JIAIC[S

COMMUNICATIONS

Published on Web 09/29/2007

Synthesis of Monoalkoxide Monopyrrolyl Complexes Mo(NR)(CHR
Enyne Metathesis with High Oxidation State Catalysts
Rojendra Singh,’ Richard R. Schrock,*T Peter Miiller," and Amir H. Hoveyda*

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, and Department
of Chemistry, Merkert Chemistry Center, Boston College, Chestnut Hill, Massachusetts 02467

"(OR")(pyrrolyl):

Received July 25, 2007; E-mail: rrs@mit.edu

We recently reported the synthesis, characterization, and reac-
tivities of molybdenum bispyrrolyl complexes of the type Mo(NR)-
(CHR)(pyrrolyl), where pyrrolyl is either the parent pyrrotybr
2,5-dimethylpyrrolyl (MgPyr)2 We are interested primarily in the
use of bispyrrolyl species as precursors to bisalkoxide catalysts
of the type Mo(NR)(CHR(OR), or Mo(NR)(CHR)(diolate)
through addition of an alcohol or a diol to Mo(NR)(CHyrrolyl),
complexes. Preliminary experiments suggest that bispyrrolyls are
less reactive toward olefins than bisalkoxide species, but serve as
effective precursors to Mo-based bisalkoxides or diolated/e
were attracted to the possibility thatonalkoxide mongyrrolyl
species might be intercepted and might prove to be of interest in
their own right. This expectation partly arises from the high
reactivities observed for supported catalysts prepared through

addition of bispyrrolyl species to siliéavhere the predominant
surface species is Mo(NR)(CH)Royrrolyl)(OSkur). High catalytic

Figure 1. POV-ray drawing of3. Thermal ellipsoids are displayed at 50%
probability level. Hydrogen atoms are omitted. MN(2) = 1.7364(11) A,
Mo—C(1)= 1.8921(13) A, Me-O(1) = 1.9145(10) A, Me-N(1) = 2.0373-

activities have been observed (and also rationalized through (11) A ‘Mo—N(2)—C(21)= 172.57(9}, Mo—O—C(11)= 143.58(8}, Mo—
theoretical studié€} for these and related pseudotetrahedral metal C(1)-C(2) = 139.48(9), Mo—N(1)—C(32) = 135.28(9J.
complexes that are asymmetric at the metal center. We report here

the synthesis of species of the type Mo(NR)(CHER')(pyrrolyl)
and their use in catalytic enyne metathesis reacfions.
Addition of 1 equiv of ROH to Mo(NAr)(CHCMgPh)(MePyr),
(Ar = 2,64-PrCeHz; Me,Pyr = 2,5-MeNC4H,) in diethyl ether
or THF yields Mo(NAr)(CHCMegPh)(OR)(MePyr) species where
R = (CH3)3C (1, 22% isolated yield), (Ck.CH (2, 83%), Ar @,
81%), (CR),CH (4, 45%), or (CR)2(CHs)C (5, 80%) (eq 1). In
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certain cases, Mo(NAr)(CHCMEBh)(OR) species are also formed,
from which the Mo(NAr)(CHCMgPh)(OR)(MePyr) species can
be separated by selective crystallization. Byaalkylidene reso-
nances are found in the proton NMR spectrum{g} at 12.24
(1), 12.04 @), 12.29 @), 12.34 ppm 4), and 12.45 ppmE) with
Jen ~ 120 Hz in each case; no alkylidene resonancesiibriso-

complexes that contain smaller alkoxides contaim&nor an#®°-
pyrrolyl ligand. It also should be noted that- and »5-pyrrolyl
ligands interconvert readily at room temperature in Mo(NAr)-
(CHCMePh)(MePyr), species, and presumably also in Mo(NAr)-
(CHCMePh)(OR)(MePyr) species.

Ring-closing of diallyl ether catalyzed by compounts5 (2
mol %) in GDe was complete within 1520 min. In a separate
experiment3 was treated with 10 equiv of diallylether ins0; at
room temperature a total of 10 times in sequence. Complete con-
version of the substrate into products was observedlii min at
each stage according 8l NMR spectroscopy. These observations
suggest that monopyrrolyl monoalkoxide catalysts are relatively
stable and long-lived, as observed in the metathesis of propylene
by silica-supported catalysts of the same type in a flow redctor.

Mo-based monoalkoxidels-5 were examined as possible enyne
metathesis catalysts; enynés-9 served as substrates in these
studies. Ring-closing enyne metathesis products are proposed to
arise through initial addition of the triple bond to an intermediate
methylene complex to give aa- or a 3-substituted metallacy-
clobutene, followed by ring formation and reformation of the
methylene species in the usual manhEor example, as illustrated
in eq 2, enyné could furnish7o or 7f as a consequence of initial
o or B addition, respectively. In the case of eny®ieproducto
refers to the consequence of addition with the largest substituent

mers were observed. Results are likely to vary with the nature of in the o position of the initial metallacyclobutene. The results of
the imido ligand. Preliminary studies have shown that an adaman- these studies are summarized in Table 1.

tylimido analogue o8 cannot be prepared in a similar manner from

Substrateés was converted exclusively in&g, the six-membered

a bispyrrolyl precursor; only the bisphenoxide species is formed. ring analogue o, in good isolated yield within 15 min using

An X-ray structure of3 (Figure 1) showed that the alkylidene

has the expectesiynorientation, but although amP-2,5-dimethyl-
pyrrolyl ligand is possible electronically, ap-2,5-dimethylpyrrolyl

is observed, presumably for steric reasons. It is not known whether
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Table 1. Enyne Metathesis of Substrates 6, 7, 8, and 92

o addn | | B addn conv/products (%?)
?2) entry cat (time) subst o B yield (%)
E E E E

E £ 1 1(1.5h) 6 <50
Ta 7 B 2 2(1.5h) 6 <B¢
3 3(12h) 6 <5e
or 5 (entries 4 and 5). Howevet, 2, or 3 did not afford any ring- 4 4 (15m) 6 0 100 68
closed product under similar reaction conditions, even though the 5 5(20m) 6 0 100 72e
initial alkylidenes disappeared immediately.-Rearbene catalysts g ; gg mg ; gg ‘2"8 ;se
have been reported to affofd in this reactiorf:’ 8 3(2h) 7 0 100 70
9 4 (20 m) 7 30 70 83e
| 10 5 (20 m) 7 0 100 70
11 1(20 m) 8 40
12 2(12h) 8 50
E 13 3(12h) 8 <5e
E 6o 14 4 (20 m) 8 <5°
Treating7 with 5 mol % of 3 or 5 in benzeneds produced7fs 1(55 g&ihg) g igz
exclusively (entries 8 and 10). In contra3t and 7 were both 17 3(2h) 9 <5
observed whed, 2, or 4 was employed. Rucarbene complexes 18 4 (20 m) 9 40 60 72
afford 7a. in this reactiorf:? 19 5(20m) 9 25 75 80

None of the expected ring-closed enyne metathesis products of ) . o o

bstrate8 was observed fol—5 (entries 1115). Compoundd All reactions were performed ingDs at 22°C with 5 mol % catalyst
subs > ' p _ loading and followed byH NMR spectroscopy? Based on disappearance
and2 led to formation of ethylene and what appears to be a dimer of substrate¢ The original alkylidene was consumetisolated as a mixture
or oligomer mixture, the nature of which has not been elucidated. ?f the two products? Some homocoupling of the product was observed.

In the case of substra® 4 and5 yield mixtures of the two The initial alkylidene was consumed and ethylene evolved; the products

. . . . . could not be identified.
possible rings (entries 18 and 19). One might expect this result

since the d_|fference between the two typgs of |r_1|t|al metallacy- oxidation state Mo catalysts. In certain cases, the products that are
clobutenes is not as marked compared to yields with substrates thabbserved are different from those obtained through the use of Ru-

conte_un a terminal triple bon_d. In contraQ_tand:% d'd_ ”F?t lead t_o based carbenédt is important to note that all bisalkoxide or diolate
any ring-closed product despite consumption of the initial alkylidene catalysts that we have tried doot lead to controlled enyne

(entries 16 and 17). . _metathesis, but to mixtures of ill-defined, possibly oligomeric,
The enyne metathesis results observed here cannot be eXpla'neBroductS The modular nature of high oxidation state Mo or W

solely on the basis of the relative sizes of the alkoxidé-ib, or complexes and the sensitivity of M(NR)(CHRX)(Y) complexes

upon their electronic properties. It also should be noted that only to variations in R, R X, and Y continue to open avenues to the

synalkyhd_e_ne isomers have been observed so far; nothing is known design and development of new catalysts. These investigations are

about anti ISOmers of M,O(NAr)(C,HCM@Ph)(OR),(MQPyr) and also in progress and will be the subject of future reports.

related species, the relative reactivitysyihandanti isomers, and
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