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Table 1. Carbonylation of Fluorene Derivatives
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Synthesis of esterga carbonylation with carbon monoxide

is one of the principal transformations in organic chemistry.
These processes are roughly classified into two categories: (i)

transition-metal-catalyzed carbonylation as represented by the 3

Reppe reactiohand (ii) acid-catalyzed carbonylation (Koch
reaction)? As for the synthesis of thiol and selenol esters using
carbon monoxide, transition-metal-catalyzed carbonylation of

temp time isolated yield
run substrate R (°C) (min) product (%)
1b la Me 20 90 4a 93
2 la Me 20 40 4a 96
la Me —-23 60 4a 93
1b n-Bu 20 40 4b 93
1c c-CeH11 20 50 4c 98
1d Ph 20 120 4d 47

disulfides? sulfides?25thiols*2-6and diselenid¢s’ has already
been developed. lItis also known that thiol esters can be formed
by trapping ofin situ generated acyllithiums with disulfides,
CS, or sulfur® Here we disclose a new methodology for
carbonylation of acidic hydrocarbons with selenium and carbon
monoxide, leading to the formation of selenol esters.

Organolithium compounds are known to react with selenium
to give lithium selenolatey.Indeed, when (9-methylfluorenyl)-
lithium generated fronia and BuLi was allowed to react with
selenium at 20C, the corresponding seleni@a was obtained
in 93% yield after quenching with Mel (Scheme 1). However,
we found that, when CO was introduced atZDinto a THF
solution of selenolat@a, a stoichiometric amount of CO was
absorbed within 90 min. Addition of Mel followed by usual
workup gave carbonylated produga in 93% yield (run 1 in
Table 1).

The representative results of carbonylation of fluorehase
listed in Table 1. Addition of HMPA accelerated CO absorption
(run 2), and carbonylation proceeded ever-a8 °C (run 3).
Fluorenes having a butyl or cyclohexyl group afforded the
corresponding selenol estetb and4c in high yields (runs 4
and 5). Carbonylation of phenyl derivatitd was slow, giving
4d in a moderate yield (run 6). Under similar conditions,
fluorene (R= H) gave a complex mixture of products including
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a Conditions: 1 (2.0 mmol), n-BuLi (2.2 mmol), THF (25 mL),
HMPA (6.0 mmol),—78 °C, 30 min; Se (2.4 mmol);-78 to ~+20
°C (or—23°C inrun 3), 30 min; CO (1 atm), under conditions specified
in the table; Mel (4.0 mmol), 6C (or —23 °C in run 3), 30 min.
b without HMPA.

Table 2. Carbonylation of Acidic Hydrocarbofs

time isolated yield
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a Substrate (2.0 mmoly-BuLi (2.2 mmol), Se (2.4 mmol), CO (1
atm), Mel (4.0 mmol), THF (25 mL), HMPA (6.0 mmol). Methyl
iodide was added after absorption of carbon monoxide ce@sdliLi
(2.2 mmol) was used instead ofBulLi in the presence of TMEDA
(3.0 mmol).

only 8% of4aprobably due to an equilibrium of benzylic anions
arising from the abstraction of the second benzylic proton of
intermediates.

To examine the generality of the present carbonylation,
several benzylic substrates were tested under similar conditions,
and the results are presented in Table 2. 1,3-Dimethylindene
and 4-methyl-#-cyclopentaflefphenanthrene were carbony-
lated in 40% and 77% yields, respectively (runs 1 and 2).
Carbonylation of triphenylmethane and 1,1-diarylethanes also
proceeded to give the desired selenol esters in moderate yields
(runs 3-5). As an example of allylic substrates, we tested
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Scheme 2 these benzylic and allylic compounds. For example, acid-

catalyzed carbonylation of benzyl cations occurs atphea
S co position in the phenyl ring2 and CO reacts sluggishly with di-
SelLi Li d Li
2a 5a 8a

or triaryl-substituted benzylic catioi$. Carbonylation of benzyl
anions hardly proceed®. Carbonylation of benzyl radicals with

CO has never been attained because of fast reverse decarbon-
/ l / ylation 16
CcO ~SeCO SeCO Se .
Selenol estefd are synthetically very useful compounds as

precursors of acyl radicdfsand acyl cation$? They can also
- Mo be converted easily to the corresponding aétdesters?
Se\n/Li g Seli o SeMe
6a O 7a 4a

amides?® ketone<! aldehydeg? and alkenyl selenides. Hy-

drocarbons employed in this study havg,palues ranging from

18 to 3124 and the present reaction provides a useful method

for carbonylation of these compounds.
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