J. Am. Chem. So0d.99

Radical Carboxylation: Ester Synthesis from Alkyl
lodides, Carbon Monoxide, and Alcohols under
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Table 1. Ester Synthesis via Catalyst-Free Radical Carboxylation
of Alkyl lodides under Irradiation Conditiofs
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There is little doubt that transition metal-catalyzed carbony- 3¢ 2b (2 equiv) (v\)wo\j/ (79)
lation of organic halides with CO to give carboxylic acids and 1b ' ’ o 3d
their derivatives is a basic and important synthetic process (eq
1)12 1t is well-known that the Monsanto Chemical Company 2¢ (2 equiv)
produces acetic acid from methanol and CO and that a key step 4 ;30 atm,q15 h °© 73
in this process involves the Rh-catalyzed carbonylation of 1b 3 O
methyl iodide to give acetyl iodid&. In this paper, however,
we report a conceptually new method for the synthesis of 2b (2 equiv) \:y/
carboxylic acid esters from the combination of alkyl iodides, ° PhJ\' s atm. 33 Ph\)\lfo ®
alcohols, and CGhat can be carried out with photoirradiation Te o 3
in the absence of a metal catalyst) 2)# In our previous paper, 2d (1.4 equiv)
6 O\ 20 atin, 24 h 09’\(1 67°
RGOF 1d 0 %
RX + CO + ROH \[c])/ 1) 9
| 7 e, BEEY e o
this work o 3h
hv R._OR' 1e
RX + CO + ROH e @)
0o 8’ (1/\ EIOH® (I/YOE‘ (73)%
I 40 atm, 50 h 3i
we reported the synthesis of acyl selenides by the photolysis of b °©
a-(phenylseleno)carbonyl compounds in the presence of an @\ 2b (1.5 equiv) \j/
alkene and CO. Direct substitution of acyl radical on selenium 9 {  40atm, 18 h °© 68"
atom to liberatea-acyl alkyl radical is the key step in the 19 o d

process. Unlike this case, transfer of iodine atom from alkyl
iodide to acyl radical is regarded as inefficient, since the
transformation is obviously endothermic. However, we thought
that the iodine transfer reaction could be driven by a following
ionic reaction of the acyl iodide with alcohol to furnish the eSter.

aUnless otherwise noted, the following reaction conditions were
used: alkyl iodide (1 mmol), hexane (0.5 mL),®0; (2 mmol), alcohol
(1.4-3 equiv), CO (26-55 atm), under Xe irradiation (Pyrex) 50
h. ? Isolated yield after flash chromatography on silica gel. Values in
parentheses represent the NMR yi¢l&tOH was used as a solvent.

We applied successfully this key concept for the present new ¢KOH (2 mmol) was used in place of KOs ©91% conversion.

carbonylation system, which we refer to as catalyst-free radica
carboxylation.

When a hexane solution of 2-iodooctad&)(and ethanol (3
equiv) was irradiated with a xenon lamp through a pyrex glass
tube under CO pressure (20 atm, 151gwas largely recovered

unchanged (89%) and no carbonylated product was obtained.
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| f Carried out @ a 2 mmol scale? 74% conversion® The alcoholysis
product was also obtained in 14% vyield.

However, the simple addition of a base to this reaction system
resulted in a dramatic change. Thus, when the same reaction
was carried out in the presence of anhydrou€®&; (2 equiv),

the desired ethyl este3a was obtained in 72% yield, after
isolation by flash chromatography on silica gel (eq 3). Octenes
were formed as byproducts in this reaction (1-octene, 10%;
2-octene, 6% (trans/cis 73:27))7 Lower CO pressures<10

atm) and lower substrate concentrations ([RI] M) increased
these side reaction produétsThe use of potassium hydroxide
and sodium hydroxide was equally effective.

\/\/\)\l + CO + EtOH

20 atm

hv (Xe > 300 nm),
KoCO3 (2 equiv)

hexane(0.5 mL)

1a, 1 mmol 3 mmol

\/\/\/kn/oEt ®

(0]

3a, 0% (without K,COg)
72%

Various alkyl iodides and alcohols were tested and the
reaction was found to be general (Table 1). Thus, alkyl iodides
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1 were converted into the corresponding es8rsgood yields.
Nearly stoichiometric amounts of alcohols suffice for this ester
synthesis. Anw-chloro substituent on an alcohol and a
y-phenylthio group on an alkyl iodide can also tolerate this
carbonylation (entries 6 and 7). 1-lodoadamanteg élso
works well for this reaction. In this case to avoid diregilS
type alcoholysis of the starting iodide, a nearly equimolar
amount of alcohol should be used.

HO.__Ph \/Y \O HO A~
2c 2d

2a 2b
The mechanism of this catalyst-free radical carboxylation is
outlined in Scheme 1. In the initiation step, the €1 bond of
an alkyl iodide would be cleaved homolytically by irradiatin.
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Curran, D. PChem. Re. 1996 96, 177.

(10) UV irradiation gave inferior results.

Communications to the Editor

Judging from the fact that the irradiation of 5-iodononati) (

in the presence of CO (78 atm) did not give appreciable amounts
of acyl iodide, an esterification process by an alcohol and a
base to shift the equilibrium may be critical for this reaction to
occur. A relatively slow reaction for the case of a primary alkyl
iodide (entry 8) may be the result of its slower atom transfer
ability, compared with secondary and tertiary iodides.

Ester synthesis from secondary alkyl iodides by transition
metal-catalyzed carbonylation often results in the formation of
positional isomers associated witkelimination of the key metal
alkyl specieg? and for similar reasons, the carbonylation of
tertiary iodides is thought to be attainable only with great
difficulty. The present ester synthesis, however, takes place
selectively at the carbon to which the iodine had been attached,
and thus, a wide range of aliphatic iodides including tertiary
iodide can be used. The catalyst-free process is clean, simple,
and environmentally friendly, since the recovery of neither
precious transition metals nor toxic ligands is necessary.

Thus, we have shown that an efficient conversion of aliphatic
iodides to the corresponding esters is possible by simply using
irradiation in the visible region without the use of a metal
catalyst. A free radical mechanism for this reaction is highly
likely, but gratifyingly, the process requires neither radical
mediator nor photosensitizer. Importantly, the basic principle
of photoinduced catalyst-free carboxylation demonstrated here
may have promise in terms for a wide range of other carbonyl
compounds.
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