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ABSTRACT
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The Pd(PPh 3),-catalyzed decarboxylation of buta-2,3-dienyl 2

"-alkynoates allows the rapid construction of 2-alkynyl buta-1,3-dienes. The carbon -

carbon bond-forming reaction occurs at the central position of an allene moiety.

The development of catalytic versions of-C bond-forming particular, palladium-catalyzed decarboxylative couplings
processes is a topic of great importance in modern organichave been widely used in many useful reactions, such as a
chemistry! In this context, transition-metal-catalyzed decar- decarboxylative Heck couplingaldol addition} decarboxy-
boxylative couplingd continue to attract a great deal of lative alkylation? decarboxylative aza-Michael additien
attention because they allow the use of readily available allylation,” decarboxylative cross-couplirigand decarbo-

carboxylic acids or esters under neutral conditions to produceXylative protonatiorf.

a C—C coupling product and C{as the only byproduct. In
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Allenynes are very interesting substrates because of theirwe report a new approach to conjugated dienynes that relies

high degree of unsaturatidnthus, they have been used as
substrates in various catalytic reactions, including cycloi-
somerizatiort®[2 + 2] cycloaddition reactioAt ring-closing
metathesid? Pauson-Khand reaction?® and ene-type reac-
tions14 Recently, we found that there has been no example
of palladium-catalyzed decarboxylation that involves buta-
2,3-dienyl 2'-alkynoates. Furthermore, if we control the
decarboxylation reaction, 2-alkynyl buta-1,3-dienes instead
of allenynes would be obtained. Recently, Shi repdbtdue
synthesis of 2-alkynyl buta-1,3-dienes by the reaction of the
corresponding diiodides from methylenecyclopropanes with

substituted alkynes via Sonogashira coupling in the presence

of Pd(PPh)4/Cul catalysis. Formation of 2-alkynyl buta-1,3-
dienes by the reaction of cross-metathesis of 1,3-diynes with
an olefin was also reported by Lé&e2-Ethynyl buta-1,3-
diene has been used as the diene component in Didter
addition reaction$’ Recently,z-conjugated polymers have
been widely explored as advanced materials for electronic
and photonic applicatior’§. Many chromophores have
2-phenylethynyl buta-1,3-diene as a substructfitderein
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upon the palladium-catalyzed decarboxylation of allenyl
alkynoates.

Decarboxylation was studied using 4-methylpenta-2,3-
dienyl 3-phenylpropiolatel@) as a model substrate and,Pd
(dba) as a catalyst in toluene at 7& (eq 1). Afte 2 h of
reaction time, 2-phenylethynyl buta-1,3-diengb) was
obtained in 43% yield.

J\e Me. _Me
% “Me Pdy(dba)s
( o X (1)
o T Toluene, 75 °C | Ph
Ph 2h 43%
1a 1b

Thus, we initially screened the reaction parameters, such
as the palladium catalyst, the reaction solvent, the reaction
temperature, and the reaction time, for the decarboxylation
of 1a (Table 1).

Table 1. Pd-Catalyzed Decarboxylation @2

T(°C) yield
entry catalyst solvent [t (h)] (%)?
1 2.5 mol % of Pdy(dba)s toluene 75 [2] 43
2 2.5 mol % of Pdy(dba)s/dppe(1:1)  toluene 75 [0.5] >99
3 5 mol % of Pd(PPhs), toluene 751[0.5] >99
4 1 mol % of Pd(PPhjy), toluene 75 [0.5] 99
5 1 mol % of PA(PPhjs), toluene 25[24] n.r.c
6 1 mol % of Pd(PPhs), toluene 45 [24] 34 (37)
7 1 mol % of PA(PPhj), THF 75 [24] 12 (74)
8 1 mol % of Pd(PPhjy), DCE 75 [24] 47 (50)
9 1 mol % of Pd(OAc)o/PPh; (1:1) toluene 75 [6] 67
10 1 mol % of [C3H5]PACI-NHC(Ipr) toluene 75 [24] n.r.

ala(0.12 g, 0.54 mmol) in 5 mL of solvent was usédsolated yield.
¢n.r. = no reaction.

An addition of dppe to Pgdba} slightly increased the
catalytic activity (entry 2). However, as Table 1 shows, Pd-
(PPh), was the best catalyst of those examined. The loading
of the catalyst can be lowered to 1 mol % with a quantitative
yield (entry 4). When the solvent and the reaction temper-
ature were screened using Pd(BPlas a catalyst (entries
4-8), the best yield £99%) was obtained in toluene at
75°C for 0.5 h (entry 4). The Pd(OAgPPh (1:1) system
shows a slightly lower activity (entry 9). Complex-CsHs)-
Pd(IPr)CI (IPr= N,N'-bis(2,6-diisopropylphenyl)imidazol-
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Table 2. Pd(PPhk),-Catalyzed Decarboxylation of Buta-2,3-dienytalkynoated

entry  reactant product TCO)[t(h)] vield (%)" entry reactant product T7CO)[1(h)] vield (%)b
(E/Z) (EZ)
/I\'/Ie Me.__Me
I P la 1b 75(0.5) >99 e
(O I \\ Ph > Me
jt\\ N 7 f j\ 7a ] 100(1)  93(14:1)°
"o, Ef Ef 0o X <
2 f./o g 2a PK‘ 2b 100(1) >99 H\ o p 703)  95(15:1)
A N
TN, b © Me 8 r\[KSb ng' 100005 >99
i-Pr <
A i-Pro__i-Pr OJ\ | (L.&1)
3 f o FPr 3a 3b 100(1) 38 R
N
0N B 70(3) 68 P
S oh Ph E o R
1) i
4 7 4a 4b 100(4) 97
)\ (x 9 R=Et 9a 9b (R= Et) 100(0.25) )
A oh Ph 10 R=Me 10a 10b (R= Me) 100(0.5) 80
By )y
5 E oMe  5a ‘jKSb g& Sb' 1000 77(1.2:1)° f%Me Me  Me
o)]\ | [ 703)  61(1.3:1)F ] 1 O/L\ 11a & 11b 100(0.5) 87
Ph Ar Ar
(Ar= p-Tolyl)
Ph Me
.)\ .4" e Me._ _Me
6 E A QK“ ‘/\[K s 100() ey | 12 foo Me g Kub 1000.25) 86
OK | | 2003 c )x [ \\ TIPS
oh (3)  62(19:1) TP

aButa-2,3-dienyl 2'-alkynoate (0.54 mmol) in 5 mL of solvent was uselsolated yield. The ratio was determined {4 NMR

2-ylidene) has no catalytic activity (entry 10). When the
reaction was carried out in toluene at 100, the reaction
time could be shortened to 10 min. Thus, the optimized

ratio of the two isomersH/Z) was determined by the NOE
study of the products (Figure 1). The overall yields were
77—99% with anE/Z ratio ranging from 1.2:1 to 14:1. To

reaction conditions were established to be as follows: 1 mol examine the temperature effect on tB¢Z ratio of the

% of Pd(PPH)4, toluene, and 100C.

We next investigated the palladium-catalyzed decarboxy-

lation of various buta-2,3-dienyl’'2lkynoates under the
optimized reaction conditions (Table 2). The reaction time

product, the reaction temperature was lowered t6Q.0For

the substrates in entries 5 and 7, B2 ratio was insensitive

to the reaction temperature. However, the effect of the
reaction temperature on tti€Z ratio was quite dramatic for

was highly dependent upon the substrate and ranged fromentry 6.

15 min to 1 h. The catalytic amount of Pd(RRhnduced

the decarboxylation of buta-2,3-dienyl alkynoates to produce _

carbon—carbon bond-coupling products of 2-alkynyl buta-
1,3-dienes. The yields of 2-alkynyl buta-1,3-dienes were
satisfactory, except for the case of 4-iso-propyl-5-methyl-
hexa-2,3-dienyl 3-phenylpropiolate in entry 3. However,
lowering the reaction temperature to 70 and increasing
the reaction time to 3 h dramatically increased the yield from
38 to 68%.

3% nOe 1% nOe
(Me Ph 1% nOe 1% nOe

(s, <3JK CHPK ?&

1% nOe % nOe

Figure 1. NOE studies of the products.

For buta-2,3-dienyl 2'-alkynoates bearing unsymmetric
substituents on the allenic carbon (entries8}, the isomeric

Org. Lett, Vol. 10, No. 3, 2008

Me H H
f./ow,Me Jf./O ‘H \‘f./
AL w A J\
Me
13a 14a

Figure 2. Other buta-2,3-dienyl 'Zalkynoates tested for Pd-
catalyzed decarboxylation.

For entry 6, lowering the reaction temperature to°?0
led to a dramatic change of th&Z ratio from 2:1 to 19:1.
The dominant existence in theisomer compared to thé
isomer was presumably due to steric effects.

Unfortunately, our attempts to isolate major products for
the substrates given in Figure 2 failed presumably due to
decomposition under our reaction conditions.

The present novel palladium(0)-catalyzed carboarbon
bond-coupling reaction is characterized by its rapidness and
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is unique among the reported palladium-catalyzed carbon When a crossover reaction using a mixturelafand10a
carbon bond-forming reactions that occur at the central was carried out in the presence of Pd(BRhcomplete
position of an allene moiety. This observation suggests ancrossover was observed: a mixture of four possible crossover
intermediacy of ar-allylpalladium(ll) complex. The pre-  products was obtained in 93% yield with a ratio of 1.6:1.0:
sumed reaction pathway based on the proposition of Tinge 0.6:0.7 (eq 2).

is shown in Scheme 1. The reaction is initiated by the

3 mol % Pd(PPhs),

Toluene

Scheme 1 100G 1.6 1.0 0.6 0.7  (93%)
Ry
A pdoy T Ry o
= R. Rq — . .. .
(O)O'\s o o A 1 { R1/° Ed9§ 1 In conclusion, we have developed an efficient synthesis
D AN o R e of 2-alkynyl buta-1,3-dienes from buta-2,3-dienyl- 2
0 an alkynoates. Utilizing this and related methods for the
e o) Ro Ry synthesis ofr-conjugated polymers will be the subject of
— v —_— future reports.
(-coz) LR | PO [ R,
i Iy
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