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—copper exchange reaction with (Nphyl)  ,CulLi, providing the

corresponding alkenyl cuprates with retention of the double bond configuration. No competitive addition/elimination was observed, and the

resulting cuprates were successfully functionalized with various electrophiles.

The preparation of functionalized organometallics is an copper exchange reacti®myhich allows a practical prepara-
important synthetic task since these reagents are keytion of functionalized aryl and heteroaryl copper reagents in

intermediates for the preparation of polyfunctional mol-
eculest In recent years, it was found that the iodine

the presence of a keto grotipierein, we wish to report a
new application of this exchange reaction for performing a

magnesium exchange reaction is an excellent method for thestereoselective metalation afs-unsaturated carbonyl com-
preparation of various aryl, heteroaryl, and alkenyl Grignard pounds of typel .5 The preparation gf-keto alkenylcopper

reagents that bear ester, nitrile, amino, or nitro graups.

However, more sensitive functionalities, such as ketones, are () For previous preparation of functionalized copper reagents, see: (a)

usually not compatible with the presence of a C—Mg bond.

To overcome these problems, we have developed an iodine
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Scheme 1. Functionalization of3-lodo-a,5-Unsaturated Table 1. Functionalization of3-lodo-a,3-Unsaturated Carbonyl
Carbonyl Compounds via an |0diﬁ€0pper EXChange Compounds via an |odiﬁ&opper Exchange
0 0 . product of yield
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1a: R'= Ph, R%= Pent Pent
1b: R11= Bu, R2=2Hept y o
1c: R'= TMS, R%= Et 5 22 g 1 ¢ o0 -
o ~ 0
derivatives is a challenging task sin@esubstituteda, - Bon
unsaturated carbonyl compounds usually react with organo- 0y_Cl | 8
metallics via an addition/elimination pathwéy. q Ph

Thus, the3-iodo-o.,5-unsaturated ketones of tyfiegeacted 3 3a L~ 7 8l
with (Nphyl),CuLi (2) in THF at—100°C for 15 min lead- ¢l he
ing to the functionalized alkenylcoppefs which were pé'rﬁm
guenched with various electrophiles providing highly func- o 5
tionalized enones of typd in moderate to good vyields 4 3a ij\ Ph%o 7
(Scheme 1J. The reactions occurred stereoselectively |
with retention of the double bond configuratior $9%). et
The phenyl-substituted alkenyl cupra8a reacted with Hept o
various aromatic and heteroaromatic acid chlorides lead- o /S\ o Bu o 78
ing to diketonegla—c in moderate to good yields (783%, Bu” “Cu(Nphyl)Li I s
entries -3 of Table 1). The reaction of the cupra3a 3b “
with 3-iodo-2-cyclohexenone provided the additicglimi- Hept
nation productld in 71% vyield (entry 4). In a similar way, | g
the bisalkyl-substituted alkenyl cupratgh was readily 30 LFPhCOCI Bu 75
acylated with 2-thiophenecarbonyl chloride and 4-fluoro-
benzoyl chloride, giving the diketondgf in 75—78% yields [

(entries 5 and 6). The carbocupration of ethyl propiolate He4f
with 3b stereoselectively led to the dienofigin 80% vyield o
(entry 7). Furthermore, the allylation of cuprad® pro- 7 3b =—Ccot Bu/(t 80
ceeds smoothly with ethyl(2-bromomethyl)acrylate, pro- ‘ ot
viding the polyfunctional compourdh in 90% yield (entry o 28
8). Even a change of the substituent R the S-iodo- o
o,p-unsaturated ketones of tydefrom phenyl inla or 8 3b ;SZ/E;, Bu 90
alkyl group in 1b to the electron-donating trimethylsilyl COLEt
group in1c did not affect the exchange reaction rate. The Et 4h
corresponding cupratéc readily underwent acylation with (o /CO
benzoyl chloride and 2-thiophenecarbonyl chloride, providing 9 ™S~ cuphyLi  PhCOCI ™s” ~° 84
the diketonegli and4j in 76—84% yields (entries 9 and 10). 3¢ i
However, acylation with ethyl oxalyl chloride led after an £t
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(7) Typical Procedure for the Synthesis of the Enone 4aA dry and 4j
argon flushed 25 mL flask, equipped with a magnetic stirrer and a septum, 9
was charged with CUCN (86 mg, 0.96 mmol) and dry THF (5 mL). A 0 Me
solution of neophyllithium (1.3 M EO, 1.5 mL, 1.92 mmol) was added at 11 3¢ Et020—< TMS/@} 728
—78 °C. The resulting reaction mixture was stirred at room temperature cl Eo,¢ oM

for 10 min, and then EO was removed carefully under vacuum. The
remaining solution was cooled t6100°C and cannulated into a solution
of 1a(262 mg, 0.8 mmol) in dry THF (2 mL). After 5 min, benzoyl chloride |
(280 mg, 2.0 mmol) was added and the mixture stirred at room temperature 12 3e COoEt ™S 89
for 30 min. The reaction was quenched with saturated aqueowINH Br

solution (5 mL) and poured into water (10 mL). The aqueous phase was

extracted with BE4O (3 x 10 mL), and the combined organic fractions were

washed with brine (10 mL), dried over b&0, and concentrated in vacuo. . . . . .
The residue was purified by flash chromatography, yieldtag203 mg, aYield of analytically pure product Diastereomeric ratie= 8:1.
83%) as a colorless oil.
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Scheme 2. Influence of the Double Bond Configuration of Scheme 3. Synthesis of Pyridazines of Tyfe
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intramolecular aldol reaction to the five-membered enone af 5b: 92%
4k in 72% yield in a 8:1 mixture of diastereoisomers (entry Et Et
11). Finally, the allylation of the cupratéc with ethyl(2-
. . . [e) EtOH ~N
bromomethyl)acrylate furnished ketofidn 89% yield (entry | o+ NeHgH0 . | N
12). ™S reflux, 15 min ™S 2
Thecis-configuration between the iodine and the carbonyl Ph Ph
4i 5¢: 92%

group in theS-iodo-unsaturated carbonyl derivatives of type

1is crucial for the success of the exchange reaction, probably

due to a chelation effeétWith the enonetrans-launder

our standard reaction conditions, no iodirepper exchange ~ Copper exchange reaction under mild conditions and react

was observed in the reaction with (Nph@uLi (2). The with various electrophiles in good yields with retention of

only reaction observed here was an additelimination configuration. Further transformations of the products to

(Scheme 2). pyridazines are described. Further extension of this method
The iodine-copper exchange reaction provides function- is currently underway in our laboratory.

alized organocopper intermediafand gives after acylation
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in excellent yields (Scheme 3).
In conclusion, we have shown thaiodo-a,3-unsaturated
carbonyl compounds undergo a stereoselective iodine
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