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During the past 24-month grant period, there have been two primary objectives to the 

DOE sponsored project. 1) An evaluation of the relative influences of RO and RS ligands in the 

reactivity of dmuclear and polynuclear complexes of the type M& where M = Mo or W, L = 

OR and SR and x = 2,3 or 4 and y = 6,9  or 12. 2) The reactivity of LMOR complexes in the 

ring-opening polymerization, ROP, of small ring-oqgenates such as epoxides (oxiranes) and 

lactides, where M = Mg or Zn and L,, = tris-pyrazolyl or -indazolylborates. 

ComDarisons of RO and RS Ligands. 

As a part of a comparative study of the relative influence of alkoxide and thiolate ligands, 

we have examined the bonding in a series of (RE)3M=N and (RE)3M=M(ER)3 compounds. The 

former may be viewed as inorganic nitriles, analogues of R e N ,  while the latter are inorganic 

analogues of alkynes. 

The compounds (RE)3M=N have MEN bonds that are greatly influenced by the nature of 

R and E. When R = alkyl and E = 0, the FMO’s (fiontier molecular orbitals) are for M = Cr, the 

0 lone pairs, yet for M = Mo and W, the N ‘sp’ lone-pair. For M = Cr, the M-N IC MO’s are 

higher in energy than the N ‘sp7 lone pair. These conclusions can be drawn from a comparison 

of UPS data and from MO calculations employing density knctional theory with either the 

Gaussian-98 or ADF-2000 packages. Replacing OR by SR has a similar influence as replacing R 

= ‘Bu by MezCF3 in OR ligands. fi) The 1‘ IP is lowered by ca lev and the M-N n MO becomes 
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For (RE)&EM(ER)3 compounds, the Epn to Md, donation is seen to be E = 0 > S and 

for E = 0, R = alkyl > fluoroalkyl. The primary influence of the Epk to Md, donation is on the 

M-M z-orbital energy which can be modified by more than 2eV. This is seemingly the 

important difference in controlling the relative reactivity of the MEM bond toward h-acidic 

ligands such as CEO, RC3N and RGCR which can lead to cleavage for RE = &oxide, adduct 

formation for RE = fluoroakoxide and “no reaction” for RE = alkylthiolate. 

bMOR ComDounds. 

A series of potential single-site catalysts for the ring-opening polymerization of lactides 

and epoxides has been prepared LnMoR, where M = Mg and Zn, and Ln = a pis-pyrazole-or- 

indazolyl borate. Ring-opening of lactides has been observed with a kinetic degendence that is 

la order in metal complex and Is‘ order in lactide. For related systems, polymerization is 

approximately 2 orders of magnitude faster for M = Mg relative to M = Zn. For bulky and chiral 

LdM, we have observed both diastereoselective (meso > rac) and stereoselective polymerizations 

of lactides. Polymerizations are living andalead to narrow PDI - 1.1 to 1.2 up to 90% 

conversion. These results are favorable with respect to all previous reports for the 

polymerization of lactides. 

These results have been extended to BDI M(OR)(THF) precursors, where BDI = CH[2,6- 

PtzC&IsNCMe]2, for which polymerization rates follow the order M = Mg >> Zn but selectivity 

is M = Zn > Mg. Polymerization of rac-lactide yields heterotactic lactide at 25°C for M = Zn, 

but to atactic polymers with extensive transesterification for M = Mg. 

None of these “single-site catalysts” are effective for the ring-opening polymerization of 

epoxides. Biphenoxide and binolate complexes ‘of aluminum of generic formula [(O-O)AlX]2 
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are active in polymerization of epoxides but inactive in lactide polymerization. The 

polymerization of propylene oxide gives regioirregular polymers with ca 5050 ":HT triads. A 

detailed analysis of the HH junctions reveals that these are formed by backside-attack with 

inversion of stereochemistry. A fbrther comparison of the activity of LMOR catalysts toward 

ROP of lactides and epoxides shows that the reactivity is complementary. Catalysts which are 

very active for lactides are slow for epoxides and vice versa. Moreover, those that show 

stereoselectivity for rac-PO are insensitive for rac-lactide and vice versa. Based on the data 

obtained to date, we can conclude that mononuclear single-site catalysts are active for ROP of 

lactides by the acyl-cleavage mechanism but ROP of epoxides requires two metal centers. Thus, 

for M O R ,  ROP occurs only when a bimolecular reaction pathway is possible. These findings 

have important implications for catalyst design. 
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