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Summary: The free-radical carbonylation of aromatic iodides 1 with carbon monoxide to aromatic
aldehydes 2 was successfully achieved under highly diluted conditions {{Bu3SnH]=ca. 0.02M).

Carbonylation of organic compounds with carbon monoxide is one of basic and important reaction
processes in organic synthesis and, for this purpose, the methodology involving acyltransition-metals as the
key species is most commonly used.! In contrast, carbonylation involving acyl radicals has long been
neglected due to rather fruitless results by the initial work.2 Recent publication from this laboratory has
described that organic halides can be successfully carbonylated by free-radical reaction under tin hydride
conditions, yielding the corresponding aldehydes (eq 1).3 The process employing low concentrations
((Bu3SnH]=ca. 0.06M) worked well for the carbonylation of adequate aliphatic bromides and iodides.
However, later we have noticed that the employed conditions for aliphatic carbonylation are not uniformly
applied to aromatic carbonylation, since competitive reduction process in the latter case often became more
serious.d We report herein that free-radical carbonylation of aryl halides leading to aldehydes was effected by
the use of highly diluted conditions ([BuzSnH]=ca. 0.02M).5
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When a mixture of p-iodoanisole 1¢ (0.75 mmol), BuzSnH (0.98 mmol, [0.02 M]), AIBN (0.01mmol),
and benzene (45 mL) was heated with stirring at 110°C for 2 h under the pressure of carbon monoxide (70
atm), carbonylation of 1c took place to give 78% yield of p-anisaldehyde (2c) (Table I, run 3). In accordance
with our previous observation,3 higher CO pressure resulted in a more predominant CO trapping process over
the competitive reduction to aromatic hydrocarbon. In an effort to secure better yields of formylated products
2, highly diluted conditions ([Bu3SnH]=ca. 0.02M) under 70~90 atm of CO were chosen.6 Results of
aromatic formylation by free-radical process are summarized in Table L
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Table 1. Free-Radical Carbonylation of Aromatic Halides under Highly Diluted

Conditions"
I?I%N,Buaan co Ar.. Ar  _H
A T AT \||o ]-» \!)( (2)
1 4 2
run ArX, 1 [Bu;SnH] (M), CO (atm) ArCHO, 2 yield (%)°
1 CgHsl (1a) 0.02, 90 CeHsCHO (2a) 63
2  p-MeOCgH,Br (1b)  0.02, 70 p-MeOCgH,CHO (2b=2c)  44°
3 p-MeOC¢H,l (1¢) 0.02, 70 p-MeOC4H,CHO (2c) 78
4 0.06, 70 70
5 0.15, 70 51
6 0.02, 50 49
7  m-MeOCgH,I (1d) 0.02, 90 m-MeOCgH,CHO (2d) 68
8 0-MeOCgzH,l (1e) 0.02, 90 0-MeOC¢H,CHO (2e) 50
9 P-MeCgH,l (1) 0.02, 90 p-MeCgH,CHO (2f) 63
10 0.02, 70 57
11 mM-MeCgH,l (1g) 0.02, 90 m-MeC¢H,CHO (29) 68
12 0-MeCgH,l (1h) 0.02, 90 0-MeCg4H,CHO (2h) (85)
13 P-CICgH,l (10) 0.02, 90 p-CIC¢H,CHO (2i) 524
14 m-CICgH,I (1)) 0.02, 90 m-CIC¢H,CHO (2)) 39°
15  0-CICgH, I (1k) 0.02, 90 0-CIC¢H,CHO (2k) 197

16 g (1) 0.02, 90 g HO (21) (68)

*In general, reactions were carried out using a 50-mL stainless steel autoclave with a glass tube inserted:
1 (0.75 mmol), Bu;SnH (0.98 mmol), AIBN (0.1 mmol), benzene (45 mL; [BusSnHl=ca. 0.02M ),
110°C, 2 h. *GC yields. Isolaied yields are in parentheses. *Unreacted 1b: 37%. SUnreacted 1i: 16%.
“Unreacted 1j: 16%. ‘Unreacted 1k: 26%.
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Figure 1. Effects of Dilution on Ratios of 2/3

Aromatic iodide 1c¢ gave a better result than the corresponding aromatic bromide 1b due to relatively
smooth consumption of the former (runs 2 and 3). In general, electron-donating substituents such as methoxy
and methy] merit for this carbonylation. The higher diluted conditions brought about the improvement of
carbonylation/reduction ratios, while the extent of the effect appeared to be highly dependent on the electronic
nature of the substituents, as shown in Figure I (p-MeO>p-Me>p-Cl). The dismal yields in the examples of m-
Cl- and o-Cl-iodobenzenes are largely a consequence of low conversions (runs 14 and 15). From o-Me-
iodobenzene (1h) high yield of 2h was obtained (run 10). The possibility of a 1,5-hydrogen transfer from o-
Me group led us to examine the radical carbonylation of 1h using tin deuteride. The result of sole formation of
2h-d clearly precluded such an intramolecular process’ (Scheme I). We speculate that simple reduction of 1h

may be sterically hampered by o-Me group, allowing carbonylation to predominate.

Scheme I
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It should be noted that highly diluted conditions employed for this carbonylation were not effective for
free-radical tin hydride reduction.8  For example, attempted reduction of 1c¢ in a low concentration
([Bu3SnH]=ca. 0.02 M) gave only 40 % yield of anisole (3c) along with 48 % yield of unreacted 1c. The
fact that the consumption of l¢ is more smooth in carbonylation rather than reduction may be attributed to the
difference in the efficiency of aryl radical and aroyl radical to abstract hydrogen.9

In summary, this paper describes a new methodology for the carbonylation of aromatic halides by a free-
radical process under highly diluted conditions. Further investigations are now in progress.
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