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Hydroamination, the formal addition of an-NH bond across Scheme 1

C_—C unsatura_tign, is an attractive a_nd atom-efficient route to HN N HN(SMes), /E\
nitrogen-containing molecules. The widespread search for homo-

H
geneous reagents capable of catalyzing these processes has begat , NS {chw)n}
N =

a burgeoning and mechanistically diverse area of research that has A N LCaDH
utilized alkali metal, transition element, and 5f and 4f element

complexes. This latter class of catalyst, devised and pioneered by n
Marks and co-workers, is especially notable for its highly efficient W c

catalytic cyclization of aminoalkenes, aminoalkynes, aminoallenes, 1= Ar/N\Ca/N\Ar

and aminodiene$The availability of a single common oxidation A PN

state (+3) precludes oxidative-addition/reductive-elimination as a (MesSiN  THF § N

viable mechanistic pathway for organolanthanide catalysts. Rather, Ar = CeHsPr-2,6 \<—(j

reactivity patterns are defined by alkene insertion into polar (largely )n

ionic) Ln—X (X = C, N) bonds and>-bond metathesis, both of

which may be modulated by judicious selection oftmationic mixing the components in s to yield aH NMR spectrum
radius and supporting ligatioh. displaying a series of resonances analogous to literature data for

The heavier group 2 metals Ca, Sr, and Ba constitute a relatively the expected 2-ethylpyrroline cyclization produlet, but shifted
underexploited, yet inexpensive and benign, series of elements thatupfield by ca. 0.450.50 ppm. A repeat of this stoichiometric
as a result of their large radii and electropositive character, possesgeaction on a preparative scale at room temperature, followed by
a number of features common to the 4f sefieBhe present hydrolytic workup and analysis of the organic-soluble products by
submission describes our initial efforts to define a catalytic, 'H NMR and GCMS, provided irrefutable evidence of hydroami-
molecular hydroamination process based upon a well-defined nation and cyclization. 2-Ethylpyrroline was identified as the sole
calcium coordination complex. In this respect it is notable that organic product by comparison to literature chemical shift data as
Harder has demonstrated previously that olefinie@insertion well as its characteristic fragmentation pattern under chemical
into calcium benzyl complexes provides a viable route to polysty- ionisation!t
rene and that a degree of stereoregularity may result from the We then investigated the more challenging intramolecular
application of a kinetically stabilizing fluorenyl-based co-ligénd.  hydroamination of 1-aminopent-4-erie, An NMR scale reaction

A speculative mechanism for the intramolecular hydroamination between stoichiometric quantities of substitendl resulted in
of a generalizedx,w-aminoalkene catalyzed by the synthetically complete consumption of the aminoalkene within 24 h at room
convenienp-diketiminato calcium bis(trimethylsilyl)amidé HC- temperature and the appearance of several new resonances remi-
(C(Me)N-2,69Pr,CgHs),} Ca{N(SiMes),} (THF)], 1,8 is presented niscent of the expected 2-methylpyrrolidine produtlg. A
in Scheme 1. Although this mechanism is directly analogous to limitation of our chosen catalytic system was also apparent since
that elucidated for 4f element-mediated cyclizatioin,displays the reaction proceeded alongside redistribution to the known
several features with only limited precedent in calcium amide homoleptic calcium specieg HIC(C(Me)lN-2,6/Pr,CgHs),} »Cal,
chemistry. We have shown previously that stoichiometric trans- 2.612 This behavior is consistent with our previous studies of the
amination of the bis(trimethylsilyl)Jamide substituentIo{step A reactivity of 1 with primary amines, where we have noted that even
of Scheme 1) occurs readily to produce a variety of heteroleptic a minor reduction in the overall steric demands of the ligand
calcium primary amides and anilidésAlthough insertion of substituents can result in irreversible (Schlenk-type) redistribution
heterocumulenes into € (X = N, O) bonds is well-documentéd to the homoleptic speciés.
and Westerhausen has reported a unique organobarium complex Livinghouse has reported that homoleptic yttrium and lanthanide
formed by insertion of diphenylbutadiyne into a barium phos- bis(trimethylsilyl)amides [LEIN(SiMe;3)} 5] are competent catalysts
phanide? no clear precedent exists for insertion of-C (alkene for the intramolecular hydroamination of aminoalkefedVe
or alkyne) unsaturation into a €& bond. In common with therefore attempted an NMR scale hydroaminatiol afith a 10
previously reported lanthanide derivatives, this process (Step B of mol % catalyst loading of the simple homoleptic calcium bis-
Scheme 1) is likely to be rate-limiting for any putative calcium- (trimethylsilyl)Jamide [C&N(SiMes),}2(THF),], 3. Although this
mediated hydroamination process. reaction resulted in complete protonolysis of the bis(trimethylsilyl)-

A stoichiometric reaction ofl and 1-aminohex-4-ynd, was amide ligands, there was no sign of alkene hydroamination, even
studied on an NMR scale to provide an initial assessment of the after extended periods at 6€.1* In contrast, a similar catalytic
viability of an intramolecular alkyne insertion process. Our choice reaction (10 mol % catalyst loading) betwdérand thes-diketimi-
of an internal alkyne was dictated by previous reports that calcium nato supported complek resulted in the complete conversion of
bis(trimethylsilyl)amides are sufficiently basic to effect deproto- the aminoalkene to 2-methylpyrrolidinéa , over a 21 h period at
nation of terminal alkyne¥ | was consumed within 30 min of 25 °C. Although catalytic turnover was also accompanied by

2042 = J. AM. CHEM. SOC. 2005, 127, 2042—2043 10.1021/ja043576n CCC: $30.25 © 2005 American Chemical Society
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Table 1. Catalytic Reactivity of Aminoalkenes and 1 IV, V, andVI also proceeds to ca. 90% conversion gbgunder
Enty®  aminoalkene product(s) time(h) temp (°C) % Conv. the NMR conditions listed in Table 1 with catalyst loadings as low
" as 2%. Rapid conversion was also observed in the same reactions
1 Hm\x/\ N 025 25 599 performed on a preparative scale. The heterocyclic prodUats
P 5—7]3 IVa, Va,b, andVla were isolated in ca. 70% yield and characterized

by comparison of theitH NMR spectra to literature data (see
y Supporting Information).
2 HZNM §_7/ 025 25 >99 Although the borderline configurational stability df limits
Ph Iva accurate evaluation of substrate turnover, the catalytic activities

H H reported herein are broadly commensurate with those achieved
3 N ~F /\jj + ;_7 “““ 025 25 99 recently by Piers ar_1d Schafer with the cationic scandium species
v X 2% 2T [SH{ CH(C(Bu)N-2,6Pr,CeHzCMe)} (CHs){ CH3B-(CgFs)3}].2° The
H ' highly electrophilic scandium center of this latter complex, which

N
s also features similag-diketiminato ligation, is formally isoelec-
s o X s ,KJ/ 6 60 86 id . /

tronic to the calcium center df. Although the utility of1 may be
limited by its lability to solution exchange equilibria, the low cost

aEntries 3, 10 mol % cat. loading. Entry 4, 20 mol % (10 mol % and availability of this alkaline earth metal offers potentially
required 72 h to produce 85% conversichpetermined by'H NMR in significant commercial advantages over group 3 and lanthanide-
CeDs. based methodology. We are continuing to explore the scope of this
reactivity and to address the solution lability of the catalytic alkaline
earth species.

competitive redistribution to2, these observations established
beyond doubt the viability of the catalytic scheme illustrated by
Scheme 1. Acknowledgment. The Royal Society is thanked for a Univer-
Although the bidentatgs-diketiminate ligand provides a sup-  sity Research Fellowship (M.S.H.).

porting environment of only moderate kinetic stabifigthe facile
cyclization ofll encouraged further evaluation of the scope of the
catalytic reactivity ofl with a range of aminoalkene substrates.
These reactions were initially undertaken on an NMR scale and
are summarized in Table 1. In contrast to the reaction with substrate

Supporting Information Available: Experimental procedures and
NMR spectra of catalytic aminoalkene hydroamination reactions
(Figures StS4). This material is available free of charge via the
Internet at http://pubs.acs.org.
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