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The catalytic addition of NH groups to C-C multiple bonds
is of great interest in organic synthesisFor bis(cyclopenta-
dienyl)lanthanide centefs? insertion of olefinic and acetylenic
functionalities into metatligand o bonds is remarkably facile,

and recent advances in organolanthanide-mediated aminoalkene

and aminoalkyrfe hydroamination/cyclization offer efficient

regioselective, stereoselective, and atom-economical routes to

numerous heterocyclic classes. However, efficient cyclization of

1,2-disubstituted aminoalkenes for constructing azacycles bearing

key substituents present in naturally occurring compounds has
proven elusivé. To extend the scope of this methodology to
applications in alkaloid synthesis, we envisioned highly reattive
and sterically less encumbered aminoallenes as attractive sub-
strates for constructing heterocycles bearing unsaturaisuab-
stituentst® Thermodynamic consideratiofd? for unexplored
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Figure 1. Proposed catalytic cycle for organolanthanide-mediated
hydroamination/cyclization of aminoallenes.

allene-organolanthanide amide reactivity (Figure 1) predict that
insertion (step i) is~29 kcal/mol more exothermic than that for
alkene& and~6 kcal/mol less exothermic than that for alkyries,
whereas subsequent protonolysis (step ii) is approximately ther-
moneutral® Prompted by these prospects, we report here the
rapid catalytic hydroamination/cyclization of aminoallenes medi-
ated by organolanthanides and initial observations on selectivity
and mechanism.

In principle, two regioisomeric product#\( C) are possible
from aminoallenes (eq 1). In initial studies, the anaerobic,
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anhydrous reaction of CAnCH(TMS), (Cp = 75-MesCs; Ln
= La, Sm, Y, Lu; TMS= MesSi) with dry, degassethonosub-
stitutedaminoallened and?2 (eq 2) proceeds predominantly via

F (
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pZ R' R N
R” “NH, RN H
Combined
Aminoallene Yield (%) Tetrahydropyridine 2-Vinylpyrrolidine Ratio 4:5
1 R=H,n=1 91 4a R=R'=H 5a R=H n=1 90:10
2 R=CHz n=1 95 4b R=CHj3 R'=H 5b R=CHz n=1 87:13
3 R=Hn=2 95 6 R=H R'=CHj3 6 only
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Table 1. Results for the Organolanthanide-Catalyzed
Hydroamination/Cyclization of Aminoallengs a. 1 —
conversion (%)° B " Ln"g
; NH
\—H

entry substrate product(s) ZJE ratio® Ny, h' (°c)

(vield) (%)° Insertion
1. HNo~s - W”“ >95,(93)°  86:14¢ 31.4(23)° Favored
H
>95 112 13.0 (23)° H
7 " 88:12 ( )’ (to13) R
>95 81:19"  7.3(23)
>95 79219 4.1(23)° }
H
2 H NSNS A >95,(95°  80:20° H NH \
8 A >95

95:5¢ NH ¥ H
H 7 il | nsertion - )¢
* HZNT/\;\ : W >95 67:33¢ i Disfavored R
Wy : y\
N >95 58:42° >630 (23)° /. H §1
9 13 R H

>95 55:459

95 55:45°  0.23 (23)°
4. HzNjM‘V /(NHjV\.H_ > ( ) b-
10 14

‘\ : ?,
2 All rates measured in benzeng-? Isolated yields¢ Determined H oL H nsertion _ NHL" @
> H N\—H
H

by IH NMR spectroscopy and GC/MSCp,YCH(SiMes), as precata- Favored
lyst. € Cp2SmCH(SiMe), as precatalyst.Cp,LUCH(SiMey), as pre-
catalyst.9 Cp,LaCH(SiMe), as precatalyst.

R

endocyclic pathway to afford mixtures of regioisomer and (from10) y (to14)
5, regardless of precatalyst and/or reaction conditions. Homolo-
gous substrate8 gives exclusively 2-ethyl-3,4,5,6-tetrahydro-

H
pyridine,6. In marked contrast, the reaction bB-disubstituted "\‘/ t N':i
aminoallenes proceeds exclusively through pathtvdgq 1)142 H . H
o 15 e \ Insertion
Specifically, 7*° affords 2-(prop-1-enyl)pyrrolidinel 1, whereas ~/\ Ln S L
\ H ‘qu

8 undergoes cyclization to yield 2-(prop-1-enyl)piperidiie, W Disfavored
in excellent combined yield and goad selectivity (Table 1, 1
entries 1 and 2). RH

The reaction of aminoallen8 possessing an amino-carbon Figure 2. Plausible stereochemical pathways for organolanthanide-
Ch'ral_c_enter cleanly ggnerat_aemns-Z-methyl-_5-(pent-l_—enyl)- mediated hydroamination/cyclizations yielding {f@ns 2-methyl-5-(pent-
pyrrolidine, 13, as a~1:1 ratio of Z/E stereoisomers in high 3 _enyi\pyrrolidine, 13, and (b)cis-2- methyl-6-(prop-1-enyl)piperidine,
combined yield (entry 3). Hydrogenation 18 (Pt0O,) yields the 14.
fully saturated 2,5-disubstituted pyrrolidine as a single compound joreases turnover fre ; : ;

™~ o quencies, respectively. Interestingly, the
by GC/MS analysis® The proposed transition-state SUUCtUres o5 for transformatiodt — 11 (Table 1) exhibitmaximum N
in Figure 2a account well for this diastereoselection. On the other ;| a5 at ¥+ (1.019 A), on proceeding from the largest eight-

hand, cyclization of10 affords cis-2-methyl-6-(prop-1-enyl)- coordinate lanthanide ionic radius,¥g1.160 A), to the smallest,
piperidine,14, in excellent yield as a 1:2/E stereoisomer mixture Lu®t (0.977 A)16

E)entry 4).' d The obﬁerv?lriisiiiastg:gose[{ec;tivity ga? be'::rationz;ILzecli These results demonstrate that lanthanocenes are versatile
y considering chair-like transition-state models (Figure 2b). In e cataiysts for efficient insertion of allenes into metamnide

bo_th ca;ses, prr]oduct_stereochems_ﬂys, (2,54rans 14, 2,6<is) . bonds and that such processes can be incorporated into effective
arising from the amine stereogenic center overcomes any Slg'catalytic cycles for constructing heterocycles having unsaturated

nificant stereoinduction originating from the chiral allene moiety. ¢\ bstituents. Application of this chemistry to alkaloid synthesis
Kinetic studies of7 — 11 were also undertaken (40/0:1, is presently under investigation.
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