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Summary: Copper(l)-catalyzed aminations of propargyl
phosphates and acetates proceed under mild reaction
conditions to give the corresponding propargylamines
which are precursors of l-alken-3-ylamines and (Z)-
allylamines.

Propargylamines are synthetically and biologically
important. Aliphatic propargylamines possess highly
potent, irreversible, and selective inhibitory activity toward
monoamine oxidase B (MAO B),! while N-benzylprop-
argylamines show aldehyde dehydrogenase inhibitory
activity.? Furthermore, propargylamines are useful in-
termediates for the synthesis of various nitrogen com-
pounds such as (E)-allylamines,? pyrroles,* 8-lactams,? and
pyrrolidines.6 We wish to report that copper(I)-catalyzed
amination of propargyl esters 1 gives propargylamines 2
highly efficiently (eq 1). This reaction has advantages
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over previous methods which include the aminations of
propargyl halides,” oxyphosphonium salts,? and triflates®
and allenyl halides!® because of easy availability of
propargyl ester substrates 1, selective formation of
monoamination products, and mild reaction conditions.

First we examined the amination of propargyl phos-
phates because phosphates are excellent leaving groups
toward transition metal catalysts.l12 The palladium-
catalyzed amination of allyl phosphates gives (E)-ally-
lamines efficiently;l!® however, propargylamines could not
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be obtained by the similar palladium-catalyzed reaction
of propargyl phosphates.!3 We found that copper chloride
is an efficient catalyst for amination of propargyl phos-
phates under quite mild conditions. Typically, thereaction
of 1-octyn-3-yl phosphate (1a) with 2 equiv of Et,NH in
the presence of 1 mol % of cuprous chloride in THF at
50 °C gave N,N-diethyl-1-octyn-3-ylamine (2a) in 91%
isolated yield.’* Cuprous chloride has been found to be
the best catalyst among the catalysts examined. Other
copper salts such as CuBr, Cul, CuCl,, and CuSQ; also
gave propargylamine 2a in good yields. The reaction did
not proceed without a catalyst.

Representative results of the amination of propargyl
phosphates are summarized in Table 1. Aliphatic, ben-
zylic, and aromatic secondary amines react with propargyl
phosphates to give tertiary propargylamines. When
primary amines such as benzylamine and aniline (entry
5) are used, the corresponding secondary amines are
obtained without contamination of bispropargylamines.
Generally, the amination occurs highly regioselectively,
and allenylamines could not be detected among the
products. Amino alcohols such as N-methylethanolamine
react chemoselectively (entry 6). It is noteworthy that
N-propargylhydroxylamines (entry 7), which are the
precursors of synthetically useful nitrones,® can be
prepared simply upon treatment with N-monosubstituted
hydroxylamines.

Importantly, the copper-catalyzed amination of prop-
argyl acetates also proceeds to give the corresponding
propargylamines. Thus, the reaction of 1-octyn-3-yl
acetate (1d) with pipecoline in the presence of 5 mol %
of CuCl in THF at reflux gave N-(1-octyn-3-yl)-2-meth-
ylpiperidine (2h) in 72% isolated yield. Representative
results of the amination of propargyl acetates are sum-
marized in Table 2. The amination of propargyl acetates
is quite useful for the preparation of sterically hindered
propargylamines (entries 2 and 3).

A terminal acetylenic proton is essential for the present
copper-catalyzed amination reactions. 2-Octyn-1-yl phos-
phate did not undergo the amination even under severe
conditions. The present copper-catalyzed amination can
be rationalized according to Scheme 1. Copper acetylide
complex 3 derived from the reaction of 1 with cuprous
chloride in the presence of a base seems to be a key
intermediate as indicated for the Glaser~Eglinton coupling
reaction.’® Elimination of the ester group from 3 gives

(13) Elimination of phosphoric acid takes place to give cis- and trans-
3-octen-1-yne exclusively.

(14) Typical procedure. Preparation of propargylamine 2a: A solution
of 1a (2.62 g, 10 mmol), Et,NH (1.46 g, 20 mmol), and CuCl (0.010 g, 0.10
mmol) in THF (20 mL) was stirred under Ar at 50 °C for 2 h. The mixture
was diluted with ether and extracted with 2 M HCL. The combined acidic
layers were neutralized with NaOH and extracted with CH;Cl,. The
combined organic layers were dried (Na;SO,) and concentrated in vacuo.
Purification of the residue by column chromatography (SiO,, eluting with
‘hexane:ethyl acetate = 7:3) afforded 2a (1.65 g, 91% yield).
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Table 1. Copper-Catalyzed Amination of Propargyl

Phosphates*
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o The reaction of propargyl phosphates with amines (2 equiv) was
performed in the presence of CuCl (1 mol %) in THF at 50 °C for
2 h, b Isolated yield.

Table 2. Copper-Catalyzed Amination of Propargyl

Acetates*
propargyl yield,?
entry acetate amine propargylamine %
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@ The reaction of propargyl acetates with amines (2 equiv) was
performed in the presence of CuCl (5 mol %) in THF at reflux for
2 h. ¥ Isolated yield.

zwitterion intermediate 4 and/or carbene intermediate 5.
Alcoholysis of propargyl halides in alkaline media is known
to proceed via such zwitterion intermediates and/or
carbene intermediates!? derived from deprotonation fol-
lowed by elimination of halides. Nucleophilic attack of
amines at the C-3 position of the intermediate 4 or carbene
5 would give propargylamine 2 and copper(I) to complete
catalytic cycle.

(16) Eglinton, G.; McCrae, W. Adv. Org. Chem. 1963, 4, 225.
(17) Shiner, V. J., Jr.; Wilson, J. W. J. Am. Chem. Soc. 1962, 84, 2402,
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The stereochemical course of the present reaction was
examined for the amination of optically active propargyl
phosphates. Typically, the treatment of (S)-1la ([a]%2p
-26.2° (¢ 1.22, CHCly), 98% ee)!® with N-methylbenzy-
lamine (0.7 equiv) in the presence of CuCl catalyst (1 mol
%) in THF at 0 °C for 2 h gave racemic N-benzyl-N-
methyl-1-octyn-3-ylamine (2k) in 24% yield along with
recovered (S)-1a ([a]24p —25.9° (¢ 1.21, CHCls), 97% ee)
(68%). These results support the intermediacy of 4 and
5, which react with amine to give racemic propargylamine
2,

The propargylamines thus obtained are useful synthetic
intermediates. A new strategy for synthesis of allylamines
can be explored by the present copper(I)-catalyzed ami-
nations. (E)-Allylamines can be prepared readily by
palladium-catalyzed aminations of allylic esters;!12 how-
ever, both 1-alken-3-ylamines and (Z)-allylamines are not
easily accessible. Catalytic partial hydrogenation of
propargylamines thus obtained affords 1-alken-3-ylamines
6 (eq'2). Typically, treatment of 2a with 5% Pd-charcoal
(0.5 mol%) in methanol under Hj (1 atm) at 0 °C gave 6a
in 71% isolated yield.

R' Hy/Pd-C (cat. 'R
= RIT R, (c ) _)—anns @
NR2R® MeOH, 0 °C _

2 6a-c¢

2a, 6a; R'=CsH;(, R2=R®=Et Y; 71%
2i, 6b;R'=CgH;y, R2=H,R®=Bn Y;73%
2m, 6¢c;R'=Me,R2=Me,R®=Bn  Y;71%

Furthermore, a-substituted (Z)-allylamines can be
obtained by alkylation and subsequent partial hydrogena-
tion, Typically, methylation of 2m (93%) followed by
hydrogenation of 7 under the same conditions gave (Z)-
N-benzyl-N-methyl-2-penten-4-ylamine (8) in 92% yield.

Me

Me
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Copper-catalyzed dimerization of the product amines
gives 1,6-diamino diynes 9 (eq 3), which are important
precursors of polyconjugated nitrogen system. Thus,
treatment of 2m with CuCl; catalyst (10 mol %) under O,
(1 atm) at 50 °C gave 9b in 89% isolated yield.

(18) Phosphate (S)-1a was derived from (S)-1-octyn-3-ol ([a]#p -21.5°
(c 1.15, ether), 98% ee) without loss of optical purity; Midland, M. M,;
Graham, R. S. Org. Synth. 1985, 63, 57.
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_ R'  CuClp(cat) ReReN :R1 @)
- NH2R3 021 THF R1 NR2R3
2 50 °C 9a-b

2a, 9a;R'=CgHy, R°=R®=Et  Y;75%
2m, 9b; R'=Me, R2=Me,R®=Bn  Y;89%
In summary, propargylamines can be prepared by

copper(I)-catalyzed aminations of propargyl phosphates
and acetates highly efficiently (eq 1). Moreover, 1-alken-
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3-ylamines and (Z)-allylamines can be obtained from
propargylamines thus obtained selectively and conve-
niently.

Supplementary Material Available: Experimental pro-
cedures and spectral data for 1a-1f, 2a—2m, 6a-6c, 7, 8, and
9a-9b (8 pages). This material is contained in libraries on
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