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ABSTRACT: X-ray crystallographic NMR and calculational modeling studies using B3LYP/6-
311G* of selected dilithium derivatives of the 1,3-butadiene dianion including cis-dilithio-1,4-
bis(TMS)-2-butene·(TMEDA)2 2, internally solvated cis-dilithio-1,4-bis[bis(2-methoxyethyl)-
aminomethyldimethylsilyl]-2-butene 5, and using only modeling, 1,4-dilithio-2-butene·(TMEDA)2
9 reveal remarkably similar structural and NMR parameters. In the solid, 5 consists of unusual “T” shaped dynamic clusters. In all
three bridging lithiums are sited between 1.8 and 1.9 Å normal to the centroids of opposite faces of the near coplanar of the 2-
butene component. Typical bond lengths of the latter are 1.458 ± 0.004, 1.385 ± 0.006, and 1.459 ± 0.003 Å, for C1−C2, C2−
C3, and C3−C4, respectively. The 13C chemical shifts lie within the ranges δ 21 ± 0.5, 99 ± 0.7, 99 ± 0.7 and 21 ± 0.5 for C1,
C2 and C3 together, and C4, respectively. Dynamic 13C NMR provides activation parameters for nitrogen inversion in 2 and 5,
overall molecular inversion of 5, and conformational interconversion of 2.

■ INTRODUCTION
One of the few simple π conjugated dianions1 is the result of
two electron reduction of 1,3-dienes2a or of 1,4-dimetalation of
2-butenes or substituted 2-butenes.2b−d,3 In related chemistry
many 1,3-dienes react cleanly with magnesium metal to form
adducts of formula (1,3-diene·Mg)n.

4 These metal derivatives of
the butadiene dianion system have found wide use in organic
synthesis.
Questions regarding the nature of 1,3-diene-dianions and

their metal derivatives have been treated theoretically.5 In these
treatments the main conclusions regarding the dilithium
derivatives include a cisoid bridged dilithium structure with
negative charge concentrated at the termini, 1. Thus the central
C2−C3 bond has considerably higher π character compared to
the C1−C2 and C3−C4 bonds, respectively.

These characteristics are common features among X-ray
crystallographic results that have been published, for example,
for 1,4-dilithio-1,4-diphenyl-2-butene,6 dilithio bis-
(tr imethyls i ly l)-o -xylene,7 and 1,4-di l i thio-1,4-bis-
(trimethylsilyl)-2-butene·(TMEDA)2, 2.

8

Interactions that are known to compromise π conjugation
include substituent effects and different kinds of geometric
distortions such as those due to ring strain and steric effects. In
addition we described examples of nominally delocalized ion-
paired lithium carbanide salts within which the degree of
delocalization depends critically on the relative orientation of
anion and cation. For example NMR studies showed externally
solvated 1-trimethylsilylallyllithium 3 to be fully delocalized
with lithium normal to the centroid of the allyl plane. By
contrast X-ray crystallography and NMR studies of its internally

coordinated analogue 4 show it to be partly localized.9 It was
proposed that the ligand tether in 4 is too short to place Li
normal to the allyl plane at its centroid as in the case of
externally solvated 3. Instead, the ligand in 4 places Li normal
to this plane at one of the allyl termini. From this aberrant site

electrostatic interactions between Li and the allyl moiety
polarize allyl to become partly localized. We have named this
effect site specific electrostatic perturbation of conjugation,
SSEPOC.9
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Herein, to assess the possible operation of SSEPOC on the
1,4-dilithio-1,4-bis(silyl)-but-2-ene system, we now report the
results of X-ray crystallographic and NMR studies of potentially
internally coordinated 1,4-dilithio-1,4-bis[bis(2-methoxyethyl)-
aminomethyldimethylsilyl]-but-2-ene 5 and compare our
findings to those reported by Field8 and our own for its
externally solvated analogue 1,4-dilithio-1,4-bis(trimethylsilyl)-
but-2-ene-(TMEDA)2, 2.

8

■ RESULTS AND DISCUSSION
Compound 2 was prepared as described in the literature.8 The
synthesis of 5 is outlined below, see 6 → 7 → 8 → 5 (Scheme
1).

X-ray crystallography of 5 reveals two independent molecules
in the same asymmetric unit with very similar structures, and
they are labeled 5A and 5B. The ORTEP diagram for 5A is
shown in Figure 1a. The unit cell contains two 5A and two 5B
molecules, and they are arranged as two “T” shaped dimers
with 5A and 5B occupying, respectively, the horizontal and
vertical components of the “T”; see Figure 1b. The shortest
separation between the 5A and 5B molecules within the 5A·5B
dimer is 2.883 Å, between C13A and a hydrogen on C14B,
which is close to the van der Waals radius sum of 2.8 Å. Both
5A and 5B have essentially the same geometrical features.
While several aromatic compounds have been claimed to
assemble into “T” shaped clusters,10 as of this writing there
have been no reports of dimeric “T” shaped molecular
structures in the solid state based on X-ray crystallography.
However in the case of 5A and 5B large negative charges at the
butenediyl termini may well facilitate the “T” shaped dimer to
reduce intermolecular repulsion. Such “T” shaped arrangements
are not observed in the unit cell of 2.8

For comparison purposes selected structural parameters for
compounds 2 and 5A are displayed in Figures 2 and 3,
respectively. These two compounds have several structural

features in common. The butenediyl units in each are cisoid
and near coplanar. Both are lithium bridged with lithium atoms
normal to the centroids on opposite faces of the C1, C2, C3,
and C4 near planes. The distances of the lithium atoms from
the least-squares plane through the atoms C1, C2, C3, and C4,
as numbered in Figure 3 are not significantly different in 5A
and 5B and are as follows: For Li1A and Li2A of 5A and for
Li1B and Li2B of 5B the distances are 1.871(5), 1.863(5),
1.866(5), and 1.877(5), respectively, all in Å. For the
equivalently sited lithium atoms in 2 the distances are both
1.81 Å by symmetry.
In compound 2 each lithium is bidentately coordinated to a

single TMEDA, while in 5A and 5B the entire species is
internally solvated with each lithium tridentately coordinated to
a single pendant ligand. The butenediyl bond lengths are also
remarkably similar. They are for 2 in the order C1−C2, C2−
C3, and C3−C4, 1.49(3), 1.34(3), and 1.45(3), respectively, all
in Å, whereas for 5A the corresponding values, in the same
order, are 1.454(4), 1.372(4), and 1.454(4) and for 5B they are
1.465(4), 1.378(4), and 1.457(4) also all in Å. These results
imply that 2 and 5A and 5B have similar electronic structures.
The main difference between the internally solvated 5A and 5B
and externally solvated 2 two lies in the orientation of the
terminal butenediyl silicon bonds. In 2 these are nearly
coplanar with the butenediyl moiety, whereas in 5A and 5B the
corresponding bonds are bent externally on opposite sides with
respect to the butenediyl plane. This places the two silicons in
5A and 5B ca. 0.8 Å normal to opposite faces of the butenediyl
plane. Thus in 5A Si1A and Si2A are −0.788(1) Å and 0.814(1)
Å, respectively, from the plane through C1A, C2A, C3A, and
C4A, whereas for 5B the corresponding values for Si1B and
Si2B are, respectively, −0.794(1) Å and 0.829(1) Å from the
plane through C1B, C2B, C3B, and C4B. The associated
torsional angles are Si1A, C1A, C2A, C3A, 151.1(2)°; C2A,
C3A, C4A, Si2A, 149.1(2)°; Si1B, C1B, C2B, C3B 150.8(3)°;
C2B, C3B, C4B, Si2B, 149.5(2)°. Thus it appears that the
arrangement of the silicons in 2 and 5A and 5B accommodates
the core dilithio butenediyl unit in these species to a common
framework. The bending of Si1−C2 and Si2−C4 bonds from
the butenediyl plane is also responsible for the chiral character
of 5A and 5B.
It is also of note that in both 5A and 5B the distances from

lithium to the terminal butenediyl carbons are different. Thus
where silicon and lithium are on the same side of the butenediyl
plane the larger lithium terminal butenediyl carbon separation
is to the carbon directly bonded to the latter silicon. For
example in 5A Li2A is closer to C1A than to C4A the
separations being C1A−Li2A = 2.400(5) Å and C4A−Li2A =
2.447(5) Å. In similar fashion Li1A is closer to C4A than to
C1A with separations C4A−Li1A = 2.412(6) Å and C1A−Li1A
= 2.446(5) Å. Similar effects apply to 5B. This effect is clearly
due to cisoid steric repulsions between lithium and the adjacent
silicon.
At room temperature the C2 and C3 13C resonances of 2 in

diethyl ether-d10 solution give rise to a single sharp line. On
cooling of the sample this resonance progressively broadens,
and by 160 K it resolved into a 1:2:1 triplet, see Figure 4. The
corresponding resonances for the terminal butenediyl carbons
behave in a similar fashion. A possible interpretation of these
results may be that compound 2 actually consists of two
interconverting species in diethyl ether-d10 solution, the 1,4-
(exo,exo) structure reported previously8 and a second one
assigned as 1,4-(endo,exo), as proposed in Figure 5.

Scheme 1
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Proposed chemical shifts assigned for 2-(1,4-exo,exo) and 2-
(1,4-endo,exo) are listed around the two butenenedyil
frameworks in Figures 6 and 7, respectively. In our assignment
of 2-(1,4-endo,exo) the “U” shaped butenediyl is maintained

to maximize electrostatic attractions between the lithiums and
the negatively charged terminal butenediyl carbons. Then
interconversion between 2-(1,4-exo,exo) and 2-(1,4-en-
do,exo) would take place via rotations around the terminal

Figure 1. (a) ORTEP diagram of 5A. (b) ORTEP diagram of the 5A·5B cluster.

Figure 2. Compound 2 with selected X-ray crystallographical
structural parameters taken from ref 8.

Figure 3. Compound 5A with selected X-ray crystallographic bond
lengths (Å) and angles (deg). Li1 and Li2 butenediyl centroid
separations are 1.875(5) and 1.863(5) Å, respectively.

The Journal of Organic Chemistry Article

dx.doi.org/10.1021/jo302439t | J. Org. Chem. 2013, 78, 1149−11561151



butenediyl carbon carbon single bonds, one at a time as
proposed in Figure 5. Selected 13C and proton NMR shifts for
5 in THF-d8 are listed around the structure in Figure 8. Note

that while compound 5 consists of two slightly different
structures in the solid state, solution NMR displays just one set
of chemical shifts. This is not unreasonable since the “T”
shaped cluster would not be expected to prevail in THF-d8
solution. Besides, even it were stable in solution the structures
and 5A and 5B are so similar that 13C chemical shift differences
between would be too small to detect.
The 13C shifts interpreted for the butenediyl moieties of 2-

(1,4-exo,exo) and 2-(1,4-endo,exo) and 5 are remarkably
similar; see Figures 6, 7, and 8. Those for C2 and C3 lie well
within the range 100 ± 1 δ while the terminal butenediyl shifts
are all within 21 ± 1 δ. These values are consistent with the
C2−C3 π bond and single bonds for C1−C2 and C3−C4
revealed by the X-ray crystallographic data for 2-(1,4-exo,exo),
5A, and 5B. Our proton shifts for the conformers of 2 in diethyl
ether-d10 are very similar to those reported by Field using
benzene-d6 solutions.8 However Field reported only a single

Figure 4. Compound 5 at 0.4 M concentration in THF-d8 solution.
13C NMR line shapes for C2 and C3 (left) observed at different
temperatures, K, and (right) calculated to fit with first-order rate
constants.

Figure 5. Interconversion scheme of 2-(1,4-endo,exo) with 2-(1,4-
exo,exo), carbon framework of bonds.

Figure 6. Compound 2 at 0.2 M concentration in diethyl ether-d10 at
160 K, 13C and (1H) NMR shift assignments for 2-(1,4-exo,exo), δ
units.

Figure 7. Compound 2 at 0.2 M concentration in diethyl ether-d10 at
160 K, 13C and (1H) NMR shift assignments for 2-(1,4-endo,exo), δ
units.

Figure 8. Compound 5 at 0.2 M concentration in THF-d8 at 200 K,
13C and (1H) NMR shifts, δ units.
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conformer and that 7Li NMR of 2 in benzene-d6 solution at
room temperature displayed triplet splitting of 1.5 Hz due to
7Li spin coupling to the terminal butenediyl hydrogens.8 This
assignment was confirmed by means of proton decoupling.8 By
contrast our sample in diethyl ether-d10 did not display such
spin coupling down to 160 K. Its absence could not be due to
fast 7Li nuclear electric quadrupole induced relaxation since the
7Li NMR of this sample consisted of a single sharp line down to
160 K. It is conceivable that fast bimolecular mutual exchange
of lithiums between 2’s might be responsible for the absence of
observable 7Li proton spin coupling. The rate of this mutual
exchange would have to be fast relative to the NMR time scale
in diethyl ether-d10 even at 160 K but slow in benzene up to
room temperature.8

The results of modeling calculations on the systems reported
herein using B3LYP/6-311G*12,13 are almost identical to those
observed and reveal some interesting common features. These
results are compared with the experimental ones in Table 1.
Thus, starting with its X-ray parameters compound 2 (exo,exo)
was modeled as a monomeric gas phase species. Optimization
produced only the 1,4-(exo,exo) conformer of 2 described
above. The final optimized geometry is stable as based on
frequency calculation. Calculated structural parameters and 13C
shifts using GIAO are almost the same as those observed
experimentally. See Table 2.

In similar fashion, modeling 5A and 5B, first as the “T”
shaped cluster and then separately, reveal results almost
identical to those observed from X-ray crystallography, Tables
1 and 2. Finally, to acquire some insight into the role of TMS in
structures 2, 5A, and 5B, we were interested in obtaining the
parent compound, TMEDA complexed dilithio butenediyl, 9.
We were unable to prepare this compound pure. However we
have modeled it in similar fashion to those described above,
using published structural parameters for 28 and then replacing
the TMS groups with hydrogens. Selected resulting structural
parameters and 13C butenediyl shifts are listed around the
structure in Figure 9. These values are remarkably close to

those both observed and calculated for 2, 5A, and 5B. All
species investigated experimentally and by calculation show the
same butenediyl bond lengths, similar lithium centroid
separations, almost identical 13C NMR shifts, and by calculation
very similar Mulliken and natural charges, Table 1. Apparently
silicon substitution has very little influence on the structure of
the core dilithio butenediyl moiety. Thus it appears that among

Table 1. Structural Features, Observed and Calculated, for Compounds 2, 5, and 9

5A 5B 5A 5B

2, X-ray8 2, B3LYP/6-311G* 9, B3LYP/6-311G* X-ray B3LYP/6-311G*

Bond Lengths (Å)
1, 2 1.45(3) 1.4569 1.4555 1.454(4) 1.465(4) 1.4592 1.4578
2, 3 1.33(3) 1.3895 1.3974 1.372(4) 1.378(4) 1.3859 1.3859
3, 4 1.45(3) 1.4620 1.4530 1.454(4) 1.457(4) 1.4688 1.4593

Li Centroid Separation (Å)
1.81 1.86 1.86 1.866(5) 1.821(5) 2.0501 1.8711
1.81 1.86 1.94 1.877(5) 1.863(6) 1.8736 2.0880

Mulliken Charges
CA
1 −0.879 −0.7184 −0.8932 −0.8271
2 −0.323 −0.336 −0.3388 −0.3348
3 −0.330 −0.3110 −0.3354 −0.3379
4 −0.879 −0.7181 −0.8278 −0.8329

Natural Charges
1 −1.1805 −0.9299 −1.1050 −1.1044
2 −0.4211 −0.4799 −0.3656 −0.3614
3 −0.4474 −0.4535 −0.3637 −0.3672
4 −1.1203 −0.9228 −1.1039 −1.1069

Table 2. 13C Chemical Shifts (δ) of 2, 5, and 9, Observed
and Calculated

2 obsda
2

calcdb

C exo,exo endo,exo exo,exo
9

calcdb 5 obsdc
5A

calcdb
5B

calcdb

1 21.80 20.55 20.46 14.90 21.90 19.31 19.01
2 99.31 98.07 93.16 97.49 103.37 100.14 100.63
3 99.31 100.44 99.94 99.98 103.37 100.05 99.43
4 21.80 23.47 20.16 13.63 21.90 19.05 20.22

aIn diethyl ether-d10.
bB3LYP/6-311G*. cIn THF-d8.

Figure 9. Compound 9 modeled using B3LYP/6-311G*; calculated
bond lengths (Å), bond angles (deg), and 13C shifts (δ); Li centroid
separations are upper 1.860 Å and lower 1.814 Å.
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the results described herein and published so far for salts of the
dilithium butenediyl system, the dilithium butendyl unit has the
same structure throughout.
Compounds 2 and 5 exhibit some interesting changes of

NMR line shape due to different molecular reorganization
processes. As noted above, on the basis of 13C NMR line shapes
of 2 in diethyl ether-d10 at 160 K and averaging effects with
temperature, Figure 4, we proposed that 2 in solution consists
two interconverting rotamers, 2-(1,4-endo,exo) and 2-(1,4-
exo,exo), the rates of interconversion increasing with temper-
ature; see Figure 5. Using the scheme in Figure 5 NMR line
shape analysis of the averaging butenediyl 13C resonances of 2,
shown in Figure 4, gives rise to the activation parameters for 2-
(1,4-exo,exo) interconverting with 2-(1,4-endo,exo) listed in
Table 3. In addition, 13C NMR of TMEDA coordinated to 2

also undergoes changes in line shape with temperature. Thus
the 1:1 doublet observed for the geminal N-methyls at 150 K
progressively averages with increasing temperature to a single
line by 230 K. These changes are most likely the result of fast
reversible N−Li dissociation accompanied by inversion at
nitrogen. NMR line shape analysis yields the activation
parameters listed in Table 3.
Changes in 13C NMR lineshapes were also observed for

compound 5. Carbon-13 and proton shifts observed for 5 in
THF-d8 solution at 200 K are listed around the structure in
Figure 8. Doublet splitting observed for the geminal methyl 13C
NMR supports the chiral structure of 5. With increasing
temperature this doublet progressively averages to a single line
by 280 K. Such averaging is diagnostic of overall molecular
inversion as proposed in Figure 10. Most likely it is the overall
result of transfer of coordinated lithiums between faces of the
butenediyl plane. Thus, NMR line shape analysis of changes in
the geminal methyl 13C resonance yielded the dynamics of
overall inversion of 5. The resulting activation parameters are
listed in Table 4.
In addition to revealing overall inversion of 5, NMR also

provided kinetic evidence for separate inversion at nitrogen. At
low temperature, 200 K, all carbons within a ligand are

magnetically nonequivalent. However the two pendant ligands
within 5 have the same set of 13C chemical shifts. Thus at low
temperature we observe clean 1:1 13C doublets for methoxy,
OCH2, and N(CH2CH2O) carbons, respectively. With
increasing temperature each of these doublets progressively
averages to a single line at its respective center. NMR line shape
analysis of all these averaging doublets due to the ligand
carbons gives rise to the same specific rates. The resulting
activation parameters are listed in Table 4. These effects are
most likely the result of fast reversible ligand lithium
dissociation accompanied by inversion at nitrogen.
While we can recognize the overall reorganization processes

responsible for these changes in NMR line shapes, the detailed
mechanisms of these processes are still unknown. It is attractive
to speculate that partial localization of the butenediyl dianion
moiety 10, to delocalized allyl anion with localized C−, 11, may
have a role in some of these reorganizations, see 10 → 11,
without substituents.

Interestingly our ΔH⧧ values are close to the crude Huckel
estimate of 7.5 kcal/mol for the transformation 10 → 11.

■ CONCLUSIONS
In summary, the results presented herein demonstrate the
integrity of the di-Li+ bridged cisoid butenediyl dianion whose
structural features appear to be independent of the nature of Li+

coordination and of silicon substitution. In the solid state
internally coordinated 5 assembles into “T” shaped dimeric
clusters, one of few such definitively established examples.
These systems undergo fast equilibrium molecular reorganiza-
tions.

■ EXPERIMENTAL SECTION
(cis,trans)-1,4-Bis(chloromethyldimethylsilyl)but-2-ene, 7. A

solution of (cis,trans)-1,4-dichlorobut-2-ene. (8.9 g, 71 mmol) in THF
(20 mL) was added to a suspension of magnesium powder grade 4

Table 3. Compound 2 in Diethyl Ether-d10. Activation
Parameters for Nitrogen Inversion (1) and Interconversion
between 2-(exo,exo) and 2-(endo,exo) (2 and 3)

no. 13C resonance ΔH⧧ (kcal mol−1) ΔS⧧ (eu)

1 N(CH3)2 6.7 ± 1 −6.4 ± 0.8
2 C1, C2 4.2 ± 0.5 −22 ± 2
3 C2, C3 4.2 ± 0.5 −22 ± 2

Figure 10. Overall inversion of compound 5.

Table 4. Compound 5 in THF-d8. Activation Parameters for
Inversion at Nitrogen (1−3) and Overall Inversion (4)

no. 13C resonance ΔH⧧ (kcal mol−1) ΔS⧧ (eu)

1 OCH3 7.4 ± 1 −14 ± 2
2 OCH2 7.4 ± 1 −15 ± 2
3 NCH2CH2O 7.2 ± 1 −15 ± 2
4 Si(CH3)2 6.5 ± 0.8 −24 ± 3
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(3.5 g, 144 mmol) in dry freshly distilled THF (200 mL) at a rate
consistent with maintaining the reaction temperature at 50−60 °C.
The mixture was stirred at 60 °C for 48 h until the magnesium powder
almost disappeared. The mixture was cooled to 0 °C with an ice bath,
chloro(chloromethyl)dimethylsilane (18 g, 128 mmol) was added, and
the mixture was stirred for 1 h at room temperature. Then 100 mL of
ice−water was added dropwise with ice bath cooling. The products
were extracted into diethyl ether (3 × 50 mL). The combined extracts
were dried over NaSO4 and filtered, and the solvent was removed in
vacuo. Distillation of the residue bp 82−86 °C/0.5 Torr gave 7.6 g of
the title compound as a colorless liquid in 44.7% yield. 1H NMR
(CDCl3, 250 MHz, δ): 0.08, 0.10 (bs, 12H, SiMe2), 1.52, 1.55 (bd, 4H,
H1,4), 2.75 2.77 (bs, 4H, CH2Cl), 5.26, 5.30 (bm, 2H, H

2.3). 13C NMR
(CDCl3, 62.9 MHz, δ): −4.9, −4.7 (SiMe2), 14.8, 19.6 (C1,4), 29.9,
30.0 (CH2Cl, 122.8, 124.1 (C2,3).
(cis ,trans)-1,4-Bis[bis(2-methoxyethyl)aminomethyl-

dimethylsilyl]but-2-ene, 8. Under an argon atmosphere, bis(2-
methoxyethyl)amine (4 g, 30 mmol) and a mixture of cis- and trans-
1,4-bis(chloromethyldimethysilyl)but-2-ene (2.02 g, 7.5 mmol) were
introduced into a 50 mL round-bottomed flask equipped with a
magnetic stir bar and reflux condenser. The mixture was heated to 120
°C and stirred for 4 days. Then 10 mL of 2 N aqueous KOH was
added. The mixture was extracted with CHCl3 (3 × 25 mL). The
CHCl3 layers were combined and washed with saturated aqueous
NaCl solution and dried with NaSO4. After filtration, the solvent was
removed in vacuo. Column chromatography gave 2.42 g of the title
compound as a red liquid in 69.8% yield. 1H NMR (CDCl3, 250 MHz,
δ): 0.02, 0.04 (bs, 12H, SiMe2), 1.42 1.44 (d, 4H, H1,4), 2.08, 2.10 (d,
4H, SiCH2N), 2.66 (t, 8H, NCH2). 3.30 (s, 12H, OCH3), 3.45 (t, 8H,
CH2O), 5.19, 5.28 (bt, 2H, H2,3). 13C NMR (CDCl3, 62.9 MHz, δ):
−3.2, −3.0 (SiMe2), 16.4, 21.3 (C1,4), 45.9 (SiCH2N), 57.3 (NCH2),
58.8 (OCH3), 70.9 (CH2O), 123.1, 124.4 (C2,3).
1,4-Dilithio-1,4-bis[bis(2-methoxyethyl)aminomethyl-

dimethylsilyl]but-2-ene, 5. A 10 mL Schenk tube equipped with a
magnetic stir bar and argon inlet tube was flame-dried under vacuum
and flushed with argon. Freshly distilled dry diethyl ether (2 mL) and a
solution of n-BuLi in hexane (1.32 mL, 1.6 M, 2.1 mmol) was added
by syringe. After cooling the solution to −78 °C with a dry ice/acetone
b a t h . ( c i s , t r a n s ) - 1 , 4 -B i s [ b i s ( 2 -me t ho x y e t h y l ) am ino
methyldimethylsilyl]but-2-ene (0.462 g, 1.0 mmol) was introduced
slowly by syringe. After 30 min at room temperature the solution
turned deep red. After stirring overnight the solution was concentrated
in vacuo, washed with pentane (3 × 4 mL), and then dried in vacuo. A
0.2 M solution of 5 in THF-d8 was prepared for NMR studies. 1H
NMR (THF-d8, 250 MHz, δ): −0.1(12H, s, SiMe2), 0.43 (2H, m,
H1,4), 1.83 (4H, br, SiCH2N), 2.59 (8H, br, NCH2), 3.34 (8H, t,
CH2O), 3.40 (12H, s, OCH3), 4.98 (2H, m, H

2,3). 13C NMR (THF-d8,
75.5 MHz, δ): 0.3 (SiMe2), 22.0 (C

1,4), 50.2 (SiCH2N), 55.2 (NCH2),
57.4 (OCH3), 69.6 (CH2O), 103.4 (C2,3). 7Li NMR (THF-d8, 116.6
MHz, δ): 1.71.

■ CALCULATIONS
Models of 2, 5, and 9 have been calculated at the MPWPW91 and
B3LYP levels of theory starting with basis set 3-21G and building up to
6-311G* using starting parameters from published crystallographic
data. Optimized structures were confirmed as stable ground state
structures with the usual frequency calculations.12,13 Given the
MPWPW91 and B3LYP results 13C NMR shifts were then calculated
using GIAO.14
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