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Tetracyclopropylmethane: A Unique
Hydrocarbon with §; Symmetry**
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The static and dynamic stereochemistry of organoelement
compounds containing the respective maximum number of
geminal cyclopropyl groups, Cpr,X (Cpr= cyclopropyl), has
attracted considerable attention.'*! Nevertheless, the
corresponding carbon compound, tetracyclopropylmethane
(7a), has remained elusive. Neither the two commonly used
approaches to percyclopropylated element derivatives,! nor
the methods for the preparation of tricyclopropylaminell can
be used to form 7a. An attempted direct geminal biscyclo-
propylation of dicyclopropyl ketone with in situ generated
[Cpr, TiCL]® analogous to the reported geminal bismethyla-
tion of ketones with [Me,TiCL,|["! only led to tricyclopropyl-
methane in a moderate yield (34 % ). Therefore, we consid-
ered the possibility of preparing 7a by a twofold cyclo-
propanation of dicyclopropyldiethenylmethane (6a),® and to
use ethyl 3,3-dicyclopropylacrylate (1)P! as the starting
material (Scheme 1).'7 The allyl alcohol 2, obtained by the
reduction of 1, was transformed into 6a by the following
pathway: an orthoester Claisen rearrangement,'!l subsequent
reduction of the ester 3 with LiAlH, to the alcohol 4,
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Scheme 1. Synthesis of 7. A) AlH;, THF, 0°C, 3 h; B) MeC(OEt);, PhOH,
150°C, 7 h; C) LiAlH, or LiAID,, Et,0, 34°C, 1 h; D) Ph,P- Br,, CH,Cl,
—15-20°C, 6h; E)BuOK, DMSO, 20°C, 6 h; F) CH,N, (10 equiv),
inverse addition of Pd(OAc),,") —20 —25°C, repeated six times.

transformation to the bromide §, and its eventual dehydro-
bromination with potassium fert-butoxide in DMSO
(Scheme 1).

The crucial step in this sequence was the cyclopropanation
of 6a. In contrast to the successful cyclopropanations of other
tricyclopropylethenylelement compounds Cpr;VinX (X =Si,
Ge, Sn; Vin=CH=CH,),” no reaction occurred with 6a
under classical Simmons—Smith conditions,'?l and with
Me;Al/CH,L, (6 equiv) or ZnEt,/CH,I, (12 equiv)!'*"! tricyclo-
propylethenylmethane (8) was obtained at best in 9 and 30 %
yield, respectively. The Pd(OAc),-catalyzed cyclopropanation
of 6a with diazomethanel™¥ gave 8 in only 13% yield. The
reactivity of the double bonds in 6a is apparently retarded by
the steric congestion around the quaternary carbon atom.
However, the yield could be improved by the addition of the
catalyst Pd(OAc),, in one portion, to a solution of 6a in
~1.9M ethereal diazomethane.!'Y By repeating this procedure
six times, tetracyclopropylmethane (7 a) was obtained from 6a
in 92% yield. After only three repetitions, tricyclopropyle-
thenylmethane (8) was isolated in 80 % yield along with 6a
and 7a (10% each). Tricyclopropyl(2,2-dideuteriocyclopro-
pyl)methane 7b was obtained in the same way from 6b (which
was prepared from 3 by reduction with LiAlD, and further
transformations of the resulting 4b as elaborated for 4a in
Scheme 1).19]

By looking at molecular models, it can be predicted that
three of the four cyclopropyl groups in 7a cannot have the
same orientation as the corresponding three groups in
tricyclopropylmethane,l'¥ which in the crystal structure
adopts the same C;-symmetrical conformation (Figure 1)l
as tricyclopropylamine.[**! According to B3LYP/6-31 + G**
computations,!'¥! the fourth cyclopropyl group in 7 a affects the
orientation of the three others in such a way that the overall
symmetry becomes S, (Table 1). The result of the X-ray
structure analysis!'’! displays nearly S, symmetry for the
molecules of 7a (Figure 1). In contrast, tetracyclopropylsilane
Cpr,Si, Cpr,Ge, and Cpr,Sn all have D,y symmetry.F!
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Figure 1. Molecular structures of tricyclopropylmethane and tetracyclo-
propylmethane (7a)."”) The bond lengths [A] are mean values based on
assumed C;, symmetry for tricyclopropylmethane and S, symmetry for 7a;
computed values at B3LYP/6-31 + G** in parentheses.

Table 1. Computed energies [kcal mol~'] for tetracyclopropylmethane and
tetraisopropylmethane conformations and their rotational transition struc-
tures (TS). The energies are given relative to the lowest lying geometry of
the molecules 7a and 9a. Ny, =number of imaginary frequencies;
ZVPE = zero-point vibrational energy.

Molecule Symmetry Nimag E ZPVE H, Gaogk
7a S, 0 0.0 186.8 0.0 0.0
7a Dy, 3 29.5 186.8 20.7 322
7a (TS) C, 1 7.6 186.7 7.0 8.2
9a D,y 0 0.0 243.4 0.0 0.0
9a S, 0 0.5 242.8 0.8 1.2
9a (TS) C, 1 4.1 243.5 3.6 4.9

For comparison, tetravinylmethane has no symmetry (C;)
in the gas phasel'® or the crystalline state'"™ tetravinyl
derivatives of Si and Ge are also nonsymmetric, as are the
respective Sn and Pb derivatives which differ only in their
conformations.'"] The closest cousin to 7a, hexacyclopropyl-
ethane, displays S, symmetry in the crystalline state?®! as well
as, according to MM2P% and MM3P%®] calculations, in the gas
phase. As a result of the repulsion of the cyclopropyl groups in
hexacyclopropylethane, the central C—C bond length
(1.636 A) is significantly longer than an ordinary C—C o
bond. %]

In accord with the computational result that the attachment
of a fourth cyclopropyl group onto the central carbon in
tricyclopropylmethane does not significantly enhance the
overall strain, the C—CH bond length in 7a (1.527(2) A) is
only slightly longer than that in tricyclopropylmethane
(1.514(2) A), and the CH-CH, and CH,—CH, bond lengths
in the three-membered rings are virtually the same, namely
1.503(2) and 1.500(2) A, respectively, that is, practically
identical to that in unsubstituted cyclopropane
(1.499(1) A).21 Yet, the computed (B3LYP/6-31 + G**) rota-
tional barrier of the cyclopropyl groups in 7a of 8.2 kcalmol !
(298 K) is higher than that for rotation around the central
bond in hexacyclopropylethane (6.4 kcalmol'),?% but com-
parable to the barrier for the rotation of the cyclopropyl
groups in the tricyclopropylmethyl cation (~8-
10 kcalmol1).22l However, in their 'H, ?H, and *C NMR
spectra neither tetracyclopropylmethane (7a) nor its dideu-
tero analogue 7b showed any sign of nonequivalence of the
sites, even at —130°C in a CD,Cl,/CHCLF mixture. A small
change in the 3C NMR spectra was observed upon lowering
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the temperature, but this is because the deuterated carbon
with a signal at 6 =0.91 in 7b loses its coupling to deuterium,
and the signal becomes more intense because of the more
efficient quadrupolar relaxation of deuterium nuclei at lower
temperatures.

Since cyclopropane derivatives are prone to ring opening
upon catalytic hydrogenation under appropriate conditions,’!
and the opening of donor-substituted rings usually occurs
selectively at the least substituted bond, tetracyclopropyl-
methane (7a) offered itself as a precursor to the previously
unknown tetraisopropylmethane (9). In fact, hydrogenolysis
of hydrocarbons 7a, b over PtO, in acetic acid proceeded
smoothly with fourfold selective opening of only the distal
bonds to give the considerably congested?! tetraisopropyl-
methanes (9a, b) in quantitative yields (Scheme 2).

— CHX,
X 100%
X
7aX=H 9aX=H
7bX=D 9b X=D

Scheme 2. Catalytic hydrogenation of 7a, b to give the tetraisopropyl-
methanes 9a, b. A) H,, AcOH, PtO,, 20°C, 4.5 h.

The X-ray analysis of tetraisopropylmethane (9a) (Fig-
ure 2) shows that it has D,, symmetry with the methyl groups
pairwise in an eclipsed orientation with respect to an

Figure 2. Molecular structure of tetraisopropylmethane (9a) according to
X-ray structure analysis (left),l'”l and in the gas phase (right), according to
B3LYP/6-31 + G** calculations (calculated bond lengths in parentheses).
The experimental bond lengths [A] are mean values based on assumed D,
symmetry for 9a.

imaginary line connecting the CH fragments of the corre-
sponding isopropyl groups. This arrangement corresponds to
the energetically most favorable conformation of each subunit
in the molecule, and it is in excellent agreement with the
results of B3LYP/6-31 + G** computations. Yet, the corre-
sponding structure in S, symmetry differs only slightly from
the D, structure, both energetically as well as geometrically
(Table 1). The single bonds around the central carbon in 9a
(1.599(4) A; computed: 1.595 A, Figure 2) are significantly
lengthened as a result of the steric interactions between the
isopropyl groups. As the shortest nonbonded H--- H distances
in 9a (2.008 A; computed 1.995 A) are between the tertiary
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methyne and one hydrogen of the y-positioned methyl group,
the interaction is clearly repulsive. Thus, the arrangement of

the

four isopropyl groups in 9a is a compromise between

repulsive H---H interactions and favorable local conforma-
tions. The shortest H---H distances in tetracyclopropylme-
thane 7a are 2.135 A (computed 2.193 A), and the interaction
is not as repulsive as in 9a. This is in line with the generally
accepted notion that an isopropyl is considerably more
sterically demanding than a cyclopropyl substituent.?”
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Cpr;Al: a) J. W. Moore, D. A. Sanders, P. A. Scherr, M. D. Glick, J. P.

Oliver, J. Am. Chem. Soc. 1971, 93, 1035-1037; b) R. D. Thomas, J. P.
Oliver, Organometallics 1982, 1, 571-579.

Cpr;Ga: K. Margiolis, K. Dehnicke, J. Organomet. Chem. 1971, 33,
147-151.

Cpr,Si, Cpr,Ge, Cpr,Sn: B. Busch, K. Dehnicke, J. Organomet. Chem.
1974, 67, 237-242.

Cpr;N: a) A. de Meijere, V. Chaplinski, H. Winsel, M. A. Kuznetsov,
P. Rademacher, R. Boese, T. Haumann, M. Traetteberg, P.v.R.
Schleyer, T. Zywietz, H. Jiao, P. Merstetter, F. Gerson, Angew. Chem.
1999, 111, 2582-2585; Angew. Chem. Int. Ed. 1999, 38, 2430-2433;
b) A. de Meijere, V. Chaplinski, F. Gerson, P. Merstetter, E. Hasel-
bach, J. Org. Chem. 1999, 64, 6951-6959; c) M. L. Gillaspy, B. A.
Lefker, W. A. Hada, D. J. Hoover, Tetrahedron Lett. 1995, 36, 7399 —
7402.

For the preparations of oligocyclopropyl derivatives of type Cpr,X
see: a) Cpr;Al: D. A. Sanders, J. P. Oliver, J. Am. Chem. Soc. 1968, 90,
5910-5912; b) Cpr;B: A. H. Covley, T. A. Furtsch, J. Am. Chem. Soc.
1969, 91, 39-43; c) Cpr;Ga: see ref. [2]; d) Cpr,Ge: P. A. Scherr, J. P.
Oliver, J. Mol. Spectrosc. 1961, 31, 109-117; e¢) Cpr;P: A. H. Cowley,
J.L. Mills, J. Am. Chem. Soc. 1969, 91, 2915-2919; f) Cpr,Pb: E. C.
Juenge, R. D. Houser, J. Org. Chem. 1964, 29, 2040-2042; g) Cpr,Si:
H. Schmidbaur, A. Schier, Synthesis 1983, 372-373; Z. Teng, C. Boss,
R. Keese, Tetrahedron 1997, 53, 12979-12990; h) Cpr,Sn: D. Sey-
ferth, H. M. Cohen, Inorg. Chem. 1962, 1, 913 -916.

[Cpr,TiCl,] was generated in situ from TiCl, and Cpr,Zn: T. Shibata,
H. Tabira, K. Soai, J. Chem. Soc. Perkin Trans. 1 1998, 177 -178.

M. T. Reetz, J. Westermann, S.-H. Kyung, Chem. Ber. 1985, 118,
1050-1057.

The known tetraethenylmethane did not appear to be an appropriate
starting material, as it is relatively unstable and available only through
a low-yielding multistep synthesis, a) R. Gleiter, R. Haider, P. Bischof,
H.-J. Lindner, Chem. Ber. 1983, 116,3736-3744;b) J. G. Berger, E. L.
Stogryn, A. A. Zimmerman, J. Org. Chem. 1964, 29, 950-951.

a) M. J. Jorgenson, J. Am. Chem. Soc. 1969, 91, 6432—-6443; b) B.
Portevin, A. Benoist, G. Rémond, Y. Hervé, M. Vincent, J. Lepagnol,
G. De Nanteuil, J. Med. Chem. 1996, 39, 2379 -2391.

This strategy was adopted from the recently reported preparation of
2,2-diethenyladamantane, L. Giraud, V. Huber, T. Jenny, Tetrahedron
1998, 54, 11899 -11906.

W. S. Johnson, L. Werthemann, W. R. Bartlett, T. J. Brocksom, T.-t. Li,
D. J. Faulkner, M. R. Petersen, J. Am. Chem. Soc. 1970, 92, 741 —-743.
a) H. E. Simmons, R. D. Smith, J. Am. Chem. Soc. 1959, 81, 4256—
4264. For a review see: b) L. R. Subramanian, K.-P. Zeller, Methoden
Org. Chem. (Houben-Weyl) 4th ed. 1952 -, Vol. E 17a, 1997, pp. 256 —
308.

a) R. Paulissen, A. J. Hubert, P. Teyssie, Tetrahedron Lett. 1972, 1465 -
1466; b) J. Kottwitz, H. Vorbriiggen, Synthesis 1975, 636—637. For a
review see: ¢) Yu. V. Tomilov, V. A. Dokichev, U. M. Dzhemilev,
O. M. Nefedov, Usp. Khim. 1993, 62, 847 —886; Russ. Chem. Rev. 1993,
62,799 -838.

Caution: This cyclopropanation proceeds very violently. In a typical
experiment, a solution of Pd(OAc), (200 mg) in CH,Cl, (1 mL) was
added in one portion to a precooled (—20°C) solution of 6 (2.5 g) in
~1.9M ethereal diazomethane (100 mL) in an 1 L flask. Scaling-up is
not recommended.
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All new compounds were fully characterized by spectroscopic
methods (‘H NMR, BC NMR, MS), elemental analyses and, in part,
crystal structure analyses. 7a: Colorless liquid, m.p. ca. —15°C;
'H NMR (250 MHz, CDCl;): 6 =0.15-0.23 (m, 8H, %2 from 8 CH,),
0.36-0.46 (m, 12H, % from 8CH,+4CH); *C NMR (62.9 MHz,
CDCl;, additional DEPT): 6 = —0.72 (8§ CH,), 15.61 (4 CH), 32.65 (C).
7b: Colorless liquid, m.p. ca. —20°C; 'HNMR: § =0.12-0.22 (m, 7H,
Y from 7CH,), 0.33-0.50 (m, 11H, % from 7CH,+4CH); ?H NMR
(CD,CL/CHCLF): 6 =0.09 (s), 0.35 (s); ®C NMR: 6=—-1.35 (p, J=
24.3 Hz, CD,), —0.94 (CH,), —0.72 (6 CH,), 15.41 (CH), 15.64 (3CH),
32.65 (C). 6a: Colorless liquid, b.p. 58-60°C (12 mbar); 'H NMR:
0=0.27-0.37 (m, 8H, 4CH,), 0.78-0.87 (m, 2H, 2CH), 5.09 (dd, / =
10.8, 1.9 Hz, 2H, =CH,), 5.18 (dd, /=178, 1.9 Hz, 2H, =CH,), 5.59
(dd, J=17.8,10.8 Hz, 2H, =CH); 3C NMR: 6 =—0.22 (4CH,), 1717
(2CH), 44.65 (C), 114.81 (2CH,), 141.36 (2CH). 6b: Colorless liquid,
b.p. 65-67°C (15 mbar); 'H NMR: 6=0.27-0.37 (m, 8H, 4CH,),
0.78-0.85 (m, 2H, 2CH), 5.09 (dd, J=10.5, 2.0 Hz, 1H, =CH,), 5.18
(dd, J=175, 2.0 Hz, 1H, =CH,), 5.57 (brs, 1H, =CH), 5.59 (dd, J =
17.5,10.5 Hz, 1H, =CH); 3C NMR: 6 = —0.22 (4CH,), 1719 (2CH),
44.59 (C), 114.27 (quint, J =23.9 Hz, CD,), 114.78 (CH,), 141.10 (CH),
141.33 (CH). 8: Colorless liquid; 'H NMR: 6 =0.25-0.36 (m, 12H,
6CH,), 0.54-0.60 (m, 3H, 3CH), 5.04 (dd, J=10.5, 2.5Hz, 1H,

=CH,), 5.29 (dd, /=175, 2.5Hz, 1H, =CH,), 547 (dd, J=175,
10.5 Hz, 1H,=CH); B*C NMR: 6 = —0.41 (6 CH,), 16.32 (3 CH), 38.89
(C), 114.66 (CH,), 141.50 (CH). 9a: Colorless solid, m.p. 74-76°C;
'H NMR: 6 =1.04 (d, J=7.2 Hz, 24H, 8 CHj), 2.23 (sept, /=72 Hz,
4H, 4CH); BC NMR: 6 =20.87 (8 CH3;), 31.94 (4 CH), 45.58 (C). 9b:
Colorless solid, m.p. 58 —-60°C; '"H NMR: 6 =1.05 (d, /=72 Hz, 21H,
7CH;), 1.08 (m, 1H, CD,H), 2.18-2.30 (m, 1H, CH), 2.24 (sept, / =
72 Hz, 3H, 3CH); *H NMR (CD,ClL/CHCLF): 6 =1.04 (dd, J=1.2,
2.0Hz); “C NMR: 6=2031 (quint, J=19.0 Hz, CD,H), 20.89
(7CHs), 31.81 (CH), 31.96 (3CH), 45.59 (C).

For the preparation of tricyclopropylmethane see: F. A. Carey, H. T.
Tremper, J. Am. Chem. Soc. 1969, 91, 2967 -2972.

a) The crystals of tetracyclopropylmethane (7a) and tricyclopropyl-
methane were grown in situ with the Optical Heating and Crystal-
lization Device (OHCD) using a miniature zone melting procedure
with focussed IR-laser light according to ref [17b]. Crystallographic
data (excluding structure factors) for the structures reported in this
paper have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-145938 (tricyclopro-
pylmethane), -145936 (7a) and -145937 (9a). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK (fax: (+44)1223-336-033; e-mail: deposit@
ccde.cam.ac.uk). b) R. Boese, M. Nussbaumer in Organic Crystal
Chemistry (Ed.: D. W. Jones), Oxford University Press, Oxford, UK,
1994, pp. 20-37.

All computations were performed with the Gaussian 98 program
(Gaussian 98 Rev. A.7, Gaussian, Inc., Pittsburgh PA, 1998). Geo-
metries were fully optimized at the density functional level utilizing
the three-parameter B3LYP hybrid functional (A. D. Becke, Phys.
Rev. A 1988, 38,3098-3100; C. Lee, W. Yang, R. G. Parr, Phys. Rev. B
1988, 37, 785-789) using a 6-31 + G(d,p) basis set. Harmonic vibra-
tional frequencies were computed to ascertain the nature of all
stationary points (Njy,, =0 for minima, and 1 for transition struc-
tures). Zero-point vibrational energies (ZPVE, unscaled), thermal
corrections to enthalpies, and free energies were used to improve the
energy evaluations. Absolute energies as well as x,y,z coordinates
for all optimized structures are available from the authors upon
request.

a) G. Schultz, 1. Hargittai, J. Mol. Struct. 1998, 445, 47-53, and
references therein; b) R. Boese, J. Benet-Buchholz, N. N. Laxmi
Madhavi, unpublished results.

a) W. Bernlohr, H.-D. Beckhaus, K. Peters, H.-G. von Schnering, C.
Riichardt, Chem. Ber. 1984, 117, 1013-1025; b) P. Aped, N.L.
Allinger, J. Am. Chem. Soc. 1992, 114, 1-16.

D. Nijveldt, A. Vos, Acta Crystallogr. Sect. B 1988, 44, 281 -299.

C. U. Pittman, G. A. Olah, J. Am. Chem. Soc. 1965, 22, 5123 -5132.
For the hydrogenolysis of cyclopropanes see: a) R. Willstitter, J.
Bruce, Chem. Ber. 1907, 40, 4456 —4459; b) V. A. Slabey, J. Am. Chem.
Soc. 1947, 69, 475 ¢) K.-J. Stahl, W. Hertzsch, H. Musso, Liebigs Ann.
Chem. 1985, 1474 - 1484, and references therein.
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[24] Using the homodesmotic reaction 9a+neopentane =2 x 2,3,3,4-tet-
ramethylpentane and the standard enthalpies of formation for neo-
pentane  (—40.1 kcalmol ')?  and  2,3,3,4-tetramethylpentane
(—56.35 kcalmol 1), the values of AH{(g) = —72.4 kcalmol ! and
strain energy (SE) =16.9 kcalmol~! can be estimated for 9a using the
strain-free model proposed by Schleyer et al.?®l The latter is consid-
erably bigger than the strain energy of triisopropylmethane
(7.7 kcalmol~!) and dimethyldiisopropylmethane (8.7 kcalmol™!).

[25] a) E.S. Domalski, E. D. Hearing, J. Phys. Chem. Ref. Data 1988, 17,
1637-1678; b) D. W. Scott, J. Chem. Phys. 1974, 60, 3144 —3165.

[26] P.von R. Schleyer, J. E. Williams, K. R. Blanchard, J. Am. Chem. Soc.
1970, 92, 2377 -2386.

[27] For example, the barrier for the rotation of an isopropyl group in
tetraisopropylethylene was found to be ~17 kcalmol~!, whereas no
freezing of the rotations in tetracyclopropylethylene was observed
down to —150°C: a) D. S. Bomse, T. H. Morton, Tetrahedron Lett.
1975, 781-784; see also: b) M. Bruch, Y. M. Jun, A. E. Luedtke, M.
Schneider, J. W. Timberlake, J. Org. Chem. 1986, 51, 2969 -2973, and
references therein. In an attempt to determine the rotational barrier in
9a,b by low-temperature NMR measurements, the compound
precipitated completely when a CD,CL/CHCLF (1/1) solution was
cooled to —130°C (see also c)J. E. Anderson, K. H. Koon, J. E.
Parkin, Tetrahedron 1985, 41, 561-567; d)J. E. Anderson, B.P.
Bettels, Tetrahedron 1990, 46, 5353 —5364).

Cyclopentadienyl-Free Calcium Alkyls with
Heteroelement-Substituted Anionic
Phosphane Ligands: Synthesis and Structure of
a Trialkyl Calcate()) and of an Organocalcium
Heterocubane**

Volker Knapp and Gerhard Miiller*

Characteristic for organocalcium chemistry is the predom-
inant use of cyclopentadienyl and related ligands.”) Their
bulk and electronic properties serve in an ideal way to
solubilize the highly polar calcium organyls in organic
solvents, to control their degree of association, and to
kinetically stabilize otherwise highly reactive calcium species.
In contrast, the number of cyclopentadienyl-free organo-
calcium complexes is very limited,?! particularly noteworthy
being [Ca{C(SiMe;);},] .l Because of the extreme steric bulk
and electron-donating properties of the tris(trimethylsilyl)-
methyl ligand, this compound is monomeric with a bent
coordination geometry at the two-coordinate calcium cen-
ter.[¥

By employing the moderately bulky, multidentate, oxygen-
substituted anionic phosphanes I and II, we were able to
synthesize and structurally characterize a sodium trialkyl
calcate(i1) (with the monoanionic ligand I) and a calcium
organyl with a heterocubane structure (with the dianionic
ligand II). Soft ligands (such as phosphanes) have been shown

[*] Prof. Dr. G. Miiller, Dipl.-Chem. V. Knapp
Fachbereich Chemie der Universitét
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to be best suited for complex formation with the hard alkali
and alkaline earth metals when they are anionic.l”!

Ph,P Ph,PY
/. — / —
N N
\? \O/
Me

As starting materials for the novel calcium alkyls the
lithium and sodium complexes of I were used. They are
prepared in good yields by lithiation of 2-MeO-
CsH,CH,PPh; (Ph' = p-tolyl) with nBuLi to give 1 (Scheme 1)
which reacts by metathesis with NaOrBu to give the sodium

2
MeO  PPh,
. Et,0/hexane
2 nBulLi RT, 95 %
' ', OEt
oz O, 2 752 opy
~/ 2 NaO/Bu \l o2
o0t} Li—oMe S Na-gMe
Me” M\ Et,0 Me /"\‘a\
Et.O P ) P
5 PHy RT,69%  Et,0 ELO PR,
1 2
Cal, ligand Cal, Et,0
THF cleavage
Ph',P Ph',P
Ca(THF) ,Ca |[Na(OEt,)]
o o7
1 13
4 Me
4 3

Scheme 1. Synthesis of complexes 1-4. Ph’ = p-tolyl.

complex 2 (see Experimental Section). The constitution and
structural details of 1 and 2 are based on crystal structure
determinations.!. The reaction of isolated 2 with Cal,
(Scheme 1) is not the only way to prepare the trialkyl
calcate(11) 3, it may also be prepared in a one-pot synthesis
starting from 2-MeOC¢H,CH,PPh); the overall product yield
is still 40%.

Although the good solubility of 3 in aromatic solvents
permits the recording of NMR spectra, (see Experimental
Section), details of its composition and structure could only be
obtained from a crystal structure determination.'? As
Figure 1 shows, calcium is coordinated by the carbanionoid
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