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Experimental Section

A solution of N-Pht-tert-leucine chloride (1.2 mmol) in CH,Cl, (3 mL) was
added at 0°C to a solution of the imine (1 mmol) in CH,Cl, (2 mL). After
the mixture was stirred for 30 min at room temperature it was again cooled
to 0°C, and the silylketene acetal (1.5 mmol) added. The reaction mixture
was stirred and warmed to room temperature over 72 h, then CH,Cl,
(10 mL) was added. The solution was then extracted with a 10 % NaHCO;
solution (10 mL) and a saturated NaCl solution (10 mL). The organic layer
was dried with Na,SO, and the solvent evaporated in vacuo. The products
were isolated from the remaining residue by flash chromatography on silica
gel with hexane/ethyl acetate mixtures as eluents. For yields and
diastereomer ratios see Table 1.

7k: m.p.146°C; [a]=—-98.5 (¢=0.5 in CHCL); 'H nmr (500 MHz,
CDCl;): d=0.65 (s, 3H; CHj, anisidine), 1.11 (s, 3H; Bu), 1.16 (s, 3H;
CHL,), 1.54 (s, 3H; CHs,), 3.60 (s, 3H; OCHL), 3.67 (s, 3H; OCH,), 3.95 (s,
3H; OCH,), 434 (s, 1H; aH, tLeu), 6.08 (d, 3/ =8 Hz, 1 H; oH, aryl), 6.44
(s, 1H; BH), 6.50 (d, 3/ =8 Hz, 2H; mH, aryl), 6.71-6.75 (br s, 2H; 3- and
5-H, anisidine), 6.86 (d, 3/ =8 Hz, 1H; oH, aryl), 7.08 (dd, 3/, =3/,=8 Hz,
1H; 4-H, anisidine), 7.51 (d, 3/ =7 Hz, 1 H; oH, Pht), 761 (ddd, 3/, =%/, =
7 Hz, “J=1Hz, 1H, mH, Pht), 7.65 (ddd, 3J,=3J,=7 Hz, ¥/ =1 Hz, 1H;
mH, Pht), 774 (d, 7 =7 Hz, 1 H; oH, Pht); *C nmr (125.8 MHz, CDCL):
8=1757 ((CH,),C), 21.34 ((CH,),C), 24.40 (CHj, anisidine), 27.86 (3C,
fBu), 37.32 ((CHa),C), 50.14 (1Bu), 51.69 (OCHy), 54.69 (OCHL,), 54.92
(OCHL,), 58.41 (8-CH), 65.52 (aCH-rLeu), 109.50 (3C, anisidine), 112.27
(m-C, aryl), 122.36 (5-C, anisidine), 122.71 (o-C, Pht), 122.95 (o-C, Pht),
127.11 (1-C, anisidine), 128.29 (6-C, anisidine), 129.12 (o-C, aryl), 130.68 (1-
C, aryl), 132.29 (C, Pht), 133.53 (m-C, Pht), 133.85 (4-C, anisidine), 141.07
(C, Pht), 155.87 (p-C, aryl), 158.74 (4-C, anisidine), 166.27 (C(O), tLeu),
16747 (2C, C(O), Pht), 17721 (CO,CH,); HR-MS: caled for CysH,oN,O,
[M*] 600.2836; found: 600.2823; elemental analysis calcd for C3sHyN,O;: C
69.98, H 6.71, N 4.66; found: C 69.86, H 6.72, N 4.83.
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Tetrakis(2,4,6-triisopropylphenyl)diplumbene:
A Molecule with a Lead — Lead Double Bond**
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Disilenes, digermenes, and distannenes—compounds with
Si—Si, Ge—Ge, and Sn—Sn double bonds—are now well-
established molecules, and their properties have been sum-
marized in several review articles.!'? They are usually
prepared by the primary generation of the carbene analogues
R,E: (E =Si, Ge, Sn) and subsequent dimerization. Diplum-
benes, molecules with a lead—lead double bond, were
unknown until now. Furthermore, structurally characterized
dialkyl-3-4 and diarylplumbylenes (-plumbanediyls)® % were
reported for the first time in the past few years. The latter
particles with electron sextets exist both in solution and in the
crystal as monomers without noticeable Pb—Pb interactions.
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A first breakthrough in the field of lead—lead contacts
between plumbylene molecules was achieved just recently
with the isolation of the heteroleptic plumbylene dimer 1,
which exhibits a Pb—Pb separation of 353.7(1) pm and a trans
bent angle of the substituents to the Pb—Pb vector of 40.8°."
Since intramolecular interactions in 1 between the fluorine

/SiR3 /SiR3
Rf R
P, /Pb-337-9-1>b/
4 /
¢ R
R si, SiR, 2

SiR; = Si(SiMes)s; R =2,4,6-(CF3),CsH,; R' =

atoms of the ortho-CF; groups and the lead atoms should
weaken rather than favor a possible lead—lead bond,! we
prepared, by the same route, another heteroleptic plumbylene
that exists in the solid state as the plumbylene dimer 2. In
comparison to 1, 2 has a shorter lead—lead separation of
337.0(1) pm and a bending angle of 46.5°.’] However, the
observed lead —lead distances in 2 and especially in 1 are still
markedly longer than the value of 295-300 pm calculated for
the parent compound H,Pb=PbH,.[* % 10

As the choice of substituents seems to be of decisive
importance for the formation of a lead —lead double bond, we
turned our attention to the 2.4,6-triisopropylphenyl group
(Tip), which was previously employed with success not only
for the synthesis of the first tetrasilabuta-1,3-diene,['!! but also
in the generation of the as yet only distannene that does not
dissociate into stannylene molecules in solution.'” The first
attempt to prepare the plumbylene 3 was reported by Okazaki
et al. Although these authors were able to demonstrate the
existence of this particle in solution up to —40°C by means of
trapping reactions, they were only able to isolate the
plumbanes Tip;PbX (X =Br, I) as solids.[*]

Reaction of the Grignard compound TipMgBr with lead (1)
chloride at low temperature furnished a violet solution from
which red crystals were isolated by rapid workup (Scheme 1).
The product is light- and very air-sensitive and is thermally
stable up to 75 °C. Spectral data recorded in the gas phase and

-110°C — 20°C .
2 PbCl, + 4 TipMgBr 2 Tip,Pb:
3
Tip

' /_ Tip

2 Tip,Pb: Y Pb=—Pb
Tip ! ] Tip=
Tip
3 4

Scheme 1. Synthesis of 3 and dimerization of 3 to 4.

in solution supported the presence of the plumbylene 3, which
exists for a short time in solution under strict exclusion of light
up to 298 K. However, the absence of a signal in the *'Pb
NMR spectra, recorded in the range between 0 =0 and 20000
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at 233 and 253 K, as well as the temperature dependence of
the *C NMR signal for the ipso-carbon atoms, which exhibits
a nonlinear shift to higher field on cooling from 298 (6 =
262.4) to 243K (6=236.2), are suggestive of a possible
equilibrium between 3 and the diplumbene 4.1

An X-ray crystallographic analysis of the red crystals
(Figure 1)['""1 showed that the diplumbene 4 actually does
exist in the solid state. The Pb—Pb bond length of

Figure 1. Structure of 4 in the crystal (hydrogen atoms omitted, ellipsoids
represent the 50% probability level). Selected bond lengths [pm] and
angles [°]: Pbl-Pb2 305.15(3), Pb1-C1 228.8(5), Pbl—Cl6 229.3(5),
Pb2—C31 230.5(5), Pb2—C46 231.2(5); C1-Pb1-C16 97.8(2), C31-Pb2-C46
102.3(2), C1-Pbl-Pb2 100.5(1), C16-Pbl-Pb2 131.8(2), C31-Pb2-Pbl
99.6(1), C46-Pb2-Pb1 123.5(1).

305.15(3) pm is merely 5 to 10 pm longer than that calculated
for H,Pb=PbH,. The folding angles of 43.9° and 51.2° are
somewhat smaller than the theoretically calculated values of
around 55°.7%10 Such deviations, which have also been
observed in the distannenes,”! are possibly due to the
replacement of hydrogen atoms in the parent compound by
the bulky aryl groups. This may also be the reason for the only
moderate torsion of 21.7° about the double bond.

With the synthesis of compound 4, homonuclear double
bonds between all elements of Group 14 have been realized
for the first time. In contrast to C—C double bonds, the bonds
between the heavier elements—especially in the case of
lead—arise through a double donor-acceptor interaction
between the respective doubly occupied 6s orbitals and the
empty 6p orbitals of two singlet plumbylene molecules 3
(Figure 2). The low tendency for plumbylenes to undergo
dimerization and the weakness of the resultant Pb—Pb double

652/\613
Qp Qr I/

P —

//Dk/@%@ /]

Figure 2. Orbital interactions in the formation of a diplumbene from two
singlet plumbylenes.
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bond may be due in part to the relativistic contraction of the
6s electron pairs, which are only available for bond formation
to a limited extent.'”l Furthermore, this mode of bond
formation clearly demonstrates that the lengths of homonu-
clear double bonds between the heavier elements of Group 14
may well be in the same range as or even larger than the
corresponding single bonds.

Experimental Section

At —110°C solid lead(t1) chloride (5.6 g, 20 mmol) was added to a solution
of the Grignard reagent TipMgBr, prepared from 1-bromo-2.,4,6-triisopro-
pylbenzene (11.44 g, 40.4 mmol) and magnesium (3.0 g, 123 mmol) in THF
(100 mL), and the resultant mixture was warmed with vigorous stirring to
room temperature within 20 min. The THF solvent was removed by
distillation under vacuum, and the residue extracted with n-hexane (2 x
50 mL). After separation of the magnesium salts the violet solution was
concentrated to a volume of 40 mL and allowed to crystallize at —50°C.
Red crystals (5.8 g, 47%) of 4 were obtained: m.p. 75°C (decomp.).
Spectroscopic data of 3 in solution: 'H NMR (300 MHz, [Dg]toluene,
283K): 0=1.14 (d, 24H, J(HH)=6.7Hz), 123 (d, 12H, 3J(HH) =
6.9 Hz, 2.72 (m, 2H), 2.82 (m, 4H), 7.68 (s, 4H); 3C NMR (75 MHz,
[Dg]toluene, 283 K): 6 =24.22, 24.37, 35.56, 36.28, 128.57, 14745, 15745,
255.62 (ipso-C, 'J(3C."Pb) = 1100 Hz at 298 K); MS (CI, isobutane): m/z
(%): 614 (100, M*); UV/Vis (n-hexane): A, (€) =321, 385, 541 nm (960).
Elemental analysis of 4 (C4Hg,Pb,): found (calcd): C 58.57 (58.70), H 7.68
(7.55).
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[1,3], [3,3], and [3,5] Sigmatropic Rearrange-
ments of Esters Are Pseudopericyclic**

David M. Birney,* Xiaolian Xu, and Sihyun Ham

In 1969 the famous paper by Woodward and Hoffmann
describing the conservation of orbital symmetry was pub-
lished in this journal.l! All of the well-known rules regarding
pericyclic reactions assume that there is a cyclic loop of
interacting m orbitals. However, it is possible to have a
pericyclic reaction in which this condition is not fulfilled, that
is, in which there is not cyclic m overlap. The unique
characteristics of these “pseudopericyclic” reactions?! have
been described in detail elsewhere;P! they can be briefly
summarized as follows: 1) These reactions have planar
transition states, 2) they may have very low barriers if the
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