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Allenes not only constitute an important class of natural products but also serve as
useful intermediates in organic synthesis.za_C) Although numerous methods have been known
for the synthesis of allenes, reduction of propargylic halides, ethers, or esters with the
conventional reducing agents such as L1A1H4,3) Mg,4) Zn,5) CrC12,6) or organocuprates7)
usually affords a mixture of allenes and acetylenes in varying ratios, except for the
selective formation of terminal allenes from propargylic compounds having terminal triple

bonds,8) and only a few methods, including nucleophilic addition to propargylic compounds,

have so far been reported to obtain internal allenes with high regiose]ectivity.Za’b)’g)
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Recently, we reported that allylic acetates could be reduced by Sm12 in the presence of
alcohol and catalytic Pd(O).]O) In the present study, it is shown that the same Pd(O)-SmIZ—
alcohol system is also effective in reducing propargylic acetates through polarity inversion
of cationic allenylpalladium 1ntermed1ates,]]) thus providing a mild and convenient method
for the preparation of mono-, di-, and trisubstituted allenes (eq 1).

In Table 1 is shown the reduction of various propargylic acetates to allenes and
acetylenes in high yield, with propanol as a proton source. Allene-acetylene ratios were
greatly dependent on the substitution pattern of the substrates: tert-Acetates yielded
allenes exclusively (Run 1 and 2}, whereas the allene-selectivity was decreased in cases of
sec-acetates (Runs 3-5) and was even reversed in the case of prim-acetate (Run 6).

In Table 2 is shown the effect of proton source on allene-acetylene selectivity in the
reduction of a sec-acetate. Interestingly, the more sterically crowded alcohols gave the
higher allene-selectivity. Thus, a highly selective synthesis of disubstituted internal
allene was attained by using 2,4-dimethyl-3-pentanol as a proton source (Run 8). Additional
examples of the reduction under the conditions are summarized in Table 3. A terminal allene
could also be obtained with satisfactory selectivity when an acetate with a terminal
acetylene was employed (Run 2). On the other hand, acetylene-selectivity was rather promoted
in the case of prim-acetate (cf. Run 3 of the Table with Run 6 in Table 1).
(Trimethylsilyl)allenes which have recently been shown to be useful intermediates especially
for the synthesis of 5-membered carbocycles]Z), could be prepared by the present method, but
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Table 1. Reduction of Propargylic Acetates in the Presence of 2—Propano1a

)
Run Propargylic acetate Pd(PPh3)4 Temp, Time Productb) (ratio)®’ Yield (‘?z:)d)
— Ph
1 Ph—= 2 mol%  rt, 2 h >==<:> 90
AcO H
Y
7 1molz  rt, 2 min Ph/x;.: 95
Ph 7 N 0AC Ph
3 pho= 2mol%  rt, 0.5 h e+ =" 93
0Ac Ph
(16 : 1)
4 Y 5mol%  40°C, 2h AN\ N==\NN o NN 90
0Ac .
(11 1)
0Ac .
5 PhAA 5molt  40°C, 2h  Ph AT TV b AN 85
A A
NS (7:1) N\
6 CH3(CH,) ,C=CCH,0Ac 5 mol1%  65°C, 1 h CHy(CH,)|,CH=C=CH, + CH,(CH,),,C=CCH, 88

(1 :1.3)

a) To a solution of propargylic acetates (0.1 mmol), 2-propanol {0.11 mmol}, and a catalytic
amount of Pd(PPh3)4 in THF {1 m1} was added a SmIZ-THF solution (0.1 mol dm'3, 2.5 ml,
0.25 mmol) under an atmosphere of nitrogen. b) Satisfactory ]H NMR, IR, and analytical data

were obtained. c¢) Determined by GLC and/or oW analyses. d) Isolated yield.

Table 2. Effect of Proton Source on the Allene-Acetylene Se]ectivitya)

/\/%C 5 mol% Pd(0), Proton source )
Ph N Ph AN T TN L opn ,/\/\\

Vi

NS SmIZ—THF, 40°C, 2 h NN
A B
Run Proton source A:B Run Proton source A:B
1 H20 1: 1.5 5 PhOH 9 : 1
2 CH3OH 2 1 6 (CH3)3COH 15 1
3 (CH3)ZCHCOZH 31 7 Ph3COH 17 1
4 (CH3)ZCHOH 7 01 8 (CHB)ZCHCH(OH)CH(CHB)2 20 1

a) Ratios were determined by GLC analysis.
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Table 3. Reduction Using 2,4-Dimethyl-3-pentanol as a Proton Source
Run Propargylic acetate Product (r‘atio)b) Yield (%)C)
0Ac
1 Bh S Ph/\'>:'=\/\/ 96
0Ac
AN VA AN
2 Ph N Ph + Ph N 75
(17 : 1)
3 CHB(CH2)17CECCH20AC CH3(CH2)]7C=C=CH2 + CH3(CH2)17CECCH3 88
(1:3)
0Ac .
4 Ph Ph/\>: ™S o+ Ph/\)\ 82
A\ N
(6:1)
0Ac .:\
5 Ph < PhAVT NS+ PRANG 76
\\Tm STMS

1

{

o

a) The reactions were carried out by using propargylic acetates (0.1 mmol), Pd(PPh3)4
(5 mo1%), 2,4-dimethyl-3-pentanol (0.11 mmol), and a SmI,-THF solution (0.1 mol dm 3, 2.5 ml)

at 40°C for 2 h. b) Determined

by GLC and/or 1H NMR analysis. c¢) Isola

ted yield.

- 2 mol% Pd(PPh3)4, 0204‘ Ph . : )
Aco; : SmIz-THF, rt, 2 h D:
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with moderate selectivity.
When D2
fact indicating an intervention of anion species. A possible mechanism for the present

0 was used as a proton source, only a deuterated allene was obtained (eq 2}, the

reduction is proposed in scheme 1, which may explain all the experimental results including

the allene-acetylene selectivity: Oxydative addition of Pd(0) to a propargylic acetate forms

1)

a 1,2-propadienylpalladium acetate which accepts two electrons from SmI2 releasing Pd(0)

to be recycled and an allenic anion.g) Thus, in cases of sec- or tert-acetates (RZ:a1ky1,

R3:H or RZ:R3:a1ky1, respectively), the protonation occurs at the sterically less-hindered

carbon atom a to give allenes, while prim-acetates (RZ:R3:H) produce acetylenes preferably
through the protonation at the carbon atom b.
An application of the present method to a pheromone synthesis is demonstrated in

Scheme 2. A propargylic Y—]actone]3) was reduced at 40°C for 2 h and then methylated

Scheme 2.
1) 5 mol% Pd(0), OH 1\_\1
AN SmIZ-THF’ \T)\f/ ! —_— .
N =\_‘ —_—

N
A 2) CH,N, L=1
0 COZMe COZMe

0 (66%)

affording 66% yield of the allenic ester as a single product, which had already been

converted to the pheromone of the male dried bean beetle by Mori et a1.14)
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