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The iodine–copper exchange reaction allows the direct prepara-

tion of various aryl, heteroaryl and alkenyl cuprates bearing a

formyl group, thus allowing a direct synthesis of polyfunctional

aldehydes without the need of protecting groups or an

additional oxidation step.

Polyfunctionalized organometallics are versatile intermediates in

modern organic chemistry, since they allow the formation of

multifunctional products.1 One of the best preparation methods of

these organometallic reagents is the halogen–metal exchange

reaction.1e,2 The halogen–magnesium3 and halogen–copper4

exchanges have recently been extensively investigated. They allow

the convenient preparation of polyfunctional aryl, heteroaryl and

alkenyl organometallic reagents that bear various functional

groups. The formyl group is present in numerous compounds,

but has been regarded as being incompatible with most

organometallic reagents.5 Only scarce examples of formyl-

substituted aryl organometallic compounds have been reported.6

In most cases, tedious protection and deprotection steps or an

additional oxidation step are required to introduce this sensitive

function in a target molecule.7 Herein, we wish to report that the

iodine–copper exchange reaction allows the direct preparation of

polyfunctional aryl, heteroaryl and alkenyl copper reagents

bearing an aldehyde group. Subsequent reactions of these

formyl-substituted copper reagents with various electrophiles

provide highly functionalized aldehydes in good yields. In a

preliminary experiment, we have treated 4-acetoxy-3-iodo-5-

methoxybenzaldehyde (1a) with lithium dineophylcuprate

[(PhMe2CCH2)2CuLi:(Nphyl)2CuLi (2)] in a 5:1 mixture of THF

and diethyl ether at 278 uC. Within 2 h, a complete iodine–copper

exchange reaction was observed, as indicated by GC-analysis of a

reaction aliquot. The resulting arylcopper reagent 3a reacted

smoothly with allyl bromide and cyclohexanecarbonyl chloride

between 278 uC and rt giving the expected aldehydes 4a and 4b in

84% and 73% yield (Scheme 1, entries 1 and 2 of Table 1). The use

of more reactive and less sterically hindered lithium dineopentyl-

cuprate [(Me3CCH2)2CuLi] led to a complex reaction mixture and

the use of the lithium cuprate (2) is mandatory for the success of

the exchange.

Interestingly, in the case of 3,5-diiodo-2-tosyloxybenzaldehyde

(1b), the ortho-iodine underwent a selective I–Cu-exchange

reaction with (Nphyl)2CuLi (2) giving the desired aldehydes 4c

and 4d in 80–94% yield after reactions with allyl bromide and

benzoyl chloride (entries 3 and 4). Remarkably, this iodine–copper

exchange reaction could also be extended to heteroaryl substrates.

Thus, 5-iodo-2-thiophenecarbaldehyde (1c) reacted readily with

(Nphyl)2CuLi (2) at 278 uC within 10 min, furnishing the copper

reagent 3c, which reacted with electrophiles, such as ethyl

(2-bromomethyl)acrylate, benzoyl chloride or 2-thiophene carbo-

nyl chloride, affording the highly functionalized 4e–g in 72–85%

yield (entries 5, 6 and 7). In a similar way, the heterocyclic iodo-

aldehydes 1d–e could be easily converted into the corresponding

copper reagents 3d–e under our standard reaction conditions.

Subsequent reactions with various electrophiles led to highly

functionalized aldehydes 4h–i in 61–79% yield (entries 8 and 9).

The presence of an adjacent heteroatom (O, N or S) decreases the

reactivity of these copper heterocycles 1c–e sufficiently so that no

addition to the aldehyde occurred under the exchange reaction.

Furthermore, this exchange could be applied to indoles bearing a

formyl group at the 2 or 3 position. Thus, N-protected

3-iodoindole-2-carbaldehyde (1f) underwent a smooth I–Cu-

exchange reaction with (Nphyl)2CuLi (2) at 278 uC within

30 min, leading to the cuprate 3f. The subsequent treatment with

allyl bromide furnished 3-allylated indole 4j in 83% yield (entry 10).

Interestingly, even with the sterically hindered indole derivative 1g,

the exchange reaction proceeded smoothly, yielding the function-

alized cuprate 3g, which was readily allylated providing the

aldehyde 4k in 93% yield (entry 11). Finally, the functionalized

pyridine 1h reacted readily with (Nphyl)2CuLi (2, 1.2 equiv.) in a

5:1 mixture of THF and ether from 278 uC to 260 uC, leading to

the corresponding cuprate 3h, which was quenched with ethyl

(2-bromomethyl)acrylate or benzoyl chloride forming the trisub-

stituted functionalized pyridines 4l and 4m in 82% and 63% yields

(entries 12 and 13).
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The resulting highly functionalized aldehydes of type 4 can be

readily converted to polyfunctional heterocycles of potential

pharmaceutical interest. The reaction of the dicarbonylated

pyridine 4m with hydrazine monohydrate in ethanol (reflux,

15 min) provided pyridopyridazine 5 in 95% yield (Scheme 2).8

Furthermore, this exchange reaction also allows the function-

alization of b-iodo-a,b-unsaturated aldehydes. The reaction of

(Z)-3-iodo-2-heptenal (6) with (Nphyl)2CuLi (2) in THF at

2100 uC (5 min) stereoselectively furnished the alkenyl cuprate

7. The Z configuration of the double bond (stabilized by

chelation)9 as well as the presence of the sterically hindered butyl

group disfavored an addition–elimination reaction and favored the

I–Cu-exchange reaction.10 Treatment of the cuprated unsaturated

aldehyde 7 with allyl bromide or ethyl (2-bromomethyl)acrylate

furnished the trisubstituted a,b-unsaturated aldehydes 8a and 8b in

81% and 73% yields (Scheme 3).

In summary, we have shown that the iodine–copper exchange

reaction allows the direct preparation of various new aryl,

heteroaryl and alkenyl cuprates bearing an aldehyde group, thus

expanding the applications of functionalized copper organome-

tallic species in organic synthesis.11 Further extensions of this

method are currently underway in our laboratory.

Notes and references

1 (a) N. Krause, Modern Organocopper Chemistry, Wiley-VCH,
Weinheim, 2002; (b) M. d’Augustin, L. Palais and A. Alexakis,
Angew. Chem., Int. Ed., 2005, 44, 1376; (c) B. L. Feringa, R. Badorrey,
D. Peña, S. R. Harutyunyan and A. J. Minnaard, Proc. Natl. Acad. Sci.
U. S. A., 2004, 101, 5834; (d) R. Naasz, L. A. Arnold, M. Pineschi,
E. Keller and B. L. Feringa, J. Am. Chem. Soc., 1999, 121, 1104; (e)
P. Knochel, Handbook of Functionalized Organometallics, Wiley-VCH,
Weinheim, 2005; (f) I. Marek and J.-F. Normant, Chem. Rev., 1996, 96,
3241.

2 (a) W. F. Bailey and J. J. Patricia, J. Organomet. Chem., 1988, 352, 1; (b)
W. F. Bailey and E. R. Punzalan, J. Org. Chem., 1990, 55, 5404; (c) W.
F. Bailey, J. D. Brubaker and K. P. Jordan, J. Organomet. Chem., 2003,
681, 210; (d) E. Negishi, D. R. Swanson and C. J. Rousset, J. Org.
Chem., 1990, 55, 5406; (e) G. Boche, M. Schimeczek, J. Cioslowski and
P. Piskorz, Eur. J. Org. Chem., 1998, 1851; (f) H. J. Reich, M. J. Bevan,

Scheme 3

Table 1 Aldehydes of type 4 obtained by the reaction of formyl-
substituted aryl and heteroaryl copper reagents 3 with electrophiles

Entry Copper reagent Electrophile Product of type 4
Yield
(%)a

1 84

2 3a c-HexCOCl 73e

3 94

4 3b PhCOCl 80

5 85

6 3c PhCOCl 80

7 3c 72

8 PhCOCl 61g

9 79

10 83

11 93

12 82

13 3h PhCOCl 63

a Isolated yields of analytically pure aldehydes.
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