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The crystal structures of the homoleptic dimer zinc(II) 2,6-di-
tert-butylphenoxide (1b) and of the corresponding monomer
1b/(DMSO)2 are presented. The structural motif of 1b is a
Zn−O−Zn−O four-membered ring. The bulky phenoxide li-
gands led to a coordination number of only three for the zinc
atom. Monomer 1b/(DMSO)2 crystallized as a four-coordin-
ated monomer with a highly distorted tetrahedral geometry
around the zinc center. 13C NMR investigations reveal details
for the reaction of CO2 with a series of alkoxide zinc(II)/solv-
ent systems [2,6-dimethylphenoxide zinc(II) (1a), zinc(II) 2,6-
di-tert-butylphenoxide (1b), zinc(II) 2,6-diphenylphenoxide

Introduction

Several investigations intermediate into the mechanism of
the activation of CO2 by ZnII complexes are docu-
mented.[1,2,5] Some of the fundamental understanding was
obtained from the investigation of the mechanism of the
copolymerization of CO2 and epoxides.[1,3,5] However, the
number of soluble zinc(II) compounds which are amenable
to mechanistic investigations is limited. A synthesis first re-
ported by Caulton allows for the preparation of soluble
homoleptic zinc(II) alkoxide compounds (Figure 2).[4] The
majority of the compounds prepared by this method are
monomeric zinc(II) alkoxide structures.[4,5]

Darensbourg reported on the copolymerization process
of cyclohexene oxide and CO2 using zinc(II) phenoxides at
80 °C and a pressure of 55 bar.[5] NMR investigations re-
vealed a shift of the carbon peak of CO2 (170 ppm). This
was demonstrated for the reaction of CO2 with zinc(II)
2,4,6-trimethylphenoxide in pyridine at room temperature.
The insertion of CO2 into only one metal phenoxide group
was proposed. This is in agreement with the X-ray structure
of the dimeric [Cd(S2CO-2,6-Ph2C6H3)]2(µ-O-2,6-
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(1c), zinc(II) 4-tert-butylphenoxide (1d), and zinc(II) 2-pyrid-
ylcarbinolato (2)]. The interpretation of the 13C NMR signals
agree with ab initio calculations of a model zinc(II) phenox-
ide/CO2 system. Experimentally, the carboxylation of aceto-
phenone as a representative for CH-acidic substrates was
carried out with specific zinc(II) phenoxide/CO2 systems. The
reactions resulted in yields of ca. 40% of benzoyl acetic acid.
The role of the soluble zinc(II) phenylcarbonate intermediate
is discussed with respect to the subsequent CO2 transfer re-
action.

Ph2C6H3)2 obtained from the reaction of CS2 with the cor-
responding cadmium(II) phenoxide (cf. Figure 7).[6]

In this paper new results concerning the activation and
the transfer of CO2 mediated by homoleptic zinc(II) alkox-
ide complexes are reported. The carboxylation of aceto-
phenone to give benzoyl acetic acid at ambient temperature
is described (Figure 1). This represents a novel application
of easily accessible zinc complexes.

Figure 1. Carboxylation of acetophenone

Results and Discussion

1. Crystal Structure of Zinc(II) 2,6-Di-tert-butylphenoxide
and Zinc(II) 2,6-Di-tert-butylphenoxide/(DMSO)2

X-ray structures of zinc(II) phenoxides thus far reported
indicate the preference of monomeric complexes which con-
tain solvent molecules or phosphane ligands in the coor-
dination polyhedron.[1,4,5,7] In the case of dimeric struc-
tures, there are heteroleptic compounds such as alkyl(alk-
yloxy) zinc(II), alkyl(aryloxy) zinc(II) compounds or {Zn-
[µ-OCEt3)[N(SiMe3)2]}2.[8] For the zinc(II) 2,4,6-tris-tert-
butylphenoxide in THF solution, an aggregation to a ste-
reochemically rigid dimer has been reported by Caulton by
means of cryoscopic molecular weight determination.[4]
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We now report on the X-ray structure of a homoleptic

dimeric zinc(II) 2,6-di-tert-butylphenoxide complex crystal-
lized from pentane (Figure 3).[9] The synthesis was per-
formed in THF or toluene under an argon atmosphere, as
previously described (Figure 2).[4,5]

Figure 2. Synthesis of zinc(II) alkoxides

This complex contains a central four-membered
Zn2O2Zn2O ring (Figure 3). The metal cation is coordin-
ated in a distorted trigonal planar geometry. The Zn2O
bond lengths of the bridging Zn2O2Zn moiety [(Zn12O2
(1.941(1) Å, Zn12O4(1.975(1) Å, Zn22O2(1.980(1) Å,
Zn22O4(1.949(1) Å] are significantly larger than the termi-
nal bonds [Zn12O1 1.831(1) Å) and Zn22O3 1.839(1) Å].

Figure 3. X-ray structure of the dimer of 1b. Selected distances [Å]
and bond angels [°]: Zn12O1 1.831(2), Zn12O2 1.941(2), Zn12O4
1.975(2), Zn22O3 1.839(2), Zn22O2 1.980(2), Zn22O4 1.949(2),
Zn12Zn2 2.9484(6), O12C1 1.377(4), O32C29 1.359(4), O22C15
1.404(4), O42C43 1.405(4), O12Zn12O2 150.5(1), O12Zn12O4
125.3(1), O22Zn12O4 82.6(1), O42Zn22O2 82.3(1)

The terminal zinc O(aryl) distances are equal within the
experimental error to those found for the monomeric zinc
complexes 2,6-di-tert-butylphenoxide2ZnL with L 5
MePh2 and PCy3 [Zn2O 1.845(4) and Zn2O 1.869 (3)
Å].[7] In these complexes, the zinc atom is also coordinated
in an analogous trigonal planar fashion. In the monomeric
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ZnII phenoxide/(oxygen or nitrogen donor ligand)2 struc-
tures which are reported, and also in the structure of 1b/
(DMSO)2 (Figure 4), the zinc atom prefers a distorted tetra-
hedral coordination.[4,5,10] Also in these cases, the Zn2O
bond lengths are in the range of Zn2O 1.846(11) [2,6-
diisopropylphenoxide2zinc(II)/(THF)2] to Zn2O
1.908(1) Å [1b/(DMSO)2]. They are slightly longer than
those of the bridged Zn2O bonds in the homoleptic di-
meric structure. In heteroleptic dimeric zinc(II) compounds,
the Zn2O distances [e.g. Zn2O 1.970(1) Å,[8a] 1.930(3)
Å,[8b] 2.075(2) Å[8c]] are comparable to the bridging Zn2O
bonds in 1b. In general, the addition of solvent molecules
to an unsolvated species leads to a ca. 0.1 Å shorter
Zn2O(aryl) distance, which is easily understood in terms
of electrostatic effects. In the dimeric structure, the oxygen
interacts with two zinc centers.

Figure 4. X-ray structure of the monomer of 1b/(DMSO)2. Selected
distances [Å] and bond angels [°]: Zn2O1 1.907(1), Zn2O2
2.044(1), O12C1 1.341(2), O12Zn2O2 123.52(4), O12Zn2O1a
108.77(6), O12Zn2O2a 104.43(4), O22Zn2O2a 93.04(7)

2. Reactivity of CO2 with Zinc(II) Phenoxides in DMSO

The reaction of CO2 with zinc(II) alkoxides has been
studied by means of NMR spectroscopy in order to charac-
terize the structure of a soluble phenoxide zinc(II)/CO2 in-
termediate. Such an activated CO2 is an essential prerequis-
ite to enable the carboxylation of CH-acidic compounds at
room temperature. We performed 13C and 1H NMR investi-
gations in [D6]DMSO, [D7]DMF and [D5]pyridine before
and after addition of CO2. A typical NMR experiment is
depicted in Figure 5 and 6 (see also Table 1).

After the addition of 13CO2 and warming at 40 °C for 6
hours, the spectrum showed the 13C chemical shifts of 1a.
Relative to these 13C NMR signals, a downfield shift of the
signals for the phenoxide para- and ortho carbons of 5.5
and 2.2 ppm (from δ 5 113 to δ 5 119 and from δ 5 126
to δ 5 128, respectively) was observed. This was accompan-
ied by an upfield shift of the signal for the ipso carbon atom
of 7.2 ppm (from δ 5 163 to δ 5 155). Physically dissolved
13CO2 has a chemical shift of δ 5 124. Apart from the
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Figure 5. 13C NMR spectra of 1a in [D6]DMSO after the addition of 13CO2 and 6 h at 40 °C

Figure 6. 1H NMR spectra of 1a in [D6]DMSO and after the addition of 13CO2 and 6 h at 40 °C

chemical shifts of the phenyl ring carbon atoms, an intense
signal was detected at δ 5 174.3. After the addition of
13CO2, the 1H NMR spectrum showed a multiplet for the
phenoxide hydrogen atoms and a signal at δ 5 2.15 in addi-
tion to the signal for the methyl hydrogen atom of 1a. The
integration of these two methyl signals suggests a 1:1 molar
ratio. This is in agreement with the structure of a 2,6-di-
phenylphenoxide/CS2 cadmium(II) complex and the results
of the 13C NMR investigations reported by Darensbourg
(Figure 7).[5,6]

In contrast to Darensbourg’s results, a reaction of the
sterically hindered 1b with CO2 could be observed in
DMSO.[4] The NMR spectrum is similar to that of 2,6-di-
methylphenoxide zinc(II) (Table 1). Darensbourg proposed
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that the initiation process of the copolymer synthesis was
the epoxide ring opening, because CO2 showed no reactivity
with sterically hindered zinc(II) phenoxide complexes. With
our result we have found a new argument for a CO2 inser-
tion into the Zn2O bond as the first step of the mechanism
of these reaction.

In agreement with the results of Darensbourg, 1a and 1b
do not react with CO2 in pyridine.[5] Also in the case of 1c
in various solvents (DMSO, DMF, pyridine, THF) and of
1d in pyridine (1d is only soluble in pyridine) no such reac-
tions were observed by 13C NMR investigations. On further
warming of 1d to 60 °C, a white powder precipitated and
an NMR experiment could not be performed. The product
was isolated and washed with pentane. It was insoluble in
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Table 1. Comparison of calculated and experimental 13C chemical
shifts of metal phenoxide systems

CCO2 δ values Cipso δ values Cpara δ valuesmolecule

I[a] 166.8 117.2
II[a] 135.2 169.7 120.9
III[a] 149.5 154.8 133.3
IV[a] 170.7 157.1 132.4
NaOPh[a] 180.4 113.5
NaO2COPh[a] 173.5 163.0 129.7
NaOPh[b] 170.5 112.4
1a[b] 163.4 113.6
1a/13CO2

[c] 174.8 162.0/154.7 113.5/119.0
1b[b] 166.1 112.4
1b/13CO2

[c] 174.5 165.9/153.6 112.2/120.1
1c[b] 161.1 115.9
1d[d] 165.7 118.8

[a] GIAO-SCF (B3LYP/623111G*) calculated 13C chemical shifts
(δ, ppm relative to TMS 5 0.0 ppm) on the Hartree2Fock optim-
ized geometries (RHF/623111G*). 2 [b] Exp. in [D6]DMSO. 2[c]

Exp. in [D6]DMSO and 40 °C. 2 [d] Exp. in [D5]pyridine.

Figure 7. [Cd(S2CO-2,6-Ph2C6H3)]2(µ-O-2,6-Ph2C6H3)2
[6]

water and reacted with dilute HCl (gas evolution). In the
MS measurement, both the phenol and CO2 could be de-
tected. We presumed that the complete reaction of CO2

with both Zn2O(aryl) bonds of the phenoxide leads to an
insoluble phenylcarbonate zinc(II). The formation of a sol-
uble alkoxide zinc(II)/CO2 complex is dependent on the
solvent which is used and the steric demand of the phenol
ligands.

In the case of the (2-pyridylcarbinolato)zinc(II) complex
2, no signal was found in the region of δ 5 170, but in
pyridine a markedly broadened signal at δ 5 156 was ob-
served. Additionally, the broadened signals for the carbon
atoms of the ring indicated an equilibrium reaction of the
complex with CO2. In order to get insight into the mechan-
ism of this CO2 insertion, quantum mechanical calculations
on the model system zinc(II) phenoxide were carried out.

3. Ab initio Calculations

Darensbourg has shown a significant binding of various
solvent molecules to the zinc center of phenoxide zinc(II)
compounds in solution even at ambient temperature.[5] Un-
fortunately, computational limitations prevented us from
considering the effects of microsolvation and thus explicit
solvent molecules were not included in the model. However,
as will be shown, our calculations agree well with the ex-
perimental data, thus verifying the validity of our approach.
An analogous reaction mechanism for carbonic anhydrase
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was previously proposed for the activation of carbon diox-
ide.[11]

Due to the considerable size of the molecular geometry,
optimizations were restricted to the HF/G-3111G* level of
theory. All geometries were fully optimized and the nature
of the stationary points characterized by harmonic fre-
quency analysis. B3LYP/G-3111G* single point calcula-
tions were performed on the optimized geometries in order
to introduce electron correlation into the energy calcula-
tion. The Gaussian94 set of programs was used.

The proposed mechanism is depicted in Figure 8. One of
the electron lone pairs of the zinc-bonded oxygen interacts
with the carbon of CO2 to form the electrostatic encounter
complex II (22.79 kcal mol21). This facilitates the nucleo-
philic attack, leading to the intermediate product III
(6.92 kcal mol21) which can rearrange to form the more
stable insertion product IV (3.24 kcal/mol). This energy
profile suggests a reversibility of the reaction.

The calculated stability of the encounter complex in solu-
tion must be questioned because electrostatic interactions
in general decrease in the presence of solvent molecules.

The calculated Zn2O distance (1.78 Å) is found to be
0.15 Å shorter than the terminal Zn2O distances in the X-
ray structure (cf. Figure 3). Considering the absence of dat-
ive solvent molecules in the calculated structure this fact is
not surprising. In a previous study on the corresponding
sodium compounds, the deviations from the experimental
structures were in the range of 0.320.4 Å.[12] The choice of
the model and the level of theory can therefore be consid-
ered to be satisfactory. The most important structural fea-
tures are summarized in Figure 8. For the structures I2IV,
we calculated the 13C chemical shifts (Table 1). The RHF/
623111G* level of theory on the formerly optimized geo-
metries were used, following the guidelines reported by
Chesseman et al.[13] Analogous results could be calculated
in the case of the formation of the sodium phenyl carbon-
ate.

These data allow for the verification of the 13C NMR
interpretation, summarized in the second part of this study.
The peak at ca. 174 ppm can be assigned unambiguously
to the inserted CO2 carbon of the carbonate structure IV.
There is also an upfield shift of the 13C NMR signal of the
ipso carbon atom and a downfield shift of the signal for the
phenoxide para carbon, when following the reaction course
from the zinc(II) phenoxide to zinc(II) phenylcarbonate.

In the case of the reaction of 2 with CO2, the broadened
signal at δ 5 156 is an indicative of the existence of an
equilibrium between the reactants and/or intermediate
products such as III and IV.

4. Carboxylation of Acetophenone

The carboxylation of CH-acidic substrates (e.g. acetone
or acetophenone) with an alkaline phenoxide solvent sys-
tem was first carried out by Bottachio et al.[14] He postu-
lated the formation of phenol and an enolate which is stabil-
ized by the appropriate solvent in a very complex equilib-
rium. In a successive step, the enolate reacts with CO2 to
give the alkaline salt of the carboxylic acid. Walther et al.
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Figure 8. Quantum mechanical calculations on the model system
phenoxide zinc(II)/CO2 [geometries, relative energies, 13C chemical
shifts (δ, ppm relative to TMS) - B3LYP/623111G*//RHF/
623111G* level of theory, HF results in parentheses]

postulated the activation of CO2 by NaOPh/solvent com-
plexes.[15] They obtained particularly high yields of carb-
oxylic acids with a NaOPh/solvent ratio of 425:1 at room
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temperature. The use of magnesium enolates or carbamates
had also been reported for these reactions.[16]

In our investigations, the carboxylation of acetophenone
was carried out with zinc(II) alkoxide complexes (Table 2)

Table 2. Yield of the carboxylation of acetophenone in DMSO to
afford benzoyl acetic acid

Complex Yield [%]

25 °C 40 °C 80 °C
Zinc(II) 2,6-dimethylphenoxide (1a) 33 46 32
Zinc(II) 2,6-di-tert-butylphenylphenoxide (1b) 24 37 25
Zinc(II) 2,6-diphenylphenoxide (1c) 4 23 ,1
Zinc(II) 4-tert-butylphenoxide (1d) 0 0 0
(2-Pyridylcarbinolato)zinc(II) (2) ,1 ,1 ,1
Bis(trimethylsilylamido)zinc(II) (3) 5 4, 16[a] 8

[a]In THF.

The ligand, the solvent and the temperature were varied.
Best results were obtained using 1a and 1b at a temperature
of 40 °C in DMSO. Comparable yields resulted in cases
for which a molar ratio of 3:1 of the zinc(II) complexes to
acetophenone was applied. The lower yield of benzoyl
acetic acid observed at a reaction temperature of 80 °C in-
dicates a plausible but unwanted decarboxylation. A further
explanation for the decreasing yield could be the formation
of an insoluble phenylcarbonate zinc(II), which would limit
the transfer of the CO2 at this temperature.

The use of 1c in DMSO for the reaction led to a lower
yield of the benzoyl acetic acid. This can be explained both
by a complete reaction of CO2 to a zinc(II) 2,6-di-
phenylphenylcarbonate and by a poor solubility of the in-
sertion product. In the case of 1d dissolved in pyridine, the
addition of CO2 led to a precipitation of the previously de-
scribed ‘‘white powder’’. After addition of acetophenone,
no benzoyl acetic was detected.

Solvent dependence: For 1a21c dissolved in pyridine, the
detection of a reaction with 13CO2 in the NMR investi-
gations and also the carboxylation failed. It worth noting
that although the starting Zn[N(SiMe3)]2 3 does not un-
dergo an insertion reaction with CO2, the amide 3 also en-
abled the carboxylation of acetophenone. The model reac-
tion requires a zinc(II) complex which is soluble in the pres-
ence of CO2. Reaction of the phenoxide zinc(II) complexes
with acetophenone (i.e. without CO2) was not observed in
our NMR investigations. Our experiments revealed no in-
dication of the formation of acetophenolate zinc(II) and
phenol. The charge on the carbon of the activated com-
plexes (natural charge of III: qc 5 0.9974 and of IV: qc 5
0.9947) allows no statement about the preference of the two
product structures as a potential reactant towards aceto-
phenone. At present we presume that the reaction of the
zinc(II) complex, CO2 and acetophenone is a concerted re-
action, in which one of the structures III or IV plays a dom-
inant role (cf. Figure 8).

On the other hand, (2-pyridylcarbinolato)zinc(II), (hy-
droxypyridinato)zinc(II) and (2,6-di-tert-butylbenzoato)-
zinc(II) are inactive for the carboxylation of acetophenone
(20 °C, 40 °C; DMSO, pyridine). Thus, the carboxylation
of CH-acidic compounds requires a well optimized zinc(II)
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complex with a specific ligand design. An important prop-
erty of this complex is an acceptable solubility (this requires
bulky ligands). A relative low coordination number of the
metal center is assumed to be decisive, too.

However, we have found a new reaction of zinc(II) alkox-
ides with CO2 and acetophenone under remarkably mild
conditions.

Experimental Section

The syntheses of 1a21c were performed under an argon atmo-
sphere as previously described.[4,5]

Zinc(II) 2,6-Dimethylphenoxide {Zn[(OC6H3)(CH3)2]2} (1a): The
procedure was modified by adding Zn{N(Si(CH3)3)2]}2 (7.0 g,
18 mmol) in THF (80 mL) to a solution of sublimed 2,6-dimethyl-
phenol (4.4 g, 36 mmol) in THF (100 mL). It was heated at reflux
for 4 h. After cooling to room temperature, a white powder precip-
itated. The THF was removed in vacuo and the resulting solid was
washed twice with pentane (50 mL) and dried in vacuo to yield a
colorless powder. 2 Yield 5.7 g (83%), C16H18O2Zn (307.70): calcd.
C 62.5, H 5.9; found C 60.55, H 6.20 (It is not possible to remove
the ether ligand completely). 2 IR (KBr, disk): ν̃ 5 3026, 2918
[ν(C2H)], 1594, 1474, 1410 [ν(C5C)], 1200 [ν(C2O)], 760 cm21

[δ(C2H)]. 2 1H NMR ([D6]DMSO, 25 °C, TMS): δ 5 2.03 (s, 6
H, CH3 ), 6.22 (t, 1 H, CH2 para), 6.82 (d, 2 H, CH2 meta). 2 13C
NMR ([D6]DMSO, 25 °C, TMS): δ 5 113.6 (CH, para), 125.9 (CH,
ortho), 127.6 (CH, meta), 163.5 (C2O, ipso).

Zinc(II) 2,6-Di-tert-butylphenoxide {Zn[(OC6H3)(C(CH3)3)2]2} (1b):
To a solution of sublimed 2,6-di-tert-butylphenol (7.5 g, 36 mmol)
in THF or pentane (40 mL) was added a solution of
Zn{N(Si(CH3)3)2]}2 (7.0 g, 18 mmol) in THF or pentane (80 mL).
The solution was stirred for 4 h. The THF was then removed in
vacuo and the resulting solid was washed twice with pentane
(50 mL) and dried in vacuo to yield a colorless powder. After 3
days the product turned pale yellow. 2 Yield 6.2 (72%),
C28H42O2Zn (476.02): calcd. C 70.65, H 8.89; found C 68.20, H
8.76. 2 IR (KBr, disk): ν̃ 5 3080, 2959 [ν(C2H)], 1468, 1426
[ν(C5C)], 1226 [ν(C2O)], 749 cm21 [δ(C2H)]. 2 1H NMR
([D6]DMSO, 25 °C, TMS): δ 5 1.38, 1.40 (overlapping singlets, 19
H, CH3 ), 6.27, 6.73 (t, 1 H, CH2 para), 6.91, 7.07(d 2 H, CH2

meta). 2 13C NMR ([D6]DMSO, 25 °C, TMS): δ 5 30.5, 31.3
(CH3, tert-butyl) 34.7, 35.1 (C, tert-butyl) 112.4 (CH, para), 123.9,
124.4 (CH, ortho), 139.4 (CH, meta), 166.1 (C2O, ipso).

Zinc(II) 2,6-Diphenylphenoxide {Zn[(OC6H3)(C6H5)2]2} (1d): The
synthesis and isolation are identical to those for the previous zinc
phenoxides. Sublimed 2,6-diphenylphenol (8.9 g, 36 mmol) and
Zn{N(Si(CH3)3)2]}2 (7.0 g, 18 mmol) were used for the reaction.
Yield 9.3 g (93%), C36H26O2Zn(THF)2 (700.19): calcd. C 75.48, H
6.05; found C 73.89, H 5.73. 2 IR (KBr, disk): ν̃ 5 3050, 3023
[ν(C2H)], 1594, 1496, 1459, 1429 [ν(C5C)], 1224 [ν(C2O)], 762,
746, 703 cm21[δ(C2H)]. 2 1H NMR ([D4]THF, 25 °C, TMS): δ 5

7.1 (t, 1 H, CH ), 7.327.7 (m, 1 H, CH). 2 13C NMR ([D4]THF,
25 °C, TMS): δ 5 115.9 (CH, para), 126.4 (CH, para), 126.4, 128.5,
129.0, 130.4, 132.9, (CH, ortho, meta), 142.5, 161.1 (C2O, ipso).

Zinc(II) 4-tert-Butylphenoxide {Zn[(OC6H3)(C(CH3)3)]2} (1c): The
synthesis and isolation are identical to those for the previous zinc
phenoxides. After addition of Zn{N(Si(CH3)3)2]}2 (7.0 g, 18 mmol)
in THF (30 mL) to a solution of sublimed 4-tert-butylphenol (5.4 g,
36 mmol) in THF (80 mL) a white powder precipitated directly.
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Yield 12.2 (93%), C20H26O2Zn (363.80): calcd. C 66.0, H 7.2; found
C 64.9, H 7.3. 2 IR (KBr, disk): ν̃ 5 2964, 2870 [ν(C2H)], 1600,
1514, 1460 [ν(C5C)], 1244 [ν(C2O)], 828 cm21[δ(C2H)]. 2 1H
NMR ([D6]pyridine, 25 °C, TMS): δ 5 1.2 (m, 9 H, CH3), 7.2 (s,
4 H, CH ). 2 13C NMR ([D6]pyridine, 25 °C, TMS): δ 5 31.9
(CH3, tert-butyl) 33.7 (C, tert-butyl) 118.8 (CH, para), 126.6 (CH,
ortho, meta), 165.7 (C2O, ipso).

(2-Pyridylcarbinolato)zinc(II) {Zn[(OCH2)(C5H4N)]2} (2): To a so-
lution of 2-(hydroxymethyl)pyridine (2.8 g, 26 mmol) in acetonitrile
(80 mL), a solution of Zn{N(Si(CH3)3)2]}2 (5.0 g, 13 mmol) in ace-
tonitrile was added. From the stirred solution a white powder pre-
cipitated. The acetonitrile was removed by decanting and the re-
sulting product washed twice with acetonitrile (50 mL), dried in
vacuo to yield a colorless powder. Yield 3.3 g (90%),
C12H12N2O2Zn (281.62): calcd. C 51.18.0, N 9.95, H 4.29; found
C 51.24, N 10.24, H 4.50. 2 IR (KBr, disk): ν̃ 5 3057, 2809,
[ν(C2H)], 1607, 1568, 1483, 1441 [ν(C5C), ν(N5C)], 1094 cm21

[ν(C2O)]. 2 1H NMR ([D3]acetonitrile, 25 °C, TMS): δ 5 3.7 (s,
2 H, CH2), 6.32 (t, 1 H, CH ), 6.48 (d, 1 H, CH ), 6.85 (t, 1 H,
CH), 7.54 (d, 1 H, CH ). 2 13C NMR ([D3]acetonitrile, 25 °C,
TMS): δ 5 64.3 (CH2) 120.7 (CH, meta) 122.4 (CH, ortho), 137.2,
148.6 (CH, para), 161.0 (C2CH2, ipso).

Crystallization of the Dimeric 1b and Monomeric 1b/(DMSO)2: A
saturated solution of zinc(II) 2,6-di-tert-butylphenoxide in pentane
or DMSO, respectively, was allowed to cool to room temperature
and then filtered to separate from crystallites. Colorless crystals
suitable for X-ray structure determination were grown in the filtrate
after a few days. 2 The intensity data were collected on a Nonius
KappaCCD diffractometer, using graphite-monochromated Mo-Kα

radiation. Data were corrected for Lorentz and polarization effects,
but not for absorption.[17] 2 The structures were solved by direct
methods (SHELXS[18]) and refined by full-matrix least squares
techniques against Fo

2 (SHELXL-97[19]). For the compounds zin-
c(II) 2,6-di-tert-butylphenoxide/(DMSO)2 the hydrogen atoms were
located by difference Fourier synthesis and refined isotropically.
The hydrogen atoms of the compound zinc(II) 2,6-di-tert-butyl-
phenoxide were included at calculated positions with fixed thermal
parameters. All nonhydrogen atoms were refined anisotropically.
XP (SIEMENS Analytical X-ray Instruments, Inc.) was used for
structure representations.[20]

NMR Experiments: Samples of zinc(II) complexes (1a21c, 2, 3) in
aprotic polar solvents (0.1 ) were transferred into a NMR tube
with a Young-valve system under an argon atmosphere. After
measurement of both the 13C NMR and the 1H NMR spectrum,
the solution was saturated thoroughly with CO2 or 13CO2 and reex-
amined. After this, the probe was heated for 6 h at 40 °C and the
measurements were repeated at room temperature. A Bruker
AC200 NMR spectrometer was used.

Carboxylation of Acetophenone: In a typical carboxylation run,
{Zn[(CH3)2(OC6H3)]2} (0.10 g, 0.3 mmol) was dissolved in the po-
lar aprotic solvent (20 mL) and saturated with CO2. Acetophenone
(0.04 g, 0.3 mmol) was then added to the solution. Afterwards, CO2

was passed through the solution for six hours at the reaction tem-
perature. A 1:1 mixture of water/methanol (100 mL) was added to
the reaction solution.

Separation and Quantitative Analysis of the Product Mixture:
Phenol, acetophenone and benzoyl acetic acid were analyzed by
HPLC (Gynkotec System): The method was developed by modify-
ing a previously described procedure (Burtscher et al.).[21] Column:
Nucleosil 5 C18, (Macherey2Nagel & Co.), injection volume:
20 µL, solvent A: 50% 0.01 phosphate buffer KH2PO4 (Merck
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analytical grade), solvent B: 50% acetonitrile, flow rate:
0.8 mL min21, isothermal at 298 K, program: isocratic, wavelength:
295 nm. The retention times are 4.2 min for benzoyl acetic acid and
7.0 min for acetophenone. The quantitative analysis was carried out
by an external standard method. On the basis of a stock solution
of acetophenone (6.1 3 1024 g mL21) and benzoyl acetic acid (6.2
3 1024 g mL21), a dilution series was measured. The calibration
line was determined by linear regression (acetophenone: correction
factor 1.051, variation coefficient 0.30%; benzoyl acetic acid: cor-
rection factor 1.108, variation coefficient 0.22%).

The carboxylation reaction was performed three times for each
solvent and was analyzed twice via HPLC. The results, shown in
Table 2, are averaged values of these three reactions.
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