3496 Organometallics2006, 25, 3496—-3500

Synthesis and Spectroscopic Properties of Arylcalcium Halides
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The direct synthesis of activated calcium with aryl halides in tetrahydrofuran (THF) gave the following
compounds of the type RCaX in fair to good yields: [MesCal(THE)), [(p-tolyl)Cal(THF)] (2),
[PhCal(THF)] (3), and [PhCaBr(THF] (5). All of these “heavy Grignard reagents” contain a calcium
atom in a slightly distorted octahedral environment. They must be handled at low temperatures in order
to avoid ether cleavage reactions. The-Cabond lengths vary between 2.556(5) & and 2.583(3) A
(5). The thermal stability is enhanced when the coordination number of calcium is increased. The calcium
in the seven-coordinate complex [PhCal(THF)(DMEM) has a distorted-pentagonal-bipyramidical
configuration. This complex is thermally more stable and can be handletatlhe larger coordination
number results in a longer €& bond of 2.621(5) A.

Introduction century agd. The activation of calcium was accomplished by
) . _addition of small amounts of iodine. Bickelhaupt and co-workers
More than a century ago, organometallic chemistry experi- ,plished the synthesis of diphenylcalcium by the reaction of
enced enormous progress due to the easy access of organomagzcium with iodobenzene at-20°C and suggested that a
nesium halides by Grignard via the direct reaction of alkyl and g¢hjenk equilibrium was operativeOther groups employed
aryl halides with magnesium metal. In cpntrast to @he subsequentyatal displacement reactions of dialkylmercury with calcium
broad development of organomagnesium chemistry, the orga-amajgant Also, the nature of the impurities was considered in
nometallic chemistry of the heavier alkaline earth metals, Ca, the course of these investigations. Traces of magnesium seemed
Sr, and Ba, remained somewhat unexplored despite numerous, pe advantageous, whereas sodium had a retarding &#ect.
attempts. The direct synthesis of organocalcium compounds gy thermore, the yields in the direct synthesis of arylcalcium
faces several challenges, due to the low reactivity of the metal j,5jides were high only in ether solution, whereas in hydrocar-

itself and the extremely high reactivity of the organocalcium ;54 only low yields were obtainéd.

compounds, which often were decomposed by subsequent

reactions (Wurtz-type coupling, ether cleavage). Furthermore
the ionic metat-carbon bonds resulted in formation of products
that were insoluble. Therefore, several procedures were devel
oped in order to avoid or circumvent these difficulties.

Dialkylcalcium compounds are accessible by several prepara-
tive procedure$.Most commonly used are the cocondensation
reaction of calcium metal atoms with alkyl halidkesthe use
of finely divided calciun? and the metathesis reaction of
calcium(ll) iodide with alkylpotassium compounti3To sta-
bilize these highly polar calcium compounds, trimethylsilyl and/
or phenyl groups have been bound to thearbon atoms.

The direct synthesis of arylcalcium halide in a common
organic solvent was investigated by Beckmann more than a

* To whom correspondence should be addressed. Fa49 (0) 3641
948102. E-mail: m.we@uni-jena.de.

(1) Hanusa, T. PPolyhedron199Q 9, 1345-1362. Hanusa, T. Zhem.
Rev. 1993 93, 1023-1036. Hanusa, T. FCoord. Chem. Re 200Q 210,
329-367. Westerhausen, Mingew. Chem., Int. EQ001, 40, 2975-2977.
Alexander, J. S.; Ruhlandt-Senge, Eur. J. Inorg. Chem2002 2761-
2774.

(2) Mochida, K.; Ogawa, HJ. Organomet. Chen1983 243 131-135.
Mochida, K.; Ogura, S.; Yamanishi, Bull. Chem. Soc. JpriL986 59,
2633-2634. Mochida, K.; Yamanishi, T. Organomet. Cheni987 332
247-252.

(3) Cloke, F. G. N.; Hitchcock, P. B.; Lappert, M. F.; Lawless, G. A,;
Royo, B.J. Chem. Soc., Chem. Commu®891, 724—-726.

(4) Eaborn, C.; Hawkes, S. A.; Hitchcock, P. B.; Smith, J.Ghem.
Commun.1997 1961-1962.

(5) Feil, F.; Harder, SOrganometallic200Q 19, 5010-5015. Harder,
S.; Fell, F.; Weeber, AOrganometallics2001 20, 1044-1046. Feil, F.;
Mdiller, C.; Harder, SJ. Organomet. Chen2003 683 56—63. Harder, S.;
Mduller, S.; Hibner, E.Organometallic2004 23, 178-183.

10.1021/0m060360g CCC: $33.50

All of these procedures gave no crystalline products, and often
the organocalcium compounds were not even isolated. Identi-
fication was accomplished by derivatization reactions such as

hydrolysis or reactions with polar multiple bonds (for example,
with C=0 bonds of ketones).

The first structural characterization of an arylcalcium deriva-
tive was reported by Hauber et %&l.In this complex the
(pentafluorophenyl)calcium unit was sterically shielded by an
extremely bulky triazenide ligand with pendant aryl substituents
that underwentz-arene interactions with the Ca atom. This
stabilization of the unusually low coordination number of 3 leads
to an extremely short CaC bond length of 2.50(1) A. Oxygen-
centered calcium tetrahedra were found in complexes of the
constitution of [Ca(ua-O)(u-Ar)g], with Ar = CgH3-2,6-(OMe)
(Ca—C = 2.716(4)-2.785(4) A)!3 and [Ca(us-O)(u-Ph)(u-
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1)3(THF);].2* These crystalline compounds resulted from sub- of RCal still remained. This deviation from the linear propor-
strate and ether cleavage reactions due to the high reactivity oftionality possibly may be explained by the formation of cages
the calcium-carbon bond. In these cages the aryl substituents which contain RCal in addition to the degradation products. In
bridge the Ca-Ca edges of the Gaetrahedra. Finally, the  support of this idea, for phenylcalcium iodide the oxygen-
synthesis and structural characterization of the tetrakis(tetrahy-centered Cacage [(PhCakCaO7THF] was found earlier in
drofuran) complex of (2,4,6-trimethylphenyl)calcium iodidég ( low yield, and this explains the residual phenyl substituéhts.
(mesitylcalcium iodide) succeeded at very low temperature and For mesitylcalcium iodide also the formation of (3,5-dimeth-
showed that this compound already decomposed ab3@ ylbenzyl)calcium iodide was observét.
°C.15 Here we report the synthesis of unsubstituted phenylcal- Therefore, we investigated also the degradation of tetrakis-
cium iodide and bromide as examples of heavy Grignard (tetrahydrofuran){-tolyl)calcium iodide 8) more closely in
reagents without steric strain and their kinetic stabilization by order to investigate which decomposition products can be
an increase of the coordination number of the calcium atom. observed. In a sealed tube the degradatio®iofTHF solution
was investigated by NMR spectroscopy. This compound reacted
Results and Discussion with THF and formed toluene, etheng{H) 5.31,0(*3C) 125.8),
) ) ) ) and ethenolated(*H) 8.51 (CH,3J(H,H)yans= 5.8 Hz,3J(H,H)qis
Synthesis.The calcium metal was activated prior to use by — 1 g Hz), 6.91 and 6.68 (CHRI(H,H) = 6.9 Hz); 5(13C) 144.2

dissolving in liquid ammonia and the subsequent removal of (OCH), 126.3 (CH)) according to eq 3. The decrease of the
NHs in vacuo. The direct reaction of aryl iodides with activated '
calcium metal in THF at-78 °C yielded arylcalcium iodide, R :

0]

Ta(THF)J . .
R@ (|Ja(THF)_,
I

R R R R'
THF
2(R=H),3 (R =Me) I
L o Ta(THF)4
R’
R' 1

CHR
+

1 (R, R' = Me) H,C=CH,

2(R,R'=H) +

3(R=Me,R' =H) 1-Ca-0-CH=CH,

according to eq 1. Titration of these reaction mixtures gave

)
lR, R'=Me

concentration followed a time dependence similar to that
, described for mesitylcalcium iodide. However, a remetalation
Me l 0 and the formation of benzylcalcium iodide as found for
Ca(THF), mesitylcalcium iodide 1) was not observed foB. This fact
Q_/ - C|a(THF)3 suggests that ether cleavage occurred much more quickly than
i the rotation and deprotonation of the toluene molecule which
was formed in the deprotonation of the THF ligand.
0 To increase the stability of the arylcalcium iodide, an increase
of the coordination number seemed to be a feasible concept.
ArCal yields above 60%. Warming the THF solution of Therefore, we added 1,2-dimethoxyethane to the THF solution

mesitylcalcium iodide above-30 °C led to a color chang®: of the phenyl_calcium iodide sp_eciéand qbtained PhC_aI(THF)-
Within a few hours the colorless reaction solution turned yellow, (PME)2 (4) with a seven-coordinate calcium atom. This complex
due to the formation of (3,5-dimethylbenzyl)calcium iodide 'S soluble in .THF and DME and less soluble in diethyl ether.
according to eq 1, which can easily be identified by NMR Compound4 is stable at ®C, wherea® decomposed even at

. . . . _ —30 °C_15
spectroscopy. The deuteriolysis experiments wifdDave [D] ) . .
mesitylene with the deuterium atom at a methyl grép. The reaction of bromobenzene with calcium was performed

Kinetic investigations of the decomposition of MesCa(THF) at room temperature in order to maintain an accgptable reaction
(1) showed a process which is independent of the concentration'a(€- Afte 3 h the yield of PhCaBr was approximately 50%.
of the ArCal compound. However, a strong dependence on theLon_g_er reaction times resulted in a higher content of d_ecom-
solvent was observed. Deuteration of the solvent strongly PosSition products (ether cleavage as well as formation of
increases the half-life, whereas higher temperatures reduced th&iPhenyl due to Wurtz-type coupling reactions) but not in a
half-life of this compound. For example, the amount bf higher product yield. Cooling of the reaction mixture +®0
decreased in a 1/9 THF/ fITHF mixture at 0°C according to °C resulted in crystallization of the tetrakis(tetrahydrofuran)

eq 2 (withn being the amount (or concentration) of RCatat ~ cOmplex of phenylcalcium bromide. The side products remained
in solution. The reaction of activated calcium with chloroben-

(n/ny) x 100= 100— (0.6/min} @) zene gave_yields of_Iess t_han 5% of PhCacCl. The isolation of
phenylcalcium chloride failed.

NMR Spectroscopy.The proton NMR parameters are listed
in the Experimental Section and are in accord with expectation.
However, earlier'H NMR spectroscopic investigations of
Fraenkel et al® regarding p-tolyl)calcium iodide are not in
agreement with our data, which are much more similar to those

(14) Fischer, R.; Gds, H.; Westerhausen, Mnorg. Chem. Commun. for the magnesium derivative, PhMgl.

2005 8, 1159-1161.

(15) Fischer, R.; Ganer, M.; Gals, H.; Westerhausen, Mingew. Chem. (16) Fraenkel, G.; Dayagi, S.; Kobayashi,J5.Phys. Chem1968 72,
2006 118 624-627; Angew. Chem Int. Ed. 2006 45, 609-612. 953-961.

Me

= 0 min andn; being the amount (or concentration) of RCal
after the timet (in minutes)). Below concentrations of 20% of
the original value the MesCal amount was slightly higher than
that calculated, and even after a few hours a very small amount
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Table 1. Comparison of the'3C{*H} NMR Spectroscopic
Parameters (Chemical Shifts, THF Solution) of Arylcalcium
Halides

MesCal- PhCal- TolCal- PhCal(thf)- PhCaBr-
(thf)a(l)  (thfa(?)  (thf)a(3)  (dme}p(4)  (thf)4(5)

o(i-C) 182.5 190.3 185.3 190.3 190.0
0(0-C) 147.1 141.1 141.3 141.1 142.1
o(m-C) 124.2 125.3 126.2 125.4 128.9
o(p-C) 131.0 122.5 130.4 122.7 123.3
o(o-Me) 27.7

o(p-Me) 21.6 21.8

ref 15 14

Table 2. Comparison of Selected Bond Lengths (A) and
Angles of Arylcalcium Halides?

MesCal- PhCal-  TolCal- PhCal(thf)- PhCaBr-
(th)a(1)  (thf)a(2)  (thPa(3) (dmep(4)  (thf)s(5)

CN 6 6 6 7 6 Figure 1. Presentation of the molecular structure pidlyl)Cal-
g«:gl 32-25535‘(‘3) 32‘1577;((;)) 3?5752((15)) 3?16521((15)) g-gggg(’?g) (THF)4 (3). The ellipsoids represent a probability of 40%, and all
A 2'.406(3) 2'.38(1) 2:382(4) 2:495(3) 2:387(3) hydrogen atoms are omitted for clarity. Bond lengths (&) and angles

C—CaX 177.4(1) 177.42) 174.6(1) 175.35(9) 178.51(9) (deg) in the coordination sphere of Ca: -@al = 2.373(4), Ca
Ca-C1-C2 1245(3) 121.9(5) 118.4(4) 122.7(3) 128.7(3) 02=2.376(4), CarO3 = 2.380(4), Ca-O4 = 2.399(3); C+-Ca—
Ca—C1-C6 121.3(3) 117.7(5) 128.4(4) 118.6(3) 117.9(3) 01=288.7(2), CECa—02=94.8(2), CtECa—03=191.1(2), Ct+
C2-C1-C6 114.2(4) 120  113.2(5) 118.6(4) 113.2(3) Ca—04=94.8(2), 0O+ Ca—02=90.0(2), O+ Ca—03=94.1(2),
ref 15 01-Ca—04 = 176.5(1), O2Ca—03 = 172.9(2), O2-Ca—04
a Abbreviations: CN, coordination number of calcium; Mes, 2,4,6- — 90.4(2), 03-Ca-04 = 85.2(1).
trimethylphenyl, mesityl; Tolp-tolyl; Ph, phenyl; X= I, Br. ® The phenyl
ring was restrained as a regular hexagon with equaC®ond lengths.

The 3C{IH} NMR spectroscopic data are summarized in
Table 1. The ipso carbon atoms of the phenylcalcium halides
show a remarkably low field shift and are independent of the
halogen atom. The substitution of the phenyl rings by methyl
groups leads to a slightly high field shifted resonance. As
expected, the replacement of a proton by a methyl group leads
to a strong low-field shift of the corresponding arene carbon
atom. Neither the halogen atom nor the coordination number
of the calcium atom show an influence on #Hh@3C) values of
the phenyl substituent.

Molecular Structures. In Table 2 selected structural param-
eters of the arylcalcium iodides—4 and the phenylcalcium
bromide5 are given. The single crystals of PhCal(TH2)
became dull during handling and mounting on the diffracto-
meter, even at temperatures belew0 °C. Therefore, we were (DME); (4). The details are similar to those of Figure 1. Bond

only able to evaluate a structural motif under fixation of a regular lengths (A) and angles (deg) in the coordination sphere of Ca: Ca
hexagon with equal €C bond lengths for the phenyl ring. 51 = 2.497(3), Ca-02 = 2.486(3), Ca-O3 = 2.495(3), Ca-04

However, this procedure limits the discussion of the structural = 2 512(3), Ca-05= 2.487(3); C+Ca—0O1= 91.6(1), Ct-Ca—

parameters 02. Single crystals 08 were isolated which could  02=96.4(1), C+-Ca—03= 86.0(1), Ct-Ca—04= 85.8(1), Ct+

be mounted and centered on the diffractometer at very low Ca—05 = 99.6(1), OFCa—02 = 143.1(1), O+Ca-03 =

temperatures, whereas far it was sufficient to maintain 77.1(1), OFCa—04 = 144.89(9), O+ Ca—05 = 80.8(1), O2-

temperatures of approximately ©C during handling and  Ca-03=67.7(1), 02-Ca-04 = 71.8(1), 02-Ca-05= 132.5-

mounting. The phenylcalcium bromidgalso was thermally (1), 03-Ca-04 = 137.4(1), 03-Ca-05 = 157.3(1), O4-Ca—

more stable, and handling atL0 °C allowed mounting on the 05 = 65.23(9).

diffractometer without decomposition. The molecular structures ] ) o )

are given in Figures 43, respectively, forg-tolyl)Cal(THF), the cglcmm atom ir8 has a free coord!natlon site, tipetolyl .

(3), PhCal(THF)(DME) (4), and PhCaBr(THR)(5). subst|_tuer_1t bends toward the metal cation. As e>_<pected, a higher
In all hexacoordinate complexes the calcium atoms are in a €00rdination number of the Ca atom and a higher degree of

distorted-octahedral environment, whereas the seven-coordinat&0rdinative saturation as #or enhanced steric shielding as

calcium center ind shows a distorted-pentagonal-bipyramidal 1N 1 weaken this effect. . _

geometry. In all of these arylcalcium halides the-@la—I unit ~ An increase in the intramolecular steric strain leads to an

is nearly linear and these compounds show a trans arrangementncrease in the calciumcarbon bond lengths of the arylcalcium

The ipso carbon atoms are in planar environments. However, iodides. For g-tolyl)Ca(thfll (3) a short Ca-C1 bond of 2.556-

the Ca-C1-C(n) angles i = 2, 6) differ significantly. The (5) A was observed. Enhanced strain introduced byttreethy!

acute angle C2C1-C6 is characteristic for phenyl aniohs, e T n o YRV o

and the angle becores smaler wih decreasing Cadis | (LDBTON, &1 foge i Qtead b Bouer B0 |

tances. I8 the difference of 10between distal and proximal  organometallics: A Concise Introductiprend ed., VCH: Weinheim,

Ca—C1-C(n) angles is extremely large. Due to the fact that Germany, 2001.

Figure 2. Presentation of the molecular structure of PhCal(THF)-
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Figure 3. Presentation of the molecular structure of PhCaBr(THF)
(5). The details are similar to those of Figure 1. Bond lengths (A)
and angles (deg) in the coordination sphere of Ca:-@Qa= 2.395-
(3), Ca—02 = 2.394(3), Ca-O3 = 2.364(3), Ca-O4 = 2.394(3);
C1-Ca—01 = 93.1(1), C+Ca-02 = 94.2(1), C+Ca—03 =
93.6(1), C+Ca—04=90.3(1), O+Ca—02=92.0(1), O+Ca—
03=173.09(9), O+ Ca—04 = 92.96(9), 02-Ca—03 = 86.03-
(9), 0O2-Ca—04 = 173.1(1), O3-Ca—04 = 88.51(9).
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the reaction mixture for an addition2 h at 0°C. Thereafter, the
reaction mixture was warmed to room temperature and filtered.
The brown filtrate was cooled t690 °C, and colorless crystals of

2 precipitated. Yield: 41.9 g o2, 70%. At lower temperatures,

the direct synthesis occurs much more slowly, and at higher
temperatures the amount of decomposition products (ether cleavage)
increases. Because it was possible to purify the compound by
crystallization at—90 °C, this was the best procedure. The NMR
data were identical with those published earlfer.

Synthesis of p-tolyl)Cal(thf) 4 (3). A 250 mL Schlenk flask
containing 0.66 g of activated calcium (16.5 mmol), 60 mL of THF,
and approximately 100 glass balls (diameter 5 mm) was cooled to
—78°C. Then 2.6 g op-iodotoluene (11.9 mmol, 0.7 equiv) was
added, and the flask was shakem foh in a dry icecontainer.
After this time the temperature was raised slowly witBih to O
°C. Thereafter, the excess of calcium and the glass balls were
removed with a cooled Schlenk frit. The volume of the filtrate (60%
yield of organocalcium compound calculated by acid consumption
by an aliquot) was reduced to half of the original volume and then
kept at—78°C. Colorless crystals & (2.5 g, 38%) were collected
on a cooled frit and dried in vacuo.

Crystals of3 already became dull at40 °C. The sensitivity
was comparable to that of MesCal(thfgported earlier. Spectro-
scopic data oB are as follows!H NMR (200.1 MHz, [y THF,

240 K): ¢ 7.50 (AABB', 2H, 0-CH), 6.60 (AABB', 2H, m-CH),

groups or by enhancement of the coordination number leads t02-06 (s, 3Hp-CHs). **C{*H} NMR (50.3 MHz, [D;] THF, 240 K):

a slight elongation of the CaC1 bonds.
A comparison of g-tolyl)Ca(thful (3) with PhCa(thf)Br (5)
allows the evaluation of the influence of the halide on the

structural parameters. Due to the smaller radius of bromine, the

Ca—Br bond is approximately 30 pm shorter than the-Ca

distance. This leads to a slightly greater intramolecular strain

and a slight lengthening of the €€1 and Ca-O bonds.
Perspectives.With these arylcalcium iodides a group of

heavy alkaline earth metal Grignard reagents is available. With
these easily accessible reagents and the possibility to enhanc

their stability by addition of DME to increase the coordination

number of the calcium, further development of the organocal-

0 185.3 (-C), 141.3 ¢-CH), 130.4 p-C), 126.2 (m-CH), 21.8 f-
CH).

Synthesis of PhCal(thf)(dme}) (4). Isolated PhCal(thf)(2) was
recrystallized from 1,2-dimethoxyethane-a90 °C.

Spectroscopic data @fare as follows!H NMR (400.25 MHz,
[Dg]THF, —20 °C): 6 7.60-7.80 (m, 2H,0-CH), 6.75-7.00 (m,
2H, m-CH), 6.65-6.75 (m, 1H,p-CH). *C{*H} NMR (100.64
MHz, [Dg]THF, —20°C): 6 190.3 {-C), 141.1 p-CH), 125.4 (n
CH), 122.7 p-CH).

Synthesis of PhCaBr(thf), (5). Activated calcium metal (1.91

%, 47.7 mmol) and 50 g of glass balls were placed in a Schlenk

flask and covered with 50 mL of THF. At room temperature 5.24
g of bromobenzene (33.4 mmol, 0.7 stoichiometric equivalents) was

cium chemistry can be expected. These calcium derivatives can,qged dropwise. Subsequently, the reaction mixture was shaken at

be handled at OC in common organic solvents. The organo-

ambient temperature for an additional 3 h. During this time, the

calcium iodides as well as the bromides can be prepared in highgg|ution turned brown. Then all solid materials (excess of calcium,

purity.

Experimental Section

All manipulations were carried out under an anhydrous argon
atmosphere. The solvents were thoroughly dried and distilled under

an argon atmosphere. Compount’® and 2'4 were prepared

glass balls) were removed. The acidimetric titration showed a
product yield of approximately 50%. Cooling of this solution to
—90°C resulted in the precipitation of single crystalsbptuitable
for an X-ray structure determination.

Spectroscopic data & are as follows!H NMR (200.13 MHz,
[Dg]THF, 25°C): 0 7.80 (d, 2H,0-CH, J = 5.6 Hz), 6.81 (m, 2H,
m-CH), 6.65-6.75 (m, 1H,p-CH). 3C{*H} NMR (50.32 MHz,

according to a literature procedure. These compounds lose Coor'[Dg]THF 25°C): ¢ 190.0 {-C), 142.1 6-CH), 128.9 (n-CH), 123.3

dinated THF very easily once they are isolated and decompose

rapidly at temperatures aboveQ. Therefore, the analysis is limited

to X-ray structure determinations, NMR spectroscopic investiga-

tions, and determination of the metal content by atidse titrations
in order to determine the yield.
Activation of Calcium. Calcium flakes and 50 g of glass balls

(diameter 5 mm) were placed in a 500 mL flask and covered with
liquid anhydrous ammonia. This blue solution was shaken, and the
ammonia was removed in vacuo. During this procedure the flask
was shaken in order to avoid the formation of metal clumps.
Thereafter, the residue was dried until high vacuum was obtained.

(p-CH).

X-ray Structure Determinations. The intensity data o2—5
were collected on a Nonius Kappa CCD diffractometer using
graphite-monochromated Mookradiation ¢ = 0.710 73 A). Data
were corrected for Lorentzpolarization and for absorption
effects®20 Details of the measurements of the data sets as well
as of the refinement procedures are given in Table 3.

The structures were solved by direct methods (SHEtXK&nd
refined by full-matrix least-squares techniques agdis{SHELXL-

(18) COLLECT, Data Collection Software; Nonius BV, Delft, The

The ammonia-free metal powder remained in the flask and was Netherlands, 1998.

used for subsequent procedures.
Large-Scale Synthesis of PhCal(thf)(2). In a 500 mL Schlenk

(19) Otwinowski, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode. IiMethods in Enzymologyarter, C. W.,

flask 200 mL of THF was added to 6.39 g of activated Ca (159.4 Sweet, R. M, Eds.; Academic Press: New York, 1997; Vol. 276,

mmol) and 100 g of glass balls (diameter 5 mm).-At0 °C 22.77

g of iodobenzene (111.6 mmol, 0.7 equiv) was added dropwise. 3
After complete addition, the reaction was completed by shaking

Macromolecular Crystallographyart A, pp 307326.
(20) Blessing, R. H. SORTAVActa Crystallogr., Sect. A995 51, 33—
8

(21) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 467—473.
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Table 3. Crystal Data and Refinement Details for the X-ray
Structure Determinations of Compounds 3-5

(p-tolyl)Cal(thf)s* PhCal(thf)- PhCaBr-
H4THF (3) (dme} (4) (thf)4 (5)
formula G3H3zgCalOye Ci1gH33CalGs CyoH37/BrCaQy
0.25GHgO
formula wt 564.55 496.42 485.51
TIK 183(2) 183(2) 183(2)
cryst syst triclinic monoclinic monoclinic
space group P1 P2:/c P2i/c
alA 9.470(2) 16.685(3) 8.2421(4)
b/A 11.888(2) 13.044(3) 35.594(2)
c/A 12.750(3) 10.399(2) 8.3000(4)
a/deg 90.66(3) 90 90
pldeg 96.77(3) 97.63(3) 96.318(3)
yldeg 96.70(3) 90 90
VIA3 1415.2(5) 2243.2(8) 2420.2(2)
z 2 4 4
plg cn3 1.325 1.470 1.332
ulmm-1 1.337 1.678 1.933
F(000) 584 1016 1024
26 range/deg 4.420 <549 54<20 <549 5.6<20<55.0
no. of indep 6288 Rint = 5135 Rnt = 4780 Rnt =
rfins 0.0211) 0.0543) 0.0359)
no. of restraints 10 0 0
no. of params 270 228 253
WR2 (all data} 0.1713 0.1187 0.1120
R1 (all data} 0.0773 0.0857 0.0897
R1( > 20(1))2 0.0590 0.0464 0.0490
& 1.025 1.013 1.002

resid dens/e A3
CCDC No.

+1.500/0.689
CCDC-294260

+1.271+1.124
CCDC-294261

+0.526/-0.463
CCDC-605500

aDefinition of the R indices: R1= (}||Fo| — |Fcl)/3Fol; WR2 =
{ZIWF2 — FAASIWEAT}2 with w = o%(Fed) + (@P?2 °s =
{X[w(F? — FA2/(No — Np)} 2.

97%9). The crystals o® turned dull during handling and mounting,

even below-40°C. During the refinement proceduféthe phenyl
ring was fitted with an ideal hexagonal geometry, and no detailed Z = 4, pcaica = 1.404 g cn3, u(Mo Ka) = 1.497 cnl.
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discussion can be offered. Therefore, a CIF file was not deposited
and a CCDC number was not ordered for this structure determi-
nation. In3 two of the THF molecules show a two-site disordering;
the disordered atoms were refined isotropically.4lmne of the
DME ligands shows a two-site disorder and the respective atoms
are also considered isotropically. The hydrogen atoms were included
at calculated positions with fixed thermal parameters. All other non-
hydrogen atoms were refined anisotropicdfyXP (SIEMENS
Analytical X-ray Instruments, Inc.) and POVRAY were used for
structure representations.
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(22) Sheldrick, G. M. SHELXL-97 (Release 97-2); University of
Gaottingen, Gitingen, Germany, 1997.
_(23) Crystal data 02: CyH3z7CalOy, M = 532.50, triclinic, space group
P1, a = 12.793(1) A,b = 14.451(1) A,c = 16.094(2) A,a = 111.675-
(6)°, B =103.615(5), y = 103.125(6), V = 2519.4(4) B, T = 183(2) K,



