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From laboratory to industrial scale, the use of strong
organoalkali metal bases is almost exclusively restricted to
alkyllithium derivatives.l'l They are commercially available as
1-2M solutions, quite stable and easily generated from
alkylhalides and lithium. In contrast, the synthesis of alkylso-
dium compounds is much more troublesome and requires
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sodium.>%! Under classical conditions, organohalides react
with sodium to give mainly Wurtz coupling products.’®!
Moreover, alkylsodium compounds show poor stability,
especially in ethereal solvents.[ 11 As a consequence, in spite
of the low cost of metallic sodium and the sometimes
demonstrated interesting reactivity,'!l alkylsodium com-
pounds have not been considered so far as valuable organo-
metallic reagents in organic synthesis.

Herein we report on a straightforward and efficient one-pot
ortho-metalation procedure relying on the generation of
sodiated organic bases from RCl and a stoichiometric amount
of metallic sodium in the presence of aromatic substrates.['”
Under these conditions, handling and storage of alkylsodium
compounds is avoided and ortho-metalation is favored over
usual coupling and solvolysis side reactions.!'3]

1,3-Dimethoxybenzene (1,3-DMB), known to undergo
ortho-metalation with alkyllithium bases in good yields,'
was selected as a model substrate to investigate the scope of
the reaction with alkylsodium compounds [Eq. (1)]. Several
parameters, including solvent, temperature, and the nature of
the organohalide, were varied (Table 1). All reactions were
quenched by addition of dry-ice, and the yield of acid [see
Eq. (1)] was considered as indicative of the metalation
efficiency.!"”!

Na COOH
/O\©/O\ Na sand /OYWO\ HCo2 o A0
RX, solvent N 2) HsO* ‘V/

Table 1. Influence of some parameters on the directed ortho-sodiation of
1,3-DMB [Egq. (1)].1

Entry RX Solvent T[°C] Yield [%]
1 1-chlorooctane toluene 20 70

2 2-chloropropane toluene 20 givl

3 2-bromopropane toluene 0 21

4 chlorobenzene toluene 20 35l¢

Stdl 1-chlorooctane Et,0 or THF 20 45 or 86
6 1-chlorooctane THF or toluene —15 30 or 28
7 1-chlorooctane toluene 110 20

[a] The sodium sand was obtained by dispersing melted sodium under
vigorous mechanical stirring; see Experimental Section. [b] 7=room
temperature or 0°C. [c] 2,6-dimethoxybiphenyl was also isolated in 35 %
yield.l'> 17l [d] Me,SO, instead of CO, used as electrophile.

In the presence of 1-chlorooctane (or 1-chloropropane) 2,6-
dimethoxybenzoic acid was obtained in 70 % yield (entry 1),
comparable to the yield of classical nBulLi metalations.'¥
When the reaction was conducted in a two-step manner, that
is, when the alkylsodium compound was synthesized prior to
the addition of 1,3-DMB, only trace amounts (<1%) of
carboxylic acid were detected. The sterically hindered neo-
pentyl chloride did not give any metalation product, and
secondary chloroalkanes gave poor results (entry 2).5 As
expected, primary bromoalkanes were too reactive toward
sodium, even at low temperature. Yet, secondary bromoal-
kanes, with a lower tendency to undergo Wurtz coupling, gave
the desired acid in moderate yield (entry 3).
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Although alkylsodium compounds react with ethereal
solvents much faster than alkyllithium compounds,'® reac-
tion (1) was efficiently conducted not only in toluene, but also
in THF and to a lesser extent in diethyl ether (entries 1 and 5).
The thermal instability of alkylsodium compounds[*®! did not
prevent the reaction using melted sodium to give the metal-
ation product in 20% yield (entry 7). This result emphasizes
the exceptional thermal stability of 2,6-dimethoxyphenylso-
dium. At —15°C, 2,6-dimethoxybenzoic acid was formed in
modest yields (entry 6). In this case, part of the chlorooctane
remained unreacted, and no improvement was achieved by
increasing the reaction time.

Noteworthy, under optimized conditions, that is, slow
addition of 1.2 equiv of pure 1-chlorooctane at room temper-
ature to a mixture of the aromatic substrate and 2.6 equiv of
sodium in toluene, the reaction was successfully carried out on
a 1-kg scale.

Since only few reports exist on the reactivity of sodiated
carbanions the ortho-sodiated anion was quenched with
various electrophiles. The results proved to be comparable
to those reported for conventional commercially available
organolithium bases, "2 with yields ranging from 52 to 86 %
(Table 2).

Table 2. Reaction of various electrophiles with 2,6-dimethoxyphenylso-
dium.

Entry Electrophile Yield [%]® Entry Electrophile Yield [% ]

1 DMF 52 (-) 4 PhCH,Br 75 (5701)
2 B(OMe), 7000 (5709T) 5 Me.S, 75 (8521
3 Me;,SiCl 76 (8320) gl Me,SO, 86 (76129)

[a] Yields from other publications in brackets. [b] 2,6-Dimethoxyphenylso-
dium was added dropwise to a trimethylborate solution in toluene. [c] With
THEF as solvent.

We then tried to extend the scope of our method to other
aromatic ethers. 1,2-DMB failed to react under the optimized
conditions given above (Table 3, entry 1). Only nonylbenzene
arising from solvent metalation was obtained.?* Changing the
solvent from toluene to THF resulted in a complex reaction
mixture. When 1-chlorooctane was added over a 3 h period to
disfavor Wurtz coupling, the yield was brought to 20%
(entry 1). To further favor the heterogeneous reaction, hence
the formation of the alkylsodium compound, finely divided
micronized sodium was tested.?s! Under these conditions, 1,2-
DMB underwent clean metalation affording the correspond-
ing carboxylic acid in 80 % yield (entry 2).

Table 3. Sodiation of other substrates in the presence of 1-chlorooctane.

Entry Aromatic compound Sodium dispersionl®)  Solvent Yield [%]

1 1,2-DMB sand toluene 0, 201!
2 1,2-DMB micronized toluene 80
3 1,4-DMB micronized toluene 88
4 anisole micronized toluene 25, 451
5 thiophene sand toluene 90
6 benzofuran sand toluene 85

[a] The micronized dispersion in toluene is commercially available from
Aldrich. [b] This yield was obtained when diluted 1-chlorooctane was
added slowly.
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Similar trends were observed with 1,4-DMB and anisole.
No acid was formed in toluene or THF until micronized
sodium dispersion was used (entries3 and 4). The slow
metalation of anisole might account for the modest 45 % yield
obtained.!

Heterocyclic systems known to easily undergo a-metal-
ation, such as thiophene and benzofuran, were successfully
metalated using sodium sand dispersion (entries 5 and 6).1%7)
Not surprisingly,! other aromatic compounds bearing elec-
tron-withdrawing groups, like oxazolines, secondary and
tertiary amides, invariably failed to undergo metalation.['?> 2]
In these cases, metallic sodium reacts with the aromatic ring to
form complex mixtures even prior to the addition of the
chlorooctane.

The three-component heterogeneous ortho-metalation pre-
sented here involves a complex set of equilibria. The desired
path will be followed as soon as the aromatic derivative to be
metalated will efficiently trap the in situ formed alkylsodium
compound. In other words, the extent of side reactions
indebted to the alkylsodium compound, that is homo-coupling
and solvolysis, has to be minimized. This holds as long as the
substrate bears a readily labile hydrogen as in the case of
thiophene or benzofuran (see Table 3, entries5 and 6).
Nevertheless, the substrate acidity alone cannot account for
our experimental results as studies by Schlosser and Maggi of
the relative rates of the metalation of the DMB isomers
with s-butyllithium in THF gave the order 1,4->13->1,2-
DMB.BY

1,3-DMB is the only substrate that reacts with the sodium
sand dispersion, although 1,4-DMB undergoes proton ab-
straction with ease. Hence, an additional parameter that
influences the whole process has to be taken into account. We
believe the ortho-metalation step takes place on the metallic
surface within the coordination sphere of the alkylsodium
molecules progressively formed (Scheme 1), whereby the

Na

ﬁ\(OMe
‘/ stable in OMe ol
solution /‘ solvolysis
Wurtz-type
products

Sl

o

'/V'/ ads +R- Na ads Na

chlorooctane g

RNansol /

chlorooctane qs 5

metallic surface

Scheme 1. Proposed mechanism for the directed ortho-sodiation of
aromatic ethers.

substrate is driven onto the surface as a result of its affinity for
Nat*. Literature and our experimental data strongly support
this hypothesis. If the abilities of lithiated and of sodiated
alkyl bases to coordinate to aromatic ethers are assumed to be
similar, anisole binds weakly to an alkylsodium compound
whereas 1,3-DMB and an alkylsodium compound form a
strong complex.[!11,3-DMB bears a labile hydrogen and binds
Na* tightly,% 32 ortho-metalation on the sodium surface will
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be highly favored, and the reaction will proceed even with
sodium sand. Interestingly, 1,3-DMB forms a strong complex
with Na* as the reaction can be successfully carried out in
weakly coordinating solvents such as THF or diethylether
(Table 1, entries 5 and 6).3%34 In contrast, anisole binds Na*
weakly and reacts very slowly with strong bases.?"! As a result,
the amount of anisole on the sodium sand surface is low, and
alkylsodium molecules will be slowly released in the solution.
While Wurtz-type products (nonylbenzene and hexadecane)
will form in toluene, alkylsodium compounds will decompose
rapidly in THF and no ortho-metalation is observed.

Since both 1-chlorooctane and anisole compete for the
occupation of the metallic surface, complex A will more likely
form if the specific area of the metal is increased and/or if the
chlorooctane concentration is kept negligible, that is, when
the amount of B is made as low as possible (Scheme 1;
Table 3, entry 4).

The behavior of 1,2- and 1,4-DMB lies between these two
extreme cases; they show intermediate reactivity toward the
sodium/alkylchloride metalation system. 1,4-DMB is meta-
lated very efficiently,”” while its affinity for Na* is close to
that of anisole. On the other hand, 1,2-DMB coordinates to
Na* quite stronglyP®! but reacts very slowly with strong
bases.’") Low reactivity and low affinity prevent ortho-metal-
ation in the presence of sodium sand (Table 3, entry1).
Nevertheless, the reaction proceeds with ease when the
specific area of sodium is increased (Table 3, entries 2 and 3).

Besides, the low reactivity of secondary chloroalkanes and
the failure of the reaction at low temperature can be ascribed
to the fact that the disruption of the sodium particles into
smaller aggregates caused by the heat released during the
alkylsodium formation is inhibited.’® The formation of
secondary alkylsodium compounds is much less exothermi-
¢, so the metallic surface is more and more shielded as NaCl
is progressively formed on it; the result of this is a poor
metalation efficiency (Table 1, entries 2 and 6). This hypoth-
esis is corroborated by the unaltered aspect of the sodium
dispersion at the end of the reaction.

In conclusion, we have demonstrated that alkylsodium
compounds are synthetically useful reagents. Our process
requires only inexpensive and readily available reagents.
Transportation, storage, and handling of sensitive and danger-
ous organolithium bases are also avoided. This sodium/
chlorooctane-mediated metalation opens new prospects for
the metalation of aromatic ethers and heterocycles in
laboratories and in the industry.’”) Investigations are currently
underway to extend the strategy to the metalation of aromatic
derivatives containing electron-withdrawing groups.

Experimental Section

Preparation of the sodium dispersion: The quantity of sodium needed was
cut off in small pieces from metal sticks, washed with hexane, and
immediately added to dry toluene (35 mL per g Na) under inert atmos-
phere in a three-necked flask equipped with a condenser, a mechanical
stirrer and a dropping funnel. The temperature was raised to 110°C under
gentle stirring until the metal fusion was complete (a uniformly bright
metal was obtained). The mixture was then cooled to room temperature
under vigorous stirring until a finely divided sodium dispersion was
obtained. The dispersion usually consisted of small round gray particles of
roughly 1 mm size.
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Typical metalation procedure: The aromatic substrate (1 equiv) was added
to the sodium dispersion (2.6 equiv) at room temperature. A small portion
(roughly one tenth of 1.3 equiv) of the alkyl halide was added drop-wise to
initiate the reaction. The reaction initiated within 2—-5min and was
characterized by a slight increase of the temperature. The remaining alkyl
halide was then added at constant temperature (if necessary, the reaction
was cooled). Metalation was monitored by the slow disappearance of
sodium and was usually complete within one to two hours. The electrophile
was finally added to the mixture at room temperature and allowed to react
for a period ranging from two to ten hours depending on the electrophile.
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Palladium-Catalyzed Regio- and
Diastereoselective Tandem Silastannylation/
Allyl Addition of Allene Aldehydes and Allene
Ketones: Synthesis of cis Cyclopentanols and
Cyclohexanols**

Suk-Ku Kang,* Young-Hwan Ha, Byung-Soo Ko,
Yoongho Lim, and Jihyun Jung

To achieve economically useful transformations in organic
synthesis it would be desirable if multistep bond formations
and/or bond cleavages could be facilitated with a single
catalyst in one pot at a constant temperature. Such a process
would minimize the amount of chemicals, the production of
waste, and the processing time.[" 2 In this regard, Jeong et al.’¥
reported allylation/Pauson—Khand reactions with two artifi-
cial catalysts in a one-pot procedure. Subsequently, Evans
et al.l!l developed the allylation/Pauson—Khand reaction in a
tandem sequence with a Rh complex as the only catalyst.
Recently, Shibasaki and co-workerst®! reported a one-pot
synthesis of f-cyanohydrin from olefins mediated by a Zr
catalyst.

The palladium-catalyzed addition of silylstannanes to
allenes is known!®l and the palladium- or platinum-catalyzed
addition of allylstannanes to aldehydes was reported by
Yamamoto et al.”> 8 However, to the best of our knowledge,
the transition metal catalyzed addition of allylstannanes to
ketones has not yet been successful. Our ongoing studies into
the use of allene substrates in organic synthesis’! led us to
believe that allene aldehydes and allene ketones are good
substrates for palladium-catalyzed silastannylations. In a
tandem reaction, the resulting allylstannanes would be good
candidates for carbonyl allyl addition with a single palladium
catalyst at a constant temperature (Scheme 1).

The results of the tandem silastannylation/carbonyl allyl
addition of allene aldehydes and allene ketones to form cis
cyclopentanols!'” are summarized in Table 1. In finding

/ SiMe3
’ Pd° =

—_—

SnBuz

Scheme 1. Tandem silastannylation/allyl addition of allene aldehydes and allene
ketones (n=1, 2; R=H, CH;; X =NTs, O, C(CO,Et),, etc.).
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