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Abstract 

Transition-metal-substituted phosphorus ylides M(N’Bu)&CH= 
PPh,)Cl, with M = MO, W, have been shown to be useful C- 
nucleophiles for the selective C-O bond cleavage of 
benzocoumarin-type “axially prostereogenic” biaryl lactones. The 
reaction of the metallo-ylide with the lactone leads to an eight-mem- 
bered metallacycle as established by spectroscopic data and con- 
firmed by an X-ray diffraction study of one of the products. 

Biaryl lactones of the general type 1 [3,41 are useful 
precursors for the stereoselective formation of axially 
chiral biaryl compounds 2 [5]. The lactones 1 have 
drastically lowered atropisomerization barriers com- 
pared with the final non-bridged biaryls [6], but can 
very efficiently be transformed into the.configuratively- 
stable biaryls 2 by highly diastereo- or enantio-selective 
ring-opening reactions involving chiral metallated nu- 
cleophiles (see Scheme 1) [7-lo]. 

Although investigations aimed at Lewis acid assisted 
ring-opening reactions have only recently begun [ll], 
chiral metallated (i.e. formally anionic) 0-, N-, or 
H-nucleophiles have already been found to deliver high 
atropisomer-selectivities in this remarkable type of 
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stereo-controlled reaction. In contrast, ring-opening re- 
actions with chiral C-nucleophiles, for which an asym- 
metric induction at the axis with simultaneous carbon 
framework enlargement of the molecule had been ex- 
pected, gave no detectable atropisomeric excess [61, 
probably because of the configurative instability of the 
resulting (or intermediate) ketones 3, by a ring- 
closure/ring-opening mechanism uiu rapidly helimeriz- 
ing metallated lactolates 4 (cf. Scheme 2) [6]. 

A promising new class of interesting carbon nucle- 
ophiles is represented by the methylenephosphoranyl 
substituted imido complexes M(N t Bul, (CH=PPh,)Cl 
for M = MO (7), W (81, which can be readily obtained 
by transylidation of the corresponding diimidodichlo- 
rides M(NR),Cl, (5) or their pyridine complexes 6 with 
two equivalents of triphenylmethylenephosphorane 
Ph,P=CH, (Scheme 3) [2]. 

A characteristic feature of these complexes is the 
low coordination number at the metal center and the 
do electronic configuration of the a,r-acidic metal 
fragment M’ = [M(N t Btt),Cll+, which is responsible 
for a substantial degree of p, -+ d, interaction and 
M-C double-bond character. The resonance forms A-C 
provide the best description of the bonding situation 
within the M-C-P moiety (cf. Scheme 3) [2,12]. The 
most extensive study of the reactions of similar transi- 
tion-metal-substituted phosphorus ylides with organic 
carbonyl compounds was made with Group IV metal- 
locene derivatives of the type Cp,M(CH=PPh,)R [13*]. 
Despite of their lower ylide nucleophilicity, these com- 
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Scheme 1. The directed, atroisomer-selective, ring-opening of “axi- 
ally prostereogenic” biaryl lactones. 

* Reference number with asterisk indicates a note in the list of 
references. 
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Scheme 2. Possible helimerization mechanism of the biaryl phenolate/ ketones 3, uia configuratively unstable cyclic lactolates 4. 

plexes exhibit Wittig-type reactivity. In the reactions C==O double bond because of the lack of a correspond- 
enolizable ketones give the expected olefins, leaving ing absorption in the IR spectrum. The inequivalence 
enolate complexes as the only metal-containing species, of the ‘H and 13C NMR signals of the two imido 
but the non-enolizable ketone Ph,C=O gives Ph,P=O, ligands as well as the combustion analysis indicated the 
Ph,C=CH, and an insertion product of Ph,C=O into reaction product to be a biaryl complex of the pro- 
the adjacent M-C (sp3) bond. posed structure 9, 10. 

In view of the interesting properties of metal-tuned 
phosphorus ylides, we decided to seek to take advan- 
tage of our reagents 7 and 8 as potential C-nucleophiles 
for the directed ring-opening reaction of “axially 
prostereogenic” lactones 1. Surprisingly the reaction at 
60°C in benzene yielded only a single product, which 
was obtained in a nearly quantitative yield [14*]. 

In order to confirm this proposal, an X-ray single 
crystal study of 9b was performed [16], and the struc- 
ture is shown in Fig. 1. It will be seen that the six-mem- 
bered lactone has indeed undergone a remarkable 
ring-expansion with formation of an eight-membered 
metallacycle, in which the ring-opened biaryl system is 
coordinated to the metal uia the two oxygen atoms. 

‘H NMR spectroscopy indicated that the product 
contains both the complete molecular skeleton of the 
lactone moiety and the metal complex unit. In view of 
the high-field shift of the signal from the substituent R 
next to the biaryl axis of the organic substrate [for 9b 
(R= OCH,, M = MO) S = 3.11 ppm, compared with 
3.81 ppm in the starting material lb], it can be con- 
cluded that the two aromatic moieties are located in 
more orthogonal position towards each other, showing 
that the lactone ring has apparently been cleaved. 

A 13C NMR resonance at 190 ppm, i.e. in the 
carbonyl region, could not be attributed to a typical 

The geometry about, the five-coordinate molybde- 
num center is best described as a distorted tetragonal 
pyramid with one imido ligand in a basal position and 
the other occupying the axial site. Interestingly there 
seems to be greater degree of sp* hybridization at the 
nitrogen of the axial imido ligand than at that in the 
other one, a feature which is reflected in the much 
smaller M,N-C bond angle (148.4” compared with 
170.0”). Since there is only a small difference in the two 
MO-N bond lengths (1.738 A and 1.723 A, respec- 
tively), which are both characteristic of MEN triple 
bonds [17], we consider that the bending of the axial 
MO-N-C linkage is caused mainly by crystal packing 
effects. Another interesting feature of the molecular 
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Scheme 3. Preparation of, and bonding situation in the methylene- 
phosphoranyl substituted imido complexes M(N’Bu),(CH=PPh&I 
for M = MO (7). W (8). Scheme 4. 
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Fig. 1. Structure of 9b (M = MO) in the crystal; selected bond lengths 
(L$) and bond angles c): MO-Cl 2.417(3), MO-01 2.161(7), MO-02 
2.003(6), MO-Nl 1.738(9), MO-N2 1.723(9), Nl-Cl 1.50(2), N2-C5 
1.47(l), P-C28 1.71(l), C27-C28 1.40(l), Ol-C27 1.300); Cl-MO-Nl 
98.4(3), Ol-MO-02 81.6(3), Nl-MO-N2 109.0(5) MO-Nl-Cl 
148.4(8), MO-N2-C5 170.0(7), Ol-C27-C26 117.1(9), Ol-C27-C28 
123.0(l), P-C29-C27 126.9(9). 

structure concerns the O-bonded acyl-ylide ligan!. The 
relatively short bond distances MO-01 (2.161 A> and 
C27-C28 (1.40 A) are a result of substantial enolate 
character within the MO-O-C-C array, the bonding 
situation lying between the two extremes M + O=CR- 
CH=PPh, and M-0-CR=CH-PPh,. 

The relative position of the two aromatic systems, as 
defined by the dihedral angle fl (C13-C14-C17-Cl@, 
is distinctly enhanced (72.5”) compared with the less 
twisted starting material lb (32.2”) [4], again accounting 
for the above-mentioned high-field shift in the ‘H 
NMR spectrum. 

With respect to the possible use of chiral C- 
nucleophiles for the atropisomer-selective ring-opening 
of “axially prostereogenic” lactones, a most promising 
aspect is the fact that the product 9 or 10 is not just a 
rapidly isomerizering o&o-keto-ortho’-hydroxy biaryl 
(cf. Scheme 21, but a configuratively more stable 
eight-membered ring species, which will, as such, cer- 
tainly not easily collapse to a stereochemically labile 
six-membered ring. 

The helimerization barrier for this metallacycle, the 
possible atropisomerization-free extrusion of the metal 
moiety, and the extension of this principle to the use of 
chiral, optically pure methylenephosphoranyl com- 
plexes of molybdenum and tungsten are currently be- 
ing studied. 
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