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Abstract—Organocopper reagents in conjunction with Lewis acid activators provide greater stability than traditional cuprate
reagents while maintaining the reactivity needed for conjugate addition reactions in dichloromethane. Whereas cuprates engage
in cross-coupling pathways, organocopper nucleophiles are more selective for conjugate addition. The utility of organocopper
reagents in dichloromethane for the conjugate addition to o,B-unsaturated esters is expanded upon herein.

© 2007 Elsevier Ltd. All rights reserved.

In the course of studies directed toward the chemical
synthesis of roseophilin,! we confronted the issue of a
difficult conjugate addition of an isopropyl substituent
to an a-alkyl-B-pyrrolyl-o,B-unsaturated ester (Eq. 1).
Despite the wealth of information on organocuprate
conjugate additions,?> we could not find clear precedent
to guide our investigation.
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Our particular goal represents an extreme case in the
scope of conjugate addition reactions® for at least two
reasons: (a) pyrrolyl ester 1 is less electrophilic than
typical enoates, due to conjugation with the electron-
rich pyrrole; (b) isopropylcuprate is more hindered
and less stable than other alkyl- or arylcuprate
reagents.* Indeed, we have yet to satisfy our ambitions
relating to the desired addition (Eq. 1), and we have
taken recourse to alternative tactics.” Nonetheless, in
the process of screening a wide range of reaction condi-
tions and completing careful optimization of model
conjugate addition reactions, we made relevant observa-
tions regarding the rather unconventional protocol of
Nilsson and Olsson,®” which features stable organo-
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copper reagents solubilized in dichloromethane in con-
junction with trimethylsilyl iodide (Eq. 2).% Previous
reports mention ester enoates only briefly, but we found
the Nilsson—-Olsson protocol to have significant utility
with respect to conjugate addition reactions of carban-
ionic nucleophiles to o,B-unsaturated esters (Table 1).
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Entries 1-5 depict a series of addition reactions invol-
ving methyl cinnamate (3, Table 1).° One significant
advantage of organocopper over cuprate species is that
organocopper reagents are more robust, thereby permit-
ting reactions to be conducted at higher temperatures
and for prolonged times without decomposition. Such
conditions are useful for addition of less stable carban-
ionic nucleophiles (entries 3 and 4), addition to less elec-
trophilic alkenes (entries 6 and 7), and/or combinations
thereof (entry 12). For example, to achieve the conjugate
addition of sec-butylcopper (entry 4), the reaction
mixture was stirred without external cooling for 3 h;
analogous conditions for the conjugate addition of
sec-butylcuprate have not been reported.*

The fidelity of mono-organocopper reagents for conju-
gate addition provides further advantages: conjugate
addition to iodo-enoate 11 occurs more efficiently with
phenylcopper than diphenylcuprate, which is more
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Table 1. Conjugate addition of organocopper reagents to o,p-unsaturated esters according to Eq. 2

Entry o,B-Unsaturated ester Conjugate addition product R Yield %"
o CO:Me R
: ©/\/ 2 CO.Me Me 95
3 4a
2 3 4b n-Bu 88
3 3 4c i-Pr 74
4 3 4d s-Bu 73
5 3 4e Ph >95
(e} X CO,Et R
6 <\J/\/ 2 o CO4Et i-Pr 46
5 \ 6
R
N COZME
TsN
s 7 TsN 8

mCOZMe
8
9

R
©)\(COZM6 Ph 67b
10
R

o COMe
’ /©/\/ COMe i-Pr 61
I 11 12a
10 11 12b Ph 94
11 11 12b Ph <644
R
X COEt
EtO
13 EtO 14
x_CO,Et R
13 C7H15/\/ 2 )\/COQEt Ph >95
CsHys
15 16
O  CH,Ph O  CH,Ph
14 Ph/\)J\N P L\j\ Me 86°
o7 0 o7 0
17 18

2 Isolated yield of material judged to be >95% pure by "H NMR analysis, unless otherwise indicated. See Supplementary data for details.
® Incomplete reaction; adjusted yield based on recovered starting material was 95%.

¢ Diphenylcuprate (2:1 Ph-Li: Cul) employed.
4 Desired product recovered alongside unidentifiable impurities.

¢ Conjugate addition product 18 obtained in an approximately 1:1 ratio of diastereomers.

likely to engage in cross-coupling side reactions (entries
10 and 11, Table 1). Our efforts focused on B-aryl-eno-
ates, although alkenoate substrates are suitable (entry
13 and Ref. 6). Diastereoselection in the addition of
methylcopper to chiral cinnamic imide 17'° was negligi-
ble under the current conditions (entry 14).

Dichloromethane, along with dimethyl sulfide as a
cosolvent, provides an excellent medium for these

organocopper conjugate addition reactions. Aromatic
hydrocarbons are less effective at solvating cuprate
reagents, and Lewis-basic ethereal solvents are known
to dampen the reactivity of cuprates,'! likely through
interactions with the metal centers.

In summary, observations on conjugate addition reac-
tions to o,B-unsaturated carbonyl compounds are
reported. Robust organocopper compounds withstand
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higher temperatures and longer reaction times than cup-
rate reagents, and organocopper reagents provide better
selectivity for conjugate addition over competing cross-
coupling pathways than that provided by cuprates. The
mixture of trimethylsilyl chloride and sodium iodide
promotes reactivity. This protocol and our observations
are likely to be of use for other problems in chemical
synthesis.
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