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Tuning the regioselectivity of the reaction of propargylmetals Table 1. Indium-Mediated Reactions of Nonyl Aldehyde with
. . . . a
with carbonyl compounds toward the synthesis of either allenic Propargyl Bromide in Organic Solvents

alcohols or homopropargylic alcohols remains an important chal- /\Br In/Solvent CgHiz R
7" Pl GyftyoHo Z TN S

lenge in organic synthesig.Recently, Chan and Li reported the R Lewis Acid R OH
first indium-mediated reaction of aldehydes with trimethylsilyl 3 4 OH
propargyl bromides in agqueous media, with the allenic alcohol as ¢, R solvent yieldb 96 (3:4)
the major product in low to moderatg sc_electlvn?észereln, we 1 ™S THF. 1t 20h 86 (57:43)
report a general strategy using the indium-mediated reaction of 5 ™S THE/reflux. 20 h 89 (72:28)
trialkylsilyl propargyl bromides with various aldehydes to obtain 3 ™S THF/rt, (10 mol % InBs), 20 h 90 (63:37)
either the allenic alcohols or homopropargylic alcohols in high 4 T™S THF /reflux, (10 mol % InBg), 20 h 95 (99:1)
regioselectivities (Scheme 1). 5 Ph THF /reflux, (10 mol % InBy), 20 h 65 (12:88)
6 TMS CHCly/reflux, (10 mol % InBg), 19 h 88 (99:1)
Scheme 1 7 ™S THF /reflux, (10 mol % InE), 9 h 75 (87:13)
™S _ 8 TMS THF /reflux, (10 mol % Ing), 9 h 93 (99:1)
R'CHO /\M M._~“RcHO R 9 TIPS THF /reflux, (10 mol % Ingj, 9 h 58 (99:1)
R~—— 7 = =Y Z .
/%\r ™S \TTAS -y S/\O/H 10 TBDPS  THF /reflux, (10 mol % Ing, 9 h 35 (99:1)
1 OH 2

a Except where indicated, all reactions were carried out on 0.5 mmol
scale with aldehyde:bromide:indium 1:2:2.° Isolated yield.c Reaction

On the basis of our observation that indium complexes may | =~ " o out with aldehyde:bromide:indium1:1:1

chelate with silicon groupand observation by others that indium

complexes in organic and aqueous media are likely different Table 2. Indium-Mediated Propargylation of Aldehydes with
- - . 1 1 1 a

specie$,and the dramatic solvent effects on the propargylation and Trimethylsilypropargyl Bromide

allepylation with metallic tirf, we hypothegized that the judiciou§ /Br lorll /\/R' ™S r
choice of solvent and steric and chelation effects may provide ™S —’R,CHO ™S Z OH ‘}.
us with the designed conditions to select a product of choice 5 6 OH
(Scheme 2). I: In/10mol% InBrs, THF, reflux, 20h
Sch 2 1I: In/10mol% InF3, THF, reflux, 9h
cheme
R in aqueous media, M=In(1) I (5:b6) I_I (5;6)
RR—\SIi .4 R=Bulky group R‘; entry aldehyde 5 yield® % yield® %
; - R™T O 1 hydrocinnamaldehyde a 85 (99:1) 89 (99:1)
X R=Small grou S 2
I orcanis solvim ‘,’w=|n(m) M 2 cinnamaldehyde b 89(99:1)  92(99:1)
9 ’ 3 cyclohexanecarbaldehyde c 90 (99:1) 94 (99:1)
. ) — . 4 benzaldehyde d 92 (99:1) 92 (99:1)
To prove our hypothesis, we first focused on the |nd|un_1_-med|ated 5 nonyl aldehyde e 95(99:1)  93(99:1)
reaction of propargyl bromide under anhydrous conditions. The
results are shown in Table 1. @Al reactions were carried outin THF on 0.5 mmol scale with aldehyde:
Contrary to the reported results obtained in wateexcellent trimethylsilylpropargyl bromide:indiume= 1:2:2.° Isolated yield.

regioselectivities can be obtained when the reactions were carried In all cases, the homopropargylic alcohols were obtained with
out in THF in the presence of catalytic amount of indium tribromide excellent selectivities in high yields. No allenic alcohols were
or indium trifluoride. The reaction was found to proceed faster in observed in all these cases.

the presence of Infas compared to InBr(entries 4 and 8). This Next, to suppress the possible chelation of the silicon with the
type of reaction is limited to silicon-containing propargyl bromides halide of indium and inspired by the results of T. H. CRa®, J.

as shown in Table 1 that phenyl propargyl bromide afforded the Li,* and Hammond,we decided to explore the reaction with more
homopropargylic alcohols in low selectivities (entry 5). Furthermore, bulky trialkylsilyl propargyl bromides in agueous media. The results
the reactions of triisopropyl silyl propargyl bromide and diphenyl are summarized in Table 3.

tert-butyl silyl propargyl bromide also furnished the homopropagylic In all these cases, the allenic alcohols were obtained in moderate
alcohols, albeit in lower yields (entries 9 and 10). It is also important to good yields with high selectivities. It is also important to note
to note that two equivalents of the indium reagent are essential tothat addition of the aldehyde first followed by bromide afforded
obtain high regioselectivity (entry 7). With the unveiling of 0.1 the product in higher yield.

equiv InBr or 0.1 equiv Ini and 2 equiv of trialkylsilyl propargyl The following observations are of mechanistic interest: (1) The
bromide in THF as important criteria to obtain the trialkylsilyl reaction with Ink is faster than with InByx (2) A mixture of
homopropargylic alcohol adduct, we extended the reaction to homopropargylic and allenic alcohols is formed initially with the
various aldehydes. The results are shown in Table 2. homopropargylic alcohol observed as the major product. Refluxing

13042 = J. AM. CHEM. SOC. 2003, 125, 13042—13043 10.1021/ja037410i CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

Table 3. Indium-Mediated Reactions of Aldehydes with

Trialkylsilyl Propargyl Bromides?@
/B_E_ )J\ )\rR' /\r
R 7 R'

H THF:H,0=1:57 9

R=TIPS R =TBDPS

entry aldehyde yield % (8:9) yield % (8:9)
1 nonyl aldehyde 52 (95:5) 45 (95:5) f
2 hydrocinnamaldehyde 71 (93:™ 50 (90:10) g
3 cinnamaldehyde 46 (92:8¢ 52(97:3) h
4 cyclohexanecarbaldehyde 61 (95:8) 56 (95:5) i
5 benzaldehyde 59 (96:4¢ 55 (96:4) |

aAll reactions were carried out on 0.25 mmol scale with aldehyde:
trialkylsilylpropargyl bromide:indium= 1:2:2.° Isolated yield.

the reaction longer afforded only the homopropargylic alcohols.

Scheme 4
/\Br
R3Si l In
5 .
R4t SiRg-‘ sk, V9 g X+~ siRy
hB N
(SI Q)\ patl :'\K In‘-\&\ path A \'Q\
n A RICHO |n"-“/')<' / Vo |RoHo | g -’7
H H H " HY R HH
“ 13 12
OH
Pz OH SiRs
R
1 SR R')\/
3 2

to the steric repulsion of indium complex (which complexes to water
molecules) with the bulky silicon group.

In conclusion, we have developed a general strategy to obtain
either the allenic alcohols or homopropargylic alcohols in high
regioselectivities via the indium-mediated reaction of trialkylsilyl

(3) Itis important to note that two equivalent of propargyl bromide  propargyl bromides with various aldehydes. This method is
was carried out as shown in Scheme 3 After the reaction, column congitions, both the allenic and homopropargylic alcohols can be

chromatography provided the crossover proddcin 35% yield

in addition to the indium-coupling product. (5) Stereochemical
studies using steroidal aldehyde with trimethylsilyl propargyl
bromide and indium/indium trifluoride in THF resulted in the
formation of the Cram’s produét.(6) No allenic product was
obtained with the reaction of homopropargyl alcohol and aldehydes

Scheme 3
OH Ph
= 2t
MS OH
= B o TIPS 5a 63%
TMS/\ +Ph/\)'\ - .
In/InF3/THF /reflux F
™S OH
5¢ 35%
o}
H OH ™S
=z e %

In, 0.1eq InBrj or InF3 ~» 5f 65%

le) THF, reflux
MeOH l K,CO;3
OH OH H
H,, Py, 1atm pZ
X -— Z
5% Pd, CaCO; |
Y11 98% 10 90%

All these suggest that silicon may be playing a key role in this
reaction, most probably facilitating the retro cleavage of allenic
alcohol or/and shifting the equilibrium of the indium species toward
the formation of speciek2 due to the coordination with the halogen
of the indium (Scheme 4). The preferential formation of species
12 coupled with the retro cleavage of the allenic alcohol to form
the aldehyd¥ which further reacts with the excess organoindium
reagent resulted in the selective formation of the thermodynamically
more stable homopropargylic alcohols.

On the other hand, the indium species generated in aqueous

media using more bulky silicon will preferentially form species
which reacts with aldehydes to form the kinetically favored allenic
alcohols. The preferential formation of speci&is probably due

obtained in high regioselectivities. Furthermore, mechanistic studies
have revealed that silicon plays an important role in the high
regioselectivities. These studies pave the way for the design of an
enantioselective version for the synthesis of allenic alcohols and
homopropargylic alcohols. Further application of this concept to

- the control stereochemistry in other systems is in progress.
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