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Abstract: 

Deprotonation of [(2-C5H4N)CH2CMe2]C5H5 ( = HCp
py

) and CH3OCH2CH2C5H5 (= HCp
§
) with 

Ae[N(SiMe3)2]2 (Ae = Ca, Sr. Ba) in toluene produces the corresponding metallocenes, Cp'2Ae, in high yield. 
1
H NMR data reveal that the calcium complex (Cp

py
)2Ca does not bind tetrahydrofuran. The solid state 

structures of (Cp
py

)2Sr and (Cp
§
)2Ca were obtained by single crystal X-ray analysis, and found to be 

monomeric, with the Lewis base substituents on the cyclopentadienyl rings coordinated to the metal centers. 

Crystals of (Cp
py

)2Sr grown from toluene are orthorhombic, space group Pbcn, with a = 11.988(4) Å, b = 

16.141(4) Å, 12.572(4) Å, V = 2433(1) Å
3
, Z = 4, R = 0.038, Rw = 0.043 based on 635 observed reflections. The 

complex possesses a bent metallocene geometry and contains a crystallographically imposed two-fold rotation 

axis passing through the strontium. The average Sr-C and Sr-N distances are 2.85(1) and 2.660(7) Å 

respectively, and the ring centroid-Sr-ring centroid angle is 141.1°. Crystals of (Cp
§
)2Ca grown from toluene are 

monoclinic, space group P 21/n, with a = 6.912(4) Å, b = 15.114(2) Å, c = 15.435(3), β = l00.34(2)
°
, V = 

1586.3(9) Å
3
, Z = 4, R = 0.041, Rw = 0.048 based on 1318 observed reflections. The complex also has a bent 

metallocene geometry, with average Ca-C and Ca-O distances are 2.670(6) and 2.407(3) Å respectively; the 

ring centroid-Ca-ring centroid angle is 136.6
°
. 
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Article: 

1. Introduction 

Organoalkaline-earth chemistry has expanded rapidly during the past decade, with its growth dominated by 

complexes that contain sterically bulky cyclopentadienyl rings [1,2]. The use of such ligands substantially 

improves both the solubility and volatility of their associated compounds. Alkane-soluble Cp*2Ca (Cp* = 

C5Me5), for example, is monomeric in the solid state and sublimes at 75°C, 10
-3

 Torr [3,4], whereas the parent 

(C5H5)2Ca metallocene is an ether-insoluble, polymeric species that requires 265°C and high vacuum for 

sublimation [5]. 

 

An alternative approach to generating monomeric metallocenes of the heavy Group 2 elements involves the 

substitution of one position on the cyclopentadienyl ring with a group containing a Lewis base (usually an 

oxygen or nitrogen donor). Such pendant groups can coordinate intramolecularly to the metal center, so that 

even when the steric bulk of the pendant group is not large, soluble monomeric complexes can form The 

internal coordination of the pendant group can also prevent alkaline-earth metallocenes from forming adducts 

with solvents that might act as Lewis bases. 

 

Although pendant groups on cyclopentadienyl rings have been successfully used to create monomeric 

organolanthanide complexes [6,7], few organoalkalineearth examples are known, and none has been completely 

characterized. (η
3
: η

l
-C5Me4CH2CH2NMe2)2-Ca, a colorless solid that sublimes at 110°C, 5 X 10

-3
 Torr, has 

been synthesized by the reaction of the substituted potassium cyclopentadienide with Ca12 in tetrahydrofuran 

(THF), and by the reaction of the cyclopentadiene and Ca(NH2)2 in liquid ammonia [8]. Its crystal structure has 

not been completely solved, but it does confirm the existence of intramolecular coordination. The compound 

http://libres.uncg.edu/ir/uncg/clist.aspx?id=350
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does not form an adduct with THF. Another alkaline-earth metallocene, Ba(C5H 4CH 2CH2- OCH2CH2OCH3)2, 

has been synthesized by halide metathesis and by metallation; 
13

C NMR studies of the compound suggest that 

all four oxygen atoms are intramolecularly coordinated [9]. 

 

As part of our studies of organoalkaline-earth chemistry [10-13], we sought to develop a synthetic approach to 

metallocenes with pendant groups that could be used with all three of the heavier metals (Ca-Ba). and that 

would be applicable to a range of cyclopentadienyl derivatives. The syntheses described here are based on a 

method that we have successfully used to form octaphenylbarocene [13]. 

 

2. Experimental details  

2.1. General considerations 

All manipulations were performed with the rigid exclusion of air and moisture using high vacuum, Schlenk, or 

dry box techniques. Proton and carbon (
13

C) NMR spectra were obtained on a Broker NR-300 spectrometer at 

300 MHz and 75.5 MHz respectively, and were referenced to the residual proton and 
13

C resonances of THF-d8 

(δ 3.58). Assignments in the 
1
H (

13
C) NMR spectra were made with the help of NOE (DEPT) pulse 

experiments. Infrared data were obtained on a Perkin-Elmer 1600 Series Fr-IR spectrometer. Elemental 

analyses were performed by Oneida Research Services, Whitesboro, NY. Consistent analyses were difficult to 

obtain for several complexes; such discrepancies may reflect the extremely air- and moisture-sensitive nature of 

the compounds. The difficulty in obtaining accurate combustion analyses seems endemic to several types of 

alkaline-earth compound [I4-17]. 

 

2.2. Materials 

Ca[N(SiMe1)2]2 [18], Sr[N(SiMe3)2]2 [19], and Ba[N(SiMe3)2]2 [20] were prepared using literature procedures. 

CH3OCH2CH2C5H5 (= HCp
§
), a colorless oil, was prepared from the reaction of CH3C6H4S03- CHCH2OCH3 

and NaCp in THF, a method similar to one previously reported [21]; however, the reaction mixture was not 

refluxed under argon, but stirred at room temperature under nitrogen for 18 h. The vacuum-distilled diene was 

degassed using freezepump-thaw cycles and dried over molecular sieves. [(2-C5H4N)CH2CMe2]C5H5 (= 

HCp
py

), a light yellow oil, was prepared by a known procedure [22], vacuum distilled, degassed and dried over 

molecular sieves. Solvents for reactions were distilled under nitrogen from sodium or potassium benzophenone 

ketyl. THF-d8 was vacuum distilled from Na-K (22:78) alloy and stored over 4A molecular sieves. All the 

metallocenes were formed from the reaction of a somewhat greater than 2:1 ratio of the appropriate 

cyclopentadiene with the alkaline-earth bis(trimethylsilynamido compounds. Details are given for the 

preparation of (Cp
py

)2Ca; except where noted, the other metallocenes were formed similarly. 

 

2.3. Synthesis of (Cp
py

)2Ca 

Ca[N(SiMe3)2]2 (0.233 g, 0.646 mmol) was dissolved in 20 ml of toluene in an Erlenmeyer flask. To this was 

added HCp
py

 (0.320 g, 1.61 mmol) with a pipette. The solution was then stirred for 18 h, during which time a 

solid precipitated. After the reaction mixture was filtered, the retained solid was washed with hexane. The solid 

was dried under vacuum, leaving (Cp
py

)2Ca (0.219 g, 78% yield) as a white solid, m.p. 261-263°C. Anal. 

Found: C, 72.22; H, 7.09; N, 5.77. C28H32CaN2. Calc.: C, 77.02; H, 7.39; N, 6.42%. 
1
H NMR (d8-THF) δ 8.11 

(d, J = 6.0 Hz, 2H, o-py); 7.80 (m, 2H, p-py); 7.37 (d, J = 9.0 Hz, 2H, m'-py); 7.19 (m, 2H, m-py); 5.64 and 

5.54 (s, 4H, ring-CH); 3.03 (s, 4H, CH2); 1.19 (s, 12H, CH3). 
13

C NMR (d8-THF) δ 162.7 (o'-py); 148.8 (o-py); 

138.9 (p-py); 131.8 (ring-CC(Me)2CH2py); 128.1 (m'-py); 122.1 (m-py); 107.0 and 104.4 (ring-CH); 54.9 

(C(Me)2CH2py); 36.3 (CH2); 31.1 (CH3). Principal IR bands (KBr, cm
-1

): 3066 (w), 2963 (s), 1592 (m), 1467 

(m), 1425 (m). 

 

2.4. Synthesis of (Cp
py

)2Sr 

(Cp
py

)2Sr was isolated in 75% yield as a white solid, m.p. 211-214°C (dec.). The crystal used for X-ray analysis 

was grown from toluene. Anal. Found: C, 68.09; H, 6.70; N, 5.44. C28H32N2Sr. Cale.: C, 69.46; H, 6.66; N, 

5.79%. 
1
H NMR (d8-THF) δ 8.28 (d, J = 4.5 Hz, 2H, o-py); 7.51 (m, 2H, p-py); 7.06 (d, J = 6.0 Hz, 2H, m'-py); 

7.01 (m, 2H, m-py); 5.41 and 5.24 (2s, 8H, ring-CH); 2.84 (s, 4H, CH2); 1.21 (s, I2H, CH3). 
13

C NMR (d8-THF) 

δ 162.5 (o'-py); 148.7 (o-py); 135.7 (p-py); 139.0 (ring-CCMe)2CH2py); 126.0 (m'-py); 121.0 (m-py); 103.6 and 



102.6 (ring-CH); 55.7 (C(Me)2CH2py); 36.9 (CH2); 31.7 (CH3). Principal IR bands (KBr, cm
-1

): 3054 (w), 2957 

(s), 1592 (m), 1475 (m), 1430 (m), 1044 (w). 

 

2.5. Synthesis of (Cp
py

)2Ba 

An oily layer formed during the reaction; afterwards, the solvent was decanted from the oil, which was then 

washed with 10 ml hexane. The hexane was decanted, and the oil was placed under vacuum, leaving (Cp
py

)2 Ba 

(94% yield) as a light tan solid, m.p. 126-127°C (dec.). Anal. Found: C, 66.97; H, 6.67; N, 4.65; Ba, 23.90. 

C281132N2Ba. Cale.: C, 62.99; H, 6.04; N, 5.25; Ba, 25.72. 
1
H NMR (d8-THF) δ 8.39 (d, J = 3.0 Hz, 2H, o-py); 

7.52 (m, 214, p-py); 7.06 (m, 2H, m-py); 6.96 (d, J = 9.0 Hz, 2H, m'-py); 5.52 and 5.38 (s, 4H, ring-CH); 

2.90 (s, 4H, CH2); 1.24 (s, 12H, CH3). 
13

 NMR (d8-THF) δ 162.4 (o'-py); 148.7 (o-py); 136.1 (p-py); 131.1 

(ring-CCMe)2CH2py); 126.4 (m-py); 121.2 (m'-py); 106.2 and 105.8 (ring-CH); 55.4 (C(Me)2CH2py); 36.8 

(CH2); 31.3 (CH3). Principal IR bands (KBr, cm
-1

): 3065 (w), 2956 (s), 1594 (m), 1436(m), 1058 (m). 

 
2.6. Synthesis of (Cp

§
)2Ca 

A crystalline solid formed during the reaction; it was washed with hexane, then dried under vacuum, leaving 

(Cp
§
)2Ca (64% yield) as small pale yellow crystals, m.p. 139-140°C. These were suitable for X-ray analysis. 

Anal. Found: C, 67.10; H, 7.80; Ca, 13.66. C16H22Ca02. Calc. C, 67.09; H, 7.74; Ca, 13.99. 
1
H NMR (d8-THF) δ 

5.65 and 5.56 (m, 4H, ring-CH); 3.70 (t, J = 7.5 Hz, 4H, C H2OMe); 3.36 (s, 6H, OC H3); 2.66 (t, J = 6.0 Hz, 

4H, CH2CH2OMe). 
13

C NMR (d8-THF) δ 119.28 (ring-CCH2CH2OMe); 106.7 and 105.6 (ring-CH); 77.0 

(CH2OMe); 60.1 (OCH3); 30.7 (CH2). Principal IR bands (KBr, cm
-1

): 2953 (s), 2926 (s), 2871 (s), 1608 (s), 

1458 (m), 1450 (m), 1458 (m), 1113 (m), 1091 (m). 

 

2.7. Synthesis of (Cp
§
)2 Sr 

(Cp
§
)2Sr was isolated in 63% yield as an off-white solid, m.p. 113-116°C. Anal. Found: C, 53.32; H, 6.36. 

(Cp
§
)2 Sr. Cale.: C, 57.54; H, 6.64. 

1
H NMR (d8-THF) δ 5.46 and 5.41 (2m, 8H, ring-CH); 3.54 (t, J = Hz, 4H, 

CH2OMe); 3.29 (s, 6H, OCH3); 2.67 (t, J = 6.0 Hz, 4H, CH2CH2OMe). 
13

C NMR (d8-THF) δ 118.3 (ring-

CCH2CH2OMe); 105.5 and 105.1 (ring-CH); 76.8 (CH2OMe); 58.6 (OCH3); 31.43 (CH2). Principal IR bands 

(KBr, cm
-1

); 2953 (s), 2926 (s), 2871 (s), 1594 (m), 1458 (m), 1250 (m), 1182 (w), 1115 (m), 932 (w). 

 

 

 



2.8. Synthesis of (Cp
§
)2Ba 

(Cp
§
)2Ba was isolated in 81% yield as a white solid, m.p. 248-251°C. Anal. Found: C, 52.02; H, 5.91. (Cp

§
)2Ba. 

Calc.: C, 50.09; H, 5.78. 
1
H NMR (d8-THF) δ 5.48 and 5.46 (2m, 8H, ring-CH); 3.63 (t, J = 6.0 Hz, 4H, 

CH20Me); 3.39 (s, 6H, OC H3); 2.67 (t, J = 6.0 Hz, 411, CH2CH2OMe). 
13

C NMR (d8-THF) δ 122 (ring-

CCH2CH2OMe); 107.2 and 106.9 (ring-CH): 76.9 (CH2OMe); 59.2 (OCH3); 31.3 (CH2). Principal IR bands 

(KBr, cm
-1

): 2928 (s), 2864 (s), 1626 (m), 1569 (m), 1447 (m), 1107 (s), 795 (w), 670 (w), 458 (w). 

 

2.9. X-ray crystallography of (Cp
py

)2Sr 

A suitable crystal was located and sealed in a glass capillary tube. All measurements were performed on a 

Rigaku AFC6S diffractometer at Vanderbilt University with graphite monochromated Cu K α radiation (λ = 

1.54178 Å). Relevant crystal and data collection parameters for the present study are given in Table 1. 

 

Sets of diffraction maxima corresponding to an orthorhombic cell were found from a systematic search of a 

limited hemisphere of reciprocal space; the space group Pbcn was uniquely determined from systematic 

absences. Subsequent solution and refinement of the structure were consistent with the choice. 

        
Data collection was performed using continuous ω-28 scans with stationary backgrounds (peak:bkgd counting 

time, 2:1). Data were reduced to a unique set of intensities and associated sigma values in the usual manner. 

There was no decay in standards, but psi-scans of several representative absorptions indicated a need for an 

absorption correction. A semiempirical absorption correction was applied with the program DIFABS. The 

strontium atom was located with Patterson methods and the structure expanded using DIRDIF and Fourier 



techniques. The asymmetric unit consisted of half the molecule related to the other half by a two-fold rotation 

axis through the strontium. All non-hydrogen atoms, except the carbon atoms in the pyridyl ring, were refined 

anisotropically. To improve the refinement of the non-hydrogen atoms, hydrogen atoms were inserted in 

calculated positions based on packing considerations and d(C-H) = 0.95 Å. The positions were fixed for the 

final cycles of refinement. A final difference map was featureless. Fractional coordinates and isotropic thermal 

parameters for the non-hydrogen atoms are listed in Table 2; selected bond distances and angles are listed in 

Table 3. 

 

2.10. X-ray crystallography of (Cp
§
)2Ca 

A suitable crystal was found and sealed in a quartz capillary tube. The general procedure followed was the same 

as for (Cp
py

)2 Sr. Relevant crystal and data collection parameters for the present study are given in Table 1. Cell 

constants and orientation matrices for data collection were obtained from sets of diffraction maxima 

corresponding to a monoclinic cell; the space group P21 /n was uniquely determined from systematic absences. 

 

The data collection and reduction were the same as for (Cp
py

)2 Sr. There was no decay in standards, but a 

semiempirical absorption correction was applied with the program DtFABS. The calcium atom was located 

with Patterson methods and the structure expanded using DIRDIF and Fourier techniques. All non-hydrogen 

atoms were refined anisotropically. The hydrogen atoms were inserted in calculated positions based on packing 

considerations and d(C-H) = 0.95 Å. Their positions were fixed for the final cycles of refinement. A final 

difference map was featureless. Fractional coordinates and isotropic thermal parameters for the non-hydrogen 

atoms are listed in Table 2; selected bond distances and angles are listed in Table 4. 

 
3. Results and discussion 

3.1. Synthesis and properties of the metallocenes 

Initial attempts to synthesize alkaline-earth metallocenes with pendant substituents by metathetical routes (e.g. 

Eq. (1)) met with limited success. Metallocenes were formed, but were not cleanly isolable owing to the similar 

solubilities of the desired product and the lithium iodide by-product. Attempts at purification by sublimation 

were not successful. 

2LiCp' + AeI2
 
   
    Cp'2M + 2LiI (Ae = Ca, Sr, Ba) (1) 

 

In contrast, the metallocenes were readily synthesized in toluene by the reaction of the alkaline-earth bis(amido) 

complexes with the substituted dienes (Eq. (2)). 

Ae[N(SiMe3) 2]2 + 2HCp' 
       
       Cp'2Ae + 2HN(SiMe3)2 (2) 

 

The volatile amine was removed under vacuum, and washing the alkane-insoluble metallocenes with hexane 

removed any remaining impurities. The (Cp
py

)2Ae complexes were more soluble in THF than the (Cp
§
)2Ae 



metallocenes, and for both series, solubility decreased in the order Ca > Sr > Ba. Only (Cp
py

)2Sr and (Cp
§
)2Ca 

provided crystals of sufficient quality for X-ray studies. 

 

Shifts in the 
1
H NMR resonances (in d8-THF) for the pendant groups indicate that they are coordinated to their 

respective metal centers in all the metallocenes. For example, the hydrogen atom adjacent to the pyridyl 

nitrogen in the (Cp
py

)2Ae complexes appears at δ 8.11, 8.28, and 8.39 ppm in the calcium, strontium, and 

barium metallocenes respectively. Changes in the spectra of the (Cp
§
)2Ae metallocenes are also observed; the 

resonance for the methylene protons next to the oxygen atom is found at δ 3.70, 3.54, and 3.63 ppm in the Ca, 

Sr, and Ba complexes respectively. The shift in tic pyridyl resonances correlates with the increasing size of the 

metal center, and thus with a greater distance of the protons from the metal. In the (Cp
§
)2Ae metallocenes, 

changes in solution nuclearity may mask a similar trend in chemical shifts. 

 

The coordination of the pendant groups to the metal centers inhibits the binding of solvents that can act as 

Lewis bases. (Cp
§
)2Ca partially binds THF when recrystallized from the solvent, behavior similar to that of 

(Cp
§
)2Yb; the latter, however, forms a THF adduct that is stable enough to be crystallographically characterized 

[6]. Even more striking is the isolation from THF of totally base-free (Cp
py

)2Ca. This inability to bind THF is 

especially notable when the extreme tenacity of coordinated THF in other calcocenes is considered; for 

instance, the THF cannot be completely removed from Cp
*
2 Ca(thf)2 by sublimation or repeated refluxing in 

toluene [4]. The difference in solvent binding ability of the two metal' ocenes (Cp
py

)2Ca and (Cp
§
)2Ca is notable 

in that it demonstrates how alterations in the pendant substituent of a cyclopentadienyl ring can be used to 

control the solvation of the associated metallocene. 

 

The pendant groups affect not only the solvation of the metallocenes, but also their physical properties. The 

melting points of some of the metallocenes are low, compared with other alkaline-earth complexes with un-

substituted or monosubstituted rings of similar molecular weight. For example, (Cp
§
)2Ca and (Cp

§
)2Sr (286 and 

334 g mol 
-1

 respectively) both melt below 140
°
C. whereas [(

1
Bu)C5H4]2Ca (282 g mol

-1
) and [(`Bu)C5- H4]2Sr 

(330 g mol
-1

) melt at 301-304
°
C and 375-380

°
C respectively [23]. 

 

The reduced melting points suggested that intermolecular interactions have been lowered between the 

molecules, and their volatility possibly increased. We therefore examined the volatility of some of the com-

pounds by TGA, since alkaline-earth metallocenes have shown promise as MOCVD reagents for metal oxides 

and halides [24,25]. The TGA of the pendant metallocenes indicates that they do not possess exceptional 

volatility when compared with alkaline-earth alkoxides [26]; however, like most other alkaline-earth metal-

locenes [2], the present compounds display high thermal stability. TGA analysis of (Cp
py

)2Sr (N2, 10°C min
-1

), 

for example, found T50% ≈ 710
°
C with 31% remaining at 875°C; there were no sharp weight losses from room 

temperature up to 900°C. 

 

3.2. X-ray crystal structure of (Cp
py

)2Sr 

The compound crystallizes from toluene as small colorless blocks. It possesses a bent metallocene geometry, 

with the Cp
py

 rings and the nitrogen atoms of the pendant pyridyls coordinated to the metal center in a distorted 

tetrahedral geometry. Owing to a aystallographically imposed C2 axis through the strontium atom, only half the 

molecule is unique. An ORTEP view of the complete molecule displaying the numbering scheme used in the 

tables is provided in Fig. 1. 

 

The average Sr—C distance of 2.85(1) Å is indistinguishable from the 2.845(9) Å value observed in 

[(
1
Bu)C5H4]2Sr(thf)2 [23], which also has an eight-coordinate metal center. The individual Sr—C distances vary 

somewhat, with the distance from the metal to the ring carbon bearing the pyridyl substituent (C(10), 2.89(1) Å) 

slightly longer than the distances on the other side of the ring (C(1 2), 2.82(1) Å; C(13), 2.83(1) Å). This pattern 

has been observed before in the related ytterbium complex (Cp
py

)2Yb [7]. 

 

Apparently, the distance of the Cp
py

 rings from the strontium is such that the coordinated pyridyl groups can be 

accommodated without inducing substantial structural distortions. This is evident in several parameters; for 



example, the ring centroid—Sr—ring centroid angle of 141.1° in (Cp
py

)2Sr represents notably less bending than 

the comparable angles observed in [(
1
Bu)C5H4)2 Sr(thf)2 and [CsH3- 1,3-(SiMe3)2 Sr(thf) (133.1° and 134° 

respectively). Evidently, the pyridyl groups exert less steric pressure on the ring angle than do the THF ligands, 

though the lack of any bulky substituents on the 'closed' side of (Cp
py

)2 Sr would allow the rings to bend back 

further than they do. The N(1)—Sr—N(1)' angle of 94.9(3)° has closed appreciably from the comparable 

100.8(2)° angle in (Cp
py

)2Yb, although it is larger than the 82.5(2)° N(py)—Yb—N(py)' angle observed 

between the pyridines in Cp
*
2 Yb(py)2 [27]. 

 

Interpretation of the significance of the Sr—N distance of 2.660(7) Å is not as straightforward. Subtracting the 

1.14 Å radius estimated for Sr
2+

 from the Sr—N separation leaves 1.40 Å as the 'effective radius' for the pyridyl 

nitrogen atom. This value is close to the 1.43 Å effective pyridyl nitrogen radius in Cp2
*
 Yb(py)2, but shorter 

than the 1.52 Å average value for the pyridine nitrogen in (N-carbazolyl)2Ca(py)4 [28]. All these values are 

appreciably larger than the 1.34 Å effective N radius observed in (Cp
py

)2Yb. The latter value implies that the 

pyridyls are held relatively more closely to the metal center in (Cp
py

)2Yb than in (Cp
py

)2Sr; this may be a 

consequence of conformational changes forced on the ligand by trying to bond to the smaller ytterbium center. 

            
 

3.3. X-ray crystal structure of (Cp
§
)2Ca 

The complex crystallizes from toluene as small pale yellow prisms. Like (Cp
py

)2Sr, it possesses a bent 

metallocene geometry, with the Cp
§
 rings and the oxygen atoms of the pendant methoxyethyl substituents 

coordinated to the metal center in a distorted tetrahedral geometry. The molecule has approximate C2 symmetry, 

although it is not crystallographically imposed. An ORTEP view of the complete molecule displaying the num-

bering scheme used in the tables is provided in Fig. 2 

 

The average Ca—C distance of 2.670(6) Å in (Cp
§
)2Ca is indistinguishable from the 2.676(9) Å value observed 

in the eight-coordinate (MeCp)2Ca(dme) [29], although it is slightly shorter than the Ca—C distance in 

[(
1
Bu)C5H4]2Ca(thf) (2.733 Å) [23]. Unlike the pattern of M—C bond lengths observed in (Cp

py
)2 Sr, the ring 

carbons bearing the pendant substituent in (Cp
§
)2Ca have either the shortest or the next to shortest Ca—C 

distances (Table 4). 

 

The ring centroid—Ca—ring centroid angle of 136.6° in (Cp
§
)2Ca does not differ greatly from the angles found 

in (MeCp)2Ca(dme), [(
1
Bu)C5H4]2Ca(thf)2. and [C5H3

-
1,3-(SiMe3)2]2Ca(thf) (134.8°, 133.3°, and 135.1° 



respectively). The O(1)-Ca-O(2) angle of 88.4(1)° is slightly larger than the angle between the THF ligands in 

[(
1
Bu)C5H4]2Ca(thf)2 (83.2°) and [(

1
Bu)C5H4]2Sr(thf)2 (83.1

°
), although it is substantially greater than the 68.7° 

angle in O-Ca-O in (MeCp)2Ca(dme), which is dictated by the bite of the chelating DME. 

 

The fact that the ether oxygens are held in a chelated ring in (Cp
§
)2Ca does not affect their distance to the metal. 

The Ca-O distances of 2.412(3) Å and 2.401(3) Å are essentially the same as the Ca-O lengths observed in 

[(
1
Bu)C5H4]2Ca(thf)2 (2.402 Å), and are comparable with the 2.310(9) Å distance observed in [C5H3-1,3-

(SiMe3)2]2Ca(thf) when the 0.06 Å difference between seven- and eight-coordinate Ca
2+

 is considered [30]. 

 

4. Conclusion 

Metallocenes are readily formed from the reaction of cyclopentadienes carrying pendant oxygen- or nitrogen-

donor Lewis bases with the alkaline-earth bis(trimethylsilyl)amides. The bases coordinate to the metal centers, 

reducing the tendency of the complexes to coordinate solvent molecules, and ensuring that the metallocenes are 

monomeric. These complexes demonstrate that control over nuclearity of compounds with the heavier Group 2 

metals is possible without recourse to multiply substituted, sterically bulky cyclopentadienyl rings. 
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