JIAICIS

COMMUNICATIONS

Published on Web 06/12/2002

Regio- and Enantiospecific Rhodium-Catalyzed Allylic Etherification
Reactions Using Copper(l) Alkoxides: Influence of the Copper Halide Salt on
Selectivity
P. Andrew Evans* and David K. Leahy
Department of Chemistry, Indiana Umirsity, Bloomington, Indiana 47405

Received March 27, 2002

The transition metal-catalyzed allylic substitution with alcohols Table 1. Effect of Copper(l) Salts and Leaving Groups on the
represents a fundamentally important cross-coupling reaction for Regioselective Rhodium-Catalyzed Allylic Etherification

the construction of allylic ethefsDespite the enormous synthetic \)O\'-’; Rh(I) n\/ﬁﬂ/ \jBn
potential for the construction of allylic ethers, many of the current Bn “ B L LN N
la

BnOL i, CuX

approaches utilizentramolecular or proximal effects to circumvent 2’ 3’

poor regioselectivity withunsymmetricalallylic alcohol deriva- leaving group 2010 yield
tives23 Furthermore, theintermolecular metal-catalyzed allylic entry Lg® CuX 2a":3a’® (%)
etherification has, for the most part, been limited to reactions with 1 COMe CuCN 1:1 73
primary alcohols due to the challenges associated with the corre- 2 i Cucl 441 58
sponding secondary and tertiary alcohols. This may be attributed i ” CCUUBIr >ggj gg
to poor regioselectivity, and the propensity for metal alkoxides to 5 COBuU cul >99:1 42
promote elimination of the metakllyl intermediate or hydrolysis 6 CO,Bu Cul >99:1 96

of the leaving group in the allylic alcohol precursor. Hence, the ~a a|l reactions were carried out on a 0.5 mmol reaction scale using 10
ability to facilitate a regioselective metal-catalyzed allylic etheri- mol % of RhCI(PPk)s modifiedwith 40 mol % P(OMe), 1.9 equiv of the

fication in titut lcohols. would provi n important lithium alkoxide, and 2.0 equiv of CuX.Ratios of regioisomers were deter-
cation, using substituted alcohols, would provide porta mined by capillary GLC on aliquots of the crude reaction mixtGréLC

cross-coupling reaction for target directed synthesis. yields.

OLg ML OR' R Table 2. Scope of the Regioselective Rhodium-Catalyzed Allylic
RJ\/ ROLL CaX RJ\/ + R/\) M Etherification Reaction (eq 1)2
1 3 allylic carbonate 1 2°:1° yield
entry (Lg = CO,Bu) R= R'= 2: 3¢ (%)?
(R'=CHR, CHR,, CR, | .

1 Ph(CH), iPrRL,CH— a >99:1 73
2 Me " b >99:1 65
We envisioned that the rhodium-catalyzed allylic substitution 3 "Pr " c 299:1 67
would facilitate the regioselective etherification as a result of its ‘5‘ 8’&?%:((%&))3 g igg;i 70
propensity to undergo selective alkylation through a configuration- ¢ BROCH, 181 50
ally stabledistortedz-allyl or enyl (o + 7) organorhodium inter- 7 CH,=CH g 13:1 46
mediatet> The main problem anticipated with this approach was 8 Ph h 22:1 70
9 Npth i 28:1 73

the necessity to employ a hard alkali metal salt of the alcohol to
promote alkylation. Hence, we decided to examine the transmeta- _® All reactions were carried out on a 0.5 mmol reaction scalRatios
lation of the alkali metal alkoxide with a copper(l) stftwith the (rifi;ﬁ?r'g'foq]heersp‘;‘i’renr:ryegggnljgg vt\)/)érceaglrlé?)rgrSdL%rO%g% grriigi rS;rc]gon
expectation this would soften the basic character of the metal the copper(l) cyanide additive (Table 1, entry 4)lsolated yields.
alkoxide. Herein, we now describe the rhodium-catalyiredr-
molecular allylic etherification of acycliansymmetricasecondary
alcohol derivatived using copper(l) alkoxides of primary, second-

ary, and tertiary alcohols to afford ttsecondary allylic etherg

with excellent regioselectivity (eq 1). _ the tert-butyloxycarbonate proved optimum (entry 6).
Preliminary studies confirmed that alkali metal alkoxides would Although our initial studies utilized a copper(l) alkoxide derived

not be suitable nucleophiles for the rhodium-catalyzed allylic from a primary alcohol, we anticipatedsacondary alcohakould
etherification owing to extensive side-reactions. Table 1 summarizespmvide a more challenging and useful nucleophile to determine
the gptimization of this reaction using various copper(l) salts and the scope and limitations of this transformation. Table 2 summarizes
Ieawng groups. Treatment of the aIIy_Il_c carl_)o'nase(ljg = COr the application of the optimized reaction conditions (Table 1, entry
Me) with the trimethy| phosphl.tenodlflledW|Ik!nson S catalyst,. 6) to a variety of racemisecondaryallylic carbonates, using the
foIIo_vved by the co_pper(l) alkomdt_e derived using cop_per_cyanlde, copper(l) alkoxide derived from 2,4-dimethyl-3-pentanoldé
furnlsl_ﬁe_d the allylic eth?r?a’%‘ n goo_d_ yield, albeit with no suprgd. The allylic etherification is clearly tolerant of linear alkyl
selectivity (?”tTY D). Qratlfylngly, th_e addltlon_ofacopper(l_) hal'_de substituents (Table 2, entries-4), while branched derivatives
salt led to significant improvement in the regioselectivity, in which proved challenging in terms of selectivity and turno¥éndeed,

*To whom correspondence should be addressed. E-mail: paevans@indiana.the7_/'pOSItIon gppears to b_e the first point at whlch_branch_lhg d_oes
edu. not interfere with the substitution (entry 5). The allylic etherification

there was a pronounced halide effect (Br > CI) on the selectivity
(entries 2-4) 8 Additional improvements were obtained by changing
the leaving group to suppress competitive transacylation, in which
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also proved feasible for hydroxymethyl, alkene, and aryl substit- most likely the result of the equilibration of the rhodiurallyl
uents, albeit with lower selectivity (entries-8). This transforma- intermediate prior to etherification through a dissociative-type
tion is remarkably tolerant, given that the classical alkylation of a mechanism. The trend in regiospecificity is tentatively attributed
hindered metal alkoxide with @econdaryalkyl halide would to thein situ exchange (I for Cl) of the counterion on the metal,
undoubtedly lead to eliminatiohlence, the regioselect rhodium- which results in a more selective catalyst.

catalyzed allylic etherification with a secondary copper(l) alkoxide In conclusion, we have developed a new regio- and enantiospe-

provides an important new method for the synthesis of allylic ethers.

Rh(PPh,), Cl
whu P(OMe),, THF B\ﬁ/
#" CHx=CHC(Me).OLi
1a Cul, 0°C to RT
67%

Encouraged by the results in Table 2, we anticipated that the
rhodium-catalyzed allylic etherification could be extended to tertiary

cific rhodium-catalyzed allylic etherification of acycliansym-
metricalallylic alcohol derivatives using copper(l) alkoxides derived
from primary, secondary, and tertiary alcohols. This study dem-
onstrates that the choice of copper(l) salt is crucial for obtaining
high stereospecificity, providing another example of the effect of
halide ions in asymmetric transition metal-catalyzed reactions.
Finally, the ability to modify alkali metal alkoxides in this manner
may provide a useful method for related cross-coupling reactions.
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lyst loading. Treatment of the allylic carbondtewith the copper-
(I) alkoxide derived from lithium anion of 3-methyl butene-3-ol
and the trimethyl phosphiteodifiedWilkinson’s catalyst (20 mol
%), furnished the allylic ethed in 67% yield @°:1° = 47:1 by
GLC).

Table 3. Exploring the Influence of the Copper(l) Halide Salt on
Enantiospecificity

QCO:Bu  Rh(PPh;);Cl ﬁn/ 0Bn
—_ + :

Me” > BnOLi, POMe), Me™ > Me™ F

(R)1b (R)-2b' (S)»2b'
copper 2°:1° cee yield
entry halide salt® temp 2b': 3b™® (%)° (%)¢
1 Cul 0°Ctort >99:1 41 84
2 CuBr 0°Ctort 91:1 85 86
3 CuCl 0°Ctort >99:1 88 81
4 CuCl —-10°C >99:1 96 81

a All reactions were carried out on a 0.5 mmol reaction scalRatios
of regioisomers were determined by capillary GLC on the crude reaction
mixture.¢ Enantiomeric excess was determined by chiral capillary GLC.
GLC yields.

The excellent enantiospecificity obtained in the previous rhodium-
catalyzed allylic substitution reactions prompted the examination
of the enantiomerically enriched allylic carbong®)-1b with a
copper(l) alkoxide (Table 3). Treatment @)-1b (94% e under
the optimized reaction conditions, furnished the allyl etRigrin
84% yield @°:1° > 99:1), albeit with poor enantiospecificity (41%
ceg which was a significant departure from our earlier studies (entry
1) The low specificity prompted the reexamination of the effect
of the copper halide salt. Treatment of the allylic carboriR)ela
with the copper(l) alkoxide derived from benzyl alcohol using
copper(l) chloride or bromide, furnished the allylic alkylation
adducts (R)-2b' with significantly improved chirality transfer
(entries 2 and 3). Interestingly, the trend for enantiospecificity is
the reverse of that for the regiospecificity, illustrating that they are
independentdf. Table 1, entries 24). Although the origin of the
erosion of enantiospecificity with copper(l) iodide is unclear, it is
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