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There has been intense, recent interest in the synthesis and
properties of heavier Group-14-element (Si-Pb) analogues of
carbocations."?! However, they have proven difficult to
isolate in the absence of stabilization by further coordination
of the Group 14 element. Many have been intramolecularly
stabilized by solvation of the cationic center by either
unsaturated moieties®>! or by N-, O-, S-, or P-centered
Lewis base donors.®10:1314181921.24] Qthers have been inter-
molecularly stabilized through coordination with various
solvent molecules.”7*12% Nonetheless, a number of groups
have shown that essentially free, uncomplexed silicon,
germanium, and tin species can be isolated and structurally
characterized."1318202L3] For the heaviest Group 14 ele-
ments, tin and lead, work had been focused primarily on
derivatized cyclopentadienyl half-sandwich complexes, where
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the metal cation is 1’ bonded to five carbon atoms of the
cyclopentadienyl ring."*!7 Parallel, recent work has shown
that bulky terphenyl ligands can stablize a range of low-
coordinate neutral and anionic species with unusual or
previously unknown bonding.””! We were therefore anxious
to test the effectiveness of these useful monodentate ligands
in stabilizing cationic Group 14 species with unusually low
coordination numbers. We chose to focus initially on the
synthesis of a one-coordinate lead cation because [Ar*Pb]*,
(Ar* =2,6-Trip,-C¢Hj3; Trip = C¢H,-2,4,6-iPr3), is isoelectronic
to the neutral Ar*Tl compound which has a one coordinate
thallium center.”®! We now show that weakly solvated, quasi-
one-coordinate lead cations can be prepared by the reaction
of Ar¥*PbMe with B(C,Fs), to give the salt [Ar*Pb-n’>-PhMe]
[MeB(C4Fs);] (1) as shown in Equation (1). Furthermore we
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show that the weakly complexed toluene in 1 can be readily
displaced by pyridine to afford the salt [Ar*Pb(py),]
[MeB(CeFs)s] (2).

The reaction of Ar*PbMe with 1 equiv of B(C4F;);*) in
toluene yielded an orange oil. Upon recrystallization from
hexane, the salt 1 was obtained as red-orange needles. Single-
crystal X-ray crystallography® showed that 1 (Figure 1)
consisted of an [Ar*Pb]* ion as well as a [MeB(C¢Fs);]”
counterion. There are no close interactions (<3.964 A)
between the lead and the anion. The metal is bound to the

Figure 1. Molecular structure of 1; hydrogen atoms are not shown for
clarity. Selected bond lengths [A] and angles [°]: Pb1-C1 2.250(7), Pb1-
C37 2.832(10), Pb1-C42 2.907(9), Pb-(centroid) 2.827, Pb1-F10A 3.963;
C1-Pb1-C37 99.3(2), C1-Pb1-(centroid) 127.0(2), Pb1-C37-C42 79.4(2),
Pb1-C37-C38 86.1(2).
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Ar* ligand through the Cl-ipso carbon atom and interacts
with the solvent toluene through the C37 and C42 carbon
atoms. The Pb—C1 bond length is 2.250(7) A, and this is
marginally shorter than the corresponding bond length
(2.272(9) A) in the precursor Ar¥PbMe.”!! The Pb-toluene
centroid distance is 2.827 A and the C1-Pbl-centroid angle is
127.0°. However, the Pb—C interactions involving the toluene-
ring carbon atoms span a wide range from 2.832-3.438 A, and
the closest involve atoms C37 (2.832(10)A) and C42
(2.907(9) A), which suggests that the Pb—toluene interaction
is best described as being of 1’ type. The closest contact
between the cationic lead center and [B(CH;)(C4Fs)s]™ is
3.963(6) A for Pbl-~-F10A. This separation is substantially
longer than the Pb"—F bond lengths found in complexes such
as [PbF(AsF;)] or [Pb(HF)(AsFy),], which have Pb—F bond
lengths in the ranges 2.272(8) to 3.071(9) and 2.48(4) to
3.06(3) A, respectively.”?! The *’"Pb NMR spectrum of 1 in
C,Dy displayed a broad signal, far downfield at 8974 ppm.F?
The "“FNMR spectrum displayed three distinct signals
characteristic of [MeB(C¢Fs);]~ due to the ortho, meta, and
para Fatoms of the C¢Fs groups. These signals appear at
similar shifts to those observed in transition-metal™ and
main-group-metal®” salts that have [MeB(C¢Fs);]” as a
counterion. DFT calculations®™ on the model species
[PhPb-C¢H¢]* or [PhPb-PhMe]* afforded an energy of inter-
action versus aryl ring distance plot (Figure 2), which had a
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Figure 2. Calculated interaction energies between [PhPb]" and benzene
or toluene. Interaction energies (AE) are given in kcalmol™.

minimum near 3.2 A (compared with ~2.85 A in the crystal
structure). The calculated maximum interaction energy (8-
9 kcalmol™') suggests significant dissociation in solution.
However, the actual energy may be significantly lower due
to the greater bulk of the ligand in 1 and the fact that, at the
experimental distance near 2.85 A, the interaction energy is
calculated to be ~5 kcalmol .

The reaction of 1 in toluene at 25°C with 2 equiv of
pyridine [Eq. (2)] results in an immediate color change from
orange to pale yellow. X-ray quality crystals of 2 were isolated
after recrystallization from hexane.”” The structure of 2
(Figure 3) consists of well-separated cations and anions. The
lead center in the cation is bound to Ar* and two pyridine
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Figure 3. Molecular structure of 2; hydrogen atoms are not shown for
clarity. Selected bond lengths [A] and angles [°]: C1-Pb1 2.313(5), Pb1-
N3 2.409(5), Pb1-N4 2.512(5); C1-Pb1-N3 90.39(2), C1-Pb1-N4
106.67(2), N3-Pb1-N4 80.10(2).

groups to produce a pyramidal metal coordination. Clearly,
pyridine has readily displaced the coordinated toluene to
afford the salt [Ar*Pb(py),][MeB(C4Fs);] (2). The Pb—C bond
length is lengthened to 2.313(5) A and the two Pb-N
separations are 2.409(5) and 2.512(5) A. The pyramidal
coordination geometry at the Pb center is indicated by the
angles C1-Pb1-N3, C1-Pbl-N4, and N3-Pb1-N4 (90.39(2),
106.67(2), and 80.10(2)°, respectively; sum of angles=
277.16°). The *’Pb NMR spectrum of 2 in C,D, displayed a
signal at 4764 ppm—about 4000 ppm upfield of 1.

The long Pb—C(toluene) bond lengths and low-field
27Pb NMR chemical shift observed for 1 support the view
that it is primarily a one-coordinate [Ar*Pb]t ion that is
loosely coordinated to a solvent toluene molecule. The Pb—
C(n*-PhMe) distances may be compared with the Pb—C
separations found in the salts [(1)>-CsMes)Pb]*X~ (X =BF,"
or CF;S0;"), which range from 2.512 to 2.598 A. The Pb—
centroid length for [(n>-CsMes)Pb]* was found to be near
2.27 Al Thus, the Pb—centroid separation in 1 is over 0.5 A
longer than those in the above salts."* It is also notable that
within the toluene ring in 1, the C—C bonds average 1.38 A,
and the crucial C37—C42 (1.370(2) A) bond is not elongated
relative to free toluene.” The downfield *’Pb NMR chem-
ical shift of 8974 ppm may be compared to the —4961 and
—5041 ppm observed for [(n’-CsMes)Pb]CF;SO; and [(n’-
C;Me;)Pb]BF,, respectively.'! The chemical shift for com-
pound 1 is thus more than 13500 ppm downfield of these [(n’-
CsMe;)Pb]" salts. This very large difference is consistent with
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a lower effective coordination number in 1 and weak
coordination of PhMe to lead. It is notable that the
27pb NMR chemical shift of the two-coordinate precursor
Ar*PbMe (7420 ppm)P' also lies upfield of that of 1, which
further supports the weak n>-solvation of Pb by toluene.

The [Ar*Pb]* fragment is isoelectronic to [Ar*Tl], the
structure of which has been already described.® In [Ar*TI],
the thallium center is monocoordinate and the TI—C(ipso)
bond length is 2.34(1) A,”® which is ~0.09 A longer than the
Pb—C bond in 1. The shorter value for Pb—Cl is probably due
to the cationic character of [Ar*Pb]*; however, since Pb and
Tl have similar covalent radii,*” the lack of any increase in the
Pb—C(ipso) distance upon interaction with toluene is con-
sistent with weak solvation. In [Ar*Pb(py),]*, the large size of
the aryl substituent is reflected in the over 15° difference in
bond angles of N3-Pbl-C(ipso) (90.39(2)°) and N4-Pbl-
C(ipso) (106.67(2)°) and the very narrow N3-Pb1-N4 angle
(80.10(2)°). The Pb—C(ipso) bond distance increases to
2313(5) A (compared with 2.251(7) A in 1), which is con-
sistent with the higher lead coordination number. The Pb—N
bond lengths (2.409(5) and 2.512(5) A) are similar to those
seen in [Pb(Br)Ar*]-py (2.502(4) A),*" and are much shorter
than those found in the PbBr, complexes [{(4-
MeH,CsN),-PbBr,},,]*® and [{(3-MeH,CsN),-PbBr,},] (both
2.60(2) A),*®! and in the plumbocene—pyridine complexes
[Pb(n’-CsHs), TMEDA  and  [Pb(n’-CsHs),]-4,4-Me,bpy
(Pb—N 2.702-2.879 A; bpy = bipyridyl),* which have higher
effective coordination numbers at their Pb centers. The
27Pb NMR chemical shift of 2 is at ~4000 ppm higher field
compared to 1, which is consistent with an increase in
coordination number from one to three.

In summary, the plumbyl cation 1, which contains a quasi-
one-coordinate lead center, was obtained through methanide-
ion capture using B(CsFg);. The structural and spectroscopic
data show that it is stabilized by a weak interaction with a
toluene molecule that can be readily displaced by pyridine.

Experimental Section
All manipulations were carried out under anaerobic and anhydrous
conditions.

1: The compound Ar*PbMel! (0.704 g, 1.0 mmol) was dissolved
in toluene (20 mL) and added dropwise to a solution of B(CyFs);
(0.518 g, 1.0 mmol) in toluene (20mL) at ~0°C with constant
stirring. The reaction mixture, which was initially red, became orange
after about 4 h. The reaction was allowed to warm to room temper-
ature and stirred overnight. The toluene was removed under reduced
pressure and the orange oil was extracted with hexane (50 mL). After
filtering through celite, the volume of the orange solution was
reduced to initiate crystallization and stored in a freezer at —20°C for
2 days to give product 1 as orange crystals (0.682 g, 52%); m.p. 228
236°C; '"H NMR (C¢D,, 300 K): 6=0.632 (s, 3H, B-CH;), 1.019 (d,
12H, 0-CH(CHS),, *Jy; = 6.6 Hz), 1.059 (d, 12H, 0-CH(CH,),, /iy =
6.8 Hz), 1.211 (d, 12H, p-CH(CH,),, *Jyy; =7.2 Hz), 2.104 (s, 3H,
C¢H;-CH,), 2.753 (sept, p-CH(CHs;),, *Jyy = 6.8 Hz), 2.913 (sept, o-
CH(CHs,),, *Jyy = 6.8 Hz), 6.997 (t, 1 H, p-C;Hs-CH,, *Jyy = 7.5 Hz), &
7.017 (d, 2H, 0-C4Hs-CHy, 3Jyy = 7.4 Hz), 7.107 (t, 2H, m-C,Hs-CHs,,
3au=7.5Hz), 7263 (s, 4H, m-Trip), 7.911 (d, 2H, m-C¢Hs, Ty =
7.2 Hz), 8508 ppm (t, 1H, p-C¢Hs, *Juy=7.6 Hz); “C{'H} NMR
(C¢Dg, 300 K): 6 =14.29 ([H;CB(CFs)s]*, CH;), 21.36 (CH5-CHs),
23.69 (0-CH(CH,),), 23.85 (0-CH(CHs),), 24.92 (p-CH(CH,),), 30.53
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(0-CH(CH,),), 34.65 (p-CH(CHs),), 122.72 (m-Trip), 125.53 (p-C¢H;-
CH;), 125.63 (p-C¢H;), 12848  (m-CHs-CH;), 129.14
([H;CB(C4F5)s]*, ipso-C), 129.42 (0-C,Hs-CHj), 133.89 (ipso-Trip),
138.29 ([H;CB(C4Fs)s]t, m-C, p-C), 142.24 (m-CHs), 145.18 (o-Trip),
148.33 ([H;CB(CFs);s]t, 0-C), 149.54 (p-C¢Hs), 15234 (0-CHs),
356.57 ppm  (ipso-C¢H;); *Pb{'H}NMR (C,D,, 300K): o=
8974 ppm; '"B{'HJNMR (CiDs, 300K): O=—-11.62ppm;
YF{'H} NMR (C¢Dg, 300K): 6=-104.45 (t, 6F, Jgz=24.4 Hz),
—102.13 (s br, 3F), —69.27 ppm (d, 6F, 3/ =20.8 Hz).

2: 1 (1.40g, 1.07 mmol), was dissolved in toluene (25 mL).
Pyridine (0.2 mL, 2.48 mmol) was added to the orange solution while
stirring. The reaction mixture, which immediately became pale yellow
on the addition of pyridine, was then stirred overnight. The volatile
solvent was then removed and the residue was extracted with hexanes
(50 mL). The solution was filtered through celite and concentrated to
induce crystallization (15 mL) and stored in a freezer at —20°C for
2 days to afford 2 as colorless crystals (0.615 g, 40%); m.p. 210-
215°C; "H NMR (C¢D, 300 K): 6=0.529 (s, 3H, B-CH;), 0.856 (d,
12H, p-CH(CHS),, *J iy = 6.8 Hz); 1.030 (d, 12H, 0-CH(CH,),, Jyyy =
6.4 Hz), 1.169 (d, 12H, 0-CH(CHs),, /gy =72 Hz), 2.696 (sept, p-
CH(CHs),, *Jyy = 6.8 Hz), 2.887 (sept, 0-CH(CHa),, *Jy;=7.28 Hz),
6.584 (t, 4H, m-CsH;N, *Jyy, = 6.4 Hz), 6.969 (s, 4H, m-Trip), 7.228 (1,
1H, p-CsH;N, *Jyy=7.6 Hz), 7.249 (t, 2H, p-CsH;N, Iy =7.6 Hz),
7.452 (m-CgHs, *Jyy=7.2 Hz), 7.818 ppm (d, 4H, 0-CsHN, /iy =
6.6 Hz), “C{'"H} NMR (C,D,, 300 K): 6 =14.319 (CH;-B), 24.198 (o-
CH(CH,),), 24.424 (0-CH(CHs;),), 26.381 (p-CH(CH,),), 30.819 (o-
CH(CHs,),), 34.862 (p-CH(CH,),), 121.118 (m-Trip), 124.887 (m-
CsH;5N), 125.693 (p-CsHs), 131.958 ([H3CB(CyFs)s]~, ipso-C), 135.448
(0-CsH;5N), 136.770 (ipso-Trip), 137.35 ([H;CB(C4Fs);]~, p-C), 137.56
([(H;CB(C4Fs);]~, m-C), 141.235 (m-C4H,), 145.605 (o-Trip), 146.823
(p-Trip), 147.475 ([H;CB(C4Fs)s]™, 0-C), 147.839 (o-CsHs),
149.253 ppm (p-CsHsN); ipso-CsH; not observed; *Pb{'H} NMR
(CeDg, 300K): 6=4764 ppm; "B{'HNMR (C¢D;s, 300K): 0=
—13.62 ppm; “F{'H} NMR (CsDs, 300 K): 6 =—105.65 (t, 6F, *Jr =
24.4 Hz), —103.34 (s br, 3F), —70.21 ppm (d, 6 F, 3/ =20.8 Hz).
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