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Interactions of a Diplumbyne with Dinuclear Transition Metal
Carbonyls to Afford Metalloplumbylenes

Qihao Zhu, Petra Vasko, James C. Fettinger, and Philip P. Power*

Abstract:

The metathesis reactions of the diplumbyne ArP®PbPbArif® (Ar’r6 = -C4H;-2,6-(C¢H,-
2,4,6-'Pr3),) with the dinuclear metal carbonyls Mn,(CO);, Fe,(CO)y, Cor(CO)g under
mild conditions afforded the complexes Mn(CO)s(PbAri*®) (1), Fe(CO)4(PbAri™®), (2),
Co4(CO)9(PbATP™0), (3), respectively. Complexes 1-3 were structurally characterized
by single-crystal X-ray diffraction, and by 'H, 3C{'H}, ¥Co{'H}, and ?’Pb{!H} NMR,
UV-Vis, and IR spectroscopy. They are rare examples of species formed by the direct
reaction of a group 14 dimetallyne with transition metal carbonyls. Complexes 1 and 2
feature Mn-Pb or Fe-Pb single bonds whereas in 3 a Co-Pb cluster is formed in which
the plumbylidyne moiety bridges either an edge or a face of a Co4 carbonyl cluster.
Introduction

Organometallic complexes containing bonds between transition metals and low
oxidation state group 14 element moieties are of interest because of their potential for
a diverse reactivity thus arises mainly from the unsaturated character of the group 14
element bound directly to the transition metal.! For the heavier group 14 elements, early
work by Marks? and Lappert® reported the synthesis of the first stannylene-transition
metal complexes which were characterized spectroscopically?3 and structurally.’ These
initial examples have been followed by numerous other L,MER, (L = ligand; M =

transition metal; E = heavier group 14 element; R= organic & related substituents)
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complexes that have incorporated the other heavier group 14 elements and various
transition metals.*® Related to these complexes are species of formula L,M-ER in
which the transition metal is 6-bonded directly to the group 14 element. The first such
complex, Mes*GeFe(CO),R (Mes* = supermesityl, i.e. C¢H,-2,4,6-'Bus; R = Cp/Cp*),
which was reported by Jutzi and Leue in 1994, was characterized spectroscopically.’
Later Power and coworkers reported the synthesis of metallostannylene®,
Cp(CO);MSnArMe, and metalloplumbylene®, Cp(CO);MSnArP® (M = Cr, Mo, or W;
AMes = _C¢H;-2,6-(CeHy-2,4,6-Mes),;  Ar'P6 = -CgH;-2,6-(CeH,-2,4,6-Pr3),),
analogues, and related species!?. Attempts to generate the corresponding
metallogermylenes led to the fortuitous discovery of a metallogermylyne featuring a
molybdenum-germanium triple bond'! via carbon monoxide elimination (Scheme 1).
In contrast, the corresponding chemistry with the chromium or tungsten species
afforded several examples of the desired singly bonded metallogermylenes.'> Work by
Filippou and coworkers disclosed other routes to the metallogermylynes'® and
metallogermylenes (Scheme 1) and expanded their results to include the corresponding

complexes with triple bonds to tin'# and lead.!3

Power et. alll

THE, 50 °C
ArMeGeCl + Na[Mo(n’-C;H (CO);] ———————  (n*-C;H )(CO),Mo=GeArM¢+ NaCl
CO

Filippou et. al'3
toluene, 110 °C
trans-[W(dppe),(N,),] + Cp*GeX —— > trans-[(X)(dppe),W=Ge-Cp*]
2N,
X = halide; Ar™Me6 = -C,H;-2,6-(C4H,-2.4,6-Me;),

Scheme 1. Synthetic routes to metallogermylynes.

More recent work!® has shown that the above species can be synthesized by metathesis
2
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of the dimetallynes REER (R = terphenyl; E = Ge,!” Sn,!® or Pb'?) with the single or
triple  bonded transition metal species, (CO);CpMo-MoCp(CO); or
(CO),CpMo=MoCp(CO),.'¢ In addition, the distannyne and digermyne were reacted
with the group 6 carbonyls M(CO)g to form the cluster species, {Ar"#EM(CO)4}, (E =
Ge, Sn; Ar'P4 = -C¢H3-2,6-(CsH3-2,6-Pr3),).2° However, the reactivity of diplumbynes
towards simple transition metal carbonyls remains hardly explored. Herein, we report
the syntheses and characterizations of metalloplumbylenes Mn(CO)s(PbAr’*™) (1),
Fe(CO)4(PbATrP™0), (2), Cos(CO)o(PbArf®), (3) by reactions of the diplumbyne,

Ar'P"PbPbArP™, with the dinuclear metal carbonyls, Mn,(CO);o, Fe;(CO)g, Con(CO)s.

Experimental Section

General Procedures. All operations were carried out by using modified Schlenk
techniques or in a Vacuum Atmospheres OMNI-Lab drybox under an atmosphere of
dry argon or nitrogen. The lead compounds were manipulated with careful exclusion of
light due to the tendency of low-valent lead compounds to decompose or
disproportionate under illumination. Solvents were dried over an alumina column and
degassed prior to use.?! The compound Ar'P"*PbPbAr* was prepared according to
literature procedures.!” 2> Metal carbonyls were used as purchased without further
purification. Na[Mn(CO)s] was prepared by a modified literature procedure (see SI).%
23 The 'H, BC{'H}, **Co{'H}, and 2’Pb{'H} NMR spectra were recorded on a Varian
Inova 600 MHz spectrometer. The 'H and '*C {H}NMR spectra were referenced to the

residual solvent signals in C4Dg. The ¥*Co{'H} NMR spectrum was referenced to an
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external standard of a saturated solution of K3Co(CN)s (6 0.0 ppm) in D,O. The
207Pb{'H} NMR spectra were referenced to an external standard of PbMey (8 0.0 ppm)
in CDCI;. UV-Visible spectra were recorded in dilute hexane solutions in 3.5 mL quartz
cuvettes using an Olis 17 Modernized Cary 14 UV-Vis/NIR spectrophotometer.

Infrared spectra were collected on a Bruker Tensor 27 ATR-FTIR spectrometer.

Mn(CO)s(PbArir%) (1). Method A: ca. 50 mL of THF were added to a heavy-walled
Teflon tapped Schlenk flask charged with 0.395 g (0.29 mmol) Ar"®PbPbAr® and
0.122 g (0.31 mmol) Mn,(CO);. The flask was then sealed, and the solution was stirred
at ambient temperature for 2 days, and then heated to ca. 50 °C for 5 days, during which
time the color changed from dark brown to dark green. The solution was cooled to room
temperature, and filtered. The solution was then concentrated under reduced pressure
to ca. 10 mL, and cooled to a ca. -18 °C for one week to afford the product as teal
crystals of Mn(CO)s(PbAri*®) (1). Yield: 0.098 g, 19 %.

Method B: 0.46 g (2.11 mmol) Na[Mn(CO)s] in ca. 40 mL Et,O solution was added
dropwise over 15 minutes to a Schlenk flask charged with 1.472 g (0.96 mmol)
[ArP™Pb(u-Br)], and ca. 30 mL of Et,O at 0 °C,. After stirring for 2 days, during which
time the color changed from yellow to teal, solvent was removed and the residue was
extracted with hexanes, and filtered. The hexanes were removed under reduced pressure
and ca. 20 mL of Et,O was added. Storage of the solution at room temperature overnight
afforded teal crystals of Mn(CO)s(PbAri™®) (1) that were suitable for X-ray diffraction

studies. Yield: 1.392 g, 82 %. 'H NMR (600 MHz, C¢Dg, 298K, ppm): 6 = 1.09 (br,
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12H, p-CH(CHj;),), 1.19 (d, 12H, 0-CH(CH;),), 3Jyu = 6.6 Hz, 1.38 (d, 12H, o-
CH(CHa),), 3Jun = 6.6 Hz, 2.77 (sept, 2H, p-CH(CH;),), *Jyu = 7.2 Hz, 3.40 (br, 4H,
0-CH(CHjs),) 3Jyn = 5.8 Hz; 7.12 (br, 4H, m-Trip); 7.55 (t, 1H, p-C¢H3) *Jyu = 7.3 Hz,
8.03 (d, 2H, m-C¢H3) 3Jyn = 7.3 Hz. BC{'H} NMR (151 MHz, C¢Ds, 298K, ppm): 8 =
23.54 (0-CH(CH3),), 23.95 (0-CH(CHj3),), 27.44 (p-CH(CHjs),), 30.90 (0-CH(CHj3),),
34.78 (p-CH(CHjs),), 122.49 (br, m-Trip), 125.30 (p-C¢H3), 128.30 (m-CeHs), 133.02
(i-Trip), 140.54 (p-Trip), 146.38 (o-Trip), 149.17 (0-CgH3), 210.94 (br, CO), 282.93 (br,
CO).2Pb{'H} NMR (125 MHz, C¢Dg, 298K, ppm): 6 = 8007.2. ATR-FTIR: v¢o (cm™):
1958(s), 2060(m). UV-vis (hexane) Apa. = nm (¢ = M:em™): 332 (13700), 671 (1640).
Fe(CO)4(PbAriPré), (2). ca. 50 mL of Et,0 was added to a Schlenk flask charged with
0.452 g (0.33 mmol) Ar'P""PbPbAr’*® and 0.132 g (0.36 mmol) Fe,(CO)y. The solution
was stirred for 2 days, during which time the color changed from dark brown to green.
The solution was filtered, concentrated under reduced pressure to ca. 10 mL, and cooled
to ca. -18 °C for one week to afford crystals of Fe(CO)4(PbAri™™), (2) as green needles
that were suitable for X-ray diffraction studies. Yield: 0.295 g, 58 %. 'H NMR (600
MHz, C¢Ds, 298K, ppm): & = 1.13 (d, 12H, p-CH(CH3),), 3Jyn = 5.5 Hz. 1.28 (d, 12H,
0-CH(CHjs),), 3Jyu = 6.2 Hz, 1.36 (d, 12H, 0-CH(CHjs),), *Jyu = 7.0 Hz, 2.85 (sept, 2H,
p-CH(CHs),), 3Jun = 6.6 Hz, 3.46 (broad, 4H, 0-CH(CH;),) *Jyu = 5.8 Hz; 7.12 (s, 4H,
m-Trip); 7.51 (t, 1H, p-C¢H3) *Jyu = 7.1 Hz, 8.06 (d, 2H, m-C¢H3) *Jyy = 7.9 Hz.
BC{'H} NMR (151 MHz, C¢Ds, 298K, ppm): & = 23.46 (0-CH(CH3),), 24.24 (o-
CH(CHs;),), 27.14 (p-CH(CHs;),), 30.66 (0-CH(CHs;),), 34.73 (p-CH(CHs),), 120.73

(m-Trip), 124.99 (p-C4Hs), 128.29 (m-CgHs), 133.60 (i-Trip), 141.21 (p-Trip), 145.95
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(o-Trip), 149.00 (0-C¢H3), 295.48 (br, CO). 27Pb{'H} NMR (125 MHz, C¢Ds, 298K,
ppm): not observed. ATR-FTIR: veo (cm!): 1889(m), 1958(m), 2005(m), 2041(w).
UV-vis (hexane) Aya = nm (e = M:cm™): 341 (22700), 505 (3140), 641 (3000).

Co4(CO)o(PbAriPre), (3). ca. 50 mL of hexane was added to a Schlenk flask charged
with 0.330 g (0.24 mmol) Ar'P"*PbPbAr™ and 0.168 g (0.49 mmol) Co,(CO)g. After
stirring overnight, during which time the color changed from dark brown to dark red,
the solution was filtered, concentrated under reduced pressure to ca. 15 mL, and cooled
to ca. -30 °C for one week to afford crystals of Co(CO)o(PbAr*™), (3) as dark maroon
blocks that were suitable for X-ray diffraction studies. Yield: 0.299 g, 67 %. 'H NMR
(600 MHz, C¢D, 298K, ppm): 6 = 1.11 (d, 12H, p-CH(CHjs),), 3Jyn = 6.6 Hz. 1.38 (d,
12H, 0-CH(CHj;)y), 3Jun = 6.9 Hz, 1.56 (d, 12H, 0-CH(CHs),), 3Jyn = 6.9 Hz, 2.92
(sept, 2H, p-CH(CHjs),), 3Jyn = 7.1 Hz, 3.16 (broad, 4H, 0-CH(CHj3),) 3y = 7.4 Hz;
7.26 (s, 4H, m-Trip); 7.38 (t, 1H, p-CsH3) 3Jyn = 5.9 Hz, 7.88 (d, 2H, m-C¢H3) 3Jyn =
7.3 Hz. BC{'H} NMR (151 MHz, C¢Ds, 298K, ppm): & = 23.47 (0-CH(CH3),), 24.05
(0-CH(CHj3),), 26.14 (p-CH(CHs),), 31.08 (0-CH(CHj3),), 34.92 (p-CH(CH3),), 123.15
(m-Trip), 128.89 (p-CeH3), 134.74 (m-CeH3), 138.52 (i-Trip), 143.57 (p-Trip), 146.42
(o-Trip), 149.99 (0-CgH3), 213.17 (br, CO). 3°Co NMR (142 MHz, C¢Ds, 298K, ppm):
0 =-173.0 (Co(1), relative intensity = 1), -654.4 (Co(2) and Co(3), relative intensity =
2), -2016.0 (Co(4), relative intensity = 1). 27Pb{'H} NMR (125 MHz, C¢Ds, 298K,
ppm): & = 9010.4. ATR-FTIR: vco (cm!): 1820(m), 1849(m), 1948(m), 1972(s),

2008(m), 2035(m). UV-vis (hexane) Ay = nm (¢ = M--cm): 368 (shoulder, 57700).
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Results and Discussion

Synthesis. Metathetical exchange between group 14 dimetallynes, ArP*MMArP™ or
ArPMMArP® (M= Ge, Sn, or Pb) and (CO);CpMo-MoCp(CO); or
(CO),CpMo=MoCp(CO),, was shown earlier to afford the complexes,
Ar'P"M=MoCp(CO),, ArP*®™M=MoCp(CO),, and Ar’*M-MoCp(CO); or Ar’P*M-
MoCp(CO);.1¢ In particular, the relatively weak Pb-Pb bond of the diplumbyne?? is
expected to facilitate these reactions with metal-metal (M-M) bonded transition metal
carbonyl dimers, hence we studied the reactions of the nominally M-M bonded
dinuclear metal carbonyls Mn,(CO),g, Fe,(CO)y, Coy(CO)g with the diplumbyne,
Ar'PPbPbArP®.  Compounds Mn(CO)s(PbAriP®) (1), Fe(CO)4(PbArt®), (2),
Co4(CO)9(PbATP™0), (3) were attained by the reaction of the diplumbyne with the
dinuclear metal carbonyls either in ethereal solvents (Et,O or THF) or in hexanes
(Scheme 2). For compounds 2 and 3, the syntheses were carried at ambient temperature,

and the products were isolated in moderate to good yields. A similar approach to the

THF or Et,0

Mn,(CO),o h Mn(CO)5(PbArP®) (1)
ArPePbPbArFe  +  Fey(CO)q e Fe(CO),(PbArPr), (2)
Co,(CO)s <50°C Co,(CO)g(PbArPS), (3)

are = ) K J

Arr]’m

Scheme 2. Reactions of Ari*"®PbPbArifr¢ with metal carbonyls.
synthesis of 1 afforded a color change from dark brown to green. However, the major

signals in the "H NMR spectrum of the residue after removal of solvent were attributed
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to the unreacted starting materials. To avoid the propensity for decomposition of the
diplumbyne under irradiation, gentle heating was applied to the reaction solution after
stirring at room temperature for two days. This approach afforded 1 in low (ca. 20%)
yield. In contrast, an alternative approach to the synthesis of 1 via salt metathesis of
[ArP™Pb(u-Br)], and Na[Mn(CO)s] afforded 1 in a much higher (82%) yield.

The synthesis of 1 by reaction of ArP®PbPbAr®® and Mny(CO)o is formally a
metathetical exchange between the Pb=Pb ‘triple’ bond and the Mn-Mn single bond.
However, for steric reasons it seems unlikely that this reaction proceeds via intact
dinuclear metal carbonyls. In the cases of 1-3, it is proposed that the diplumbyne,
Ar'P"PbPbAriP™®, dissociates into ArP™Pb- radical fragment!® 26, followed by
subsequent reaction with Mn,(CQO);9, Fey(CO)y, or Coy(CO)s.

The yields of the reactions between diplumbyne and metal carbonyls are possibly
affected by the transition metal-metal (M-M) bond strength. Recently, Shaik and
coworkers presented computational studies on the M-M bonds in transition metal
complexes using of ab initio valence-bond methods, in which the M-M bonds of the
3d-series (group 3-10) are considered as pure charge shift bonds.?” The Mn-Mn bond
in Mn,(CO), is calculated to have a bond dissociation energy of 22.9 kcal/mol with a
charge-shift resonance energy of 24.5 kcal/mol (experimental 38.0 + 5 kcal/mol)®®
suggesting that the Mn-Mn bond is the strongest M-M bond among Mn,(CO);o,%’
Fes(CO)y (no Fe-Fe bond),?® and Co,(CO)g (9.8 keal/mol),?” which may account for the
relatively low yield of 1 in the reaction between Ar'PPbPbAri"™ and Mn,(CO);.

Both the teal crystals of 1, and green crystals of 2 are highly air-sensitive, and an
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immediate color change is observed upon their exposure to air. Dark maroon crystals
of 3 can be briefly handled in air without displaying significant color change.
Hydrocarbon solutions of 1, 2, and 3 were prone to decomposition by light over time,

with lead metal deposition and a lightening of the color of the solution.

Structures. The solid-state molecular structures of compounds 1, 2, and 3 were
determined by single crystal X-ray crystallography. Selected bond distances and bond
angles are given in Table 1, and the molecular structures of 1, 2, and 3 are illustrated in
Figures 1-3, respectively.

Compound 1 crystallized in the 12/a space group. The manganese atom in compound 1
is six-coordinate with a near-octahedral coordination geometry. The Pb- Mn distance is
2.838(4) A, which is slightly longer than the Pb-Mn single bonds in
[Pb{Mn(CO)s}3][AICl,] 30 (2.750(1)-2.785(1) A), and the Pb-Mn single bond in the
dimetalloborylene complex, (Ph;Pb)[Mn(n3-CsHs)(CO),],B, 2.703(7) A.3! The Pb-Mn
bond distance in 1 is slightly shorter than the sum (2.85 A) of the covalent radii of
Mn(1.39 A) and Pb(1.46 A).32-34 The interligand angles at the Mn atom range from
82.65(8)° to 96.75(11)° which deviate somewhat (<7.5°) from the 90° value expected
for idealized octahedral coordination. The C(1)-Pb(1)-Mn(1) angle at the lead atom is

106.45(5)°.
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Figure 1. Thermal ellipsoid (50%) plot of 1. H atoms and disordered groups are not shown for

clarity, the organic substituents are shown as wire frames.

The molecular structure of 2 showed that it has a six-coordinated iron atom with four
carbonyl ligands and two mutually cis-PbAr"® moieties, which afford distorted
octahedral coordination at iron. The interligand angles at the iron atom range from
75.0(5)° to 106.5(7)°. The deviation of interligand angles from ideal octahedral
geometry at iron is possibly due to the steric hindrance between the two cis-PbAriPr
moieties. The two Pb- Fe bond distances are 2.830(3) A, and 2.804(3) A, which are
slightly longer than the sum (2.78 A) of the covalent radii of Pb(1.46 A) and Fe(1.32
A).3234 The Pb-Fe bond lengths in 2 are slightly longer than the Pb-Fe distances,
(2.736(2) A and 2.728(2) A), observed in [Et,PbFe(CO);], by Wrackmeyer and

coworkers.? The relatively long Fe-Pb and Mn-Pb distances in 1 and 2 are consistent

10
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N

Figure 2. Thermal ellipsoid (50%) plot of 2. H atoms and disordered groups are not shown for

clarity, the organic substituents are shown as wire frames.

with a +2 oxidation state of lead as the o-bonds are likely to be dominated by the p-
orbital character from the Pb(Il) atom, assuming that the transition metal carbonyl
fragment carries a negative charge.’ The interligand angles at the lead atom(s) of 1
(106.45(5)°) and 2 (100.50(3)°, 102.70(3)°) are slightly narrower than those in the
Cp(CO);M-PbArP® (M=Cr, Mo, W) complexes (108.6(2)°-113.58(9)°)?, possibly due
to the steric differences between carbonyl groups and cyclopentadienyl group. The
structures of 1 and 2 can also be rationalized by the 18-electron rule where the PbArP™
moieties are 1-electron ligands bound to the transition metals.’

Compound 3 crystallized as dark maroon blocks in the P2,/c space group. The

molecular structure of 3 displays a near-tetrahedral Co,4 core bonded to a total of nine
11
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carbonyls and two PbAr’P™ moieties. Seven of the carbonyls are terminally bound, with
the remaining two carbonyls and one of the PbAr’P" moieties each bridging one of the
three edges linking the apical cobalt atom with the three basal cobalt atoms. The
remaining PbAri’® moiety bridges the face formed from the three basal cobalt atoms.
The apical cobalt atom carries only one terminal carbonyl, while each of the basal cobalt
atoms carry two terminal carbonyls. The structure of 3 therefore differs from that of
Co4(CO);,, where the apical atom is connected to three terminal carbonyls. The
structure of compound 3 conforms to Wade’s rules which predict a nido structure for

the tetracobalt tetrahedron core as it has n+2 (n=no. of vertices) skeletal electron pairs

Figure 3. Thermal ellipsoid (50%) plot of 3. H atoms and disordered groups are not shown for

clarity, the organic substituents are shown as wire frames.

for cluster bonding.36-37 The edge-bridging Pb-Co bonds are 2.5008(7) A and 2.5150(6)

A, while the average of the face-bridging Pb-Co distances is 2.5750(8) A, which is
12
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Table 1. Selected bond distances (A) and angles (°) for 1-3.

1 2 3
(M = Mn) (M =Fe) (M = Co)
Pb(1)-C(1) 2.313(13) Pb(1)-C(1) 2.229(2)
Pb-C 2.288(2) Pb(2)-C(37) 2.307(13) Pb(2)-C(37) 2.214(2)
2.5078(4) (average of edge-
Pb(1)-Fe(1) 2.800(2) bridging)
e 2.8376(%) Pb(2)-Fe(1) 2.829(2) 2.5735(4) (average of face-
bridging)
M-CO (average)  1.839(3) 1.772(19) 1.775@3) (terminal)

1.932(3) (bridging)

C(37)-Pb(2)-Co(4) 130.44(7)
C(37)-Pb(2)-Co(1) 162.43(7)

C(1)-Pb(1)-Fe(1) (edge-bridging)

102.70(3)

M-Pb-C 106.45(5) C(1)-Pb(1)-Co(1) 128.18(6)

C(1)-Pb(1)-Co(2) 153.22(6)
C(1)-Pb(1)-Co(3) 146.90(6)
(face-bridging)

C(37)-Pb(2)-Fe(1)
100.50(3)

slightly longer than the edge-bridging distance as expected for the higher coordination
number. The Co-Co lengths are similar to those of the Co-Co bonds (2.441(14) A to
2.527(10) A) in cobalt carbonyl clusters3 except that the Co(1)-Co(4) distance bridged
by the PbAriP moiety which is 2.7472(9) A, much longer than an average Co-Co bond,

2.499(1) A.3%4!1 The calculated structure of the unsaturated compound Co4(CO);;

reported by King and coworkers*? was predicted to have a u,-CO group bridging all
four cobalt atoms, where the structure of 3 resembles one of the predicted structures
with a butterfly array of cobalt atoms. The calculated structure indicated a long Co*-Co
distance between the two wingtips cobalt atoms 0f2.974 A (B3LYP) or 3.105 A (BP86),
in the Co, butterfly, 0.2~0.3 A longer than Co(1)-Co(4) in the structure of 3.2 The
structure of 3 displays wide interligand angles at the lead atoms (see Table 1) thus arises

from the bridging nature of the PbArP® moieties and the higher coordination number
13
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at lead atom. In addition, the sum of the angles at Pb(2) is 359.26(7)°, consistent with
a planar coordination geometry. The Pb-C distances in 1-3 range from 2.214(2) A to
2.313(13) A which are within the range of reported divalent aryllead species.***5 The
transition metal-carbon distances to the carbonyl groups are comparable to their parent
metal carbonyls.*¢
Spectroscopy. 'H and BC{'H} NMR spectra of 1, 2, and 3 indicate the high purity of
the samples. The 'H NMR spectra of 1 and 2 each displayed a set of signals which
correspond to the ligand, Ar’P4 Peak broadenings were observed in the 'H NMR
spectrum of 1 possibly due to restricted rotations of the flanking rings, which has been
noted previously.?> The "H NMR spectrum of 3 displayed two sets of peaks attributable
to the ligand which differ by approximately 0.01 ppm due to the two slightly different
environments of the face-bridging and edge-bridging lead atoms.
The BC{'H} NMR spectra of 1, 2, and 3 displayed signals similar to those in the
previously reported complexes, (n’-CsHs)(CO);sM-PbAr?® (M=Cr, Mo, W), including
3 where there was only one set of signals from the ligand, Ar'’®, The 3C{'H} NMR
spectrum of 1 displayed two peaks attributable to the carbonyl groups at 210.94 ppm,
and 282.93 ppm (Table 2) in an approximate integration ratio of 4:1, which correspond
to the COs cis and trans to the PbAr™ substituents. There is no indication of restricted
rotation around the Pb(1)-Mn(1) axis in the 3C{'H} NMR spectrum, consistent with a
single bond between Pb and Mn. The 3C{'H} NMR spectra of 2 and 3 each showed a
single broad signal at 295.48 ppm, and 213.17 ppm for the carbonyl groups,
respectively. (see Table 2) The 3C{'H} NMR spectrum of 2 can be understood by
14
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having an overall C,, symmetry for its solid-state structure. It is unclear of missing
signals in the BC{'H} NMR spectrum of 3, where it has been previously reported of
missing apical 13C signal in the BC{'H} NMR spectrum of Co4(CO);,.47
The 27Pb{!H} NMR spectra of 1 and 3 displayed broad signals at 8007.2 ppm, and
9010.4 ppm ( Table 2) which are in fair agreement with 2°’Pb NMR signals observed
for (’-CsHs)(CO);M-PbAriP® (M=Cr, Mo, W), 9374-9659 ppm,° are also the chemical
shift range for two-coordinated lead.** Signal broadening in 2°’Pb {'H} NMR spectrum
of 3 could be caused by coupling to multiple **Co atoms as 3°Co is a 7/2 spin nucleus
and thus quadrupolar.*® The 3°Co{!H} NMR spectrum of 3 displayed three signals at -
173.0 ppm, -654.4 ppm, and -2016.0 ppm, respectively. The intensity ratio of the three
signals is 1:2:1 which corresponds to the three different chemical environments for the
cobalt atoms seen in the crystal structure of 3. The chemical shifts in the 3°Co NMR
spectrum of tetrahedral clusters supported by carbonyl ligands are generally unaffected
by edge-bridging or face-bridging metals.*® The signal at -173.0 ppm can be assigned
to Co(1), the more intense signal at -654.4 ppm can be assigned to both Co(2) and Co(3)
where Co(1), Co(2) and Co(3) are all bonded to two terminal carbonyl ligands in its
solid state, and the signal at -2016.0 ppm to Co(4), which is bonded to two bridged
carbonyl ligands and one terminal carbonyl ligand, respectively, suggesting that solid-
state structure of 3 is also present in the solution structure. The chemical shifts of the
signals are close to those chemical shifts reported for Cos(CO);,, -668 ppm (apical Co),
and -2032 ppm (basal Co) in CDCl;.4
The UV-vis spectra of 1 and 2 showed absorptions at 671 nm and 641 nm (Table 2),
15
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respectively, which are attributed to the n-p transitions of the lead atoms as depicted in
DFT calculations (Figure 4). These absorptions are close to the reported values for (1)°-
CsHs)(CO);M-PbArP 611-624 nm.” However, the UV-vis spectrum of 3 displayed an
absorption at 368 nm that is blue-shifted compared to absorptions of plumbylenes,
possibly due to the large extinction coefficient of cobalt-centered electronic transition

where the absorption is very similar to what was reported for Co,(CO);, (372 nm).#

Q

la)

L

Figure 4. Depiction of calculated HOMO (1a) and LUMO (1b) of 1, calculated HOMO (2a) and
LUMO (2b) of 2. HOMO-LUMO gap of 1 is calculated at 340 kJ/mol, and 325 kJ/mol for 2,

hydrogens are omitted for clarity and the isovalue is set at 0.05.

Compounds 1-3 were also characterized by IR spectroscopy. The IR spectrum of 1

16
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displayed a similar pattern to that of the corresponding complex, (Ph;PAu)Mn(CO);
(1961(vs) cm!, 2062(s) cm™).3° The IR spectrum of 1 showed two vibrational modes
of the carbonyl groups, A; (1958(s) cm™), and E (2060(m) cm!), which correspond to
axial and equatorial CO stretching modes, respectively. The 4-band (2A;+B;+B,)
pattern in the IR spectrum of 2 is similar to what was reported for
(NHC)AI(Br)[(Fe(CO)4)’! (NHC = N-heterocyclic carbene) and cis-Fe(CO),4(SnR3),2.
CO stretching frequencies of 1 were calculated to be 1974 cm! for axial, 1975 cm! for
equatorial, and 2055 cm! for axial + equatorial. CO stretching frequencies of 2 were
calculated to be 1893 cm!, 1921 cm™!, 1967 cm’!, and 2008 cm!. The IR spectrum of

3 showed similarities with the calculated (BP86) vibrational frequencies of the

theoretical
Table 2. Selected spectroscopic data for 1-3.
1 2 3
(M = Mn) (M = Fe) (M = Co)
UV-vis (nm)? 332,671 341, 505, 641 368
1820(m), 1849(m),
IR(Vo) cml) 1958(s),  1889(m), 1958(m), 5 0 197(s),

2060(m)  2005(m), 2041(W) 5508 *035(m).

13C NMR (CO) 210.94,

(ppm)° 282.93 295.48 213.17
207
g}%ﬂ? 8007.2 - 9010.4

a. UV-vis spectra were collected in hexanes at 298K. b. BC{'H} NMR spectra were
17
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collected in C4Dg at 298K. ¢. 297Pb {'H} NMR spectra were collected in C4Dg at 298K.
butterfly complex Co4(CO);;, where the vibrational frequencies have relatively low
wavenumber values of 1820 cm! and 1849 cm!, which can be attributed to the bridging
carbonyl groups, and that 2008(m) cm™! and 2035(m) cm! to the terminal carbonyl
groups(2020(s), 2026(s), 2032(s)).*?

Conclusion

In conclusion, the syntheses and characterizations of complexes Mn(CO)s(PbAr*™) (1),
Fe(CO)4(PbATrP™0), (2), Cos(CO)o(PbAT™®), (3), have been described. They are rare
examples of complexes synthesized by interaction of group 14 dimetallyne and
dinuclear transition metal carbonyls. The reactivities of diplumbyne and dinuclear
metal carbonyls can be attributed to the charge-shift bond character of Pb=Pb triple
bond and M-M single bond. The syntheses of 1-3 are postulated to proceed via the
reactions of Ar’’Pb- radical fragment from the dissociation of Ar'P"PbPbAr"® with
Mny(CO)j9, Fep(CO)g, or Coy(CO)s. Further studies of these synthesized

metalloplumbylenes with small molecules are currently underway.
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