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Cocondensation of calcium, strontium, or barium vapours with excess cot (cyclo-octatetraene) and thf 
(tetrahydrofuran) affords sparingly thf-soluble, pyrophoric M(cot)(thf)n (I), which decomposes a t  ca. 60 "C in vacuo 
to M(cot) (2), M = Ca, Sr, or Ba; reactions of (2) with some organic halides are reported along with formation of a 
pyridine adduct, M(cot)(pyridine), (3), and from (2) and RPC12 the synthesis of a thermally stable 
phosphacyclopropane, RP(C8H8) [R = Ph2C(C5H4N-2)]. 

Within the realm of Group 2 chemistry, cyclo-octatetraenediyl 
(cotz-) complexes are documented for magnesium1.2 but not 
for calcium, strontium, and barium. Overall, the organomet- 
allic chemistry of these elements is considerably less dev- 
eloped than that of magnesium ,3 although several recent 
reports, mainly on cyclopentadienyl compounds,4 indicate 
growing interest in the area. Here we report the synthesis of 
cot2- complexes of calcium, strontium, and barium, and the 
reactions of the derived solvent-free compounds, M(cot), with 
pyridine, with a variety of organic halides, and with a new 
highly hindered alkyl dichlorophosphorus(rI1) compound to 
form a stable phosphacyclopropane (9-phosphabicyclo- 
[6.1 .O]nona-2,4,6-triene) which has been structurally charac- 
terized. 

Cocondensation of metal with cyclo-octatetraene (cot) and 
thf (tetrahydrofuran) at - 196 "C yields a black matrix which 
on warming to room temperature affords cream, sparingly 
soluble M(cot)(thf), (1). These complexes on heating in vacuo 
at ca. 60 "C, yield M(cot) (2) as white powders (m.p. >300 "C, 
yield ca. 80% based on metal consumed); the analogous 
magnesium compound Mg(cot) is similarly formed from 
Mg(cot)(thf)2 5 .  1 Addition of pyridine to (2) yields M(cot) 
(pyridine), (3), as sparingly soluble orange powders which, 
like (1) and (2), are pyrophoric. 

Compounds (1)-(3)t most likely have polyhapto ligand-to- 
metal interactions, albeit with a high ionic character, and/or a 
polymeric structure because of their low solubility in organic 
solvents which precluded solution n.m.r. spectroscopic 
studies. A compound related to the present study is [Yb(q- 

t Characterization of (1)-(3): microanalyses on (1) and (3) were 
variable and attempts to determine Lewis base/ligand ratios by 
treatment with acids and CC14 were plagued by spontaneous ignitions; 
i.r. spectra showed thf metal-bound in (l), pyridine metal-bound and 
the absence of thf in (3). and (2) devoid of thf; microanalyses of (2) 
were satisfactory for hydrogen but typically 3% low in carbon. 

cot)(pyridine)3] [derived from Yb(cot)s and pyridine] which 
has a symmetrically bound dianion; analogous structures are 
likely for (3), and also (1). 

Details of the reactions of (2) with various organic halides 
are shown in Scheme 1. Dichloromethane yields bicyclo- 
[6.1.0]nonatriene as the major product (ca. 50%), which has 
previously been prepared in a similar manner using Li2(cot) or 
K2(cot) .6 Benzyl chloride yields the Wurtz coupled product, as 
for Mg(cot)(thf)2.5,7 and trityl chloride in contrast affords the 
corresponding metal organic halide. Thus, (2) can act as a 
source of metal like magnesium anthracene complexes react- 
ing with benzylic halides,g or as an organic nucleophile. 

The thf-free complexes (2) have also been characterized by 
formation of phosphine derivatives; treatment with RPC12, 

Scheme 1. Reagents and conditions: i ,  metal vapour, thf, - 196°C; ii, 
ca. 60"C, in vacuo: iii, pyridine, ca. 20°C; iv, CH2C12, thf, 0°C; v, 
PhCHZCl, thf, 0°C; vi, Ph3CCl, thf, 0°C; vii, RPClz, thf, -78°C. 

M = Ca, Sr, Ba; R = Ph2C(C5H4N-2) 
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Figure 1. Molecular projection of compound (4), showing 20% 
thermal ellipsoids for the non-hydrogen atoms, and arbitrary radii for 
hydrogen atoms. Selected bond distances (A) and angles (") are P-C, 
1.951(6); P-c(~1,8),  1.842(5), 1.813(5); endocyclic distances C(D1)- 
c(D2), 1.477(9); c(D2)-c(D3), 1.332(9); c(D3)-c(D4), 1.441( 11); 
c(D4)-C(DS), 1.301( 12); C(Ds)-C( D6), 1.430( 11); c(D6)-c(D7), 
1.360(9) ; c(D7)-c( D8), 1.495(9); C(Dl)-c(D8), 1.460(9) ; c-P- 
C(D1,8), 105.8(3), 108.9(3); c(Dl)-P-c(D8), 47.1(3); P-c(D1)- 
C( D2), 118.2( 4); P-C( D8)-c( D7), 114.5(4) ; endocyclic angles C( ~ 1 ) -  
c ( ~ 8 )  in sequence round the ring 127.9(5), 128.8(7), 131.4(8), 
125.7(7), 135.4(7), 129.2(7), 128.1(6), 126.3(6). 

R = PhZC(CSH4N-2), yields the phosphacyclopropane, (4) .$ 
Here these complexes act as a source of cotz-, as does the 
related magnesium complex Mg(~o t ) ( th f )~ ,~ l  with RPClz, also 
affording (4) in similar yield, ca. 37%. Compound (4) has high 
thermal stability with respect to rearrangement to a 9-substit- 
uted-9-phosphabicyclo[4.2. llnonatriene (phosphorus span- 
ning C-1 and C-4 centres of cot2-), being unaffected at 100 "C 
for several hours in toluene. Unless the alkyl group on 
phosphorus is highly hindered,g phosphacyclopropane deriv- 
atives of cot readily undergo such rearrangement. 10 An X-ray 

structure determination of (4)s establishes an anti stereo- 
chemistry (Figure 1) as predicted on the basis of the large 
steric hindrance of R. The N-functionality appears to be 
passive towards the P-centre; P-cot distances, mean 1.828 A, 
are significantly shorter than in the related 'less strained' ring 
s stem of 9-phenyl-9-phosphabicyclo[4.2. llnonatriene, 1.850 x, 10 and in the phosphacyclopropane PhP{ CPh2C( %Me&}, 
1.88 which has a lar er propane ring C-C distance, 1.56 
A, than in (4), 1.495(9) 1. 
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$ Synthesis and characterization: RPCl,; treatment of RH in thf with 
BunLi in hexane ( 1 . 6 ~ )  then PC13 gave RPC1,; m.p. 99--101"C, 
decomp.; yield 86%; lH n.m.r. (300 MHz, C6D6): 6 6.43 (m, 3H, 
pryridyl-CH), 7.10 (m, 10H, c&5), 8.11 (m, lH ,  NCH); 13C n.m.r. 
(75.5 MHz) 6 60.0, 122.9, 123.7, 125.1, 128.0, 135.9, 144.0, 147.1, 
149.5,165.2; 31P n.m.r. (121.5 MHz) 6 169.2. (4); synthesis is given in 
Scheme 1; m.p. 116-119°C; yield 37%; lH n.m.r. (300 MHz, C6D6) 
6 2.14 (m, 2H, PCH) 6.38 (m, 2H, PCHCH), 5.89 (m, 2H, 
PCHCHCH), 5.67 (m, 2H, PCHCHCHCH), 6.7-8.5 (m, 14H, 
aromatic-CH); 31P n.m.r. (121.5 MHz) 6 -122.0. 

0 Crystal data for C26H22NPr (4), M = 379.0, triclinic, space group PI ,  
a = 10.926(4), b = 10.199(3), c = 9.494(5) A, a = 95.00(3), p = 
97.48(3), y = 98.35(3)", U = 1031.8(7) A3, F(000) = 400; 2 = 2, D, = 
1.22 g cm-3, ~(Mo-K,) = 1.5 cm-l, 2701 unique diffractometer 
reflections (28,,, = 45"), 1649 with I > 341) used in the refinement, 
R = 0.069, R, = 0.061, T = 295 K. Anisotropic thermal parameter 
refinement for C, N, P. Atomic co-ordinates, bond lengths and 
angles, and thermal parameters have been deposited at the Cam- 
bridge Crystallographic Data Centre. See Notice to Authors, Issue 
No. 1. 


