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The search for complexes that exhibit selective-HC bond
activation is the focus of considerable research in organometallic
chemistry at the present time, primarily because of the potential
for functionalization of readily available hydrocarbons into more
desirable productsOne of our previous contributions to this area
involved the development of the 16e allene nitrosyl complex of
tungsten, Cp*W(NO){?-H,C=C=CMe,), that effects single and
triple intermolecular €-H bond activations of hydrocarbon sub-
strates under thermal conditioh%his allene complex is generated
virtually quantitatively by thermolysis of the 18e precursor, Cp*W-
(NO)(CH,CMe3)(173-H,CCHCMe) (1), at 50 °C to induce the
evolution of neopentane. While extending this-i8 activation
chemistry to enicompass various heteroatom-containing organicl__l_gure 1. Solid-state molecular structure fvith 50% probability thermal
substrates, we dlscovered.tlia.ind related allyl nitrosyl complexes ellipsoids shown. Selected interatomic distances (A) and angles (deg):
effect the concurrent activation ofNH and o-C—H bonds of W(1)—N(2) = 1.940(2), N(2)-C(6) = 1.485(3), N(2}-C(9) = 1.496(4),
pyrrolidine and piperidine without thermal activation (i.e., under C(9)-C(10) = 1.560(4), C(10¥C(13) = 1.510(4), C(13¥C(14) =
ambient conditions). It is these unprecedented transformations that(1)~3115(4)i$’ggzN((1:)f 1-C7%(2),C ’\&1)'0(1122;413;238(3),éN%)'Nc(ll);
we now wish to communicate. o) 7 169:4(2). C0YCA3) C(1e) ~ 127.409) C(o7.C(10) Y
98.41(11), W(YN(2)-C(6) = 119.91(18), C(6YN(2)—C(9) =

2 NH 106.1(2), W(13-N(2)—C(9) = 132.32(17).
= (" =

Weiiy ——» W new complexes produced in this manner (including a single-crystal
\Q'\ + 20°C N= \ U] X-ray crystallographic analysis &) are provided in the Supporting
’é H OF g Information. Interestingly, théH NMR spectrum of the volatiles
1 ~/ ) = resulting from the reaction of pyrrolidine with contains a small
3n - 2 singlet at 4.80 ppm indicative of the production of #uring the

course of the reaction.
The new chemical reactions that we have discovered are

presented in eq 1 with complelxbeing the prototypical reactant. @

Thus, treatment of racemi¢ with neat pyrrolidine at room- ‘@ C/NH |

temperature results in the quantitative formation of a racemic Wi =W

mixture of the alkyl amido complexX?. This compound is very \ W \ @

soluble in common organic solvents, but it can be isolated as an R "N H R "é

orange air-stable solid in 52% yield by chromatography of the final o 2 ==

reaction mixture on alumina with pentane as eluant and crystal- R

lization from the concentrated eluate-a80 °C.2 The solid-state 4 R'=Me, R = H 5 R=Me R'=H

molecular structure o2 (Figure 1} exhibits metrical parameters 6, R'=H, R"= Me 7,R =H, R"= Me

that are consistent with solution NMR data and reflect loss of 8 R=H,R"=Ph 9,R'=H,R"=Ph

hydrogen atoms from the pyrrolidine nitrogen atom, N(2), and a

carbon atonu to it, C(9). The W(1}-N(2) bond length of 1.940- Since all the product complexes are formed at room temperature,
(2) A and the coplanarity of W(1), N(2), C(6), and C(9)2rare it is unlikely that the allyl reactants convert to allene intermediates

indicative of this linkage being a slightly elongated=M double or that the pyrrolidine is dehydrogenated to pyrroline prior to
bond® the tungsten center thereby attaining the favored 18e reacting® Nevertheless, a number of possible mechanisms can be
configuration. The original allyl ligand ith has become a vinylalkyl envisaged for these conversions, and more studies will be required

substituent at C(9) of the newly formed pyrrolide ligan@irDnce to evaluate the various possibilities. Particularly intriguing in this
formed, complexX2 (mp 115°C) is thermally stable and undergoes regard is the fact that the allyl and not the neopentyl group migrates
no detectable changes when maintained at 2@or 1 h. with such selectivity.

As summarized in eq 2, other related allyl nitrosyl complexes  This type of reactivity with cyclic saturated amines appears to
react with pyrrolidine under ambient conditions in a similar manner. be general for these allyl nitrosyl complexes of tungsten. Thus,
Full details of these reactions and the characterization data for thetreatment ofl with piperidine under ambient conditions affords a
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Figure 2. Solid-state molecular structure 8fvith 50% probability thermal
ellipsoids shown. Selected interatomic distances (A) and angles (deg):
W(1)—N(2) = 1.937(2), N(2)-C(6) = 1.482(3), N(2)-C(10) = 1.480(3),
C(10y-C(11) = 1.573(4), C(11yC(14) = 1.494(5), C(14yC(15) =
1.306(6), W(1)N(1) = 1.753(2), N(1)}-O(1) = 1.229(3), W(1)}-N(1)—

O(1) = 169.3(2), C(11yC(14)-C(15) = 127.8(5), C(10yC(11)-C(14)
114.1(3), N(1yW(1)—N(2) 97.76(9), N(1)yW(1)-C(1) =
97.38(10), W(1yN(2)—C(6) = 118.38(16), C(6yN(2)—C(10) =
113.9(2), W(1)-N(2)—C(10) = 127.64(16).

racemic mixture of orange compl&x the product analogous &)

as the principal organometallic complex. However, the reaction
proceeds more slowly than with pyrrolidifeand so it is ac-
companied by some thermal decomposition of the reactant
Workup of the final reaction mixture in a manner analogous to
that employed for the isolation @f(vide supra) afford8 in 16.9%
yield. Complex3is also very soluble in common organic solvents.
The solid-state molecular structurefFigure 2Y bears a striking
resemblance to that exhibited Byand its spectroscopic properties
confirm that this structure persists in solutiofd. NMR spectro-
scopic monitoring indicates that the other allyl nitrosyl complexes
4, 6, and8 react with piperidine in a similar manner.

To the best of our knowledge, these reactions of the saturated
cyclic amines constitute the first unambiguous examples of concur-
rent N—H and C-H bond activations of organic substrates by
transition-metal complexes. Our studies of the thermal reactions
of these tungsten allyl nitrosyl complexes with other heteroatom-
containing organic molecules are continuing, and the results of these
investigations will be reported in due course.
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