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Abstract: A Barbier-type propargylation of aldehydes with (S_bro_reactlve barium, which was generated from barium iodide

moprop-1-ynyl)trimethylsilane has been achieved using reacti\?epd lithium _blphenylldé, and a 45'5.5 mixture of ho-
barium as a low-valent metal in THF. This process is effective aldgOPropargylic alcoholla and allenylic alcohoka was

for obtaining the desired homopropargylic alcohols in high yield@btained in 88% combined yield (Table 1, entry 1). Use of
from the corresponding ketones including enolizable ketones suatphenyl group-substituted propargyl bromide resulted in

as cyclopent-2-enone. a similar result withy-selectivity (entry 2); however, the
Key words: barium, propargylation, aldehydes, regioselectivityhomopropargylic alcoholc was formed almost exclu-
ketones sively in the reaction of (3-bromoprop-1-ynyl)trimethyl-

silane (entry 3).

Propargylation of carbonyl compounds is a conveniefif/e1 Reactive Barium-Promoted Barbier-Type Reaction of
method for introducing a carbon—carbon triple bond int$3°us Propargylic Bromides wigrAnisaldehyde
organic moleculesOne drawback of this reaction using ¢ v a Bar R N oH oH

propargylic or allenylic metal reagent is the control o \B: Arero THF, -78 T z A: \ﬁy)\m
regiochemistry. In general, organomagnesium and zil Ar = 4-MeOCgH, 1 2 &
reagents generated fropralkylated propargyl bromides

react with aldehydes preferentially at thposition to af- Entry R Time (h) Yield (%) Products  a:y°

ford allenylic alcohol$. Although the regiocontrolled
synthesis of homopropargylic alcohols has been exten-

sively studied, there are still not many satisfactory meth- Ph 35 89 1b +2b 40:60
ods for the selective propargylatitit. We describe
herein a new approach ¢eselective reaction of a M8i-
substituted propargyl bromide with aldehydes and keéThe reaction was carried out using propargylic bromide (1 equiv),

tones using reactive barium as a promoter (Scheme 1) p-anisaldehyde (0.3 equiv), and reactive barium (1.1 equiv) in dry
THF at -78 °C.

b|solated yield.

Ba* MesSi OH c X .
Me,Si—= + RICOR? \/‘\ Determined byH NMR analysis.
‘Br THF L R?

R

Me 1 8 la+2a 45:55

Me;Si 25 89 lc+2c >90:1

_ . . o The higha-selectivity is a specific characteristic of the
Schemel Barbier-type reaction of a propargylic bromide with car-_ "~ .
bonyl compounds promoted by reactive barium barium reagent, and other alkaline earth metal reagents
derived from the MgSi-substituted propargyl bromide
rovided a mixture of homopropargylic alcotia and

We have previously shown that allylic barium reagen lenylic alcohol2c as shown in Table 2. Among them,

are readily generated from the corresponding allyli ; o -
chlorides and in situ prepared reactive Rieke barhand ﬁ‘ﬁtymé?][‘rfff;i“ reagent indicated the lovieslc selec
react with carbonyl compounds at the least substituted C ] ] ,
allylic terminus* We envisioned that if a propargylic Then, we examined the barium-promoted regioselective
barium reagent is selectively formed from a propargylieropargylation of various aldehydes and the results are
halide and the reactive barium, the targeted homoprgdmmarized in Table 3. As a consequence, not only aro-
pargylic alcohols could be prepared in high yield bynatic aldehydes de,B-unsaturated.and allph_atlc alde-
treatment of the barium reagent with aldehydes. First, dexdes were also allowed to react with the barium reagent
cording to the Barbier-type technique, a mixturp-ahis- 0 give the corresponding homopropargylic alcohols in

aldehyde and 1-bromobut-2-yne was exposed to tAeoderate to highyields. In every case no allenylic alcohol
was observed at all. In the reaction with cinnamaldehyde,

only a 1,2-adduct was obtained (entry 6).
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Table2 Effect ot Metals on the Regioselectivity of the Barbier Table4 Reactive Barium-Promoted Selective Propargylation
Type Reaction of (3-Bromoprop-1-ynyl)trimethylsilane wiginis-  Various Ketones with (3-Bromoprop-1-ynyl)trimethylsilane
adehydé

Y o . ) Ba* MesSi S OH
Y o M* MesSi—=—=——  + R'COR? ——— N
MesSi—= + ArCHO THF, -78 T 2
& \ar THF, -78 T Br RLT
Ar=4-MeOCqH, Entry RICOR Yield (%)>¢
MesSi OH OH
\Q\A N \-%A 1 PhCOCH 77
r r
1c 2 Lie, 2 4-MeOGH,COCH, 85
3 52
Entry M vield (%)>  1c2c¢t @\COCHS
o
1 Mg* 34 53:47 4 o 89
2 ca* 68 74:26 Qé
* .
3 ST 87 88:12 5 (E)-PhCH=CHCOCH 8¢
4 Ba* 89 >99:1 5 o 710
aThe reaction was carried out using (3-bromoprop-1-ynyltrintethy
silane (1 equiv)p-anisaldehyde (0.3 equiv), and reactive metdl (1.
equiv) in dry THF at -78 °C. 7 o 94

b |solated yield.
¢ Determined byH NMR analysis.

aThe reaction was carried out using (3-bromoprop-1-ynyl)trintethy
Table3 Reactive Barium-Promoted Selective Propargylation of silane (1 equiv), ketone (0.3 equiv), and reactive barium (1.1 pquiv

Various Aldehydes with (3-Bromoprop-1-ynyl)trimethylsilane in dry THF at —78 °C for 1-3 h.
5 VesSi o b |solated yield.
Y« a 3 ¢ Thea:y ratio of the product in each entry was determined to be
Me:Si—— + RCHO ———— N Y p y
et ar THF, -78 T \Q\R >99:1 by'H NMR analysis.
9 The 1,2:1,4 ratio of the-product was determined to be > 99:1 by
Entry RCHO Yield (%¥c IH NMR analysis.
1 PhCHO 67
2 4-MeGH,CHO 96 are good Michael acceptors, still show an exclusive 1,2-
3 4-MeOGH,CHO 89 sele(;t|V|ty (entrles 6 and 7). Noteworthy is the fact thaF
readily enolizable ketones gave the desired adducts in
4 1-C,H,CHO 78 high yield which means that the nucleophilicity of the
barium reagent predominates over its basicity (entries 4
5 2-C,H,CHO 79
and 7).
6 (E)-PhCH=CHCHO 74 The reason for the regiochemical outcome has not yet
7 Ph(CH),CHO 60 been fully elucidated; however, two pathways leading to

a propargylated produat{adduct) are plausible (Scheme
aThe reaction was carried out using (3-bromoprop-1-ynyltrimethy 2)- A barium reagent generated from (3-bromoprop-1-
silane (1 equiv), aldehyde (0.3 equiv), and reactive barium (1.1)equiynyl)trimethylsilane and reactive barium is considered to
in dry THF at ~78 °C for 1-3 h. exist at equilibrium between the allenic fodnand the
® Isolated yield. _ _ acetylenic formB. The homopropargylic alcohol is ob-
¢ Thea:y ratio of the prIOdUCt in each entry was determined to be  {ainaple from both isomers in their reaction with an alde-

:1 by'H NMR is. . .
> 99:1 by analysis hyde via the transition state structu@ or D. The
transition staté® is, however, more favorable in view of
its less steric repulsiohThe four-membered cyclic tran-

. .. . sition state model is also supported by the mechanism of
We further studied the addition of the barium reagentj{l:\e reaction of allylic barium reagents with carbonyl com-

ketones with the anticipation that the selective propargyly ;ngst<in contrast, the corresponding allenylic alcohol

ation also would occur with the bulkier and less reacti -adduct) is conceivable to form by a2Stype reaction
carbonyl compounds. In fact, condensation of the bariuf g \with the aldehyde via the six-membered cyclic tran-

reagent with various ketones afforded the desired hggyign stateE, which is, however, destabilized by a steric
mopropargylic alcohols nearly exclusively in satisfactoryinqrance of the MsSi group ofB
yields (Table 4§ Cyclic a,p-unsaturated ketones, which '
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XBa o v (d, 2 H,J=8.0 Hz, aromatic), 7.25 (d, 2 H= 8.0 Hz, aromatic).
><><>:= — MesSi———— 13C NMR (100 MHz, CDC)): 6 =0.0 (3 C), 21.1, 31.1, 72.1, 87.7,
MesSi A B BaXx 103.1, 125.6 (2 C), 129.0 (2 C), 137.4, 139.6. The above-mentioned

i RCHO i RCHO RCHO spectral data indicated good agreement with reporteddata.
R R
Me3Si——
(o0 - HT,QO SrnL “oeax| References
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homopropargylic alcohol MesSi

Scheme 2 Plausible reaction pathways to homopropargylic 3)
dcohols and allenylic alcohols

A Typical Experimental Procedurefor the Barbier-Type Pro- (0) Marshall, J. A.; Bourbeau, M. rg. Lett. 2002, 4, 3931.
pargylatlon_(TabIe3, Entry 2). . (4) (a) Yanagisawa, A.; Habaue, S.; Yamamota].lAm.
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(Trimethylsilyl)propargylmagnesium bromide has been
reported to provide a mixture of homopropargylic alcohols
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