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Introduction

Although they belong to one of the oldest known organo-
metallic families, alkali–zincate compounds of mixed alkyl-ACHTUNGTRENNUNGamido formulation are among the youngest established
potent organometallic bases. Many aromatic and heteroaro-
matic substrates, which are generally inert to familiar neu-
tral organozinc compounds (R2Zn) can now be selectively
metalated with this new, improved generation of zincate re-
agent [M+ ACHTUNGTRENNUNG(R2NZnR2)

�].[1] Often superior in terms of func-
tional-group tolerance, compatibility with more organic sub-
strates, and milder experimental conditions than classical
lithiation methods, these new metalations, which are zinc–
hydrogen exchange reactions assisted by the presence of a
charge-balancing alkali metal cation, can be interpreted as
“alkali-metal-mediated zincations” (AMMZn).[2] A range of

Abstract: Two potassium–dialkyl–
TMP–zincate bases [(pmdeta)K ACHTUNGTRENNUNG(m-Et)-ACHTUNGTRENNUNG(m-tmp)Zn(Et)] (1) (PMDETA=

N,N,N’,N’’,N’’-pentamethyldiethylene-
triamine, TMP =2,2,6,6-tetramethylpi-
peridide), and [(pmdeta)KACHTUNGTRENNUNG(m-nBu) ACHTUNGTRENNUNG(m-
tmp)Zn ACHTUNGTRENNUNG(nBu)] (2), have been synthe-
sized by a simple co-complexation pro-
cedure. Treatment of 1 with a series of
substituted 4-R-pyridines (R= Me2N,
H, Et, iPr, tBu, and Ph) gave 2-zincat-
ed products of the general formula [{2-
Zn(Et)2-m-4-R-C5H3N}2·2{KACHTUNGTRENNUNG(pmdeta)}]
(3–8, respectively) in isolated crystal-
line yields of 53, 16, 7, 23, 67, and
51 %, respectively; the treatment of 2
with 4-tBu-pyridine gave [{2-ZnACHTUNGTRENNUNG(nBu)2-
m-4-tBu-C5H3N}2·2{KACHTUNGTRENNUNG(pmdeta)}] (9) in
an isolated crystalline yield of 58 %.

Single-crystal X-ray crystallographic
and NMR spectroscopic characteriza-
tion of 3–9 revealed a novel structural
motif consisting of a dianionic dihy-
droanthracene-like tricyclic ring system
with a central diazadicarbadizinca
(ZnCN)2 ring, face-capped on either
side by PMDETA-wrapped K+ cations.
All the new metalated pyridine com-
plexes share this dimeric arrangement.
As determined by NMR spectroscopic
investigations of the reaction filtrates,
those solutions producing 3, 7, 8, and 9
appear to be essentially clean reactions,

in contrast to those producing 4, 5, and
6, which also contain laterally zincated
coproducts. In all of these metalation
reactions, the potassium–zincate base
acts as an amido transfer agent with a
subsequent ligand-exchange mecha-
nism (amido replacing alkyl) inhibited
by the coordinative saturation, and
thus, low Lewis acidity of the 4-coordi-
nate Zn centers in these dimeric mole-
cules. Studies on analogous trialkyl–
zincate reagents in the absence and
presence of stoichiometric or substoi-
chiometric amounts of TMP(H) estab-
lished the importance of Zn�N bonds
for efficient zincation.Keywords: alkali metals · metala-

tion · potassium · pyridine ·
zincation

[a] B. Conway, D. V. Graham, Dr. E. Hevia, Dr. A. R. Kennedy,
Prof. R. E. Mulvey
WestCHEM, Department of Pure and Applied Chemistry
University of Strathclyde, Glasgow, G1 1XL (UK)
Fax: (+44) 141-552-0876
E-mail : r.e.mulvey@strath.ac.uk

[b] Prof. W. Clegg, Dr. L. Russo
School of Chemistry, Newcastle University
Newcastle upon Tyne, NE1 7RU (UK)

[c] Dr. D. S. Wright
Chemistry Department, University of Cambridge
Lensfield Road, Cambridge, CB2 1EW (UK)

Supporting information for this article is available on the WWW
under http://dx.doi.org/10.1002/chem.200900549.

� 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2009, 15, 7074 – 70827074



other mildly electropositive, soft metals including alumi-
num,[3] cadmium,[4] iron,[5] magnesium,[6,1] and manganese[7]

have similarly been transformed into powerful selective met-
alating agents through this special alkali-metal-mediated
phenomenon. Two widely studied reagents in the context of
AMMZn are TMP based, one being the lithium–zincate [Li-ACHTUNGTRENNUNG(tmp)ZnACHTUNGTRENNUNG(tBu)2] (TMP =2,2,6,6-tetramethylpiperidide) de-
veloped by Kondo and Uchiyama[8,2c] and the other is the
sodium analogue [(tmeda)NaACHTUNGTRENNUNG(m-tBu) ACHTUNGTRENNUNG(m-tmp)Zn ACHTUNGTRENNUNG(tBu)]
(TMEDA= N,N,N’,N’-tetramethylethylenediamine) made by
our own group,[2b] whereas Knochel has recently introduced
an efficient zincating reagent by mixing the lithium–mag-
nesiate Mg ACHTUNGTRENNUNG(tmp)2·2LiCl with the halide ZnCl2.

[9]

Although synthetically, structurally, and mechanistically
the use of these lithium– and sodium–TMP–zincate reagents
in AMMZn applications is largely well understood, little
comparable information is available on potassium–TMP–
zincate chemistry. Because the alkali metal plays a pivotal,
albeit supporting, role in AMMZn methodology, and given
that major distinctions exist between certain lithium,
sodium, and potassium congeners in other classes of organo-
metallic compounds, we decided to develop a complementa-
ry TMP–zincate chemistry of potassium. Our previously re-
ported starting point was to introduce the diethyl derivative
of the potassium–TMP–zincate [(pmdeta)K ACHTUNGTRENNUNG(m-Et) ACHTUNGTRENNUNG(m-
tmp)Zn(Et)] (1) (PMDETA= N,N,N’,N’’,N’’-pentamethyl-
diethylenetriamine) and to establish its potential as a syner-
gic (potassium-zinc cooperative) zincating base through pre-
liminary reactions with 4-(dimethylamino)pyridine and 4-
methoxypyridine.[10] Herein, in an extension and elaboration
of previous work, we report a systematic study of 1 with a
wide range of pyridine substrates, comparing and contrasting
its behavior in both stoichiometric and catalytic reactions
with those of related potassium–dialkyl–TMP–zincates and
potassium–trialkyl–zincates (TMP free). Significantly, this
study uncovers important fundamental differences between
1 and analogous lithium– and sodium–TMP–zincates, under-
lining the fact that alkali-metal effects that are predominate-
ly structural in origin must be explicitly taken into account
to attain a full explanation of zincate chemistry.

Results and Discussion

Synthesis of the new potassium–zincate bases : The same re-
action methodology was employed to prepare each of the
desired potassium–TMP–zincate bases [(pmdeta)K ACHTUNGTRENNUNG(m-R) ACHTUNGTRENNUNG(m-
tmp)Zn(R)] (1, R=Et; 2, R= nBu) (Scheme 1). Trimethylsi-
lylmethylpotassium, Me3SiCH2K, proved to be a convenient
potassium source. Previously, it has been made by reduction
of bis(trimethylsilylmethyl)mercury with potassium metal
under subambient conditions, but this method affords a haz-
ardous mercury amalgam byproduct.[11] Our safer ambient-
temperature approach was a metathetical precipitation reac-
tion between the lithium congener Me3SiCH2Li and the alk-
oxide tBuOK, from which Me3SiCH2K was obtained as a
white solid in a good isolated yield of 93 %. Its purity was
established by 1H NMR spectroscopy. Next, Me3SiCH2K was
converted to (pmdeta)K ACHTUNGTRENNUNG(tmp) by initial addition of the
amine TMP(H) followed by PMDETA (or vice versa), and
the interlocking co-complexation process (Scheme 1) was
completed by addition of the appropriate dialkylzinc (Et2Zn
or nBu2Zn) reagent. Diethyl reagent 1 and the butyl homo-
logue 2 were obtained in solid (colorless and crystalline)
form (in isolated yields of 61 and 20 %, respectively) and
were also identified from easily assignable 1H and 13C NMR
spectra (see the Experimental Section for details). Adding
to the database of potassium–zincate structures,[12] which is
relatively sparse compared with those of other categories of
alkali-metal organometallic compounds, the previously re-
ported molecular structure of 1[10] is depicted in Scheme 1.
Designed based upon a KNZnC ring of four different atoms,
terminal PMDETA (3� N) and Et (1 �C) ligands on K and
Zn, respectively, complete the structure. Substituting Et li-
gands by nBu may be dimensionally significant, but the
gross molecular structure of 2 is essentially equivalent to
that of 1.

AMMZn reactions of pyridine substrates : Our initial objec-
tive was to accumulate definitive structural information on
the zincated intermediates formed from this series of reac-
tions, so the focus was on growing, from solution, suitable
crystals for single-crystal X-ray crystallographic characteri-
zation. Note, however, that the reaction filtrates obtained
following isolation of the crystalline products have also been

probed by NMR spectroscopic
studies (see later). Following
the general protocol shown in
Scheme 1, the base 1, prepared
in situ in hexane solution, was
treated with one molar equiva-
lent of 4-dimethylaminopyri-
dine, pyridine, 4-ethylpyridine,
4-isopropylpyridine, 4-tert-bu-
tylpyridine, or 4-phenylpyridine.
These reactions yielded the
crystalline products [{2-Zn(Et)2-
m-4-R-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}]
(R=Me2N (3), H (4), Et (5),Scheme 1. Interlocking co-complexation synthesis of the new synergic base 1.
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iPr (6), tBu (7), and Ph (8)) in isolated yields of 53, 16, 7,
23, 67, and 51 %, respectively (Scheme 2). In addition, reac-
tion of the dibutyl reagent 2 with 4-tert-butylpyridine afford-
ed a 58 % crystalline yield of [{2-Zn ACHTUNGTRENNUNG(nBu)2-m-4-tBu-
C5H3N}2·2{KACHTUNGTRENNUNG(pmdeta)}] (9). Owing to the close similarity be-
tween 9 and the family of diethyl analogues, no attempts
were made to grow more crystalline complexes from reac-
tions of 2 with other pyridine substrates because it was as-
sumed that 9 would be representative of a common structur-
al motif. All of these new potassium–zincates were charac-
terized by single-crystal X-ray crystallography, and solutions
of the potassium–zincates, as well as reaction filtrates (fol-
lowing removal of the crystalline products), were analyzed
by 1H and 13C NMR spectroscopy. These results are now dis-
cussed in turn.

Solid-state structures : The diethyl–zincate family and their
dibutyl analogue 9 share a common dimeric structural motif.
For brevity, only the specific structures of 4 and 9 are shown
(Figures 1 and 2, respectively) because they are representa-
tive of the complete series 3–9. As in the case of previously
reported 3,[10] structures 4–9 can be viewed as het ACHTUNGTRENNUNGero ACHTUNGTRENNUNGcyclic
9,10-dihydroanthracene mimics, each with a central diazadi-
carbadizinca (ZnCN)2 ring, capped above and below by a
potassium cation, which is complexed with a PMDETA
ligand. All of these discrete molecules sit on crystallographi-
cally imposed inversion centers. Note that there are two,
nearly identical, independent molecules of 8 in the asym-
metric unit of the crystal structure. Across the series, the
central hexagonal (ZnCN)2 ring is essentially planar and lies
in the same plane as the two outer pyridyl rings as illustrat-
ed by the small dihedral angles between the pyridyl ring
plane and the central (ZnCN)2 ring plane (the range for 3–7
and 9 is 1.0(8)–2.93(15) and 1.2(4)8, respectively), although
the values for 8 are slightly larger (5.80(19) and 12.52(14)8,
respectively). In 8 the phenyl rings are also twisted out of
the pyridine ring plane (torsion angles for C26-C27-C30-C31
and C2-C3-C6-C7 are 39·0(5) and 34.4(5)8, respectively. See
the Supporting Information for the atom labeling scheme).
Within each structure, the monomeric unit of the anthra-
cene-like dianionic system comprises a pyridine molecule

substituted at the 2-position by
a diethylzinc molecule (indica-
tive of the zinc–hydrogen ex-
change process inherent in
AMMZn), with the dimeriza-
tion junction being comprised
of antiparallel (head-to-tail)
dative Zn�N ACHTUNGTRENNUNG(pyr) bonds (pyr=

pyridine). Overall, zinc occu-
pies a modestly distorted tetra-
hedral C3N environment (with
a range of the mean bond
angles across the series from
109.22 to 109.348). Nine atoms

(C �4 and N � 5) fill the coordination sphere of the larger
potassium cation comprising two nonequivalent h2-N,C in-
teractions with the pyridyl rings (involving the anionic de-
protonated C center), which leads to an unsymmetrically
bound tridentate PMDETA ligand, and contacts to two a-C
atoms of two Et or nBu ligands.

Remarkably little variation is observed in the comparative
dimensions of structures 3–8. The mean lengths of the
“anionic” Zn�C bonds cover the narrow range 2.067–
2.1007 � (D=0·0337 �), all of which are shorter than the
Zn�N dative bonds (in the range 2.167(4)–2.280(16) �; D

0.061 �). In line with increasing steric demands, the shortest
Zn�N bond involves substituent-free pyridine, whereas the
longest Zn�N bond involves the 4-tBu-substituted deriva-
tive. Interactions between the potassium ion and the central
(ZnCN)2 ring are generally biased towards one N,C unit and
form shorter contacts (e.g., in 3, K�N, 3.036(13) �; K�C,

Scheme 2. Zincation reactions of 4-substituted pyridines.

Figure 1. Molecular structure of the 2-zincated pyridine compound [{2-
Zn(Et)2-m-4-H-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] 4. Minor disorder and hydrogen
atoms are omitted for clarity. The dashed line represents potassium–h2-
N,C interactions with the pyridine rings.
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3.1139(16) �) than with the other (K�N, 3.2905(13) �; K�C,
3.2791(15) �). Potassium also engages in long, weak, elec-
tron-deficient interactions with the zinc-bound ethyl ligands
(in the range of K�Ca lengths 3.140(2)–3.3896(17) �). Sig-
nificantly shorter are the dative K�N (PMDETA) bonds,
which cover the range 2.8422(14)–3.0512(19) �.

The molecular architecture shared by structures 3–9 ap-
pears to be unique compared with any metalated pyridine
derivative. There are a handful of literature compounds that
possess a similar dihydroanthracene-type polycyclic arrange-
ment. For example, p-block dimethylaluminum and -gallium
complexes of unsubstituted pyridine, [Me2E ACHTUNGTRENNUNG(m-pyr)]2 (E=Al
or Ga), have central (NCE)2 shallow boat rings.[13] The d-
block complex [(Br) ACHTUNGTRENNUNG(PPh3)Pd ACHTUNGTRENNUNG(m-pyr)]2

[14] and the s-block
complex [(Br) ACHTUNGTRENNUNG(thf)Mg ACHTUNGTRENNUNG(m-pyr)]2. ACHTUNGTRENNUNG(m-thf)][15] also share this di-
meric tricyclic motif. For specific comparison with 3, meta-
lated 4-dimethylaminopyridine structures are limited to two
neutral Al complexes exhibiting a (NCAl)2 flattened chair
conformation.[16] However, none of these pyridyl dimers are
heterobimetallic or ate complexes, nor do they show any
type of face-capping similar to that observed here with po-
tassium, because their (NCE)2 faces lie vacant. Moreover,
structurally defined 2-zincated pyridines are especially rare.
[{Zn[Si ACHTUNGTRENNUNG(NMe2)2 ACHTUNGTRENNUNG(NHCMe3)ACHTUNGTRENNUNG(NCMe3)] ACHTUNGTRENNUNG(m-NC5H4)}2] is the one
previous example, which was made by an indirect metatheti-
cal approach and not by direct zincation, and also displays
an uncapped (NCE)2 (E=Zn) tricyclic arrangement.[17]

Without the extra coordination provided by potassium caps,
the (mean) Zn�C and Zn�N ACHTUNGTRENNUNG(pyr) bonds are predictably
shorter (by 0.163 and 0.089 �, respectively) in this neutral
zinc complex compared with that in the ate example 4. To
the best of our knowledge, there are no previous crystal
structures for zincated, or indeed any metalated, 4-ethyl-, 4-
isopropyl- or 4-phenylpyridines, thus structures 5, 6, and 8
represent the first of their type. This previous dearth of crys-
tallographic structural information markedly contrasts with

the large body of studies in which metalated pyridines have
been quenched (for example, electrophilically) and thus
studied indirectly without isolation.[18] Two advantages of
AMMZn are clearly evident from this comparison: first,
that the method often facilitates the formation of crystalline
intermediates, and second, that the higher stability of zincat-
ed pyridines in relation to more polar metalated pyridines
(typically lithopyridines) makes them more amenable to iso-
lation from solution under mild conditions without decom-
posing, which enables their crystallographic characterization.
At the very least, these crystal structures represent resting
states of possible solution structures.

Solution studies : Potassium–zincates 3–9 are highly soluble
in arene solvents, enabling the recording of their 1H and
13C NMR spectra from C6D6 solution. In all cases only one
set of resonances, consistent with the crystallographically de-
termined formulae, were observed. Table 1 compares the

1H NMR chemical shifts of the aliphatic resonances of the
diethyl–zincates 3–8 with standards of the base 1, diethyl-
zinc, and PMDETA. Without exception, the CH2 and CH3

(Et) resonances of the potassium–zincates shift upfield and
downfield, respectively, with respect to those of neutral di-
ethylzinc. Bimetallic base 1 retains much of its parent zinc
character because its CH2 (Et) resonance (d=0.47 ppm) lies
close to that of diethylzinc (d=0.55 ppm), whereas those of
3–8 lie more upfield in the narrow range d=0.15–0.24 ppm.
More remote from the zinc center, the CH3 (Et) resonances
of 1 and 3–8 are grouped together in the range d= 2.03–
2.15 ppm. PMDETA resonances for 1 and 3–8 shift upfield
(in the range d=1.71–2.01 ppm) compared with those of the
free ligand (d=2.11–2.46 ppm), which is indicative of the
PMDETA�K+ chelation observed in the crystal structure.
Consistent with a pyridine zincated in the 2-position, only
four aromatic resonances at d= 8.93, 8.05, 7.03, and
6.66 ppm are found in the 1H NMR spectrum of 4. The
13C NMR spectra concur with this, with the 2-zincated C res-
onance appearing downfield at d= 150.55 ppm. In general,
there is little discrimination between the common resonan-
ces in the 13C NMR spectra of 3–8 with, for example, the

Figure 2. Molecular structure of the 2-zincated pyridine compound [{2-
Zn ACHTUNGTRENNUNG(nBu)2-m-4-tBu-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] 9. Minor disorder and hydro-
gen atoms are omitted for clarity.

Table 1. Selected 1H NMR chemical shifts of the starting materials, the
zincate base 1, and zincated pyridine products 3–8 in solutions of C6D6.

Compound 1H NMR
(CH2,
Et)
[ppm]

1H NMR
(CH3,
Et)
[ppm]

1H NMR
(4 � CH3,
PMDETA)
[ppm]

1H NMR
(1 � CH3,
PMDETA)
[ppm]

1H NMR
(4 � CH2,
PMDETA)
[ppm]

Et2Zn 0.55 1.51 – – –
PMDETA – – 2.11 2.18 2.46, 2.35
1 0.47 2.03 1.81 1.74 1.77
3 0.22 2.13 1.88 2.01 1.96
4 0.15 2.05 1.77 1.95 1.90
5 0.19 2.05 1.83 1.97 1.89
6 0.17 2.08 1.78 1.98 1.92
7 0.15 2.07 1.71 1.96 1.88
8 0.24 2.15 1.71 1.94 1.88–1.81
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CH2 (Et) resonance covering the small range (d=3.87 in 5
to 6.12 ppm in 8). These are substantially shifted downfield
compared with that in the standard diethylzinc (d=

�2.12 ppm), which reflects both aggregative dimer/monomer
and zinc coordination-sphere (C3N versus C2) differences.
Displaying a unique trigonal planar (C2N) zinc geometry
within the series, 1 exhibits the most downfield CH2 (Et)
signal of all at d= 8.99 ppm. The complete assignment of 1H
and 13C NMR spectra is listed in the Experimental Section.

Some of the modest-to-poor yields of the new crystalline
potassium–zincates (for example, 16 and 7 % for 4 and 5, re-
spectively) suggested that the AMMZn reactions may not
be clean, so the reaction filtrates that remained after isolat-
ing the crystalline products were also probed by NMR spec-
troscopy. In the case of 4, the 1H NMR spectra indicated
that the oily filtrate appeared to contain a complicated mix-
ture of products. The aromatic region revealed several over-
lapping resonances in the range d= 9.0–6.6 ppm, which
proved to be indecipherable. Complex 5 was found to be a
minor product, because the major component of the oily,
viscous filtrate contained a laterally metalated pyridine mol-
ecule. In 5, the CH2 of the Et pyridine substituent had been
metalated to CH�, with the resonance appearing significant-
ly downfield (d=3.98 ppm) compared with the CH2 reso-
nance in 4-ethylpyridine (d=2.20 ppm). This movement of
the CH resonance favorably corresponds to those seen in
the 1H NMR spectra of the isolated lithiated intermediates
of the reactions between 4-dimethylaminomethylpyridine
and 4-trimethylsilylmethylpyridine with lithium diisopropyl-ACHTUNGTRENNUNGamide in THF or Et2O.[19] It is likely, given that this lateral
metalation of 4-ethylpyridine has metal-bound PMDETA
(4 �CH3 at d=2.03, 1 � CH3 at 2.00, and 4 � CH2 at
1.96 ppm) and Et (CH2 at d= 0.30 and CH3 at 1.85 ppm) res-
onances associated with it, that this major product could be
formulated as [(pmdeta)K(m-4-CH3CHC5H4N) ACHTUNGTRENNUNG(m-Et)Zn(Et)]
or [(pmdeta)K ACHTUNGTRENNUNG(m-Et)2Zn(4-CH3CH-C5H4N)] (10) and would
adopt the same template design as 1 (Figure 3). This result
is not surprising because there has been a previous report of
the metalation of the side chain of 4-ethylpyridine by using
the sodium reagent NaNH2 in liquid ammonia.[20] On the
basis of similar NMR spectroscopic evidence, the reaction of
4-isopropylpyridine with 1 follows a similar course, with the
minor product being crystalline 6 (23 % yield) and the
major product (found in the oily filtrate) being a laterally
metalated pyridine compound, presumably [(pmdeta)-
K(Et)2Zn(4-Me2C-C5H4N)] (11). There have also been prec-
edents for CH ACHTUNGTRENNUNG(iPr) metalation of 4-isopropylpyridine with

lithium, sodium, or potassium metal, the intermediates of
which were used to carry out side-chain alkenylation and
aralkylation reactions with conjugated dienes or styrenes.[21]

Lateral metalation of 4-tert-butylpyridine is a much more
challenging task, so unsurprisingly 7 was the only metalated
product in crystalline form (67 % yield) or in the reaction
filtrate. The treatment of 1 with 4-phenylpyridine also ap-
peared to be clean to give a crystalline yield of 8 of 51 %,
with more 8 present in the reaction filtrate. Considering this
result was achieved by using a base/pyridine stoichiometry
of 1:1, it favorably compares with report by Gros and Fort
of the lithiation of the same pyridine by using Caub�re�s
base (“BuLiLiDMAE”), which gives excellent yields (>
80 %) of the 2-substituted pyridine following electrophilic
quenching, but only upon addition of four equivalents of the
base.[22] Note that no metalated intermediates were charac-
terized in this earlier study.

Although AMMZn has been accomplished with all of the
substrates studied and valuable structural information has
been gathered, selectivity is an issue. Ring zincation com-
petes with lateral zincation (in the cases of pyridine R= H,
Et, and iPr) and base 1 is not satisfactory because it gives a
mixture of products. On the other hand, when R= Me2N,
tBu, and Ph, base 1 is a highly effective zincator, achieving
2-zincation selectively under mild (ambient temperature)
conditions.

Ligand transfer and catalytic considerations : Because it pos-
sesses a heteroleptic formulation, 1 could, in theory, behave
as an amido (TMP) or alkyl (Et) base (or both). This is one
of the engrossing features of this class of alkyl ACHTUNGTRENNUNGamido re-
agent. All of the evidence accumulated from this study im-
plies that 1 is exclusively a TMP base. Thus, no TMP ligands
are found in the structures of 3–9, but TMP(H) is observed
in the reaction filtrates. This appears to contrast with
AMMZn reactions in which AM=Li or Na, which general-
ly, although not exclusively, ultimately act as alkyl bases. By
exploiting key structures previously elucidated by X-ray
crystallography to build models for theoretical investigation,
Uchiyama et al. showed through DFT calculations that lithi-
um– or sodium–TMP–dialkyl–zincate reagents deprotonate
substrates in two steps: in step 1, TMP abstracts a proton
from the substrate to form TMP(H); in step 2, TMP(H) is
deprotonated to TMP, which forms part of the deprotonated
substrate complex, and alkane is concomitantly released
(Scheme 3).

Admittedly, this is not a direct comparison with the pyri-
dine substrate investigations because the theoretical ap-
proach considered only anisole,[8a] benzene,[23] benzoni-
trile,[24] methyl benzoate,[24] and N,N-diisopropylbenzamide
substrates.[25] Further to these theoretical studies of Uchiya-
ma et al., we obtained direct experimental evidence of this
two-step mechanism, revealing that step 1 can also go back-
wards to regenerate the starting base and substrate, and that
the course of these reactions critically depends on the iden-
tity of the alkyl ligand (e.g., Me versus tBu) and solvent.[26]

It appears that the potassium–zincate reactions reported
Figure 3. Possible structures of the product of the lateral metalation of 4-
ethylpyridine.
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here stop at step 1, and there could be several different con-
tributing factors behind this such as the higher carbophilicity
and softer character of potassium versus lithium or
sodium[27] combined with the high covalent character of
zinc, which could stabilize the KZnR2ACHTUNGTRENNUNG(pyr) intermediates
and preclude any subsequent reaction with TMP(H). How-
ever, the main factor is probably structural in origin, be-
cause in contrast with the lithium– and sodium–zincate sys-
tems, which are dinuclear and monomeric, the potassium–
zincates 3–9 are tetranuclear and dimeric. Assuming that ag-
gregation occurs faster than TMP(H) “re-coordination”, a
PMDETA-wrapped, coordinatively saturated K+ center
does not have a coordination site available for TMP(H) to
rejoin the bimetallic complex, and consequently, no alkyl–
alkane/TMP(H)–TMP reaction can take place. Moreover, in
contrast with the lithium– and sodium–zincate systems in
which zinc exhibits a relatively exposed trigonal planar, 3-
coordinate environment, in compounds 3–9 the zinc exhibits
a tetrahedral, 4-coordinate environment made up of three
Zn�C bonds and one Zn�N bond. Therefore, the zinc
center in 3–9 is coordinatively saturated, and as a result, is
of greatly diminished Lewis acidity compared with the coor-
dinatively unsaturated zinc centers in the lithium– and

sodium–zincates (Scheme 4). This distinction may not neces-
sarily be an alkali metal (K versus Li or Na) effect because
it depends on the structures of the deprotonated substrate
complexes formed, which are determined by a combination
of factors including the nature of the alkyl ligand, the nature
of the amide ligand, the nature of the Lewis-base supporting
ligand, as well as the identity of the substrate undergoing
deprotonation. Hence, it is imperative to determine the
structure of the metal-containing deprotonated substrate
complex to gain a full explanation for the ligand-transfer
chemistry taking place. Uchiyama et al. recently reported
that the TMP–aluminate iBu3Al ACHTUNGTRENNUNG(tmp)Li behaves fundamen-
tally differently from TMP–zincates with respect to the
ortho metalation of aromatic substrates, in which iBu3Al-ACHTUNGTRENNUNG(tmp)Li acts as a TMP base in a single step compared with
the two-step ultimate alkyl basicity of the TMP–zincates.[28]

Similarly, the idea of diminished Lewis acidity at coordinate-
ly saturated, 4-coordinate Al centers, which was supported
by DFT calculations, was used to explain the distinction
mentioned above. Hence, the Zn centers in 3–9 can be
viewed as pseudo Al centers, and it can be stated that the
mechanism followed by TMP–metalates (1 or 2 step) is not
due to any inherent difference between Al and Zn, but is
dictated by the structure of the metal-containing deproton-
ated substrate complex formed in step 1.

The fact that the participation of TMP (and the implica-
tion of Zn�N bonds) is essential for the effective formation
of AMMZn was confirmed by qualitative experiments by
employing 4-tert-butylpyridine as a reference substrate.
Thus, bases 1 and 2 were found to 2-zincate the pyridine
standard (1:1 molar equivalents in hexane solution) almost
quantitatively in approximately one hour and a few minutes,
respectively, as determined by NMR spectroscopic analysis
of reaction aliquots at various time intervals. Upon substi-
tuting TMP by the alkyl Me3SiCH2 to generate in situ
[(pmdeta)K(Et) ACHTUNGTRENNUNG(CH2SiMe3)Zn(Et)] and [(pmdeta)K ACHTUNGTRENNUNG(nBu)-ACHTUNGTRENNUNG(CH2SiMe3)Zn ACHTUNGTRENNUNG(nBu)] formulations devoid of any Zn�N
bonding, the degree of metalation was low, even after a
week,[29] amounting to only about 4 and 16 % for
[(pmdeta)K(Et) ACHTUNGTRENNUNG(CH2SiMe3)Zn(Et)] and [(pmdeta)K ACHTUNGTRENNUNG(nBu)-ACHTUNGTRENNUNG(CH2SiMe3)Zn ACHTUNGTRENNUNG(nBu)], respectively. Upon addition of 10
mol % of TMP(H) to these trialkyl–zincate formulations,
the metalation levels significantly increased to about 49 and
79 %, respectively, although the reactions were still extreme-
ly slow with these conversions obtained after approximately
8 and 4 days, respectively. These results suggest that
TMP(H) reacts very slowly with the trialkyl–zincates in a
rate-determining step, because the products 1 and 2 react
comparatively quickly with the pyridine substrate. Because
these metalation levels greatly exceed 10 %, TMP(H) must
be acting catalytically. Zn�N bonds clearly hold the key to
these enhanced metalating rates. The superior reactivity of
Zn�N bonds versus Zn�C bonds has also been recently
documented by Hagadorn et al. , who revealed that simple
secondary amines (e.g., morpholine, pyrrolidine) in stoichio-
metric or catalytic quantities greatly increased the rate of
Zn–H exchange between Ph2Zn and a range of relatively

Scheme 3. Proposed two-step reaction for AMMZn of benzene.

Scheme 4. Contrasting coordination-number dependent reactivity of zin-
cates with amines.
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non-acidic carbon substrates (e.g., N,N-diethylacetamide
and trimethylphosphane oxide).[30] The proposed reactive in-
termediates are neutral arylamido zinc PhZn ACHTUNGTRENNUNG(NR2) formula-
tions, although none were structurally defined in the study.
Hagadorn notes that sterically demanding amines, such as
iPr2N(H) and (Me3Si)2NH, are ineffective promoters of Zn–
H exchange because they do not form zinc amides with
Ph2Zn at a reasonable rate; a limitation comparable with
the slow TMP(H)–trialkyl–zincate reactions observed here.
When the trialkyl–zincates were treated with one molar
equivalent of TMP(H), similar metalation levels wereACHTUNGTRENNUNGachieved (49 and 86 %, respectively) and, although still slow,
the reaction rates to obtain these conversions (about 27 and
19 h, respectively) were much improved in comparison to
those obtained by using substoichiometric amounts of
TMP(H). A final point to note is that co-complexation of
Me3SiCH2K with Et2Zn actually leads to a significant dimin-
ishment of the metalating power of the potassium alkyl, be-
cause on its own it reacts with TMP(H) almost instantane-
ously to form KTMP.[31]

Conclusion

Potassium-mediated zincation has been studied in the con-
text of pyridine metalation chemistry. By utilizing a potassi-
um–dialkyl–TMP–zincate base, zinc has been delivered re-
gioselectively and directly to the 2-position of the heterocy-
clic ring in substituted 4-R-pyridines, in which R is Me2N,
tBu, or Ph, but the new methodology is less successful when
R is H, Et, or iPr, because mixtures of ring- and laterally
zincated products are produced. Seven of the zincated pyri-
dine intermediate (that is, existing before any electrophilic-
quenching protocol) complexes have been structurally de-
fined by single-crystal X-ray crystallography and NMR spec-
troscopy, and have been found to share a common dimeric
motif in which a central diazadicarbadizinca (ZnCN)2 di-ACHTUNGTRENNUNGanionic ring is capped on either side by a PMDETA-wrap-
ped K+ cation. The coordinative saturation of the distorted
tetrahedral Zn center within these structures appears to be
a major factor in the inhibition of a subsequent alkyl–amine/
alkane–amido ligand transfer that is commonly observed in
lithium– and sodium–dialkyl–TMP–zincate reactions.

Experimental Section

Methods and materials : All reactions and manipulations were performed
by using standard Schlenk techniques under argon gas. Products were iso-
lated inside an argon-filled dry box. Solvents were freshly distilled from
sodium/benzophenone prior to use. TMP(H) was obtained from Aldrich
and dried over 4 � molecular sieves before use. Other amines were ob-
tained from Aldrich, distilled from CaH2 and stored over 4 � molecular
sieves. All other chemicals were obtained from Aldrich and used as sup-
plied. 1H and 13C NMR spectra were recorded on a Bruker DPX
400 MHz spectrometer. All 13C NMR spectra were proton decoupled.
Correlations between protons and carbon atoms were obtained through
COSY and HSQC NMR spectroscopic methods. Single-crystal X-ray dif-
fraction data were recorded on Nonius Kappa CCD and Oxford Diffrac-

tion Gemini A Ultra diffractometers using graphite-monochromated
MoKa radiation (0.71073 �) (see the Supporting Information for a table
of selected crystallographic data).[32] The structures were solved by direct
methods (SHELX-97 or SIR program package) and refined on all unique
F2 values (SHELX).[33] CCDC-683512 (1), 721902 (2), 683513 (3), 721903
(4), 721904 (5), 721905 (6), 721906 (7), 721907 (8), and 721908 (9) contain
the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Synthesis of KCH2Si ACHTUNGTRENNUNG(CH3)3 : KOtBu (2.75 g, 25 mmol) was dissolved in
hexane (50 mL) in a Schlenk tube. A solution of LiCH2Si ACHTUNGTRENNUNG(CH3)3 (1 m;

25 mL, 25 mmol) in pentane was added, and the reaction mixture was
left to stir overnight to form an off-white suspension. The solid was fil-
tered, washed with hexane (2 � 20 mL), and dried in vacuo to afford a
white solid (2.80 g, 93% yield). 1H NMR (400.13 MHz, 298 K, [D8]THF):
d=�0.20 (s, 9H; 3� CH3), �2.24 ppm (s, 2H; CH2K).

Synthesis of [(pmdeta)K ACHTUNGTRENNUNG(m-Et) ACHTUNGTRENNUNG(m-tmp)Zn(Et)] (1): KCH2Si ACHTUNGTRENNUNG(CH3)3

(0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA (0.84 mL,
4 mmol) was added to afford a clear orange solution before the addition
of TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL,
2 mmol) in hexane. The Schlenk tube was placed in a freezer (�28 8C)
overnight to afford colorless crystals (0.58 g, 61 % yield). 1H NMR
(400.13 MHz, 298 K, C6D6): d =2.06–1.98 (m, 8H; 2� CH3 Et and gH
TMP), 1.81 (s, 12H; 4� CH3 PMDETA), 1.77–1.73 (m, 11H; 4� CH2 and
1� CH3 PMDETA), 1.58 (t, J =6.0 Hz, 4 H; Hb TMP), 1.36 (s, 12H; 4�
CH3 TMP), 0.47 ppm (q, J =8.0 Hz, 4 H; 2� CH2 Et); 13C{1H} NMR
(100.62 MHz, 298 K, C6D6): d=56.9 (2 � CH2 PMDETA), 55.2 (2 � CH2

PMDETA), 45.2 (4 � CH3 PMDETA), 41.6 (1 � CH3 PMDETA), 41.2 (2 �
Cb TMP), 35.1 (4 � CH3 TMP), 20.8 (1 � Cg TMP), 15.1 (2 � CH3 Et)
9.0 ppm (2 � CH2 Et).

Synthesis of [(pmdeta)K ACHTUNGTRENNUNG(m-nBu) ACHTUNGTRENNUNG(m-tmp)ZnACHTUNGTRENNUNG(nBu)] (2): KCH2SiACHTUNGTRENNUNG(CH3)3

(0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA (0.42 mL,
2 mmol) was added to afford a clear orange solution to which TMP(H)
(0.34 mL, 2 mmol) and a solution of nBu2Zn (1 m; 2 mL, 2 mmol) in hep-
tane were added. The Schlenk tube was placed in a freezer (�28 8C)
overnight to afford colorless crystals (0.21 g, 19.8 % yield). 1H NMR
(400.13 MHz, 298 K, C6D6): d=2.25 (quintet, J=7.6 Hz, 4 H; 2� CH2

nBu), 2.03–1.98 (m, 2 H; Hg TMP), 1.87–1.78 (m, 15 H; 4� CH2

PMDETA, 1 � CH3 PMDETA, 2 � CH2 nBu), 1.76 (s, 12H; 4� CH3

PMDETA), 1.56 (t, J=6.0 Hz, 4 H; Hb TMP), 1.36 (s, 12 H; 4� CH3

TMP), 1.27 (t, J =7.3 Hz, 6 H; 2 � CH3 nBu), 0.41 ppm (t, J =8.0 Hz, 4H;
2� CH2�Zn nBu); 13C{1H} NMR (100.62 MHz, 298 K, C6D6): d=56.9 (2 �
CH2 PMDETA), 55.1 (2 � CH2 PMDETA), 45.1 (4 � CH3 PMDETA),
41.6 (1 � CH3 PMDETA), 41.2 (2 � Cb TMP), 35.1 (4 � CH3 TMP), 34.0
(2 � CH2 nBu), 31.3 (2 � CH2 nBu), 20.8 (1 � Cg TMP), 19.3 (2 � Zn�CH2

nBu), 14.9 ppm (2 � CH3 nBu).

Synthesis of [{2-Zn(Et)2-m-4-Me2N-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (3): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.84 mL, 4 mmol) was added to afford a clear orange solution to which
TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL, 2 mmol)
in hexane were added. 4-(Dimethylamino)pyridine (0.244 g, 2 mmol) was
added to form a yellow solution. After 4 h, the solution turned cloudy
and THF (2 mL) was added to form a clear solution. The Schlenk tube
was placed in a freezer (�28 8C) for 3 h to afford colorless crystals
(0.48 g, 53% yield). 1H NMR (400.13 MHz, 298 K, C6D6): d=8.74 (br s,
1H; aromatic H), 7.41 (br s, 1H; aromatic H), 6.09 (br s, 1H; aromatic
H), 2.55 (s, 6H; 2� N�CH3) 2.13 (t, J=7.8 Hz, 6H; 2� CH3 Et), 2.01 (s,
3H; CH3 PMDETA), 1.98–1.94 (m, 8H; 4 � CH2 PMDETA), 1.88 (s,
12H; 4 � CH3 PMDETA), 0.22 ppm (q, J =7.8 Hz, 4H; 2 � CH2 Et),
(small amount of free DMAP at d=8.29, 6.28 and 2.27 ppm);
13C{1H} NMR (100.62 MHz, 298 K, C6D6): d=154.1 (aromatic C), 150.6
(aromatic C), 150.3 (aromatic C at dH =8.74 ppm), 119.6 (aromatic C at
dH =7.41 ppm), 103.6 (aromatic C at dH = 6.09 ppm), 57.5 (2 � CH2

PMDETA), 56.1 (2 � CH2 PMDETA), 45.8 (4 � CH3 PMDETA), 42.3 (1 �
CH3 PMDETA), 38.6 (2 � N�CH3 DMAP), 16.6 (2 � CH3 Et), 5.9 ppm
(2 � CH2 Et).

Synthesis of [{2-Zn(Et)2-m-C5H4N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (4): KCH2Si ACHTUNGTRENNUNG(CH3)3

(0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA (0.84 mL,
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4 mmol) was added to afford a transparent orange solution to which
TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL, 2 mmol)
in hexane were added. Pyridine (0.16 mL, 2 mmol) was added to form a
yellow solution. After 2 h of continuous stirring, an oil and solution bilay-
er was produced upon leaving the reaction mixture to stand. The solution
was transferred to another Schlenk tube by using a cannula, and the oil
was discarded. The Schlenk tube containing the solution was placed in a
freezer (�28 8C) for 4 days, after which time a small crop of colorless
crystals had formed (0.13 g, 16% yield). 1H NMR (400.13 MHz, 298 K,
C6D6): d= 8.93 (br s, 1 H; aromatic H), 8.05 (br s, 1 H; aromatic H), 7.03
(br s, 1H; aromatic H), 6.66 (br s, 1 H; aromatic H), 2.05 (t, J =7.9 Hz,
6H; 2 �CH3 Et), 1.95 (s, 3 H; CH3 PMDETA), 1.93–1.87 (m, 8 H; 4� CH2

PMDETA), 1.77 (s, 12 H; 4� CH3 PMDETA), 0.15 ppm (q, J =7.9 Hz,
4H; 2� CH2 Et); 13C{1H} NMR (100.62 MHz, 298 K, C6D6): d= 150.7 (ar-
omatic C at dH =8.93 ppm) 150.6 (metalated C), 136.7 (aromatic C at
dH =8.05 ppm), 129.8 (aromatic C at dH =7.03 ppm), 118.4 (aromatic C at
dH =6.66 ppm), 57.4 (2 � CH2 PMDETA), 55.9 (2 � CH2 PMDETA), 45.2
(4 � CH3 PMDETA), 42.3 (1 � CH3 PMDETA), 16.2 (2 � CH3 Et), 6.0 ppm
(2 � CH2 Et).

Synthesis of [{2-Zn(Et)2-m-4-Et-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (5): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.84 mL, 4 mmol) was added to afford a transparent orange solution to
which TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL,
2 mmol) in hexane were added. 4-Ethylpyridine (0.23 mL, 2 mmol) was
added to form a yellow solution. After 0.5 h of continuous stirring, an oil
and solution bilayer was produced upon leaving the reaction mixture to
stand. The solution was transferred to another Schlenk tube through a
cannula, and the viscous oil was discarded. The Schlenk tube containing
the solution was placed in the freezer (�28 8C) overnight to yield a crop
of crystals (0.06 g, 7 % yield). 1H NMR (400.13 MHz, 298 K, C6D6): d=

8.90 (br s, 1 H; aromatic H), 7.95 (br s, 1H; aromatic H), 6.58 (br s, 1 H;
aromatic H), 2.35 (q, J =7.3 Hz, 2 H; CH2 pyr Et), 2.05 (t, J =7.9 Hz, 6 H;
2� CH3 Et), 1.97 (s, 3 H; CH3 PMDETA), 1.91–1.87 (m, 8H; 4� CH2

PMDETA), 1.83 (s, 12H; 4 � CH3 PMDETA), 1.11 (t, J =7.6 Hz, 3 H;
CH3 pyr Et), 0.19 ppm (q, J =8.0 Hz, 4H; 2� CH2 Et) (some product of
lateral metalation as a viscous oil is found at d=7.04, 6.81, 5.70, 5.60,
3.99 and under the multiplet at 1.89 ppm); 13C{1H} NMR (100.62 MHz,
298 K, C6D6): d =150.2 (aromatic C at dH =8.90 ppm), 136.1 (aromatic C
at dH = 7.95 ppm), 118.0 (aromatic C at dH =6.58 ppm), 56.8 (2 � CH2

PMDETA), 55.6 (2 � CH2 PMDETA), 44.8 (4 � CH3 PMDETA), 41.1 (1 �
CH3 PMDETA), 28.5 (1 � CH2 pyr Et), 15.4 (2 � CH3 of Et), 14.7 (1 � CH3

pyr Et), 3.9 ppm (2 � CH2 Et) (some product of lateral metalation as a
viscous oil is found at d=143.9, 141.3, 111.5, 104.0, 80.9 and 12.7 ppm);
filtrate: 1H NMR (400.13 MHz, 298 K, C6D6): d =7.04 (d, J =5.3 Hz, 1 H;
aromatic H), 6.82 (d, J= 5.6 Hz, 1H; aromatic H), 5.66 (d, J =6.6 Hz,
1H; aromatic H), 5.57 (d, J =5.1 Hz, 1 H; aromatic H), 4.02–3.94 (m, 1 H;
CH met pyr Et), 2.03 (s, 12H; 4� CH3 PMDETA), 2.00 (s, 3H; CH3

PMDETA), 1.98–1.94 (m, 8H; 4� CH2 PMDETA), 1.85 (t, J =8.0 Hz,
6H; 2�CH3 Et), 1.78 (d, J=6.7 Hz, 3 H; CH3 pyr Et), 0.30 ppm (q, J=

7.8 Hz, 4 H; 2� CH2 Et). For comparison, free 4-ethylpyridine gives sig-
nals at d =8.47 (d), 6.71 (d), 2.20 (q), and 0.90 ppm (t) by using the same
NMR conditions.

Synthesis of [{2-Zn(Et)2-m-4-iPr-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (6): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.84 mL, 4 mmol) was added to afford a transparent orange solution to
which TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL,
2 mmol) in hexane were added. 4-Isopropylpyridine (0.26 mL, 2 mmol)
was added to form a cloudy suspension. After 2 h of continuous stirring,
THF (3 mL) was added, which resulted in a clear solution. The Schlenk
tube containing the solution was placed in a freezer (�28 8C) yielding a
crop of colorless crystals (0.21 g, 23% yield). 1H NMR (400.13 MHz,
298 K, C6D6): d =8.92 (br s, 1H; aromatic H), 7.95 (br s, 1H; aromatic H),
6.57 (br s, 1 H; aromatic H), 2.57 (sept, J =6.7 Hz, 1H; CH of iPr), 2.08
(t, J =7.8 Hz, 6 H; 2� CH3 Et), 1.98 (s, 3H; CH3 PMDETA), 1.94–1.90
(m, 8 H; 4 � CH2 PMDETA), 1.78 (s, 12H; 4� CH3 PMDETA), 1.15 (d,
J =6.9 Hz, 6H; 2� CH3 iPr), 0.17 ppm (q, J =8.0 Hz, 4H; 2� CH2 Et);
13C{1H} NMR (100.62 MHz, 298 K, C6D6): d=150.7 (aromatic C at dH =

8.92 ppm), 150.3 (tertiary or metalated C), 149.6 (tertiary or metalated
C), 135.2 (aromatic C at dH =7.95), 116.7 (aromatic C at dH =6.57), 57.0

(2 � CH2 PMDETA), 55.5 (2 � CH2 PMDETA), 45.0 (4 � CH3 PMDETA),
42.1 (1 � CH3 of PMDETA), 33.9 (1 � CH of iPr), 23.1 (2 � CH3 of iPr),
16.0 (2 � CH3 Et), 5.4 ppm (2 � CH2 Et); filtrate: 1H NMR (400.13 MHz,
298 K, C6D6): important resonances representing lateral metalated 4-iso-
propylpyridine: d= 6.89 (d, J=6.4 Hz, 2 H; aromatic H), d= 5.58 (d, J=

6.5 Hz, 2H; aromatic H), 1.75 ppm (s, 6 H; 2� CH3 iPr). For comparison,
free 4-isopropylpyridine gives signals at d= 8.50 (d), 6.68 (d), 2.42 (sept),
and 0.90 ppm (d) by using the same NMR conditions.

Synthesis of [{2-Zn(Et)2-m-4-tBu-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (7): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.84 mL, 4 mmol) was added to afford a transparent orange solution.
TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL, 2 mmol)
in hexane were added. 4-tert-Butylpyridine (0.29 mL, 2 mmol) was added
to form a clear solution. After 0.25 h of continuous stirring, the Schlenk
tube containing the solution was placed in a freezer (�28 8C) yielding a
crop of crystals (0.63 g, 67% yield). 1H NMR (400.13 MHz, 298 K, C6D6):
d=8.89 (br s, 1H; aromatic H), 8.11 (br s, 1H; aromatic H), 6.70 (br s,
1H; aromatic H), 2.07 (t, J =8.0 Hz, 6H; 2� CH3 Et), 1.96 (s, CH3 3 H;
PMDETA), 1.90–1.86 (m, 8 H; 4 � CH2 PMDETA), 1.71 (s, 12 H; 4� CH3

PMDETA), 1.25 (s, 9H; 3 � CH3 tBu), 0.15 ppm (q, J=8.0 Hz, 4 H; 2�
CH2 Et); 13C{1H} NMR (100.62 MHz, 298 K, C6D6): d= 151.5 (tertiary or
metalated C), 150.4 (aromatic C at dH = 8.89 ppm), 133.3 (aromatic C at
dH =8.11), 115.8 (aromatic C at dH =6.70 ppm), 57.3 (2 � CH2 PMDETA),
55.9 (2 � CH2 PMDETA), 45.2 (4 � CH3 PMDETA), 42.3 (1 � CH3

PMDETA), 34.1 (tertiary C of tBu), 30.8 (3 � CH3 of tBu), 16.4 (2 � CH3

of Et), 5.7 ppm (2 � CH2 Et).

Synthesis of [{2-Zn(Et)2-m-4-Ph-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (8): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.84 mL, 4 mmol) was added to afford a transparent orange solution to
which TMP(H) (0.34 mL, 2 mmol) and a solution of Et2Zn (1 m; 2 mL,
2 mmol) in hexane were added. 4-Phenylpyridine (0.31 g, 2 mmol) was
added to form a clear solution. After 1.5 h of continuous stirring, THF
(3 mL) was added to the Schlenk tube, which was then placed in a freez-
er (�28 8C) overnight to yield a crop of crystals (0.50 g, 51 % yield).
1H NMR (400.13 MHz, 298 K, C6D6): d= 9.13 (br s, 1 H; pyr H), 8.46 (br s,
1H; pyr H), 7.67 (d, J=7.4 Hz, 2H; 2� phenyl H), 7.23 (t, J =7.4 Hz,
2H; 2� phenyl H), 7.15 (d, J=7.3 Hz, 1 H; phenyl H), 7.02 (br s, 1H; pyr
H), 2.15 (t, J=8.0 Hz, 6H; 2 � CH3 Et), 1.94 (s, 3 H; CH3 PMDETA),
1.88–1.81 (m, 8H; 4 � CH2 PMDETA), 1.71 (s, 12 H, 4 � CH3 PMDETA),
0.24 ppm (q, J =8.0 Hz, 4 H; 2� CH2 Et); 13C{1H} NMR (100.62 MHz,
298 K, C6D6): d =151.2 (aromatic C at dH =9.13 ppm), 141.1 (tertiary pyr
C or tertiary Ph C), 141.0 (tertiary pyr C or tertiary Ph C), 134.0 (aro-
matic C at dH =8.46 ppm), 129.3 (aromatic C at dH = 7.23 ppm), 127.9 (ar-
omatic C at dH =7.15 ppm), 127.3 (aromatic C at dH =7.67 ppm), 116.5
(aromatic C at dH =7.02 ppm), 57.30 (2 � CH2 PMDETA), 56.0 (2 � CH2

PMDETA), 45.1 (4 � CH3 PMDETA), 42.1 (1 � CH3 PMDETA), 16.6 (2 �
CH3 Et), 6.1 ppm (2 � CH2 Et).

Synthesis of [{2-Zn ACHTUNGTRENNUNG(nBu)2-m-4-tBu-C5H3N}2·2{K ACHTUNGTRENNUNG(pmdeta)}] (9): KCH2Si-ACHTUNGTRENNUNG(CH3)3 (0.24 g, 2 mmol) was suspended in hexane (10 mL). PMDETA
(0.42 mL, 2 mmol) was added to afford a transparent orange solution.
TMP(H) (0.34 mL, 2 mmol) and a solution of nBu2Zn (1 m, 2 mL,
2 mmol) in heptane were added. 4-tert-Butylpyridine (0.29 mL, 2 mmol)
was added to form a clear solution. After 10 min of continuous stirring, a
suspension was formed. THF (2 mL) was added resulting in a clear solu-
tion, and the Schlenk tube containing the solution was placed in a freezer
(�28 8C) to yield a crop of crystals after 4 days (0.61 g, 58% yield).
1H NMR (400.13 MHz, 298 K, C6D6): d=8.89 (br s, 1 H; aromatic H),
8.10 (br s, 1H; aromatic H), 6.68 (br s, 1H; aromatic H), 2.31 (quintet, J=

7.6 Hz, 4H; 2 � CH2 nBu), 1.95–1.83 (m, 15H; 4 � CH2 PMDETA, 1� CH3

PMDETA, 2� CH2 nBu), 1.70 (s, 12H; 4 � CH3 of PMDETA), 1.33 (t, J=

7.3 Hz, 6 H; 2� CH3 of nBu), 1.26 (s, 9H; 3� CH3 of tBu), 0.10 ppm (t,
J =7.9 Hz, 4 H; 2� CH2�Zn of nBu); 13C{1H} NMR (100.62 MHz, 298 K,
C6D6): d =216.9 (metalated C of pyr), 151.5 (tertiary C of tBu), 150.6 (ar-
omatic C at dH =8.89 ppm), 133.1 (aromatic C at dH =8.11), 115.9 (aro-
matic C at dH = 6.70), 57.3 (2 � CH2 PMDETA), 56.0 (2 � CH2 PMDETA),
45.4 (4 � CH3 PMDETA), 42.1 (1 � CH3 PMDETA), 35.3 (2 � CH2 nBu),
34.2 (tertiary C tBu), 31.7 (2 � CH2 of nBu), 30.8 (3 � CH3 of tBu), 16.2
(2 � Zn�CH2 nBu), 15.1 ppm (2 � CH3 nBu).
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