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Reactivity of [MoX(#n3-allyl)(CO)2(N—N)] Complexes Scheme 1
with Simple, Nonstabilized Carbanions
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In 1982 Trost reported that [MoGjf-allyl)(CO)x(L—L)] | _co CH,Cly I’ _co
(L—L = bidentate chelating ligand) complexes react with d\',\,_)vi(’_co e -RH d\llxl_)viO/_CCO
stabilized carbanions to yield olefidslt remains unknown R X
whether the nucleophilic attack takes place (a) directly to the allyl
ligand or (b) to the metal, followed by a metal-to-allyl migration. X=OTf, SPh

In general, the site of primary nucleophilic attack in the reactions
of n3-allylmetal complexes is dictated by the nature of the and alivl arouos in mutuallyv trans positions
nucleophile: hard nucleophiles prefer the metal, whereas soft, yl groups In y P >

stabilized ones attack the allyl gro@p. When methyllithium was used as alkylating reagent, traces of

Pseudooctahedral [MoGA-allyl)(CO)(L—L)] complexes have other unider)tified species were obtained together \Bra:hthus., .
been known for more than three decafiedowever their more selective reagents were sought. Methylmagnesium iodide

reactivity toward simple, nonstabilized carbanions remains so far afforded spectroscopically pug; however, it transformed into

unexplored. We have initiated the study of this reactivity and ?erie?rg?drgrgrngﬁri?\omapt)tlg)r; ut%?jnissggt]idolgg'l'lﬁesg;ﬂgr:e?uIiov(\)/g]s
here we report our preliminary results. P 9 P :

; o found using lithium dimethylcuprate, prepared in situ by reaction
The orange complex [MoGjé-allyl)(CO)x(bi bipy = 2,2- . .

bipyridine) g(la)gﬂpreac[ts ﬁ’eTH)lé)(solu)tzignp)\/ei]tr(] rﬁ%thylating of Cul and MeLi? as carbanion source. The orange complex was

L L . : found to be [Molg3-allyl)(CO),(bipy)].6 Dimethylmagnesium,
carbanionic reagents (vide infra) to give a single blue pro@dact lecti d halide-frek found to be th f cho
with two C—O stretching bands of similar intensity in the IR ST ectl;/e ana hall f;\ GN?]SI oun tol e the reag(anto cdo_lce.
spectrum, diagnostic of eéis-M(CO), unit, at frequencies lower Slow formation of the c orpcomp eda was observed in
than the starting chlorocomplex. The NMR shows the three- ﬂmhloromethan? solut|c|>(ns @g; thus, non-c.hlorlnated solvents
signal pattern of a static, symmetrical, untouchédllyl ligand, a_lqotot:; lf(ﬁgd grzg\;glritupo?nodu:\lg?tﬁtt(ijéeskoce dure and the
and a low-frequency singlet typical of a metal-bound methyl tability of th glk | Y dy il Ipth i d
maintained at low temperature (180 K), reveals the existence of y ' 9u

: : 3 ) N—N = 1,10-phenanthroline (phen) (compourgs—c).° The
a mirror plane in the molecule. Hence, [Mo(§)t4™ally))(CO), alkylations were specific, and neither allylic alkylation nor acyl

(bipy)](28) has the geometry shown in Scheme 1, with the methyl

* Correspondence author: (e-mail) japm@sauron.quimica.uniovi.es. products were formed. The same result was found using [MoBr-
;nggggmgmg de %:gg Sg?cﬂ";a,fn;?ﬁ’égm“'U'Q'O'E'M' (n3-allyl)(CO),(N—N)] complexes as starting materials.
(1) Trost, B. M.; Lautens, MJ. Am. Chem. S04 982 104 5543-5545. The higher solubility of the complexes with the phen ligand

Trost found that the reaction can be made catalytic in metal: molybdenum allowed their'*C NMR spectra to be acquired. The spectral data
carbonyl complexes catalyze the reaction of allylic acetates with stabilized
carbanions, such as the one obtained by deprotonation of diethyl malonate. (5) Caldarelli, J. L.; Wagner, L. E.; White, P. S; Templeton, JJLAm.
For studies of the influence of the ligands on this reaction, see: Trost, B. M.; Chem. Soc1994 116, 2878-2888.

Merlic, C. A. J. Am. Chem. S0d99Q 112 9590-9600. Sjgren, M. P. T.; (6) See Supporting Information for details.
Frisell, H.; Akermark, B.; Norrby, P.-O.; Eriksson, L.; Vitagliano, A. (7) Actually, the dimethylmagnesium we used, prepared from MeMgl and
Organometallics1997, 16, 942-950. For the asymmetric version of this  1,4-dioxane (see ref 6), contains some halide. A method to prepare truly halide-
reaction, see: Trost, B. M.; Hachiya,d. Am. Chem. So04998 120, 1104— free dimethylmagnesium is given in ref 8. However, the extremely hazardous
1105. nature of HgMe deterred us from using it.

(2) Consiglio, G.; Waymouth, R. MChem. Re. 1989 89, 257-276. Trost, (8) Cotton, F. A.; Wiensinger, K. Jnorg. Chem.199Q 29, 2594-2599.
B. M.; Van Vranken, D. L.Chem. Re. 1996 96, 395-422. The terms hard (9)3a: To a solution oflb (0.10 g, 0.24 mmol) in THF (20 mL) was
and soft are used here as defined in these reviews. added MgMe (0.26 mmol, 0.9 mL of a 0.29 M solution in £3). After the

(3) (a) Hull, C. G.; Stiddard, M. H. BJ. Organomet. Chen.967, 9, 519— mixture was stirred for 15 min, the solvent was removed under vacuum. The
525. (b) tom Dieck, H.; Friedel, HJ. Organomet. Chenl968 14, 375— residue was extracted with toluene ¥410 mL) and filtered through Celite
385. (c) Brisdon, B. JJ. Organomet. Cheni.977, 125 225-230. (d) Faller, to yield a blue solution. The solvent was then removed under vacuum to afford
J. W.,; Haitko, D. A.; Adams, R. D.; Chodosh, D.F.Chem. Soc1979 101, 0.063 g of3aas a blue solid. IR (CkClp): 1922, 1830%co). *H NMR (CD»-

865—876. (e) Baker, P. KAdv. Organomet. Chenl995 40, 45-115 (review Clp): 8.96, 8.42, 7.97, and 7.71 [m, 2H each, phen], 3.05 [m, 1H,,&H
of halocarbonyl Mo(ll) and W(ll) compounds, with a section on allyl  CsHg], 2.77 [d (6.4), 2H, B,J, 1.49 [d (9.3), 2H, Hy, —0.69 [s, 3H Mo-
complexes). CHj]. 3C{'H} NMR (CD.Cly): 235.60 [CO], 151.69, 144.36, 136.02, 130.49,
(4) To our knowledge, the only such reaction reported is that of [MoX- 127.45, and 124.29 [phen], 73.56 { §°-CsHs), 51.82 [ C and C #%-C;Hs],
(73-C3Hs)(CO)X(DAB)] (X = CI, Br; DAB= N, N'-dialkylethanediimine) with 12.51 [Mo—CHg]. 3b: A similar procedure usindb (0.10 g, 0.24 mmol)
MeLi or MeMgl, which afforded unidentified decomposition products: Hsieh, and MgE# (1.13 mL of a 0.21 M solution in ether, 0.24 mmol) gave the ethyl
A. T. T.; West, B. 0.J. Organomet. Chem1976 112 285-296. The complex3b (0.057 g) as a violet solid. IR (CG4€1,): 1919, 1827 %co). *H
possibility of nucleophilic attack to the metal was suggested: Curtis, M. D.; NMR (CD.Cly): 1.52 [t (7.9), 3H, CH], —0.29 [q (7.8), 2H, CH|. **C{*H}
Fotinos, N. A.J. Organomet. Chenl984 272 43—54. In the study of the NMR (CD.Cl,): 30.67 [CH}], 19.82 [CH}]. (3c).From1b (0.10 g, 0.24 mmol)
Mo-catalyzed allylic alkylation, Trost found results suggesting attack to the and MgBz (0.70 mL of a 0.34 M solution in THF, 0.24 mma3c (0.95 g)

metal by the less bulky malonate anions: Trost, B. M.; Lautens).Mim. was obtained as a dark blue solid. IR (&Hb): 1925, 1827 {co). ‘H NMR
Chem. Soc1987 109 1469-1478. For another example of at-the-metal attack  (CsD¢): 6.14 and 5.14 [m, €Hs], 3.00 [s, 2H, CH]. 3C{'H} NMR (CD.-

by a soft nucleophile, see: Faller, J. W.; LinebarrierCdganometallics.988 Cly): 152.07, 151.62, 144.27,135.59, 130.19, 127.30, 126.26, 124.27, 124.15,
7, 1670-1672. and 118.57 [m, ¢Hs and phen], 36.65 [CH.
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Figure 1. Molecular structure oRa with hydrogen atoms omitted for
clarity. Thermal ellipsoids are drawn at the 50% probability 1ével.

of the new complexes indicate a composition of [Mo{Rllyl)-
(COX(N—N)], and a structure like that ¢fa. These compounds
are the first [Mo(R){*-allyl)(CO),L ;] derivatives and add to the
very few examples of alkyl carbonyl molybdenum compounds
without cyclopentadienyl! ligands.

Attempts to grow crystals from several non-chlorinated solvents
led to microcrystalline materials unsuitable for single-crystal X-ray
analyses. Single crystals grown by slow hexane diffusion into
dichloromethane solutions @a and3aat 250 K were found to
consist of mixtures of the alkyl and the corresponding chloro-
complext! The {Mo(3-allyl)(CO)(N—N)} fragments of the
Mo—CHz and Mo—Cl compounds of each pair were found to
be, within the precision level of the results, identical. The disorder
due to the partial occupancy of one site by the;@rd Cl ligands
could be modeled to a reasonable degree, and the fedtitisre

Communications to the Editor

trimethylphosphiné? Remarkably, PMg(5 equiv, 70 h at room
temperature) does not induce the migration of the alkyl group to
the proximate CO ligands.

The new alkyl complexes do not react with weak acids such
as methanol or phenylacetylene (5 equiv, 20 hdiracetone
solution at room temperature). With triflic acid or benzenethiol,
selective protonation of the alkyinolybdenum bond occurs,
yielding [Mo(X)(;3-allyl)(CO),(N—N)] (X = OTf, SPh) com-
plexes and the alkarfe.

This selectivity is remarkable, since the reaction of hfe(
allyl) complexes with strong acids has been used to generate,
through allyl protonation and loss of the resulting olefin ligand,
a vacant coordination sité.

In summary, we have shown that the reaction of [Mg&I(
allyl)(CO)(N—N)] (N—N = bipy, phen) complexes with dialkyl-
magnesium reagents yields selectively the alkyl complexes
[Mo(R)(53-allyl)(CO),(N—N)], which are rigid in solution, have
a mutually trans disposition of the alkyl and allyl ligands, and do
not undergo migration or elimination processes.

Work underway in this lab indicates that other carbon nucleo-
philes, such as acetylides, react with [MagHallyl)(CO),-
(L—L)] compounds to yield new MeC products. These results
will be reported in a forthcoming publication.
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Supporting Information Available: Complete details for the syn-

1) were found to confirm the structure proposed on the basis of thesis of all compounds, spectroscopic data, and X-ray crystallographic

spectroscopic analysis.

All six new alkyl complexes are stable in non-chlorinated
solvents (théH NMR of 3aremains unchanged after 1 week at
room temperature in ds-acetone solution), and are moderately
sensitive toward air and moisture. Thermal activation (refluxing
tetrahydrofuran, 6 h) did not cause elimination of atkgllyl
coupling products. Probably, this reluctance to complete an allylic
alkylation process reflects a high configurational stability that

keeps the two hydrocarbyl ligands on distant sites of the molecule.

The stability of ethyl complexe®b and3b toward/-elimination
indicates lack of facile ligand-dissociation procesgdsis would
also account for the lack of reactivity toward an excess of

(10) (a) Carmona, E.; Contreras, L.; Poveda, M. Ln@&ez, L. J.; Atwood,
J. L.; Rogers, R. DOrganometallics1991, 10, 61—71. (b) Carmona, E.;
Contreras, L.; Gutieez-Puebla, E.; Monge, A.; 8ehez, L. JOrganometallics
1991, 10, 71-79.

(11) For an example of a mixture of isostructural M8l and Mo—CHj;
complexes in single crystals, see ref 8.

data for [Mo(CH)(3-allyl)(CO)(bipy)] (28) and [Mo(CH)(3-allyl)-
(CO)(phen)] Ba) (PDF); CIF data. This material is available free of
charge via the Internet at http://pubs.acs.org..

JA015538Z7

(12) Eagle, A. A.; Young, C. G.; Tiekink, E. R. Qrganometallics1992
2934-2938.

(13) Reactivity of [MoClg3-allyl)(CO),(NCMe),] with excess trialkylphos-
phines is known to cause reductive elimination to Mo(0) complexes: Clark,
D. A.; Jones, D. L.; Mawby, R. . Chem. Soc., Dalton Tran$998 565—

569.

(14) (a) Markham, J.; Menard, K.; Cutler, Aorg. Chem1985 24, 1581
1587. (b) Calhorda, M. J.; Gamelas, C. A.; Galves, |. S.; Herdtweck, E.;
Rom@, C. C.; Veiros, L. F.Organometallics1998 17, 25972611 and
references therein.

(15) X-ray data fo2a, C1sH15CIMON,O;: crystal dimensions 0.238 0.13
x 0.07 mnd, monoclinic, space group2/c, a = 8.379 (4) Ab= 13572
(6) A, c=13.958 (5) Af = 102.78 (4), V= 1548 B, Z = 4, T = 293(2)
K; a total of 3030 unique reflections §2< 52°) was measured. Full-matrix
least-squares refinement &A (225 variables) converged B= 0.0616 wR2
= 0.1234.
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