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ABSTRACT

R R R
Pd(DPEphos)Cl,
2
Rin + =R ==
% THF, 1t R?
8-10h
R = Aryl, Akkenyl X = OAc, OBz 79 — 96%
Alkynyl, Me OCO,Me

Triorganoindium reagents (R sln) react with propargylic esters under palladium catalysis via an S
yields and with high regioselectivity. The reaction proceeds smoothly at room temperature with a variety of R

n2' rearrangement to afford allenes in good
sln (aryl, alkenyl, alkynyl, and

methyl). When chiral, nonracemic propargylic esters are employed, the reaction takes place with high anti-stereoselectivity providing allenes

with high enantiomeric excess.

Since our discovery in 199%he palladium-catalyzed cross-
coupling reaction of indium(lll) organometallics with organic

Recently, we have shown thatIR can be regioselectively
coupled with allyl halides and esters under palladium

halides has been shown to be a useful reaction in organiccatalysis affording the & product or, under copper catalysis,

synthesi€:® In this reaction, triorganoindium reagents
(RsIn) can efficiently couple with aryl, alkenyl, benzyl, and
acyl halides and triflates under palladium catalysis with high

affording the §2' product? In this communication, we report
the §2' palladium-catalyzed cross-coupling reaction of
triorganoindium compounds with propargylic esters and the

atom economy. The reaction was later extended to otherutility of this reaction in the synthesis of allenes.

indium organometallics such as tetraorganoindates or

allylindium species.
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The allene functionality is present in natural prodéiatsd
is a versatile group in organic synthesis. It can react as either
a nucleophile or an electrophileand also participate in
cycloaddition reaction%In addition to these abilities, allenes
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are chiral compounds, so they are useful intermediates || N NG

asymmetric synthee%. . ~ Table 1. Reactions of Pin with Propargylic Estefs
One of the most important ways to synthesize allenes is

o - . Ph Pd cat. (2 mol %) Ph Ph
by nucleophilic 2’ displacement of the leaving group from Phin + =tMe = —(
; . . % THF, it Me
propargylic halides, esters, or sulfonates. Nevertheless, this 8-10h
reaction has been much less extensively investigated than 1a, X = OBz 2
the corresponding allylic substitution reacti¥ynin the 1b, X = OAc
propargylic reaction, various types of nucleophiles such as 1e, X =0CO,Me
hydrides, halides, and organometals can be employed. entry X catalyst vield (%)
Organocopper reagents react stereoselectively with propar -
gylic derivatives via §2' in good yieldst! Other organo- L OBz (1a) Pdydbas, PPhs 70°(54)
. . 2 OBz (1a) Pdadbas, P(2-fur)s 78
metals such as Grigndfdr organozinc reagerifscan also 3 OBz (1a) Pd(PPhy, "
be employed for the N2 propargylic substitution under 4 OBz (1a) Pd(DPEphos)Cls 79 (56)¢
transition-metal catalysis. 5 OAc (1b) Pd(DPEphos)Cl 96
To explore the reactivity of triorganoindium reagents 6 0OCOzMe (1¢) Pd(DPEphos)Cl, 90

toward propargylic substrates, we selected as coupling  ageactions performed using 1.2 equiv ofsPh® Isolated yield< Re-
partners triphenylindium and propargylic esters (acetates,action performed at reflux for 24 K.In parentheses, yield using 0.5 equiv

benzoates, and carbonates), easily prepared from the corre?f Phein.
sponding alcohols. In our first experiment, we tested the
reaction conditions developed for thg25copper-catalyzed ) .
reaction of RIn with allylic halides and estef8.In this way, catalytic systems and propargylic esters. In subsequent
the reaction of Pfin with the benzoatda, using Cu(OT#) experiments, we observed that the palladium complexes
(15 mol %) and P(OE£)(30 mol %) as the catalytic system, P(dbayP(2-Furyly, Pd(PPE)s, or Pd(DPEphos)Gl® al-

failed to produce the allen@ and most of the starting Iewed the reectlon at room temperature, in sh_orter reaction
benzoate was recovered. Alternatively, the use of CSEiE; times and with total consumption of the starting benzoate

as catalyst provided the desired allene in low yield (26%). (éntries 2-4). In this study, we also found that other
Under these circumstances, we turned our attention towardpmp"’Irgyllc esters such as acetateor carbonateic gave

palladium catalysis. In this case, we observed that the reactionthe allenez in good yield under the same reaction conditions

of Phlin (1.2 equiv) with the propargylic benzoate using (en'tries 5 an'd 6). In these experiments, we also realized that
Pdy(dba); (1 mol %) and PPh(4 mol %) as the catalytic stoichiometric amou_nts of BIm are necessary to consume
system afforded, after 24 h in refluxing THF, the alléhia totally the propargylic ester. Although the results obtained
70% yield with high regioselectivity (only thex8 product shewed the t_ransfer of more than one phenyl group attached
was detected by NMR, Table 1, entry 1). In the reaction, to indium, using lower amounts of gh, the reaction is not

besides the allene, the formation of biphenyl by reductive complete and afforded higher quantities of biphenyl after

homodimerization occurred and some of the starting benzoate10 h (entries ,1 and 4, yields n parentheses_). )
After studying the §2' reaction of PhIn with various

lawas recovered. The nucleophilic addition of;Pho the ) i .
ester group was not observed. This encouraging resu|tpropargyllc esters, we explored the reaction of other trior-

prompted us to examine new reaction conditions using other 92noindium reagents (aryl, alkenyl, alkynyl, and alkyl) with
the propargylic benzoatka and the propargylic acetaB.®

The results of this study are shown in Table 2. We found
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Table 2. Reactions of Triorganoindium Reagents with and 3b

Pd(DPEphos)C| R R
Rin  + = Lre PUOPEROSCh —(
% THF, it R2
8-10h
1a, 3b 214
entry R electrophile allene yield (%)%
Ph Ph Ph
1 Ph ={Me == 79
OBz 2 Me
1a
Ph
o Me b
2 0-MeOCgHy 1a & 81
MeO 4
E Ph
3 CH,=CH 1a _\=.=< 85
5 Me

Ph
Ph
= N )\ ¢
4 PhC=C 1a \¢ Me 85
6

™S Fn
5 TMSC=C 1a \é Me 83
7
Ph y
6 n-Bu la =.=< —
8 Me
Me, Ph
7 Me 1a == 25
9 Me
A Ph
\=o
3b 10
9 0-MeOCgH, 3b = 94bc
MeO 11

10 CH,~CH 3b =\=:<:> 45
12
Ph N %O
11 PhC=C 3b \y )

13
™S
X Q
12 TMSC=C 3b \¢ 88
14

a|solated yield? Reaction performed at reflug.Pcbdba:P(2-furyl)s (1:4, 2 mol %) as catalyst. Compound8 was obtained in 70% yield.

afforded only allen, the product of g-hydride elimination alcohol of cyclohexanone, the corresponding alleh@s
reaction prior to the formation of the carbeoarbon bond 14 were obtained in good yields (Table 2, entries1®).

by reductive elimination, in 70% yield (Table 2, entry 6).  Fjpally, we also studied the asymmetric synthesis of
Only the reaction of alkylindium reagents withgishydro- allenes by reaction of # with chiral, nonracemic pro-
gens such as trimethylindium afforded the desired al@ne 5.qylic esters. As mentioned before, the axial chirality
in modest yield (Table 2, entry 7). of allenes makes them particularly amenable to organic

In an analogous way, when the reactions were performedgy \hogj®a Additionally, these reactions can be used to

using the propargylic acetaBd, derived from the propargylic test the general mechanism proposed in the palladium-

(17) In the reaction, compourtti(Table 2, entry 6) was also obtained Cat.alyzed propargylic reaction with organometallic nucleo-
as a major byproduct. philes?®

Org. Lett., Vol. 8, No. 7, 2006 1405



Hitherto, the synthesis of chiral, nonracemic allenes by || NG

palladium propargylation has been limited to few examples gcheme 1. Reactions of Piin with Enantiopure Propargylic

using organozinc and organoboron reagents as nucleophiles Esters

and is shown to proceed with anti-stereoselectitAé{f. To Ph PA(DPEphos)Cl, Ph
investigate the behavior of sR, and with the aim of Phgln  + =" L Eh )=-:<‘th
comparing results, we carried out the reaction oflPlvith OR 70% H

the enantiopure propargylic benzodtga (Scheme 1}° In ::z iiiﬁ 84_816";/0 ce
this reaction, we observed the formation &)-L,3-diphe- '

nylallene (L6) in 70% yield and 86% ee. The enantiomeric Ve

excess was determined Bl NMR using as chiral shift Pholn + ==—f=H _oOPERosICh Ph>=,=ﬂ\\|v|e
reagents the complexes-\-Yb(hfbc) and Ag(fod)?° This 0Bz THE. 1 8 h H H
result shows that the propargylic reaction usinglfPhs 17 80% 18
enantioselective and proceeds with anti-stereoselectivity. To >85% ee
measure the influence of the leaving group, we also carried

out the reaction of Pfn with the enantiopure acetaiéb. place among various propargylic esters and triaryl-, trialk-

As in the case of benzoatba the [R)-1,3-diphenylallene  enyl-, trialkynyl-, and trimethylindium reagents. The reaction
(16) was obtained with high anti-stereoselectivity, good yield, proceeds smoothly at room temperature, and the scope of
and similar enantioselectivity (84% ee). Under the same the propargylic substitution is comparable with that of
reaction conditions, the reaction offthwith the enantiopure  organozinc and organocopper reagents. The reaction with

benzoatel7 afforded the R)-1-phenyl-3-methylallenel@) chiral, nonracemic propargylic esters proceeds with anti-
in good yield as the only enantiomer detected'HyNMR. stereoselectivity, providing chiral allenes with high enan-
The anti-stereoselectivity observed in these reactions can beiomeric excess. Further studies and applications of this
explained by assuming that the formation aof-allenylpal- reaction in the asymmetric synthesis of allenes are in

ladium species takes place with inversion of configuration, progress.

whereas the transmetalation and the ensuing reductive
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