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Figure 2. Proposed intermediates in inter-ring #,$-haptotropic 
rearrangements of anionic manganese tricarbonyl complexes of 
isomeric indeno[ 1,2-a]- and indeno[2,1-a]indenes. 

version lying in the middle of C5*-C10s. For 12 there is a 
u2 plane perpendicular to uxY, passing through C4-Cga. In 
accord with this, nodal properties of two upper occupied, 
bonding x-MO’s of both dianions 11 and 12 cannot be 
classified relating to the common symmetry element. 
There is also no common element of symmetry with vacant 
e and e’ orbitals of the MII(CO)~+ fragment, retained along 
the reaction path. 

Qualitatively, however, it may be concluded that for the 
trans anion 11 x (  1) + e, x(  1) + e’, x ( 2 )  + e, and x ( 2 )  + e’ 
interactions may occur. The first two are strong and 
stabilize the ground state. While the MII(CO)~+ group is 
moving from one ring to another, only one x(1) + e’ in- 
teraction is retained under the condition that the Mn- 
(CO),+ group shifts to the periphery of the system. The 
intermediate must have the structure 13 (Figure 2). 
However, with further movement this bonding interaction 

disappears. Thus, the inter-ring v5,$ rearrangement as 
an intramolecular process for complex 6 is completely 
prohibited. 

In the case of cis anion 12 x(1) may participate only in 
one bonding x(1) + e interaction, while x(1) + e’, x ( 2 )  + 
e, and x ( 2 )  + e’ will be very weak. According to this, 
bonding of the MII(CO)~+ group in complex 9 in the ground 
state is weakened in comparison with that in 6. In in- 
termediate 14 with rearrangement of complex 9, the x(1) 
+ e interaction is lost while x(1) + e’ becomes very strong. 

Therefore, 14 must be more stable than 13. The obli- 
gatory withdrawal of the MII(CO)~+ group over the ligand 
contour is not necessary; i.e., as in the case of the cation 
(pentalene)cyclopentadienyliron’ the transition on the least 
motion principle becomes “partially allowed”. 

The synthesis of the complexes 3-10 and their charac- 
teristics have been d e s ~ r i b e d . ~ ~ , ~ ~  
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Summary: Reaction of diaza-18-crown-6, Cl,H26N204, 
with trimethylgallium in a tolueneheptane mixture affords 
the crystalline complex [Ga(CH,),] [C12H25N204] [Ga(C- 
HJ,] 2. The title compound contains two trimethylgallium 
units and one dimethylgallium unit. The dimethylgallium 
unit resides within the cavity of the aza crown with the 
gallium atom bonding to two oxygen atoms and a nitrogen 
atom in addition to the two methyl carbon atoms. As the 
gallium atom, the two carbon atoms, and the nitrogen 
atom constitute a basal plane while the two oxygen at- 
oms of the crown are found to reside above and below 
the plane (0-Ga-0 bond angle 157.2 (2)O),  the coordi- 
nation of the core gallium atom may be described as 
distorted trigonal bipyramidal. 

The last decade witnessed a proliferation of advances 
in the chemistry of gallium. Seminal discoveries con- 
cerning gallium compounds have found utility in the di- 
agnosis of disease1-, as well as in the production of sem- 
iconductor materials.“O This laboratory has an interest 
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Figure 1. The mixed nitrogen-oxygen donor crown ether dia- 
za-18-crown-6, ClzHzaNz04. 

in the chemistry of gallium as it relates to the liquid in- 
clusion compounds known as liquid clathrates, 
[M,&X][CE.M’] (M = Al, Ga; R = alkyl; X = halide; CE 
= oxygen-based crown ethers; M’ = alkali-metal ion).” It 
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Figure 2. View of the [Ga(CHJ21 [C12H26N1011[Ga(CH3!3j2 
molecule showing the atom-labeling scheme. Thermal ellipsoids 
show 50% probability levels; hydrogen atoms have been omitted. 
Selected bond distances (A) and angles (deg): Ga(l)-N(l) = 2.164 
(5) ;  Ga(l)-C(13) = 1.969 (9); Ga(l)-C(14) = 1.982 (9); Ga(l)C(15) 
= 2.002 (9); Ga(2)-N(2) = 2.171 (6); Ga(2)-C(16) = 2.007 (9); 
Ga(2)-C(17) = 1.966 (9); Ga(2)-C(18) = 1.999 (8); Ga(3)-N(1) = 
2.024 (5); Ga(3)-C(19) = 1.95 (2); Ga(3)-C(20) = 1.97(2); Ga- 
(3)-O(1) = 2.450 (5); Ga(3)-0(4) = 2.278 (5); 0(1)-Ga(3)-0(4) 
= 157.2 (2); N(l)-Ga(3)4(20) = 112.6 (7); N(l)-Ga(3)4(19) = 
112.2 (6); C(19)-Ga(3)-C(20) = 135.2 (9); O(l)-Ga(3)-N(l) = 78.5 
(3); 0(1)-Ga(3)-C(20) = 86.5 (7); O(l)-Ga(3)4(19) = 102.4 (7); 
0(4)-Ga(3)-C(19) = 98.0 (7); 0(4)-Ga(3)4(20) = 86.2 (7); 0- 
(4)-Ga(3)-N(1) = 84.5 (2). 

has been shown that [MR,],[CE] complexes can facilitate 
the preparation of liquid clathrates in the presence of 
appropriate alkali-metal salts.12-14 Studies in this area 
have also involved nitrogen-based crown ethers.15J6 Im- 
portantly, these advances in organoaluminum host-guest 
chemistry contributed to significant breakthroughs in the 
organometallic coordination chemistry of a l u m i n ~ m . ' ~ - ~ ~  
Although the literature offers a few studies in this area,%% 
the organometallic coordination chemistry of gallium has 
not developed in parallel with that of aluminum. We have 
endeavored to address this by exploring the organogallium 
chemistry of the mixed nitrogen-oxygen donor crown ether 
diaza-18-crown-6 (C12H26N20,)27 (Figure 1). Herein, we 
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report the synthesis and molecular structure of [ Ga(C- 
H3)2] [C12H,N204] [Ga(CH,),],, isolated from the reaction 
of trimethylgallium with diaza-18-crown-6 (eq 1).28 The 
3Ga(CH3), + Cl2H=N2O4 - 
title compound is novel, as it represents the first structural 
characterization of an organogallium-hetero crown ether 
complex. Moreover, [ Ga(CHJ2] [C12HzN2041 [Ga(CH3)J2 
is noteworthy, as it contains an unusual pentacoordinate 
organogallium moiety residing within the cavity of the aza 
crown. The X-ray crystal structure of [Ga(CHJ21 [C12- 
H25H204][Ga(CH3)3]2 is given in Figure 2. 

X-ray intensity data were collected on a Nicolet Wm/V 
diffractometer by using an o 28 scan technique with Mo 

pound crystallizes in the monoclinic space group R 1 / n  
with unit cell dimensions a = 14.344 (4) A, b = 12.122 (3) 

= 1.37 g cm-3 for 2 = 4. The dimethylgallium unit was 
determined to be disordered over two possible sites.29 The 
non-hydrogen atoms were refined with use of anisotropic 
thermal parameters. Methylene and methyl hydrogen 
atoms bonded to full-occupancy carbon atoms were in- 
cluded in the structure factor calculation at  idealized 
positions (dC-H = 0.96 A); separate isotropic group thermal 
parameters were refined for the methylene (Uh = 0.115 
(6) A2) and methyl (Ub = 0.18 (1) A2) hydrogen atoms. 
Hydrogen atoms of the disordered dimethylgallium unit 
and the two possible sites for the N-H group could not be 
located by standard Fourier techniques, and these atoms 
were not included in the model. The structure was solved 
by direct methods and refined, on the basis of 2857 ob- 
served reflections with intensities I > 3a(I), with use of 
SHELXTL.,' Refinement converged at  R = 0.051 (R, = 
0.070). 

Several points are worthy of note regarding structure 
and bonding in [Ga(CH3)2] [Cl2HzN2O4] [Ga(CH3),I2. The 
title compound contains two types of organogallium 
moieties: one central dimethylgallium unit and two ter- 
minal trimethylgallium units. The gallium atoms, Ga(1) 
and Ga(2), of the terminal trimethylgallium unib are found 
in the usual four-coordinate tetrahedral coordination ge- 
ometry. However, the central gallium atom, Ga(3), is 
clearly five-coordinate. Atoms NU), Ga(3), C(19), and 
C(20) constitute a basal plane, while the coordination 
sphere of Ga(3) is completed by O(1) and O(4) residing in 

[Ga(CH3)21 [C12H25N2041 [Ga(CH3)312 + CH4 (1) 

K a  radiation (A = 0.71073 1 ) at  21 "C. The title com- 

A, c = 16.552 (3) A, /3 = 95.35 (2)O, V = 2866 A3, and D a  

(28) Dim-18-crown-6 (0.25 g, 0.95 mmol) was allowed to react with 
trimethylgallium (5 mmol, 0.57 mL) in toluene in a 50-mL reaction veesel 
in a drybox. The reaction tube was removed from the drybox and heated 
(130 "C) in an oil bath for 24 h. When the solution was cooled to 0 OC, 
a multitude of colorless, rectangular, air-sensitive, X-ray-quality crystals 
d e p i t e d  on the wall of the reaction vessel in quantitative yield (based 
on the crown ether); mp = 118-120 "C. 'H NMR (CDCl ): 6 -0.57 (a, 6 
H, Ga(CHJ2), 0.052 (a, 18 H, Ga(CH&), 2.30 (8, 1 H, N h ,  2.86 (t, 8 H, 

Although the two trimethylgallium units in the title compound are fun- 
damentally inequivalent, the environments about the two gallium atoms 
are sufficiently similar so as to constitute an unresolvable singlet. In 
addition, the resonances of these two trimethylgallium units have been 
found to overlap perfectly with that due to Si(CHs),. l9C NMR (CDClJ: 
6 -5.71 (8 ,  8 C, Ga(CHs),, Ga(CHs)?), 48.21 (a, 4 C, OCH2CH2N), 66.96 (8, 
4 C, OCH2CH,N), 70.18 (a, 4 C, 0CH2CH20). Infrared spectrum (cm-', 
Nujol): 4431 (a), 3600 (w), 545 (w), 511 (w). 

(29) The occupancy of the major site is represented by atoms Ga(3), 
C(19), and C(20), while the minor site is represented by atoms Ga(3a), 
C(19a), and C(20a) (a view of the minor conformation is provided in the 
supplementary material). The group multiplicity of the major component 
was refined to a value of m = 0.513 (2), and the group multiplicity of the 
minor component was constrained to be 1 - m. All other atoms of the 
molecule for the two possible orientations are so closely overlapped that 
resolution was not possible. 
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OCH,CH2N), 3.59 ( ~ , 8  H, OCH&&O), 3.60 (t, 8 H, OCH2CH2N). Note: 



Organometallics 1990, 9, 1711-1713 1711 

axial positions on either side of the N-Ga-C2 basal plane. 
As the 0(1)-Ga(3)-0(4) bond angle is 157.2 ( 2 ) O ,  the co- 
ordination environment about Ga(3) may be described as 
distorted trigonal Sipyramidal. It is interesting to note that 
the Ga(3)-N(1) bond distance of 2.024 (5) A is noticeably 
shorter than the terminal Ga-N bond distances of 2.164 
(5) and 2.171 (6) 8, for Ga(l)-N(l) and Ga(2)-N(2), re- 
spectively. The Ga-0 bond distances are 2.450 (5) and 
2.278 (5) A for Ga(3)-0(1) and Ga(3)-0(4), respectively. 
These Ga-0 bond distances in the title compound are 
exceedingly long and, when compared to those in other 
organogallium-oxygen compounds,23 must be considered 
among the longest reported. Furthermore, considering the 
great affinity that gallium has for oxygen, in addition to 
the fact that the aza crown contains twice as many oxygen 
atoms as nitrogen atoms, it is interesting to note that the 
trimethylgallium units preferred nitrogen over oxygen. 
The conformation of the crown in [Ga(CH3)2] [CI2Hz5N2- 
O,] [Ga(CH3)J2 is also noteworthy. The conformation of 
dibenzo- 18-crown-6 in [ Ga(CH,),] 2[ dibenzo- 18-crown-61 23 
was observed to be exodentate. Indeed, the conformation 
of crown ethers is predominantly found to be exodentate 
in group 13 metal-crown ether complexes. However, the 
conformation of diaza-18-crown-6 in the title compound 
is determined to be endodentate. This may be regarded 
as a consequence of the stabilizing influence of the central 
dimethylgallium unit as well as N-H-.O hydrogen bonding 

present in the compound.31 From a comparison of other 
pentacoordinate organogallium m o i e t i e ~ , ~ - ~ ~ ~ % ~  it appears 
that trigonal bipyramidal is the preferred mode of coor- 
dination geometry. Forthcoming studies from this labo- 
ratory will further examine factors affecting the organo- 
metallic coordination chemistry of gallium. 
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Summary: The catalytic, fully regioselective hydro- 
carboxylation of acrylic acid to methylmalonic acid is re- 
ported for the first time. This reaction, which involves 
Fe(CO), as catalyst precursor in the presence of Ca(OH), 
in a H20-iPrOH mixture as solvent, is brought about at 70 
O C  under atmospheric carbon monoxide pressure. 

The catalytic oxacarbonylation of olefins with carbon 
monoxide and alcohols or water in the presence of tran- 
sition metals has been known to occur since 1940.' Since 
that time, a great deal of work has been devoted to the 
designing of systems for the precise control of the re- 
gioselective oxacarbonylation of a-olefins.2 However, 
acrylic derivatives (eq 1) have been given far less attention. 

z Z 2 
(1) =/ + C O + R O H x  # +lor 4 

COOR C O R  
2 = CN, COOR; R = H, alkyl 

The hydroesterification of acrylonitrile in the presence 
of base-promoted cobalt catalyst systems can be selectively 
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(>92%) directed either to 2- or to 3-cyanopropionates by 
the appropriate choice of the base promoter and process 
~ondi t ions.~ 

In contrast, no catalytic oxacarbonylation of acrylates 
or acrylic acid at  the a-position has been reported so far. 
In the case of ethyl acrylate, only cobalt-catalyzed reactions 
leading to diethyl succinate have been  reported.,^^ Sim- 
ilarly, in the case of acrylic acid itself, only a nickel-cata- 
lyzed hydrocarboxylation to succinic acid has been known! 
No catalytic carbonylation to methylmalonic acid (MMA) 
or its derivatives has been reported so far. 

Interestingly, however, Takegami et al.,' and later 
Collman et al.,8 reported that the stoichiometric addition 
of NaHFe(C0)4 to methyl acrylate, in THF, was highly 
regioselectiue, leading to an alkyltetracarbonylferrate 
(isolated as the PPN+ salt) with the iron moiety linked a 
to the methoxycarbonyl group. Both groups, however, 
observed that the addition was strongly inhibited by a 
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