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Abstract High-yielding and mild conditions are used to prepare of 1-
bromo-2-alkyl- or 2-arylpent-4-en-2-ols/1-bromo-2-alkyl- or 2-aryl-
pent-4-yn-2-ols from a-diazoketones. The reaction involves allyla-
tion/propargylation with successive bromide insertion using in situ gen-
erated allyltin bromide/or propargyltin bromide from activated tin
metal and allyl/or propargyl bromide.

Key words tin metal, allylation, propargylation, a-diazoketones, 1-bro-
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The use of a-diazocarbonyl compounds in biologically
active natural product synthesis and drug discovery is well
known.! Extensive use of o-diazocarbonyl compounds
along with their wide commercial availability and their
ease of conversion into active intermediates by extrusion of
nitrogen under mild reaction conditions such as transition-
metal catalysis, base, acid as well as photochemical and
thermal conditions, has attracted organic chemists to use
them as intermediates for the synthesis of complex organic
molecules.? Utilization of metals in organic synthesis has
led to the discovery of new reactions for making new car-
bon-carbon bonds; well known examples are magnesium
metal in Grignard reactions and zinc in Negishi cross-cou-
pling reaction. Therefore, a goal of chemists has always
been to use tin, which is easily available as a nontoxic met-
al, to discover new organic reactions under mild reaction
conditions.
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Unique properties of tin and its low cost compared to
most metals, created the potential for tin metal to become a
champion among the metals with similar properties. The
low toxicity of tin metal and favorable redox properties in
the presence of air or oxygen at room temperature allowed
its safe use in the laboratory. Moreover, a favorable hetero-
philicity of organotin reagents in organic reactions allows
its use in organic reactions for substrates containing a wide
range of versatile functional groups having nitrogen and
oxygen.? Chemoselectivity using organotin reagents are
high due to its low nucleophilicity. Recent literature sur-
veys showed that there are no reports for allylation or prop-
argylation using in situ generated allyltin or propargyltin
bromide and o-diazoketones.>” Our focus of research is to
demonstrate that tin metal can be used effectively as or-
ganotin reagents for allylation/propargylation of a-diazoke-
tones.

When allylation of diazoacetophenone (1a) was at-
tempted in the presence of tin metal in THF at room tem-
perature using allyl bromide (2) the smooth formation of 1-
bromo-2-phenylpent-4-en-2-ol (3a) was observed with
high yield (92%, Scheme 1). In this manuscript, we describe
the allylation and propargylation of a-diazoketones with
different functional groups using tin metal.
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Scheme 1 Allylation of diazoacetophenone (1a) with allyl bromide (2)

To evaluate the substrate scope of the reaction, p-chlo-
rophenyl (1e), p-fluoro (1d), o-methoxy(1b) and p-methyl-
(1c) analogues of a-diazoketones (Scheme 2a) were select-
ed. Under the standard reaction conditions, using activated
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tin,> all the a-diazoketones yielded the corresponding 1-bro- proline diazoketone (1f), and found that application of the
mo-2-aryl-pent-4-en-2-ol derivatives when allyl bromide standard reaction conditions produced the required prod-
(2) was used (Table 1, entries 2-5). To evaluate the applica- uct (3f) in good yield with a diastereomeric ratio of 2.2:1.0,

tion of this protocol for aliphatic substrates and its toler- as determined by 'H NMR analysis of the crude product
ance of functional groups, we also used Cbz-protected L- (Scheme 2b, Table 1, entry 6). The above reaction with clean

Table 1 Allylation/Propargylation of a-Diazoketones?

Entry a-Diazoketone Allyl bromide/propargy1-bromide Product Time (h) Yield (%)°
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2 All reactions were performed at room temperature, and monitored by TLC. All diazo compounds were prepared using a reported procedure. THF was used as a
solvent for all the reactions. Activated tin was prepared from reduction of SnO with sodium stannite (Na,SnO,) using a reported procedure;’ the reaction was

unsuccessful when commercial tin was used.

b Isolated yield after purification.
< Diastereomeric ratio of the crude product was 2.2:1.0 determined by 'H NMR spectroscopic analysis.
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Scheme 2 Allylation and propargylation

product formation demonstrated that the Cbz protecting
group is well tolerated under the optimized conditions.
Possible by-product formation from a-diazoketones
through Wolff rearrangement or carbene dimerization was
ruled out as our reaction produced the allylated product
with high selectivity and high yield. Screening of solvent
(THF, diethyl ether, acetonitrile, and dichloromethane) to
optimize the best solvent for allylation reaction demon-
strated that THF produced the best results (Scheme 3, Table
2). As the reaction completed smoothly with high yield at
room temperature, the effect of temperature was not as-
sessed. However, when diazoacetophenone (1a) was treat-
ed with allyl bromide (2) in THF at 40 °C, the reaction was
completed in 28 h to form 1-bromo-2-phenylpent-4-en-2-
ol (3a) in 85% yield; as there was no reduction in the re-
quired time, we run all subsequent reactions at room tem-
perature. The number of equivalents of tin was assessed us-
ing substrates 1a and allyl bromide, and it was found that
1.2 equivalent of tin provided best yield; no improvement
of rate of the reaction was observed when 2.0 equivalent of
tin was used. It was found that activated zinc was also
equally effective for this conversion, however, as our focus
was on tin reagent, no further evaluation was undertaken
with zinc or other metals. To utilize our optimized allyla-
tion of a-diazoketones conditions to make propargylated
product, substrates 1a-c (Scheme 2c, Table 1, entries 7-9)
were subjected to propargylation reaction using propargyl-
bromide and tin, and the corresponding propargylated
products 3g-i were obtained in moderate to high yield. No-
tably, electron-donating or electron-withdrawing groups
did not have a significant effect on the reaction, as all sub-
strates for allylation provided >80% yield, and no effort was
made to study the electronic factors of diazo compounds.
We focused on allyl bromide and propargyl bromide as
these are commercially available, and therefore, substituted
analogues of allyl and propargyl bromide were excluded
from the present study.

Letter
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Scheme 3 Solvent Effects

Table 2 Solvent Screening of Reaction of Diazoacetophenone (1) with
Allyl Bromide (2)?

Entry Solvent Time (h) Yield (%)°
1 THF 32 92
2 CH,Cl, 32 82
3 CH;CN 32 83
4 Et,O 32 83

2 All reactions were performed at room temperature and monitored by
TLC.
b Isolated yield after purification.
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Scheme 4 Plausible mechanism of allylation and propargylation

A plausible mechanism is shown in Scheme 4.8 The first
step of the reaction is tin insertion to allyl bromide fol-
lowed by 1,2-addition to the electrophilic carbonyl group of
1a to form the active intermediate 5. Intermediate 5 de-
composes by extrusion of nitrogen to give active carbene,
which reacts with HBr generated during work up process.
No study was undertaken to prove the mechanism of the
reaction, which was beyond the scope of the present re-
search. The effectiveness of allylation/propargylation of a-
diazoketones using allyl/propargyltin bromide generated in
situ from 1.2 equiv of tin and 1.5 equiv of allyl/propargyl
bromide is reported in this manuscript.%’ As shown in
Scheme 4, allylation of a carbonyl group with allyltin re-
agent generated a diazo intermediate, which undergoes ex-
trusion of nitrogen to form a carbene that then reacts with
HBr, which is generated in the reaction mixture, to produce
the desired quaternary bromohydrin. In Table 1 we have
shown that various a-diazoketones react with allyl/propar-
gyl tin bromide and the results clearly demonstrate that
vast scope of this protocol.’

In conclusion, we have demonstrated that allyla-
tion/propargylation of a-diazoketones using allyl/propargyl
bromide and tin metal is an efficient protocol using less
toxic tin metal to make 1-bromo-2-alkyl- or 2-arylpent-4-
en-2-ols and 1-bromo-2-alkyl-or 2-arylpent-4-yn-2-ols.
This protocol offers an alternative to the more expensive
metal used for allylation and propargylaton and is useful for
gram-scale reactions. When 1.0 g of diazoacetophenone
(1a) was subjected to our standard reaction conditions, 84%
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yield of 1-bromo-2-phenylpent-4- en-2-ol (3a) was ob-
served at room temperature. Therefore, this protocol is very
useful to generate precursors for the construction of unique
scaffolds for the drug discovery program, and as well as for
accessing biologically active natural products.
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