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ABSTRACT
R R SO
R4 Br _, 1.2'BuLi/toluene, -78°C ¢ ~,
R’ 2. (-)-sparteine, -78 to 20°C
RS o) 3.H0 R® OH

d.e.>80%
e.e.up to 81%

Different allyl 2-lithioaryl ethers undergo a tandem carbolithiation/y-elimination in Et,O/TMEDA affording o-cyclopropyl phenol or naphthol
derivatives in a diastereoselective manner. The use of (—)-sparteine as a chiral ligand instead of TMEDA allows the synthesis of cyclopropane
derivatives with up 81% ee.

The intramolecular carbolithiation of carbenarbon double  vyield via a tandem carbolithiatiopfelimination sequenceé.
bonds is an interesting route to functionalized carbocyclic The moderate yield of the reaction is attributed to a
and heterocycliesystems that has been developed in the pastcompetitive & cleavage of the allyl moiety by the excess
years and widely used in organic synthesis. In this context, of t-BuLi used in the halogen—lithium exchangélhis
aryllithiums .have been deS(_:ribed .to carbometalate double (2) See. for instance: (a) Broka, C. A Lee, W. J.: Shen)Torg.
bonds allowing the preparation of indahesenzofurane$,  chem.1988,53, 1336—1338. (b) Broka, C. A.; Shen, J. Am. Chem.

indolines? and isoquinoline&.In 1996, Bailey et al. reported ~ S0¢.1989,111, 2081-2984. (c) Lautens, M.; Kumanovic JSAm. Chem.

he behavi f0-(2- h llithi in th S0c.1995,117, 1954—1964. (d) Coldham, I.; Hufton, R.; Snowden, D. J.
the behavior of 2-(2-propenoxy)phenyllithium in the presence j am. Chem. Sod996, 118, 5322—5323. (e) Coldham, I.; Hufton, R.
of TMEDA to afford 2-cyclopropylphenol in 40% isolated Tetrahedron1996,52, 12541—12552. (f) Coldham, I.; Fernandez, J.-C.;
Snowden, D. JTetrahedron Lett1999,40, 1819—1822. (g) Coldham, |.;
Fernandez, J.-C.; Price, K. N.; Snowden, DJJOrg. Chem2000, 65,

T Universidad de Oviedo. 3788-3795. (h) Coldham, I.; Vennall, G. Ehem. Commur200Q 1569
* Universidad de Burgos. 1570. (i) Ashweek, N. J.; Coldham, I.; Snowden, D. J.; Venall, GCliem.
(1) See, for instance: (a) Bailey, W. F.; Patricia, J. J.; DelGobbo, V. C.; Eur. J.2002,8, 195—207. (j) For a review, see: Mealy, M. J.; Bailey, W.
Jarret, R. M.; Okarma, P. J. Org. Chem1985 50, 1999-2000. (b) Bailey, F.J. Organomet. Chen2002,646, 59-67.
W. F.; Nurmi, T. T.; Patricia, J. J.; Wang, W. Am. Chem. Sod987, (3) Ross, G. A.; Koppang, M. D.; Bartak, D. E.; Woolsey, NJFAm.
109, 2442—-2448. (c) Chamberlin, A. R.; Bloom, S. H.; Cervini, L. A.; Chem. Soc1985,107, 6742—6743.
Fotsch, C. HJ. Am. Chem. Sod 988,110, 4788—4796. (d) Krief, A,; (4) Nishiyama, H.; Sakata, N.; Sugimoto, H.; Motoyama, Y.; Wakita,
Remacle, B.; Mercier, JSynlett2000, 1443—1446 and references cited H.; Nagase, HSynlett1998, 930—932.
therein. (e) Wei, X.; Taylor, R. JAngew. Chem., Int. EQ000,39, 409— (5) (@) Zhang, D.; Liebeskind, L. Sl. Org. Chem.1996, 61, 2594—

412. For areview, see: Bailey, W. F.; Ovaska, T. VAances in Detailed 2595. (b) Bailey, W. F.; Jiang, X.-L1. Org. Chem1996,61, 2596—2597.
Reaction Mechanisms; Coxon, J. M., Ed.; JAl Press: Greenwich, CT, 1994; (6) Pedrosa, R.; Andrés, C.; Iglesias, J. M.; Pérez-Encabd, Am.
Vol. 3, pp 25+-273. Chem. Soc2001,123, 1817—1821.
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limitation could be the reason no more examples have beer{j N NG

reported and this reaction sequence has not been generalized: ) 1. Cyclopropyl Derivatives from Ethersl

Moreover, studies carried out by HoppéJormant and
Marek?® Bailey,'* and GrotA? have demonstrated that it is
possible to carry out enantiofacially selective cycloisomer-

ization of an achiral olefinic organolithium by simply
conducting the carbolithiation in the presence of a bidentate
chiral ligand like (-)-sparteine. On the other hand, cyclo-

propanes have attracted considerable interest in recent years,

and although highly selective methods for the synthesis of
optically active cyclopropanes have been recently developed,

new approaches to enantioenriched cyclopropane derivatives

are still desirablé3® In connection with our interest in
carbolithiation reaction¥, we decided to investigate the
reactivity ofo-lithioaryl ethers and have recently reported a
novel tandem anion translocation—Wittig rearrangement of
these organolithiums in THP. Herein we describe the
stereoselective transformation of altylithioaryl ethers into
cyclopropane derivatives in noncoordinative solvents in the
presence of chelating diamines.

Treatment of allylo-bromoaryl etherd with t-BulLi (2

starting dr2 yield
ether R? RZ R® R* R® product (trans:cis) (%)°
la H H H H H 3a 61¢
1b Me H H H H 3b 81
1c H T™MS H H H 3c 90:10 76
1d H TMS H Me H 3d 95:5 754
le H T™MS H ClI H 3e 95:5 81
1f H TMS H Br H 3f 89:11 68
1g H ™S H F H 39 93:7 644
1h H ™S H H F 3h 90:10 70
1i H T™MS H OMe H 3i 84:16 73
1j Allyl TMS H H H  3j 2872 74
ik H H (CH); H 3k 71e
1l Me H (CH); H 3l 73f
im H TMS (CHs H  3m 97:3 82

apDetermined by GC, NMR, and/or HPL& Isolated yield based on the
starting ethetl. ¢ Hydrolyzed compound corresponding4e (~6%) was
also observed! When the reactions were carried out in hexane/TMEDA,
the yields increased up to 85%Hydrolyzed compound corresponding to
4k (11%) was also isolated Alcohol 51 (17%) was also isolated.

equiv) in diethyl ether at-78 °C led to the organolithium
compound2, which are stable in these reaction conditions
and can be characterized through the corresponding deuter
ated derivatives. Addition of TMEDA (2.2 equiv) to the
ethereal solution of intermediat@sat —78 °C followed by
warming to room temperature afforded, after hydrolysis, the
cyclopropane derivative8 in good yields. NMR spectro-
scopic data revealed the formation of the trans diastereo-
isomer as the main product (Scheme 1 and Table 1).

Scheme %
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aReagents and conditions: (@BuLi (2 equiv), EO, —78°C;
(b) TMEDA (2.2 equiv), from—78 °C to rt; (c) HO.

A proposal that accounts for the formation of produgts
is outlined in Scheme 1 and involves an intramoleculax6-
carbolithiation in the organolithium compoundsfavored
probably by the coordination of the=€C to the lithium atom,
to give the benzofuran derivativds They rapidly undergo

(7) Bailey, W. F.; Punzalan, E. Rietrahedron Lett1996,37, 5435—
5436.

(8) In this context these authors have later reported the facile O-
deallylation of allyl ethers via &' reaction witht-BuLi: Bailey, W. F.;
England, M. D.; Mealy, M. J.; Thongsornkleeb, C.; Teng,Qrg. Lett.
2000,2, 489—491.
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a 1,3-elimination procedsaffording, after hydrolysis, the
cyclopropane derivatives The formation of the hydrolyzed
products derived from intermediatéa and4k supports this
proposal. Moreover, formation of cyclopropane derivatives
3 is only observed when the starting materiatontains a
terminal alkene (R= H) or an allyl moiety bearing a group
that can stabilize a negative charge? (R TMS).” The
important role played by the solvent is also remarkable.
While the reaction carried out in THF mainly afforded anion
translocatiort? the less lithiophilic character of diethyl ether
allows the coordination of the carbon—carbon double bond
to the lithium atom favoring the carbolithiation st&Even

so, naphthyl ethetl afforded a 4:1 mixture of the expected

(9) Review: Hoppe, D.; Hense, Angew. Chem., Int. Ed. Endl997,
36, 2282—2316.

(10) Norsikian, S.; Marek, I.; Klein, S.; Poisson, J. F.; Normant, J. F.
Chem. Eur. J1999,5, 2055—2068. For a review see: Marek]Jl.Chem.
Soc., Perkin Trans. 1999, 535—544.

(11) Bailey, W. F.; Mealy, M. JJ. Am. Chem. So2000,122, 6787—
6788.

(12) sanz Gil, G.; Groth, U. MJ. Am. Chem. SoQ000,122, 6789—
6790.

(13) (a) Reissig, H.-U. Iistereoseleate Synthesis of Organic Compouhds
Methods of Organic Chemistry (Houben-Weyl), 4th ed.; Helmchen, G.,
Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.; Thieme: Stuttgart, 1995;
Vol. E21c, pp 3179-3270. (b) Reissig, H.-UAngew. Chem., Int. Ed. Engl.
1996, 35, 971—-973. (c) Charette, A. B.; Lebel, Brg. Synth.1998,76,
86—100 and references therein.

(14) (a) Barluenga, J.; Sanz, R.; Fafigna. J.Tetrahedron Lett1997,

38, 2763—2766. (b) Barluenga, J.; Sanz, R.; Granados, A.; Fafiend.

J. Am. Chem. S0d.998,120, 4865—4866. (c) Fafianas, F. J.; Granados,
A.; Sanz, R.; Ignacio, J. M.; Barluenga,Ghem. Eur. J2001,7, 2896—
2907.

(15) Barluenga, J.; Fafianas, F. J.; Sanz, R.; Marcos, C.; Trabada, M.
Org. Lett.2002,4, 1587—1590.

(16) (a) Pactow, M.; Kotthaus, M.; Grehl, M.; Frohlich, R.; Hoppe, D.
Synlett1994, 1034—1036. (b) Stiasny, H. C.; Béhm, V. P. W.; Hoffmann,
R. W.Chem. Ber./Recltl997,130, 341—346. (c) Norsikian, S.; Marek, |.;
Poisson, J.-F.; Normant, J. F. Org. Chem1997,62, 4898—4899.

(17) It is known that a major limitation of the carbolithiation reactions
is the failure of 1,2-disubstituted olefinic systems: Bailey, W. F.; Gavaskar,
K. V. Tetrahedron1994,50, 5957—5970.

(18) Bailey, W. F.; Khanolkar, A. D.; Gavaskar, K.; Ovaska, T. V.; Rossi,
D.; Thiel, Y.; Wiberg, K. B.J. Am. Chem. S0d.991,113, 5720—5727.
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cyclopropane3l and rearranged alcohdll. Its formation
could be understood by a tandem anion translocatibfitig
rearrangement through the organolithiénScheme 2}°

Scheme 2
OH
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1. TMEDA, -78 to 20°C
2.H0

sepn
— o
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Moreover, the formation of th&-isomer of3j as the major
product from organolithium compourgj presumably could
be due to steric hindrance between the allyl or aryl groups
and the silyl moiety as idj andept4j, in this case favoring
to the former (Scheme 4).

Scheme 4

\ ’H \Sil\:le3

It is also interesting to note the high diastereoselectivity

found in the transformation of organolithium compourids
(R?> = TMS), being the correspondingans-1-aryl-2-tri-
methylsilylcyclopropane derivative3 the major products.

Encouraged by the good yields and diastereoselectivities
obtained with trimethylsilyl-substituted ethetsand taking
into account the possibility of carrying out this reaction in
an enantioselective mann@ri?we next turned our attention

In addition, we have observed that the results are the sameg this task. Our first experiment was performed with ether

independently of the configuration of the allylic double bond.
So, both organolithium compounds (E)-2ed (Z)-2ded to
the samdrans-1,2-disubstituted cyclopropaBe. Also, the
corresponding naphthyl organolithiums){2m and (Z)-2m
led to the samdrans-cyclopropanem. From the stereo-

1c: after the addition of 2 equiv dfBuLi to an ethereal
solution of 1c at —78 °C, 2.2 equiv of dry {-)-sparteine
were added at low temperature and the resulting mixture was
allowed to warm to 20°C prior to quenching with water.
The expected cyclopropane derivati8e was obtained in

chemical standpoint these results can be interpreted byggos yield but with only 20% ee (Table 2, entry 1). In an

accepting that organolithium compoundy-2c,mand (2)-
2c,m undergo a 5-exo-trigcarbolithiation through asyn
addition affording intermediatefc,m andepi4c,m respec-
tively. A rapid epimerizatiot? of organolithium intermediates
4c,mto epi-4c,mprior to the 1,3-elimination and assuming
that the ring closure takes place with retention of the
configuration of the metallic carbon would favor the forma-
tion of thetrans-3c,minstead ofcis-3¢c,m(Scheme 3). The
steric hindrance between the SiMand aryl groups in the
fixed conformation needed for the elimination also favors
the epimerization stefy.

Scheme 3
Li Li
7 O SMe; = O\/\
S o SiMes
(E)-2c,m (2)-2c,m
~_ MesSi H ~ H SiMe;
AR VIS S T ST
¢ § g
(0]
4c,m epi-4c,m
ST SiM
Y -~ iMe
L: 3 SiMe; 0y HoS H3
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Table 2. Influence of the Solvent and Temperature in the
Asymmetric Cyclization oRc to 3c Using (—)-Sparteine

ee yield

entry  solvent conditions (%) (%)°
1 Et,O —78t0 20 °C 20 80

2 Et,O —20 °C (15 h), then to 20 °C 34 55

3 Et,O —30 °C (15 h), then to 20 °C 39 42

4 toluene  —781t0 20 °C 73 70

5 toluene  —20°C (15 h) 78 38

6 toluene  —20 °C (15 h), then to 20 °C 78 52

7 hexane  —78to20°C 77 84

a2The ee values were assayed by HPLC using mixtures of hexane/2-
propanol.” Isolated yield based on the starting ethier

attempt to improve the enantioselectivity of the process we
performed the reaction at lower temperatures. TBasyas
formed in 34% ee when the reaction was carried out 2@

°C and 39% ee at-30 °C (Table 2, entries 2 and 3).
Although a slight increase in the ee was obtained, the yields
were lower and variable amounts of the corresponding

(19) (a) Woltering, M. J.; Frohlich, R.; Hoppe, Bngew. Chem., Int.
Ed. Engl.1997,36, 1764-1766. (b) Hoppe, D.; Woltering, M. J.; Oestreich,
M.; Fréhlich, R.Helv. Chim. Actal999,82, 1860—1877. (c) Kleinfeld, S.
H.; Wegelius, E.; Hoppe, DHelv. Chim. Actal999,82, 2413—2424. (d)
Majumdar, S.; de Meijere, A.; Marek, Synlett2002, 423—426.

(20) Results in which the carbolithiation reaction is stereospecific in the
formation of the new carbon—carbon bond and nonstereospecific in the
formation of the new carborlithium bond have been reported. (a)
Hoffmann, R. W.; Koberstein, R.; Remacle, B.; Krief, Bhem. Commun.
1997 2189-2190. (b) Hoffmann, R. W.; Koberstein, R.; HarmsXChem.
Soc., Perkin Trans. 2999, 183—191.
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hydrolyzed products derived froric and 4c were also
generated. The effect of the solvent on the enantioselectivity 15je 3. Asymmetric Transformation of into Cyclopropane
was also studied. Thus, the use of toluene as a solvent lederivatives3 Using (—)-Sparteine

to a considerable increase in the ee (73%) (Table 2, entry

4). To rigorously check the effect of the temperature on the ™S JIMS
enantioselectivity, we first determined the temperature at R Bf§\ 1.2 Buli/ solvent, -78°C__ g
which the carbolithiation step took place (abot20 °C). 51:[ ::: F({)gparteme’ T80 20°C .
When the reaction was carried out at this temperature, the ® © ks R o
ee slightly increases up to 78% (Table 2, entries 5 and 6). If starting ce yield
the react_ion is nc_>t Warme_d to room temperatur(_a l:_)efo_re the entry ether solvent product  (%)° (%)
hydrolysis, the yield of3c is lower, as the 1,3-elimination
has not completely occurred (Table 2, entry 5). However, if ; ig L‘:;::: 23 ;81 31
the mixture is allow_ed to reach room temperature (Table_z, 3 1e toluene 36 77 74
entry 6) the ee obtained was the same but the chemical yield 4 1le hexane 3e 76 80
improved up to 52%. In both cases, variable amounts of the 5 1g toluene 3g 81 69
hydrolysis product derived frodic are observed. These facts 6 1g hexane 3g 79 76
seem to indicate that longer times at lower temperatur2 ( 7 1h toluene 3h 56 58
°C) lead to the formation of the hydrolysis product derived 8 1h hexane 3h 60 57
9 1i hexane 3i 64 78

from 4c by abstraction of a proton from the reaction media.
Finally, when hexane was used as a solvent, the yield was 2The ee values were assayed by HPLC using mixtures of hexane/2-

; : : ; ; propanol. The absolute configuration of the major enantiomers was not
tsfl1lghetley wgzzrlr:?”aa? szislewgegnc’)[?;a;r)]ed in toluene, whereas determined® Isolated yield based on the starting ethgrs

To test the enantioselectivity of this process on other
substrates, we performed the reaction with substituted starting |n summary, we have described an intramolecular carbo-
ethersld—i. The experiments were carried out in toluene or |ithiation of o-lithioaryl ethers that affords cyclopropane
hexane as solvents at temperatures ranging betw#8rand  derivatives in a diastereoselective manner. When the reaction
20 °C and using {)-sparteine as a chiral ligand (see Table was carried out in the presence ef){sparteine, moderate
3). Moderate to good and consistent enantioselectivities wereto good enantioselectivities were obtained, expanding the use
observed for all the substrates. However, lower enantio- of this chiral ligand in cyclizations of achiral olefinic
selectivities were obtained from the 5-F- and the 4-MeO- organolithiums.
substituted ethersh and1i (Table 3, entries #9). Although
we do not have an explanation for this fact, it seems that Acknowledgment. Financial support from Ministerio de
the distribution of the electronic density on the aromatic ring Ciencia y Tecnologia (PB97-1271 and BQU2001-1079) and
plays a role on the selectivity of the process. On the other Junta de Castilla y Leon (BU-24/02) is gratefully acknowl-
hand, chemical yields are again slightly better in hexane andedged. C. Marcos thanks the Universidad de Burgos and
the lower yields obtained with ethéh could be attributed  Junta de Castilla y Leon for a fellowship. SCAI (Universidad
to a competitive metalation of the 6-position adjacent to the de Burgos) is also acknowledged.
oxygen and fluorine atoms.

Disappointingly, when we tried to extend this sequence ~ Supporting Information Available: Experimental pro-
to the naphthyl ethetm, we found that, in the same reaction cedures and characterization data for all new compounds.
conditions, the expected cyclopropane derivatve was This material is available free of charge via Internet at
isolated in 70% vield but the ee was less than 5% in diethyl http://pubs.acs.org
ether. Only a modest 14% ee could be obtained when the
carbolithiation reaction was carried out in toluene. 0L026078X
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