactions N2—W—-N1' 91.77(5) N1-W—-SIA 135.11(5)
> . . N1-W—NT' 86.76(5) NIA-W—STA  63.73(5)
_These observations support the following tentative mecha- no>—\w—N1'A 91.77(5) SEW—STA 137.240(17)
nism: N1-W—-NT1'A 86.76(5) S1-W-STA 71.53(3)
NI'-W-NLTA  159.92(10) C+S1-W 81.62(11)
W(mp),(C0), Yo N2-W-S1 105.46(9) C5N1-W 137.5(2)
W(mp),(NO) N1-w-S1 65.85(7) CEN1-W 101.9(2)
. 2700 N1'—-W-S1 80.00(5) N+C1-S1 110.6(2)
\% NI'A-W-S1 80.00(5) C2C1-S1 128.1(3)
2 N2—W-S1 97.89(7) C1-SI-W 82.87(8)
N1-W-S71 89.15(6) C5-N1'-W 136.32(17)
W(mp),(CO), + PySSBy —>  Wemp), (15) N1'—W-SI 63.73(5) C1-N1'-W 104.69(15)
NL'A-W—-ST 135.11(5) N1-C1—-C2 122.0(2)
S1-W-SI 137.240(16) C2-C1-S? 129.3(2)
a Full data are available as Supporting Information.
W (mp),(NO) S . .
PySSPy/NO the remaining five donor atoms are approximately planar with

S1 pulled below the plane by 0.88 A because of steric factors

Reaction 15 proposes reversible generation of the 16-electronfrom the ligand. As discussed earlier, it can be difficult to
complex Wg2-mp)(CO), [analogous to W(SPh)(phen)(CO) classify seven-coordinate structures such ag{p)(CO)s
in eq 2]. This intermediate can be trapped by NO to yield;%/( (Figure 1) and Wif>-mp)(NO) (Figure 3), which do not exactly
mp)(NO), as shown in the top line, can coordinate and then match any of the idealized geometries. Nevertheless, there are
undergo oxidative addition with an additional mole of PySSPy significant differences between these two structures. The NO
to yield W(@2-mp); as shown in the middle line, or can ligand, despite its small size, forces the thiopyridines away
coordinate PySSPy and have this intermediate intercepted byfrom it with all angles to it greater or equal to 90N2—W—
NO to yield W?-mp)s(NO) as shown in the bottom line. The N1'A = 91.77, N2-W—STA 97.89, N2-W—-S1 = 97.89,
failure of PhSSPh to enter into this reaction scheme may be N2—W—N1' = 91.77, and N2-W—-S1= 105.46. The strong
due to the weaker donor ability of the S atom of a coordinating zz-bonding character of the WNO bond may be responsible
disulfide ligand when compared to the N donor in pyridine for the fact that the three chelating ligands are at or below an
disulfide.Coordination of pyridine disulfide through the nitrogen  equatorial position in the structure.
atom may thus see to actvate it toward oxidatie addition at The geometry around the metal center and the N-O
the metal center in the presence of NO. angles in both W{2-mp)(NO), and W{2-mp)(NO) classify

The structure of WiZ-mp)x(NO) is approximately a pen-  them as linear nitrosylé and hence NO derivatives. Data for
tagonal bipyramid as shown in Figure 3. Data for this structure the W(N-donor)(SR)(CO),(NO), prepared by us to date are
are listed in Tables 1 and 4. The NO ligand is roughly trans to summarized in Table 5. The shortestA\NO bond occurs for
one of the coordinating pyridines (NW—N2 = 171.3), and the seven-coordinate W(Il) structure in ¥#{mp)(NO). In
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Table 5: Comparison of Selected Structural Data for NO Complexes

W-N-0O ON-W-NO W-NO N-O vno (cm™h)
complex angle (deg) angle (deg) length (A) length (A) (CH,ClI; solution)
W(phen)(SPh)(CQJNO), octahedral W(®) 176.6 NA 1.825 1.199 1608
W(phen)(S,Stoluene)(NO), octahedral W(®) 175.7 88.8 1.815 1.197 1721,1630
175.5 1.83% 1.180 (toluene)
W(%-mp)(NO),,’ distorted octahedral W(0) 178.3 89.8 1.827 1.183 1744,1644
1775 1.828 1.184
W(r?-mp)(NO),° distorted pentagonal bipyramid W(II) 179.8 NA 1.779 1.215 1626

2 Data taken from ref 3 This work.¢ For NO ligand trans to N donor atom of Phen ligaféor NO ligand trans to S donor atom of (S;S
toluene) ligand.

addition, the N-O bond length is longest for this complex, of formation of these two structurally similar complexes exist
which is consistent with more significant back-bonding in this and if they can be calculated using theoretical techniques.
system. It should be noted, however, that there is no clear-cut
correlation betweemyo anddy-o in the data in Table 5. i o ) )
An additional point of interest is comparison of the two This paper reports our initial studies of reaction of low-valent
complexes Wi2-mpp(NO), and W(phen)-S,S-Toluene)- tungsten carbonyl complexes with pyridine disulfide. A possible
(NO),, both of which are essentially octahedral in their geometry consequence of this ligand's relatively small size and “bite” is
with two cis NO ligands, two arene thiolates, and two aromatic that higher coordination numbers may be favored. This may
N donors. One major difference between these complexes iSepral_n the stability of the coord|r_1at|vely saturated seven-
the possible role of steric strain in the two four-membered rings coordinate complexsze-mp)z(COk, in contrast to W(SPh)
in W(;7%-mp)(NO), as opposed to the two five-membered rings (Phen)(COj and W(;>-S,S-arene)(phen)(CQ) both of which
present in W(phen)2-S,S-toluene)(NO). The second geo- readily lose CO to form stable six-coordinate dicarbonyl
metric difference arises from the presence of two equivalent comglexes. Further oxidative addition of y#mp),(CO)s yields
chelating S,N donors in Wg-mp)(NO), as opposed to two W(n -mp, whlgh is proppsed to bg eight-coordinate bgsed on
N,N and S,S donors in W(phenS,S-toluene)(NO). This its spgctroscoplc 'propertlles. Reaction ofpAnp)(CO); with
has the consequence that while both NO's are positioned transNO Yielded the six-coordinate complex YW{mp)(NO),, but
to pyridine donors in W{2-mp)(NO),, for W(phen)§2-S,S- in the presence of PySSPy and NO, the reaction yielded in
toluene)(NO) only one NO is trans to a pyridine donor; the —2ddition the seven-coordinate product#np);(NO). Attack
other is forced to occupy a position trans to a sulfur donor. As By NO on coordinated pyridine disulfide appears to be the most

Conclusion

shown in Table 5, the values faro are lower for W(phen)-  likely source of this product.
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