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Recently, much attention has been paid to allenes as building Scheme 2

blocks for organic synthesisEspecially transition metal-catalyzed ) Pd(PPhs)s, Cul, TEA
reactions using allenes, such asC bond formations of allenes R'—  * ///\NR 2 CHCN
with pronucleophilelor electrophiles,[4+2] and [2+-2] cycload- 1 2 ®

ditions5 an allenes cross-metathe%iand polymerizationshave

.= .Rp2 -
broadened the synthetic utility of allenes. Therefore, development 1:: ';1 ;Tna hthyl 2:', iz - itn
_of versatile methods for the preparation of allenes has been of great c R'= 4_M§)C§H4 c R? = By
importance d:R'=4-(ANH)CgH,  d:R?=i-Pr
Allenes can be generally prepared from propargyl alcohol e R'=4-(COEt)CeHs e : R2 =CH(CHy)CH,CH,CH,CH(CH3)
derivatives by {§2'-type displacement with organocopper speéies. f:R" = 4-(NO,)CgH,
Other preparation methods, including the homologation of 1-alldfnes, g: R"=4-(CHO)CgH,

the stereoselective reduction of alkyriésasymmetric allyla-

tions}?13 S-eliminations by Horner Emmons-Wadsworth* or , Pda(dba)g*CHCl3, (CeFs)sP
sulfinyl radical® reactions, and palladium-catalyzed hydrogenoly- , /\ NR®, doxane R1\/
sist® or coupling reactions of allenylstannafeand allenylindi- R s 4

ums18 have been recently reported. We report a palladium-catalyzed
transformation of allenes from the propargylic amines. In the current rapfe 1. Synthesis of Allenes 4 from Various Aromatic lodides 1
transformation, propargylic amines can be handled as an allenyland Propargylic Amines 2 through Sonogashira Coupling?

anion equivalent, which would react with various electrophiles to Followed by Hydrogen-Transfer® Reactions

be transformed into allenes via palladium-catalyzed hydrogen- entry R, 1 amine, 2 3 (yield, %)° 4 (yield, %)°
transfer reactions (Scheme 1). 1 1a 2a 3aa  (64) 4a (12
. . 2 la 2b 3ab (76) 4a  (40y

Scheme 1. Concept of an Allenyl Anion Equivalent 3 1a 2 3ac (92) 4a  (76)
4 la 2d 3ad (86) 4a  (99y

NR, o 5 la 2e 3ae  (77) 4a  (43)

VA = o 6 1b 2d 3bd  (98) 4b  (67)

© H 7 1c 2d 3cd  (95) 4c  (99)

8 1d 2d 3dd  (89) 4d  (74)

NR, 9 le 2d 3ed (99) e (96)

- k_\ / 10 1f 2d 3fd  (95) 4 (75)

- Pd-cat. hydrogen y 11 19 2d 3gd (60) 4q  (66)

transfer reaction . . .
a2The reactions were carried out in the presence of Pd{R®h mol

The results are shown in Scheme 2 and Table 1. We first %), Cul (9 mol %), and TEA (150 mol %) in CG4&N at 60°C under Ar
(see Supporting Information).The reactions were carried out in the

examined the §ynthesis of phenylallehefrom \(arious 3-phenyl- presence of Pdba:CHCI; catalyst (2.5 mol %) and (Es)sP (20 mol %)
prop-2-ynylamines3aa—3a¢), which were readily prepapred from  in dioxane at 100°C for 24 h under Ar¢ Isolated yields¢ Yields were
iodobenzenela and propargylic amines26—e) by Sonogashira determined by GC analysis using hexadecane as an internal standard.
coupling in 64-92% yields. The allene transformation reaction of
N,N-diethyl-3-phenylprop-2-ynylaming&aa proceeded in the pres-
ence of Pedba-CHCIy/(CqeFs)sP catalyst at 100C in dioxane for
24 h, giving phenylallendain only 12% yield (entry 1)° Although
N,N-dibenzyl-3-phenylprop-2-ynylamirgab gavedain 40% vyield,

Once suitable conditions for the palladium-catalyzed hydrogen-
transfer reaction were established, we next investigated the synthesis
of various allenes4b—g) from the corresponding iodidedl{—qg)
with N,N-diisopropylprop-2-ynylamin€d. The reaction of3bd,

. J ; which was prepared from 1-iodonaphthaldiein 98% yield, was

the reacthn oiN,N—dll|sobutyl-$-phenylprop-2-ynylam|n8ac af- completed in 24 h to give 1-allenylnaphthalefie in 67% yield
forded 4a in 76% yield (entries 2 and 3). The best result was a1y 6) The propargylic amines, which have an electron-donating
obtained in the case Qf,N-d||sopr_opyl-3-phenylprop-z-ynylam|ne group such as MeO3¢d) and AcNH @dd) substituted on the
3ad, and4awas obtained quantitatively (entry 4). The use of the aromatic ring of molecules, underwent the hydrogen-transfer
cyclic amine3ae was not effective for the allene transformation .- tion to give the corresponding allerssand 4d in 99% and
reactior_1 (er_ltry 5). We also examined the reactions under various 74% yields, respectively (entries 7 and 8). Not only the electron-
phosphine ligands, such assPhdppe, dppi, and (Phep); however,  jop bronargylic amines but also the electron-deficient propargylic
4awas obtained in very low yields {916%). amines 3ed—gd underwent the allene transformation reaction.

t Gakushuin University. The reaction pBed, prepared frqrﬁle in 99.% yield, .proceeded

# Academia Sinica. smoothly to give the corresponding allefiein 96% vyield (entry
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9). The reactions of propargylic amin&d and 3gd also gave

A representative procedure for the palladium-catalyzed hydrogen

4f and 4g in 75% and 66% yields, respectively (entries 10 and migration reaction is as follows. To a solution ®d (0.4 mmol)

11).

in dry dioxane (1 mL) were added Ritbg-CHCI; (0.01 mmol)

Propargyl diisopropylamines, as an allenyl anion equivalent, can and (GFs)sP (0.08 mmol). The mixture was stirred at 190 for
be introduced into carbonyl compounds. Various propargylic 24 h. The reaction progress was monitored by GC. The solvent

alcohols and the benzyl ethebg—f) containing a diisopropyl-

was removed under reduced pressure, and the residue was purified

aminomethyl group were synthesized by the addition of a lithium by silica gel column chromatography with hexane to g
acetylide of 2d to aldehydes and a ketone. The results are quantitatively.

summarized in Table 2. The allene transformation reactiobapf
which was prepared from benzaldehyde &d proceeded in

the presence of BdbaCHCI3/(CgFs)3P at 80°C in dioxane for
13 h, giving the corresponding alleia in 64% yield (entry 1).
The benzyl etheBb, however, afforde®b in a higher yield (91%;

entry 2). The propargylic alcohoc—e, derived from 4-anisalde-

We developed a novel transformation of allenes using propargylic
amines as an allenyl anion equivalent. The use of{GP is
essential for the palladium-catalyzed hydrogen-transfer reaction.
Although mechanisms based upon either PA(6) Pd(ll) could
be envisaged (details are discussed in the Supporting Information),
hydrogen transfer from a-€H bond adjacent to nitrogen to an

hydes, 3,5-dimethoxybenzaldehyde, and hexanal, respectively,alkyne moiety via a hydridepalladium would give the allenes
underwent the transformation reaction to give the corresponding Further extension of the catalytic allene transformation using

allenes6c—e in 56—92% yields (entries 35). The reaction obf,
derived from cyclohexanone, also proceeded to giia 86% yield
(entry 6).

Table 2. Palladium-Catalyzed Hydrogen-Transfer Reaction of 5

entry 5 time,h  allenes 6 yield, %°
OH OH
1 Q/\ 13 ©/\/ 64
N(-Pr).
: 5a 6a
OBn OBn
2 Q)\ 23 @/\/ o1
N(-Pr).
?5b 6b
OH OoH
3 /Q)\N(i-Pr)z 14 Q)% 92
MeO 5¢ MeO 6¢c
OH OH
MeO. MeO.
4 N(i-Pr)2 14 70
OMe 5d OMe 6d

OH OH

12 /\/\)\/66 56

HO.
5,
6f

aThe reactions were carried out in the presence ediRg CHCI; catalyst
(2.5 mol %) and (GFs)sP (20 mol %) in dioxane at 86C under Ar.
b|solated yields.

e

N(i-Pr) 5e

HO. N(i-Pr)2

Ox

5f

propargylic amines as an allene equivalent is now in progress.

Supporting Information Available: Experimental details, mech-
anisms, and characterization data for compou)déb—g, and6a—f
(PDF). This material is available free of charge via the Internet at http://
pubs.acs.org.
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