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Stereoselective Heteroatom-Assisted Allylic Scheme 1
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Addition reactions of Grignard reagents with carbonyl groups

are among the most well-established protocols ferGCCbond N\

formation. In contrast, unactivated alkenes, including allylic Q/OR

ethers, do not typically react with alkylmagnesium halides in °

the absence of a metal catalyghese transformations do not

represent a reliable and general approach in regio- and stereo- As depicted in Scheme 1, whe®<{la(>99% ee) is subjected

R=H (1a); R=Bn (1b); R=MEM (1c); R=PMB (1d)
(recovered in <20% ee at 60% conversion)

selective synthesis. Previous studies, notably by EigeHkin2
and Richey have illustrated that olefin substrates with a suitably
disposed internal Lewis base (hydroxyl groups) elevated
temperatures (80120 °C) and with extended reaction times

to 5 equiv of EtMgCI at 22C (THF), C-C bond formation
proceeds with complete asymmetric inductioB)-Z is obtained
in >96% ee in 89% yield after silica gel chromatograpHy (
NMR analysis of derived MTPAdJ-methoxye-trifluorometh-

(days), react with certain Grignard reagents. These transforma-ylphenylacetic acid) esters). It is noteworthy that, whereas silyl

tions are not particularly efficient however; only allyl- and
crotylmagnesium halides give rise to—C bond formation.

etherleis resolved efficiently, compoundsa—d are not; the
latter substrates were recovered after-68% conversion with

Liotta and Maryanoff have more recently reported a hydroxyl- 15-20% ee. Subsequent control experiments indicated that,
directed conjugate addition of alkylmagnesium halides to the in contrast tale, 1a—d cannot be resolved efficiently because
more electronically activated oxidoenorféSomplementing our  they react with EtMgClI in the absence of the chiral metal
efforts in the area of transition-metal-catalyzed addition of catalyst. The lack of reactivity dfetoward Grignard reagents
alkylmagnesium halides to cyclic allylic ethérserein we report (without a catalyst), together with the facile uncatalyzed
an efficient, stereoselective, and heteroatom-assisted allylictransformations ofla—d, suggests that the presence of an
substitution reaction that involves addition of Grignard reagents accessible Lewis basic heteroatom is critical to the success of
to unsaturated heterocycles; these processes proceed readily @—C bond formation. Hence, reaction precursor can be
ambient temperature. Together with the Zr-catalyzed kinetic prepared optically pure by the Zr-catalyzed alkylation and
resolution the present technology allows access to a range of subsequently alkylated to afford a range of products with high

optically pure chiral materials.

(1) (a) For an example of a Cu-catalyzed addition of Grignard reagents
to allylic ethers, see: Gendreau, Y.; Normant, JT&trahedronl979 35,
1517-1521. (b) For a Ni-catalyzed example, see: Consiglio, G.; Piccolo,
O.; Roncetti, L.; Morandini, FTetrahedronl 986 42, 2043-2053. (c) For
a directed Ni-catalyzed addition of Grignard reagents to allylic ethers, see:
Didiuk, M. T.; Morken, J. P.; Hoveyda, A. Hl. Am. Chem. Sod 995
117, 7273-7274. (d) For an excellent recent review, see: Consiglio, G.;
Waymouth, R. M.Chem. Re. 1989 89, 257-276.

(2) (a) Eisch, J. J.; Merkley, J. H. Organomet. Chen1969 20, P27
P31. (b) Eisch, J. J.; Merkley, J. H. Am. Chem. S0d.979 101, 1148-
1155. (c) Eisch, J. JJ. Organomet. Chem198Q 200, 101-117 and
references cited therein.

(3) (a) Felkin, H.; Roussi, GTetrahedron Lett1965 4153-4159. (b)
Cherest, M.; Felkin, H.; Frajerman, C.; Lion, C.; Roussi, G.; Swierczewski,
G. Tetrahedron Lett1966 875-879. (c) Felkin, H.; Swierczewski, G.;
Tambute, ATetrahedron Lett1969 707-710. (d) Felkin, H.; Kaeseberg,
C. Tetrahedron Lett197Q 4587-4590.

(4) (a) Richey, H. G.; Von Rein, F. W.. Organomet. Chen1.969 20,
P32-P35. (b) Richey, H. G.; Erickson, W. F.; Heyn, A. Betrahedron
Lett. 1971, 2183-2186. (c) Richey, H. G.; Wilkins, C. W.; Brown, B. S ;
Moore, R. E. Tetrahedron Lett.1976 723-726. (d) Richey, H. G.;
Domalski, M. S.J. Org. Chem1981, 46, 3780-3783.

(5) For a review of heteroatom-assisted reactions, see: Hoveyda, A. H.;

Evans, D. A.; Fu, G. CChem. Re. 1993 93, 1307-1370.

(6) (@) Solomon, M.; Jamison, W. C. L.; McCormick, M.; Liotta, D.;
Cherry, D. A.; Mills, J. E.; Shah, R. D.; Rodgers, J. D.; Maryanoff, C. A.
J. Am. Chem. S0d.988 110 3702-3704. (b) Swiss, K. A,; Liotta, D. C.;
Maryanoff, C. A.J. Am. Chem. S0d99Q 112, 9393-9394. (c) Swiss, K.
A.; Hinkley, W.; Maryanoff, C. A.; Liotta, D. C.Synthesisl992 127—
131

(7) Diastereoselective carbomagnesation: (a) Hoveyda, A. H.; X, Z.
Am. Chem. Sod 991, 113 5079-5080. (b) Houri, A. F.; Didiuk, M. T;
Xu, Z.; Horan, N. R.; Hoveyda, A. HI. Am. Chem. So4993 115 6614~
6624. Enantioselective carbomagnesation: (c) Morken, J. P.; Didiuk, M.
T.; Hoveyda, A. HJ. Am. Chem. S0d993 115 6697-6698. (d) Didiuk,
M. T.; Johannes, C. W.; Morken, J. P.; Hoveyda, A.JHAm. Chem. Soc.
1995 117, 7097-7104. (e) Visser, M. S.; Heron, N. M.; Didiuk, M. T;
Sagal, J. F.; Hoveyda, A. H. Am. Chem. Sod996 118 4291-4298.

(8) (@) Morken, J. P.; Didiuk, M. T.; Visser, M. S.; Hoveyda, A. H.
Am. Chem. S0d.994 116, 3123-3124. (b) Visser, M. S.; Hoveyda, A. H.
Tetrahedron1995 51, 4383-4394. (c) See ref 6e. For a recent review,
see: (d) Hoveyda, A. H.; Morken, J. Rngew. Chem., Int. Ed. Endl996
35, 1262-1284.

S0002-7863(97)00885-8 CCC: $14.00

enantiopurity {e — (9-1le— (9-1la— (9-2).

As illustrated in Table 1 (entries 1 and 2), wheiBuMgCl
or i-BuMgBr are used, products are isolated in excellent yield
and with outstanding levels of optical purity. In connection
with the facility of these olefin alkylations, it is important to
note that the asymmetric Zr-catalyzed alkylations with longer
chain alkylmagnesium halides are more sluggish than those
involving EtMgCI. Furthermore, when catalytic additions do
occur, the corresponding branched products are obtained; that
is, with n-PrMgCl andn-BuMgCl, i-Pr andsecBu addition
products are formed, respectivély. The uncatalyzed allylic
substitution described here thus complements the enantioselec-
tive Zr-catalyzed protocol.

Stereoselective processes depicted in entrie® @& Table 1
illustrate that, in contrast to previous repctts,allylic ethers
are effective promoter groups: the allylic substitution event does
not require the highly Lewis basic resident Mg alkoxide. The
corresponding benzyl (entries—3), 2-methoxyethoxymethyl
(MEM) (entry 6), andp-methoxybenzyl (entry 7) ethers direct
the C-C bond formation without diminution in yield or
stereoselectivity. The remarkable difference in efficiency of
reactions when Grignard reage®&nd9 are used is striking
(entries 4 and 5). Contrary to reactions w&hwith alkylmag-
nesium halide8, under identical reaction conditionss2%
product is obtained. This dramatic rate difference may suggest
that, in the former case, intramolecular M@ chelatiof
preempts association of the metal with the Lewis basic alkoxy
group and/or the €C x cloud, a factor that may be critical to
the success of the olefin alkylation. Reaction outcomes depicted
in entries 8 and 9 of Table 1 illustrate that these stereoselective
transformations are not limited to seven-membered hetero-
cycles1o

(9) Sworin, M.; Neumann, W. LTetrahedron Lett1987 28, 3217
3220.
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Table 1
entry  substrate alkylating agent product ee; yield (%) ©
/\/Me
HG b
1 (S-1a R=H n-BuMgCl (\M >96; 93
OH OH
(54 ye
;/kMe c
2 (S-1b R=Bn  iBuMgBr (\H>\/\ >96; 87
OH (R)-5 OBn
7 pn
HG
3  (S)-1b R=Bn Ph M >96; 88 °
- =Bn v
7 mgar OH 0OBn
6 (S5)-7
0. MgBr
4 (9)-1b R=Bn </7/\/ NO REACTION
© g O'>
MgBr H MO
5 (S)-1b R=Bn CN (\M >96;89 °
e} OH OBn
9 (5)-10
Zph
e b
6  (S)-1c R=MEM M 96; 78
(S) P~ yigar >
6 OH (911 OMEM
N
BrMg
H. : d
7 (S)-1d R=PMB >99; 99
7 OH L__orms
12 (5)-13
Me
H, c
8 | n-BuMgClI "I~ oBn >96; 67
o—
(R-14 ™= ogn OH (R)-15
Me
9 | BuMgC oBn >96;71°

0/
(R)-14 H *—0Bn (S)-16

aConditions: 5 equiv of Grignard reagent, 22, THF, 12-24 h.
b Ratio established by analysis of derive®-MTPA ester, in com-
parison with authentic materials (400 MHZ NMR). ¢ Same a<,
except'H NMR used.? Ratio established by chiral HPLC (Chiralcel
OB/H column), in comparison with authentic materi&lisolated yields
after silica gel chromatography.
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R=MgCl, Bn, PMB, MEM; L=halogen or alky!

Three possible modes of heteroatom association with the
alkylating agent are tentatively depicted in Scheme 2; detailed
understanding of various mechanistic aspects of the heteroatom
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Scheme 3
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oxidoenones, allylic substitutions only proceed when THF is
used as solvents 5% reaction is detected in8. (4) Contrary

to reactions of oxidoenonésdditives such as HMPA or DMPU
(1,3-dimethyl-3,4,5,6-tetrahydro-2)-pyrimidone) are not re-
quired and the nature of the halide group of the Grignard reagent
(RMgBr vs RMgCI) makes little, if any, difference in reaction
efficiency.

The diastereoselective uncatalyzed € bond forming pro-
cess, in conjunction with the Zr-catalyzed kinetic resolufion,
promises to be of notable utility in synthesis; it might be used
to rapidly construct a variety of carbocycles in the enantiomeri-
cally pure form. Various functional groups can be imported as
part of the alkylmagnesium halide, such that subsequent
functionalization procedures lead to a range of useful organic
molecules in the nonracemic form. The examples put forth in
Scheme 3 are illustrative. Addition of an alkene- or alkyne-
bearing Grignard agent (Scheme 13 and 20, respectively),
followed by an appropriate cyclization process leads to the
formation of optically pure carbocycles. Thus, ring-closing
metathesi¥ of 18 leads to the extrusion of the methoxybenzyl
directing group, to afford9in >96% ee and 65% yield after
silica gel chromatography. Similarly, with alkyne-containing
alkylation produc®1l as the starting material, optically pure and
highly functionalized bicyclic enon@2 is formed through a
diastereoselective PauseKhand reaction (78% overall yield
from 20).12

In brief, we report a highly stereoselective heteroatom-assisted
C—C bond forming reaction, where the starting material can
be synthesized through the Zr-catalyzed kinetic resolution
protocol. Allylic substitution products can be obtained in
excellent enantiomeric purity and be subjected to additional
functionalization to afford a number of carbocyclic adducts in
the optically pure form. Studies in connection to the ability of
other alkylmetals and alkene substrates to undergo relatetl C
bond forming reactions, mechanistic details of such processes,
and their applications to the total synthesis of medicinally
important agents are in progress.
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number of related observations are, however, worthy of men-
tion: (1) The presence of an internal Lewis base (on the side

chain) is required for the diastereoselective@bond formation
(minor isomer never detected); silyl ethbe and heterocycles

Supporting Information Available: Experimental procedures and
spectral and analytical data for all reaction products (17 pages). See
any current masthead page for ordering and Internet access instructions.

with 2-alkyl substituents are inert to the reaction conditions. jag708gsN
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favoring the modes of addition represented Ibyand Il in
Scheme 2.
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