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Titanium-mediated hydroamination of alkynes by primary amines Table 1. Examples of Ti(NMez)z(dpma) (1)-Catalyzed
has drawn a great deal of recent intefeEhe reactions are often 1 hree-Component Couplings

rapid, regioselective, and utilize inexpensive catalysts. We have 4 amine alkyne isonitrile product”
been exploring methodologies to expand the scope of titanium (oyield)
hydroamination catalysis to generate products outside of imines PhNY\/NHB“‘
and recently published catalysts effective for the 1,1-disubstituted- 1  PhNH, Bu"-=-H C=N-Bu' Bu"
hydrazine hydroamination of alkynes, which provides hydrazones a7
and substituted indolésContinuing in this area, we sought to
identify reactions where three molecules are coupled in a single PhNY\/NHR
synthetic steg.In this report, we demonstrate that titanium catalysts 2 C=N-R* Bu"
are effective for three-component couplings to farfi-unsaturated (83)
B-iminoamines.
Ph
" 1" 3 Ph-=M C=N-Bu' PhNﬁ/g/NHBUt
G‘f me/\@) + TiWMegy —— Y, NﬁTrNMez (1) ¢ ! Me .
Hpdpma @N\Me 72)
Ti(NMey)o(dpma) (1) Ph
B PhN ﬁ)\/NHR
The synthesis of pyrrolyl complex Ti(NMpg(dpma) @), where 4 C=N-R M
dpma isN,N-di(pyrrolyl-a-methyl)N-methylamine, is shown in eq ((957)
1.4 The Hdpma ligand is prepared in a single, high-yielding step
(70—80%) by a Mannich reaction between pyrrole, methylamine CyHN__~ _NBu!
hydrochloride, and formaldehydeComplex1 is available in near j/n\/
guantitative yield by treatment of commercially available Ti(NMe 5  CyNH,® Bu"-=-H C=N-Bu' Bu
with H.dpma. To avoid isolation of the air-sensitive compléx, CVHN/\/fNB”[
can be generated in situ with comparable catalytic activity. Catalyst (12: ?,1166)
1 has a relatively broad scope and is applicable for hydroamination
of terminal and internal alkynes by alkyl and arylamifes. Ph
Scheme 1 ¢ = =R CyNWNHR
HoN-R! (68)
. 10 mol% R®
R-— g3 Ti(NMeo)o(dpma) R‘Nﬁ)\/NHR“ @R = 1,13 3-tetramethylbutané Reactions were carried out at 100
toluene, A ) in toluene with 10 mol %l and are complete ir48 h. Products were
+ R® isolated on multigram scales by column chromatograpBy. = cyclohexyl.
C=N-R? g}?}lg&a d13% yield ofN,N'-phenyltert-butylformamidine was isolated.15% yield

of N,N'-phenyltert-butylformamidine was isolated.

identified by-products nlw Rly byproduct was produced in sufficient quantities for isolation. Other
<15 % yield d . . .y
{rose conditons) kNHR‘t Rz'J\/Ra reactions had smaller quantities of formamidine observable by GC.

In most cases, 1.1 or 1.2 equiv of isonitrile was employed to
A generalized reaction is shown in Scheme 1. The major product compensate for formamidine generation. Other byproducts for the
for the substrates shown is due to three-component coupling. Tworeactions are sometimes present in trace quantities; studies are
byproducts that have been identified from reaction mixtures are underway aimed at isolation and structural characterization of these
theN,N'-disubstituted-formamidine from reaction of isonitrile with  minor products. The desired compounds were purified and isolated
the primary amine, a reaction catalyzed by several metal com- on multigram scales by column chromatography. The products have
plexes® In some cases, the imine product from simple alkyne multiple tautomers accessible. For most entries, the more stable
hydroamination is observed. However, with the substrates inves- tautomer, as determined by NMR spectroscopy, is shown. Entry
tigated thus far, the imine is generated in only trace quantities as5b is apparently a tautomeric mixture in solution.
analyzed by GC-FID of crude reaction mixtures. With 1 as catalyst, the syntheses were successful with arylamines,
Some representative examples of three-component couplingalkylamines, terminal alkynes, and internal alkynes with isonitriles
reactions are given in Table 1. For entries 1 and 3, the formamidine bearing a quaternary alkyl group. Reactions with phenyl isonitrile
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Scheme 2 pyridonest® We are currently exploring other catalysts, the scope
3 . . . .
\ R . of this new transformation, and potential one-pot generation of
R NY\VNHR R2 heterocycles from the product 1-azabutadienes.
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