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ABSTRACT: Addition of 2-adamantylMgBr in diethyl ether to Mo(NAr)2(Cl)2(DME) (Ar = 2,6-
i-Pr2C6H3) gave Mo(NAr)2(2-Ad)2 (2-Ad = 2-adamantyl, DME = 1,2-dimethoxyethane), from 
which Mo(NAr)(Adene)(OTf)2(DME) (1, Adene = 2-adamantylidene) was prepared upon 
addition of triflic acid. Methods analogous to those that have been successful for 
synthesizing neopentylidene and neophylidene complexes were used to form 
Mo(NAr)(Adene)(OMes)2 (2; Mes = 2,4,6-trimethylphenyl), [Mo(NAr)(Adene)(OC6F5)2]2 

(3), Mo(NAr)(Adene)(OC6F5)2(MeCN) (4), Mo(NAr)(Adene)(Cl)2(bipy) (5; bipy = 
2,2′bipyridine), Mo(NAr)(Adene)(Cl)(OHMT) (6; OHMT = O-2,6-Mesityl2C6H3), 
Mo(NAr)(Adene)(Cl)(OHMT)(t-BuCN) (6(t-BuCN)), and Mo(NAr)(Adene)(OHMT)(Pyr) (7; 
Pyr = pyrrolide). Analogous methods beginning with Mo(N-t-Bu)2(2-Ad)2 yielded Mo(N-
tBu)(Adene)(Cl)2(bipy) (8a), Mo(N-t-Bu)(Adene)(Cl)(OHMT)(THF) (8b), Mo(N-t-
Bu)(Adene)(Cl)(OHMT)(t-BuCN) (8c), and Mo(N-t-Bu)(Adene)(OHMT)(Pyr)(THF) (8d). X-ray 
structural studies of 1-5, 6(t-BuCN), 7, 8a, 8c, and 8d suggest that one of the Adene β 
protons is engaged in an agostic interaction with the metal when the electron count is less than 18. Preliminary olefin 
metathesis studies confirm that Adene complexes react with cyclooctene and 1-decene in the manner expected for high-
oxidation-state Mo 
alkylidene complexes. 

igh-oxidation-state alkylidene complexes have been 
synthesized largely through α hydrogen abstraction 
reactions in d0 transition metal complexes containing 

at least two alkyls that lack one or more β hydrogen atoms.1 

Neopentylidene or neophylidene complexes are most 
common. Some preferential abstractions of an α hydrogen 
instead of a β hydrogen in d0 alkyl complexes have been 
observed in some Ta triamidoamine compounds.2 However, 
exclusively β proton abstractions take place instead of α 
abstractions outside the triamidoamine environment. d0 

Alkylidenes that contain one or more β hydrogens are 
wellknown intermediates in olefin metathesis reactions 
initiated by 
Mo and W complexes,1,3 and no rearrangement of an 
alkylidene to an olefin through a β hydride process has been 
documented in high-oxidation-state alkylidene complexes. 

Recently we showed that disubstituted d0 alkylidene (Mo 
= CMePh) complexes can be prepared in a reaction between 
CH2 CMePh and Mo imido neopentylidene complexes.4 The 
question therefore arose as to whether some analogous 
disubstituted alkylidene could be prepared through a 

selective α hydrogen abstraction reaction if the olefin 
formed through β hydrogen abstraction in that alkyl were 
highly disfavored. This process led us to consider preparing 
2-adamantylidene5 (Adene) complexes from 2-adamantyl 
(2-Ad) complexes as a consequence of the well-known 
resistance to formation of a C C bond within an adamantyl 
cage.6 Well-characterized 2adamantyl7 and 2-
adamantylidene8 transition-metal complexes have been 
reported only relatively recently. What are proposed to be 
Cr(2-Ad)49 and Fe(2-Ad)410 have been reported, but their 
insolubility prevented their full characterization and 
confirmation. 

A solution of 2-AdMgBr in diethyl ether was prepared 
from commercially available 2-AdZnBr and magnesium. 
After optimization of the literature procedures,7 80−90% 
yields of 2-adamantylmagnesium bromide (2-AdMgBr) 
were obtained free of 2,2′-biadamantane and adamantane. 
Alkylation of Mo(NAr)2(Cl)2(DME) (Ar = 2,6-i-Pr2C6H3) with 
titrated solutions of 2-AdMgBr gave Mo(NAr)2(2-Ad)2 in 
75% yield as a bright red-orange pentane-soluble solid, 
which upon addition of triflic acid in the presence of 1,2-
dimethoxyethane gave Mo(NAr)(Adene)(OTf)2(DME) (1, 
Adene = 2-adamantylidene) in 71% yield as a yellow-orange 
solid (Scheme 1). Neopentylidene or neophylidene 
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bistriflate complexes are commonly prepared in this 
fashion.1 NMR spectra of 1 obtained at 22 °C revealed 
broadened resonances, but at −40 °C in CD2Cl2, resonances 
consistent with two isomers were present with an 
alkylidene resonance for the dominant isomer being 
observed at 365.6 ppm (Table 1); the alkylidene carbon 
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Scheme 1. Syntheses of Bistriflate and Dichloride Mo 
Adamantylidene Complexes 

 

resonance for the second isomer was not detected in this 
spectrum. 

The X-ray structure of 1 (see SI) revealed two 
crystallographically distinct molecules in the asymmetric 
unit that are essentially equivalent with slightly different 
Mo Cα distances (1.944; 1.946 Å) and M−Cα−Cβ angles 
(125.9° and 124.3° in one; 122.6° and 126.5° in the other). 
The imido and alkylidene ligands are cis to one another, as 
always observed in imido alkylidene complexes of this type, 
and the triflates are also cis to one another. The (small) 
difference between the two M−Cα−Cβ angles in the 
adamantylidene is consistent with no agostic CHβ 

interaction11 in this 18 electron complex nor steric pressure 
that would result in a distortion of the alkylidene to give 
unequal M−Cα−Cβ angles (see below). 

Addition of two equivalents of NaOMes (Mes = 
2,4,6trimethylphenyl) to 1 gave Mo(NAr)(Adene)(OMes)2 

(2) in 92% yield while addition of NaOC6F5 to 1 gave 
[Mo(NAr)(Adene)(OC6F5)2]2 (3) in 91% yield (Scheme 2). An 
X-ray structural study of 2 showed it to be a monomer 
(Figure 1), while 3 is a dimer (Figure 2) that contains 
bridging pentafluorophenoxides, as proposed for the 
analogous Mo  CMePh complex.4 In 14e 2 and 16e 3, the 
two M−Cα−Cβ angles differ by 26.2° and 20° (Table 1), 
consistent with an agostic CHβ interaction in each case. An 
agostic CHβ interaction alkylidene in related 14e and 16e 
M CMePh complexes has been observed to give rise to 
Mo−C−CMe and Mo−C−CPh angles in the alkylidene that differ 
by 30−36°.4 The smaller difference in the M−Cα−Cβ angles in 
2 and 3 Scheme 2. Syntheses of 2, 3, and 4 from 1 

 

Figure 1. Thermal ellipsoid plot (50%) of 2. Unlabeled ellipsoids 
correspond to carbon. Solvent molecules and hydrogen atoms have 
been omitted for clarity. 

 

suggests that the agostic interaction is weaker in an Adene 
than in a CMePh ligand. 

Addition of acetonitrile to 3 gave 
Mo(NAr)(Adene)(OC6F5)2(MeCN) (4), an X-ray structural 
study of which showed it to be the expected five-coordinate 
monomer (Figure 3). Acetonitrile can be readily removed 
from 4 in vacuo (10−2 mbar) in the solid state. 
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The reaction between Mo(NAr)2(2-Ad)2 and 3 equiv of HCl 
followed by addition of 2,2′-bipyridine gave 
Mo(NAr)(Adene) (Cl)2(bipy) (5) in 82% yield. NMR studies at 
22 °C were consistent with fluxional behavior on the NMR 
time scale, although cooling samples to −40 °C resolved 
resonances for two isomers with alkylidene resonances at 
346.3 and 338.7 ppm. The X-ray structure of 5 (see SI for 
figure and details) 

 

Figure 2. Thermal ellipsoid plot (30%) of 3. Unlabeled gray ellipsoids 
correspond to carbon, green to fluorine, and red to oxygen. Solvent 
molecules and hydrogen atoms have been omitted for clarity. 

 

Figure 3. Thermal ellipsoid plot (30%) of 4. Unlabeled gray ellipsoids 
correspond to carbon and green to fluorine. Solvent molecules and 
hydrogen atoms have been omitted for clarity. 

 

consisted of a single, cis-chloride isomer with minor 
differences in the M−Cα−Cβ angles (Table 1), consistent with 
no significant agostic CHβ interaction. 

Compound 5 can be converted into 
Mo(NAr)(Adene)(Cl)(OHMT) (6; OHMT = O-2,6-
Mesityl2C6H3), which can be isolated as a pivalonitrile 
adduct, Mo(NAr)(Adene)(Cl)(OHMT)(t-BuCN) (6(t-BuCN)), 
in 98% yield (Scheme 3). (A description of the structure of 
6(t-BuCN) can be found in the SI.) Treatment of 6 with 
sodium pyrrolide led to formation of 

Mo(NAr)(Adene)(OHMT)(Pyr) (7), a structural study of 
which showed unequal M−Cα−Cβ angles (Table 1) as found 
in the other complexes with formal electron counts <18e 
such as 2, 3, 4, and 6 (Figure 4). 

Scheme 3. Syntheses of 6, 6(t-BuCN), and 7 

 

Figure 4. Thermal ellipsoid plot (30%) of 7. Unlabeled ellipsoids 
correspond to carbon atoms. Solvent molecules and hydrogen 
atoms have been omitted for clarity. 

 

We were interested in extending imido 2-
adamantylidene chemistry to complexes containing the less 
sterically demanding tert-butylimido ligand. Alkylation of 
Mo(N-tBu)2(Cl)2(DME) with 2-AdMgBr gave Mo(N-t-Bu)2(2-
Ad)2, which was isolated in 91% yield as a yellow crystalline 
solid. Methods analogous to those just described for NAr 
complexes led to isolation Mo(N-t-Bu)(Adene)(Cl)2(bipy) 
(8a) in 81% yield, Mo(N-t-Bu)(Adene)(Cl)(OHMT)(THF) (8b, 
86% yield), Mo(N-t-Bu)(Adene)(Cl)(OHMT)(t-BuCN) (8c, 
91% yield), and Mo(N-t-Bu)(Adene)(OHMT)(Pyr)(THF) (8d, 
88% yield). 

Table 1. Comparisons of Bond Lengths and Angles   

 M Cα (Å) M−Cα−Cβ1 (°) M−Cα−Cβ2 (°) Δ (°) δ Cα 

 1a 1.943(2) 125.9(1) 124.3(1) 1.6 365.6b,f 
2 1.885(2) 136.8(1) 110.6(1) 26.2 293.5 
3 1.88(1) 134(1) 114(1) 20 320.7c 
4 1.907(1) 135.40(1) 112.25(9) 23.2 342.4d,f 
5 1.995(2) 127.5(1) 122.0(1) 5.5 346.3b,f 

 6(t-BuCN)a 1.890(4) 132.9(3) 114.8(3) 18.1 343.1c 
 7 1.885(3) 136.4(2) 111.6(2) 24.8 318.4 

8aa 1.947(5) 125.6(4) 124.8(4) 0.8 336.2e 8ca 1.895(3) 133.4(2) 114.8(2) 18.6 336.0c 

aDistances and angles for one of two crystallographically distinct molecules in the asymmetric unit; − 40 °C in bCD2Cl2, ctoluene-d8 ; −20 °C in 
dCD3CN, eCD2Cl2; fMajor isomer in solution 
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An X-ray structural study of 8a (see SI for details) showed 
the Adene ligand to be relatively undistorted (Table 1), 
while 8d (see SI and Figure 5) was found to have a structure 

 

Figure 5. Thermal ellipsoid plot (50%) of 8d. Solvent molecules and 
hydrogen atoms have been omitted for clarity. 

approximately halfway between a TBP and an SP core (τ12 = 
0.44) and an alkylidene that is slightly distorted (Δ = 18.2°). 
A description of the structure of 8c can be found in the SI. 

We have explored the baseline catalytic competence of 
Moadamantylidene complexes prepared here for the 
polymerization of cyclooctene and homocoupling of 1-
decene (see SI for details). ROMP of cyclooctene (∼20 
equiv) with Mo(NAr)(Adene)(Cl)(OHMT) (6) as the initiator 
in C6D6 was essentially complete on examination by proton 
NMR after 20 min, while ROMP of cyclooctene with 
Mo(NAr)(Adene)(Cl)(OHMT)(t-BuCN) (6(t-BuCN)) and 
Mo(NAr)(Adene)(OHMT)(Pyr) (7) as initiators was complete 
within 2 h. ROMP experiments employing tert-butylimido 
derivatives Mo(N-t-Bu)(Adene)(Cl)(OHMT)(THF) (8b), 
Mo(N-t-Bu)(Adene)(Cl)(OHMT)(t-BuCN) (8c), and Mo(N-t-
Bu)(Adene)(OHMT)(Pyr)(THF) (8d) were essentially 
complete on examination by proton NMR after 20 min with 
the exception of 8c, which required 2 h to go to completion. 
1Decene (100 equiv) also was homocoupled by 8b, 8c, and 
8d in uncapped vials (under N2) to give a mixture of (E)- and 
(Z)-9-octadecene in >90% yields. The reactions initiated by 
8b and 8d are fastest, being 97% and 93% complete in 20 
min, respectively. 

We conclude that high-oxidation-state Mo imido 
2adamantylidene complexes are readily prepared through 
α hydrogen abstraction reactions analogous to those 
reported for the many neopentylidene and neophylidene 
complexes that have been prepared and studied1 and that 
the method can be extended to t-butylimido complexes. All 
complexes that have <18e counts show a distorted 2-
adamantylidene that is consistent with an agostic CHβ 

interaction. Preliminary studies show that NAr 2-
adamantylidene complexes are competent metathesis 
initiators for selected reactions. We look forward to more 
extensive synthetic, mechanistic, reactivity, and catalytic 
studies that involve 2-adamantylidene and other 
disubstituted alkylidene complexes. 
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