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Recent efforts to develop the synthesis of amines from olefins Table 1. Coupling of N-Methylaniline and 1-Octene by Early Metal
have led to improved catalytic procedures for the addition-6fN Dimethylamido Complexes

bonds across carbertarbon dpuble bonds (hydroamina_ltibahd Phy-CHs P nhexy catalyst (4 mol %) F’h\”/\rr%hexyl
for the tandem hydroformylation and reductive amination to form H toluene, 160165 °C CHg
homologated amines (hydroaminomethylatidn)Ve describe a 1 equiv 1.25 equiv
complementary metal-catalyzed strategy for olefin amination: the
addition of aminex-C—H bonds across olefiRgo form branched % yield®
alkylamines in a process that can be termed hydroaminoalkylation  entry catalyst precursor 13h 51h 24h
(eq 1). This reaction broadens the scope.dtinctionalizations of 1 Ta[N(CH)a]s 32 60 96
amines that occur in the absence of typical coordinating directing 2 Ta[N(CH.CHa)J]s 23 41 66
group$5to include reactions with olefins, and it displays an unusual 3 NbB[N(CHs)2]s 20 29 35
selectivity for functionalization of saturated over aromatie ke ‘5‘ g%ﬁ(réNé():l?g)z]z 856 gb.z 03f
bonds through organometallic intermediates. 6 none 2" [ o o
Rt o g catalytic R\N/\(H' ) 2 Determined by GC using dodecane as an internal stanéitohe was
H hydroaminoalkylation CHg observed under conditions wherd.05% could be detected.

Over 20 years ago, Maspérand Nugerftreported thex-alky- Table 2. Coupling of N-Methylaniline with Terminal Olefins

lation of dimethylamine with simple olefins in the presence of @\ S ; Ta[N(CHa)ls @
NTT R N

homoleptic dimethylamido complexes of tantalum, niobium, and toluene, 160-165 °C R

tungsten. Although this transformation was new at the time, yields 150 equiv 2767 h H CHs 'T
. . . . entry olefin mol% Ta products(s) yield
did not exceed 38% (1 week reaction time), and no improved Ph. mhexyl
conditions have since been reported. These additions were sug- 1 A nhexyl 4 N L 88%
gestedto occur by amine elimination to form ag-imine complex o Sfph( CHas
followed by olefin insertion into the resulting MC bond, as shown N 50%
in eq 2. Related stoichiometric transformations of methylzir- 2 ZSiPh(CHy), 4 Ph CHs
conocene amido compleXeand group V#?-imine complexe¥ \ﬂ/\/\S‘Ph(CHs)z 28%
were subsequently developed. In parallel, Whitby and co-workers Ph.
showed that the rate of formation of zirconocejtémine com- 3 AN 4 H CHy o 7%
plexes was faster fronN-alkyl arylamido complexes than from ‘ CHs Ph. n-pentyl
dialkylamido complexedt 4 ppentyl 8 H CHY "CH, 76%
R oH 5t 4 Ph\u/\ﬁ 71%
Me,N M'NMez—» (Me,N) M/':‘CHa/_\}Me N), M{lj\ @ g Ph‘N/\/BTMS
(MezN)s ‘Ne,HNMez 278TNCH, 23 " 6 A TS 8 Ho G, 66%
Ph{
product HNMe, ; Ab 4 H/ib 96%
3:1dr

The last result suggested to us that the catatytadkylation of
amines might proceed more efficiently witharyl alkylamines than a|solated yield after purification by flash-column chromatography.
with dialkylamines. Consistent with this hypothesis, the reaction °Reaction conducted neat.
of N-methylaniline with 1-octene formed the branched hydroami- acetamideN-methyl-trifluoroacetamide\-methylp-toluenesulfona-
noalkylation product ir- 95% yield within 24 h in the presence of  mide, andN-methyl-methanesulfonamide did not form detectable
4 mol % Ta(NMe)s'?2using only a moderate excess of olefin. This levels of the analogous addition products, as determined by GC/

reaction is shown as entry 1 in Table 1. MS and'H NMR spectroscopic analysis.

Reactions catalyzed by othe? domoleptic dialkylamido com- The scope of the olefin that reacts witlrmethylaniline is
plexes, such as Ta(Ng4'? (entry 2), Nb(NMg)s'3 (entry 3), and summarized in Table 2. Mono- and 2,2-disubstituted olefins reacted
Zr(NMey)s* (entry 4), occurred to lower conversions. £p in high yields (entries 46) using 4-8 mol % of Ta(NMe)s.

(NMey),t® (entry 5) did not catalyze this transformation in  Norbornene also addedtmethylaniline in high yield (entry 7), but
substantial yields, although it is similar to the complexes that have unstrained, 1,2-disubstituted olefins, such teens-2-octene or
been used for stoichiometric reactionsdfimine complexes with cyclohexene, have not yet formed detectable levels of the expected
olefins? Under otherwise identical conditions;methyl-trimethyl- alkylation products.

6690 m J. AM. CHEM. SOC. 2007, 129, 6690—6691 10.1021/ja0718366 CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

Table 3. Coupling of Substituted Anilines with 1-Octene
Ta[N(CHa),l5 (4 mol %)

Al P N n-hexyl
Ot eyl e 160165 °C N
H 1.50 equiv 27-62h CHg
entry arylamine product yield?
1 Ar = m-(CH,),-CH, 88%
2 an_ CH, Ar=mtBuyCH, Arsy, mhexyl  93%
3 N Ar = m-E,-CH H 84%
H 613 CHs
4 Ar = p-(CH,0)-CH, 90%
5 Ar=p-F-CH, 78%
n-hexyl
6 O\/j CO'Y " e
N CHs

(single diastereomer)

CLN’Q 88%
H H.

C
(1:1dn 2

©\N/\/W

H

a|solated vyield after purification by flash-column chromatography.
bReaction conducted in neat 1-octene (2.50 equiv) using 8 mol % of
Ta(NMe)s; relative stereochemistry not assigné8.mol % of Ta(NMe)s.

The selectivities of this process are notable. With the exception
of the alkylaniline products shown in entry 2, the branched
alkylation products were formed as the sole detectable regioisomer
and products arising from multiple alkylations were not observed.
Many reactions ofo-olefins are complicated by competitive
isomerization processedH NMR analysis of these crude hy-
droaminoalkylation reaction mixtures revealed that only-20%
of the unreacted olefin consisted of internal isomers. Finally, in
contrast to most €H bond functionalizations that occur through
organometallic intermediates, the reactions occur preferentially at
sp® C—H bonds over shC—H bonds.

The scope of the amine component is shown in Table 3. A variety
of substituted alkylaniline derivatives added to 1-octene in high
yield. For exampleN-methyl-3,5-dimethylanilineN-methyl-3,5-
di-tert-butylaniline, N-methyl-3,5-difluoroaniline, andN-methyl-
4-fluoroaniline formed the branched addition products in high yields
(entries 1, 2, 3, and 5, respectivelyy-Methyl-4-methoxyaniline
also reacted with 1-octene in high yield, and this aryl group can be
cleaved from nitrogen by oxidation (entry ¥)The alkylations of
1,2,3,4-tetrahydroquinoline (entry 6) ard-(6-heptenyl)aniline
(entry 7) illustrate the ability of this aminoalkylation process to
form products that cannot be generated by aminomethylation with
CO and H.

The higher yields from reactions bFaryl alkylamines than from
reactions of dialkylamine®’ along with the usual trend that
activation of aryl CG-H bonds occurs faster than activation of
aliphatic C-H bonds, led us to investigate whether metalation of
the aryl ring occurred during the catalytic process. Indeed, the
product from reactions ofN-(methyl-dz)aniline contained 46%
deuterium incorporation into thertho position on the arene (eq
3). In addition, identical amounts of deuterium in tirého position
of the arene (15%) were contained in the reactant and product at
25% conversion NMR spectral analysis). Thus, the formation
of ortho-metalated intermediates, as depicted in eq 3, appears to
occur faster than the overall catalytic process. However, the reaction
of N-(methyl-ds)-3,5-ditert-butylaniline formed the expected alky-
lation product in 78% vyield and with comparable rates to the
reaction ofN-(methyl-ds)aniline, with only 16% deuterium incor-
poration into theortho positions of the arene. Thus, there does not
appear to be a correlation between the extentrtfio-deuterium
incorporation and either reaction rate or yield. This lack of
correlation implies that thertho-metalation process lies off of the
reaction pathway. We suggest that taryl substituents facilitate
generation of any?-imine complex by serving as an electron-

withdrawing groug®11without deactivating the catalyst by forma-
tion of a stable chelate.

469 H/D exchange at
Ta[N(CH, e 45% ortho positions via:
Ph. .cD, TaIN(CHa)ls A
N —_— N yi @)
H -
1-octene 27%—ol-l| CHgo—12% /N,CHnDa_n
[Ta]

(% deuterium incorporation)

To gain insight into the identity of the tantalum complexes in
the catalytic system, we analyzed reactionblahethylp-toluidine
by IH NMR spectroscopy. After heating this substrate with Ta-
[N(CHs),]s and 1-octene in toluene at 160 for 3 h, the bis(anilide)
and tris(anilide) complexespgftol)(CHz)N],Ta[N(CHs),]3 (1) and
[(p-tol)(CH3)N]sTa[N(CHg),]2 (2) (~1:1 ratio) accounted for 75%
of the tantalum-amido species in solutiotl NMR analysis)’
Studies on the chemistry of these complexes relevant to this catalytic
process are ongoing.

In summary, we have described an efficienti@ bond func-
tionalization process that constitutes a hydroaminoalkylation of
alkenes. The selectivity of this reaction appears to be controlled
by the electronic properties of the amine, but this reaction does
not require functionality on nitrogen, such as a pyridyl, iminyl, or
carbamoyl groups, that directly coordinates to the metal.
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