Synthesis of Phosphole-2,5-dicarboxylic
Acids via a [1,5]-Shift of Carbon Dioxide
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ABSTRACT
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A new methodology for the synthesis of 1-P-functionalized phosphole-2,5-dicarboxylic acids is described. The carboxylic group is introduced
through a two-step sequence which involves a preliminary attack of the phospholide unit onto CO, followed by a [1,5]-shift reaction of the
CO,Li group around the phosphole nucleus. This approach was extended to the preparation of a new type of bidentate ligands.

Phospholes are probably one of the most important classesallows, in one step, both the functionalization of the
of phosphorus heterocycles with regard to their numerous phosphorus atom with electrophiles and the carboxylation
applications in organophosphorus chemistry and catalysis. of the twoa-carbon atoms.

Over the past few years, a great deal of effort has been Two years ago, we and others reported a simple access
devoted to functionalization of the ring. In this respect, the toward 2,5-disilyl-substituted phospholide anions such®s
synthesis of 2- and 2,5-dilithiophosphdleend the use of  In some respects, if we take into account the polarization of
the 1,5-shift reaction of P-substituents around the ring the C—Si bond, these anions can be considered as synthetic

constituted important advancé$hough several 2,5-disub-

equivalents of 1-P-metalla-2,5-dimetalla phospholes. Thus,

stituted phospholes are now available, only a few routes by exploring the reactivity of toward diverse electrophiles,
toward their corresponding phospholide anions have beenwe found a quite unexpected result involving carbon dioxide.
devised so far. Here we report a simple methodology which When a solution ofl in THF is treated with carbon dioxide
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in excess, a significant downfield shift of th¥ NMR signal

is observed (from 142.0 to 165.0 ppm). On the basis of mass
spectroscopy and NMR data, we found that the insertion of
two CQ; groups had taken place at the adjacent positions at
phosphorus (€and G), yielding the 2,5-bis(trimethylsilyl-
oxycarbonyl) phospholide anidh (Scheme 1).
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Scheme 1. Reaction of Anionl with Carbon Dioxidé Table 1. Synthesis ofP-Substituted Phosphole

Q—L 2,5-Dicarboxylic Acids
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Apparently, these insertions take place successively. Thus, 1 BrCH.Ph 6 80
in the presence of a stoichiometric equivalent of carbon 2 BrCH,CO;Et 7 78
dioxide (1 equiv), the 2-(trimethylsilyloxycarbonyl)-5-tri- 3 BrCH,CH2COzEL 8 81
methylsilyl phospholide aniont is formed. Though no ‘5‘ ?,;COH(Z;C:Z(EE o 13 gg
. . - -4 2 2
intermediates could be detected*#® NMR during these 6 1/2 M-CoHa(CH2B )2 1 7

experiments, a mechanism can be tentatively proposed. This
transformation is very likely promoted by a preliminary
attack of the nucleophilic phosphorus atom onto,@yield electrophiles. Though proved to be poorly reactive toward
the 1-P-carboxylate-phosphof® In a second step, the chloro derivatives, good conversion yields were obtained with
carboxylate group undergoes a [1,5]-sigmatropic shift around bromo compounds. In all cases, nucleophilic substitutions
the ring to yield the transient2phosphole3. Though [1,5]- proceeded in THF at room temperature to yield the corre-
shift reactions of phosphorus substituents often require drasticsponding phospholes. Since trimethylsilylcarboxylate deriva-
conditions, it has already been shown that a carboxylatetives are relatively sensitive toward hydrolysis, all these new
group can migrate around 2&. Finally, the last step of the  phospholes were converted into the corresponding dicar-
mechanism involves a [1,3]-shift reaction of the silyl group boxylic acid upon treatment with Lil followed by acidic
from the Qx carbon atom to one oxygen atom of the hydrolysis’ Using this procedure, phosphol@s9 were thus
carboxylate to givél (Scheme 2). The formation &ffollows obtained in moderate to good yields as can be seen from
Table 1. To demonstrate the generality of our approach, we
also explored the synthesis of bidentate ligands. Reaction
Scheme 2. Proposed Mechanism for the Formation of of 5 with o-q,q’-dlbromo- apdn-a,a'-d|bromoxylene f.0|_
Phospholideg and 52 lowed by acidic treatment ylelded compogrmand 11in
good yields. A definitive evidence ascertaining the formula-

tion of 10 was given by an X-ray crystallographic study
@ 2) / (Figure 1)
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the same scheme starting frofrwhich is still sufficiently Figure 1. ORTEP drawing of10 (50% probability thermal
reactive to attack a second molecule of carbon dioxide. ~ ©lliPsoids; CCDC 178852).

Having this new phospholide anidhat hand we then

explored the nucleophilicity of the phosphorus atom toward | conclusion, we have developed a novel and extremely

simple “one-pot” procedure toward a 2,5-di(carboxylate)
(6) Though phospholide anions are strongly delocalized, a significant phospholide anion and its corresponding-functionalized

amount of the negative charge resides at the P atom and electrophilic attaCk%iicarboxyliC acid derivatives. Extension of this chemistry

always take place at this site. No example of attack attvarbon atoms i . i
has previously been reported in the literature. as well as the study of the coordinative properties of bidentate
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ligands 10 and 11 is currently under investigation in our
laboratories.
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(7) Typical experimental procedure: Carbon dioxide was bubbled into
a solution of 2,5-bis(trimethylsilyl) lithium phospholidk (6.0 mmol) in
THF (50 mL) at room temperature for 2 min. After checking the formation
of anion5 by 3P NMR, the electrophile (6.0 or 3.0 mmol for the synthesis
of 10 and 11) was added. After 30 min of stirring, the reaction was
completed and Lil (100 mmol) was added. After 12 h of stirring at room
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cedures and analytical data for all new compounds and X-ray
data for compoundl0. This material is available free of
charge via the Internet at http://pubs.acs.org.
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TMSCI (18.0 mmol) were added. The resulting solution was stirred for 5
min, and Celite (2 g) was added. After evaporation of the solvent, the coated
silica gel was dropped onto the top of a silica gel packed column for

temperature, the solvent was evaporated and methanol (40 mL) and thenchromatography and the phosphole was eluted with methanol as eluent.
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