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The tris(pentafluorophenyl) corrole germanium hydride complex
(TPFC)Ge-H was prepared by the reduction of (TPFC)Ge-OCHj;
with NaBH,4. The reactivity of (TPFC)Ge-H with series of
aldehydes, olefins and alkyl halides to produce a-hydroxy alkyl
and alkyl complexes was studied.

The discoveries of facile syntheses of meso-aryl substituted
corroles in 1999' triggered the revival of the chemistry of
corroles. A variety of main group and transition metal
elements were inserted into the corrole ring? and some of the
complexes showed similar or superior properties to the related
porphyrin complexes. Despite the broad scope of metallo-
corroles and the unique reactivity of porphyrin metal
hydrides,* the preparation and the reactivity of corrole metal
hydrides have not yet been reported.

Transition metal hydrides play a central role in many of the
most important catalytic processes including hydrogenation,
hydroformylation, and related transformations. The rhodium
porphyrin hydrides, (por)Rh-H, typical of late transition metal
hydrides, display unique reactivity patterns towards an excep-
tional breadth of substrates including alkyl halides, olefins,*
211dehydes,4’5 and carbon monoxide.>**® However, analogous
reactivity studies of main group metal hydride complexes are
quite rare.”

Organo-germanium complexes show unique structures and
fascinating chemical reactivity compared to both their lighter
and heavier group 14 element congeners. Power et al. reported
a series of novel organogermanium compounds and
transition-metal hybrid organogermanium compounds.®
Roesky et al. studied the reactivity of germanium(i) hydrides
stabilized by bulky B-diketiminate ligands.® Fully-characterized
germanium corrole complexes are limited to Ge(Cor)OH,
Ge(Cor)OMe and the p-oxo dimer [Ge(Cor),0.'"° The
Ge(Cor)X (X = OCHj;, Cl) corroles have also been used as
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Scheme 1 The reactivity pattern of (TPFC)Ge-H.

precursors to prepare corrole derivatives functionalized on the
ligand periphery by bromo, nitro and amino groups.'% ¢ This
article reports on the reactivity studies of germanium hydride
corrole complexes with aldehydes, olefins and alkyl halides to
form corrole germanium a-hydroxy alkyl and alkyl complexes
(Scheme 1).

The H;5(TPFC) free base corrole and (TPFC)Ge-X (X = Cl,
OH) complexes were prepared following the methods reported
by Gross et al."'* The labile chloro or hydroxo axial ligand
was rapidly substituted by —OCH3; or —OCH,CHj3; at room
temperature when (TPFC)Ge-X was dissolved in methanol or
ethanol, respectively. After dissolution of (TPFC)Ge-OCHj;
(1) in ethanol, a new triplet and quartet (at —1.69 and —1.01
ppm) assigned to the methyl and methylene, respectively, of
—OCH,CHj; in (TPFC)Ge-OCH,CH3 (2) appeared and the
—OCH; singlet at —1.01 ppm disappeared (Table S1, ESIf).
This diagnostic change in the '"H NMR spectrum implied the
quantitative formation of complex 2 via a ligand exchange
reaction. Complex 2 was further characterized by molecular
structure determination (Fig. S1, ESI¥).

The (TPFC)Ge-H (3) was obtained by reduction of
(TPFC)Ge-OCHj; with NaBH, in methanol/benzene solution
(1:30) (eqn (1)). Because of the large ring-current effect of the
corrole ligand, the resonance of metal-bound hydrogen shifted
upfield and appeared at § = —2.14 ppm. The IR spectrum of
(TPFC)Ge-H showed an absorption at 2085 cm™' corres-
ponding to the absorption of Ge-H,!! nearly identical to the
Ge-H absorption at 2086 cm ™! for H,Ge[3,5-(CF5),C¢Hj),.' ¢
The electronic structure of (TPFC)Ge-H is envisioned as
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[(TPFC)Ge(m)]H where the electron-withdrawing ligand
TPFC stabilizes the electron rich metal center.

NaBHy4,R.T.4h

(TPFC)Ge-OCH, ——— 21,
CgHg:CH3OH=30:1

(TPFC)Ge-H (1)

The unusual a-hydroxyalkyl metal complexes are proposed to
be key intermediates in many important catalytic processes'>
which are thermodynamically unstable and prone to dissociation
to form a metal hydride complex and an aldehyde.'® Reports
on the reactivity studies of transition metal hydrides with
aldehydes to form o-hydroxyalkyl metal complexes remain
limited and representative complexes are rhodium hydride*>
and manganese hydride.'* Satgé et al. reported that the main
group metal hydride R,GeH, (R = phenyl, mesityl) can be
deprotonated by tert-butyllithium to form R,GeHLi which
functioned as a strong nucleophile and reacted with benzaldehyde
to form the o-hydroxy benzyl germanium complex.!'’ We
observed that in the presence of a catalytic amount of KOH,
the reaction of (TPFC)Ge-H with paraformaldehyde at 70 °C
in benzene led to the exclusive formation of the a-hydroxy
methyl germanium corrole complex (TPFC)Ge-CH,OH (4)
(Scheme 1). Addition of D,O to the benzene solution of
(TPFC)Ge-CH,OH resulted in the disappearance of the resonance
at 6 = —3.72 ppm and the doublet at 6 = —2.20 ppm collapsed
into a singlet, consistent with assignment of the OH and CH,
protons, respectively. The hemiacetal (TPFC)Ge-CH,OCH,OH
was formed through the reaction of (TPFC)Ge-CH,OH with
excess formaldehyde when the reaction was performed lower than
70 °C (eqn (2)). The hemiacetal dissociated nearly quantitatively at
70 °C to form (TPFC)Ge-CH,OH (eqn (2)). The enthalpy and
entropy changes for eqn (2) were obtained from variable-temperature
"H NMR experiments using C¢Dy as the solvent where AH, =
57.8 kI mol™" and AS, = 1.92 x 10* J (K-mol)~". The reaction of
(TPFC)Ge-H with benzaldehyde under similar reaction conditions
formed the a-hydroxyalkyl product (TPFC)Ge-CH(OH)C¢Hs (5)
(Scheme 1) in 84% yield within 24 hours.

(TPFC)Ge-CH,OH + HCHO
—= (TPFC)Ge-CH,OCH,OH )

The reaction of (TPFC)Ge-H with olefins CH,—CHR
(R = —CO,CHj3; and —CH,CH,CH3;) was also investigated
(Scheme 1). Although no alkyl germanium corrole was
observed upon mixing (TPFC)Ge-H with excess of methyl
acrylate at 60 °C for 12 hours (Fig. la-b), the complex
(TPFC)Ge-CH,CH,CO,CHj3 (6) was formed in over 95%
yield upon the addition of a catalytic amount of KOH
(Fig. 1b—d). Complex 6 was further characterized by molecular
structure determination (Fig. 2). A similar result was also
observed for the unactivated olefin 1-pentene which formed
the corresponding product (TPFC)Ge-CH,CH,CH,CH,CHj3;
(7) in 50% yield within 24 hours (Scheme 1). The electron-
withdrawing ligand TPFC stabilized the carbanion intermediate.
The stereo-selectivity is determined by steric hindrance of the
ligand where nucleophilic attack occurred at the less crowded
terminal olefinic carbon.

There is no reported method for the synthesis of alkyl
germanium corrole complexes. Here we demonstrate a simple
one-pot synthesis method for preparation of alkyl germanium
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Fig. 1 '"HNMR spectra of (TPFC)Ge-H and (TPFC)Ge-CH,CH,CO,CH;
at high field. (a) (TPFC)Ge-H; (b) (TPFC)Ge-H plus methyl acrylate at 60 °C
for 12 h without addition of KOH. (TPFC)Ge-H plus methyl acrylate at 60 °C
with addition of KOH: (c) after 8 h, (d) after 16 h, and (e) after 24 h.

Fig. 2 The structure of 6 illustrated by one of the two independent
molecules. Some atom labels are omitted for clarity.

corroles through the reaction of (TPFC)Ge-H with alkyl
halides in methanol to form (TPFC)Ge-R (R = CHj; (8),
CH,C¢Hs (9)) (Scheme 1). Details of the method are described
in ESI.¥ The (TPFC)Ge-R complexes were easily identified by
the characteristic '"H NMR spectra of the alkyl groups. The
resonances of axial alkyl hydrogens were shifted to high field
positions due to shielding by the ring-current effect of the
corrole ligand. Hydrogen atoms on the a-carbon atoms appear
at high field ranging from —3.0 to —5.2 ppm (Table S1, ESI¥)
and the phenyl hydrogens of the benzyl group in 9 were split
and shifted upfield of their normal diamagnetic positions to
3.60 ppm, 6.16 ppm, and 6.41 ppm. The complex 8 was further
characterized by X-ray crystal structure determination and its
molecular structure is illustrated in Fig. 3.

The (TPFC)Ge-H is proposed to be rapidly deprotonated in
basic solution to form a corrole Ge(i) anion intermediate
which subsequently reacts with aldehydes, olefins and alkyl
halides to form a-hydroxyalkyl and alkyl germanium products
(Scheme 2). When the reaction of (TPFC)Ge-H with methyl
acrylate was performed in CD;OD, the deuterated alkyl
germanium product (TPFC)Ge-CH,CHDCO,CH; was
formed while (TPFC)Ge-CH,CH,CO,CHj; was the main product
in CD;OH. These observations indicate that the hydrogen atom
on the B-carbon is obtained via the protonation of the nucleo-
philic-addition reaction intermediate by the hydroxyl proton of
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Fig. 3 The structure of 8-acetone.
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Scheme 2 Reaction pathways of (TPFC)Ge-H with formaldehyde,
I-pentene and methyl iodide.

methanol. Previously, the porphyrin rhodium hydride complex
(Por)Rh-H was reported to be deprotonated to form the Rh'
porphyrin anion [(Por)Rh]™ which functioned as a nucleophile to
react with organic halides, olefins and alkynes to produce metal
alkyl complexes."

Reactions of late transition metal hydride complexes with
unsaturated substrates play a crucial role in many important
catalytic processes. We have observed that a main group hydride
complex demonstrates parallel reactivity to transition metal
hydrides with aldehydes, olefins and alkyl halides to form
a-hydroxyalkyl and alkyl complexes. This research demonstrates
that the cheaper main-group metal complexes can emulate the
reactivity of transition metal complexes although their electronic
structures, orbitals and bonding properties are quite different.
The main group metal hydrides may function like transition
metal hydrides and find wide application in hydrogenations,
hydroformylation, and related transformations. Further research
focused on the mechanistic study of the substrate reactions of
corrole germanium hydrides is under investigation.

We are grateful for support by NSFC Grant 20801002.
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