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Modern organic chemistry demands new strategies and technolo-
gies to obtain new compounds in a fast, clean, and efficient way.
Among these procedures, sequential reactions (domino or consecu-
tive) offer the opportunity to build up complex molecules, frequently
with high stereoselectivity, from simple and easily available
substrate$.0On the other hand, the importance of eight-membered
rings in organic chemistry is due to its presence in the structural
core of a large number of natural targets with promising biological
activities? As a consequence, the search for new strategies for the
stereoselective construction of this type of rings is clearly a field Scheme 1. Eight-Membered Carbocycles from Alkenyl
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Figure 1. Retrosynthetic analysis.

and intramolecular cyclizations over other methodologies in the
gain of entropy, reactivity, and stereoselectivitps part of a
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program concerned with the development of new methods for the 7 H %45%5 (55°o)/0)
synthesis of medium-size rings mediated by Fischer carbene (CONW 40\: = _O/\_
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complexes, hereln_ we report an easy and enantioselective “one- ii \T\D v, @O v, HO
pot” synthesis of eight-membered carbocycles from alkenyl Fischer 64% > 75% S
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carbene complexes following two different approaches: by the use 9 Ph Ph 1a &, H
of chiral boroxycarbene complexes and achiral enolates, and by L 90%
Ipc= Diisopinocampheylborane ee 55%

the use of methoxycarbene complexes and chiral ketone enolates.
We argued that eight-membered rings such esuld be obtained @ Rte:ge%ts Endo Conggigflsci (i)__CY%O%e_i_(;’ingng,CLngCE2t—30 °C, 15f

from 2 by a selective cyclopropane ring expansion (Figure 1). Due E‘SZ’CH(‘;&MQBE 2o 805 5:3) T:F’ o0°c: (7 |_(|'g)| ac;g‘:"g’y F‘{’T.

to the ability of Fischer carbene complexes to give cyclopropanation

reactions with olefing,we believed that tricyclic compoun@sould

be derived from carbene compl@xobtained from alkenyl carbene

complexest and enolates derived from ketoresn this context,

we have previously reported the racemic synthesis of tricyclic ethers

2;8 however, the chiral version of this reaction using alkenylcarbene

complexest, where the methoxy group was substituted by-3(

8-phenylmenthyloxy group, failed, and open-chain products were

obtained instead of the corresponding cyclic compouhdad/or

alkylating agents to give conventional Fischer carbene complexes.
So, treatment of the reaction crude with excess of methyl triflate
gave rise to the new carbene compin 45% vyield and 40%
eell2Some improvements on the yield and enantioselectivity were
reached by the use of-}-sparteiné&® as cosolvent of the reaction.
Under these conditions, a match situation between both chiral
substrates led to complékin 55% yield and 55% e¥:14 Despite

39 These studies indicated that small alkoxy groupstimere the moderate _er]antios_electivity of the reaction_, it is important _to
necessary to obtain cyclic compounds. Taking into account this remark th_at this is the first exam_ple of an enantlosel_ectlve reaction
limitation, two different approaches could be devised in order to USing a dialkylborane as the chiral auxiliary on a Fischer carbene
obtain the corresponding cyclic compounds in an enantioselective COMPIeX.

way: (i) by the use of a chiral oxy group, easily transformed into
a methoxy group, at the alkenyl Fischer carbene comg)eand
(ii) by the use of a chiral enolate derived from ketdheThus,

To investigate the feasibility of our strategy to obtain eight-
membered carbocycles, we decided to try the remaining steps of
our synthetic plan. Thus, addition of allylmagnesium bromide (2

first, we carried out the sequence of reactions shown in Scheme 1.€quiv) to 8 gave the new cyclic carbene compléx(tungsten

Alkenyl boroxycarbene comple& derived from {)-chlorodiiso-
pinocampheylboran¥,was treated with lithium enolafg derived
from cyclohexanone, from-100 °C to room temperature. The
reaction was followed by IR, indicating total transformation of the
starting alkenyl carbene complékxinto a new acyltungstenate-
type complex. This kind of compounds are known to react with
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complex analogous t8) in 64% yield as a single diastereoisomer.
Warming of this complex in THF at 9€C in a sealed tube led to
the tetracyclic compounga, again, as a single diastereoisomer in
75% yield. Further treatment of this compound with hydrochloric
acid in acetone resulted in the diastereoselective expansion of the
cyclopropane ring to give eight-membered hemiacé&tal(90%
yield, 55% ee for the product obtained from compouhdsing
(—)-sparteine as cosolveri).

10.1021/ja0264551 CCC: $22.00 © 2002 American Chemical Society
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Scheme 2. Enantioselective Synthesis of Eight-Membered
Carbocycles from Chiral Silyl Enol Ethers?
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@ Reagents and conditions: (@Pa BulLi, THF, 0°C, 30 min, therda,
THF, —78 °C; (ii) 3 equiv of CHCHCH,LIi, THF, —78 °C to RT; then
SiOy; (iii) THF, 90 °C; (iv) HCI, acetone, RT.

Scheme 3. One-Pot, Enantioselective Synthesis of
Eight-Membered Carbocycles?
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10 R" n a R 1 yield(%) ee(%)
10a Et 1 4a Ph 1b 76  >98
10a Et 1 4b 4-MeOC¢H, 1c¢ 72  >98
10a Et 1 4c 2-Furyl 1d 82 >898
10a Et 1 4d 2-Thienyl 1e 80  >98
10b Me 1 4c 2-Furyl 1f 78 >98
10c Et 2 4¢c  2-Furyl 19 69  >08

aReagents and conditions: @0, BuLi, THF, 0 °C, 30 min, ther4,
THF, —78 °C; (ii) CH,CHCH,Li, THF, —78 °C to RT; (iii) HsPOy; (iv)
THF, 90°C; (v) HCI, acetone, RT.

At this point, the viability of the method to obtain eight-

membered rings had clearly been demonstrated; however, some

improvements on the enantioselectivity of the process were desir-

able. For this reason, we decided to investigate the reaction between

chiral enolates and alkenyl methoxycarbene complexes. Taking

advantage of some recent and excellent works about the catalytic

enantioselective synthesis of ketones from enéhes carried out
the enantioselective synthesis of silyl enol etth8a1®

Thus, reaction ofl0a (98% ee), easily obtained from 2-cyclo-
hexenone, with butyllithium in THF generated the corresponding
lithium enolate, which reacted with chromium alkenyl carbene
complex4ato give productll as a single diastereoisomer (Scheme
2). Further reaction with allyllithium (3 equiv) diastereoselectively
led to the new cyclic carbene compl8a (>98% ee)t! Warming
a solution of this complex in THF at 9 in a sealed tube gave
tetracyclic compoun@b as a single diastereoisomer48% ee)!
Finally, treatment of cyclopropyl derivativ&b with hydrochloric
acid in acetone afforded eight-membered hemikéteds a single
diastereoisomer>(98% ee)! The structure of compountb was
unequivocally determined by X-ray structure analysis.

Attracted by the possibility of performing the sequence of
reactions described in Scheme 2 following a “one pot” procedure,
we decided to carry out the sequential transformation of silyl enol
etherslOa—c'®into eight-membered hemiacetdls—g without the
isolation of any intermediate, as depicted in Scheme 3. Following
this strategy, compoundkb—g were obtained, each as a single
diastereoisomer in high yield and as an enantiomerically pure

compound. It is important to note that the “one-pot” procedure was
much more efficient (76% yield fatb) than the multistep process
(37% global yield forlb).

In summary, we have developed a new route to the enantiose-
lective synthesis of eight-membered carbocycles from alkenylcar-
bene complexes. For the first time, chiral auxiliaries derived from
dialkylboranes and attached to the carbene complex were used in
an enantioselective reaction. Moreover, the use of chiral ketone
enolates allowed the efficient one-pot synthesis of eight-membered
rings with up to five stereogenic centers in a sequence involving
the coupling of three components in very high ee. Further studies
on this subject are underway in our laboratories and will be
published shortly#17

Acknowledgment. We gratefully acknowledge financial support
from the DGICYT (PB97-1271), FICYT (grant to A.D.) and the
EU (Marie Curie fellowship to F.R.).

Supporting Information Available: Experimental procedures and
characterization data for all new compounds (PDF). This material is
available free of charge via the Internet at htpp://pubs.acs.org.

References

(1) (a) Tietze, L. FChem. Re. 1996 96, 115. (b) Tietze, L. F.; Beifuss, U
Angew. Chem., Int. Ed. Engl993 32, 131.

(2) (a) Schiff, P. B.; Fant, J.; Hortwitz, S. BNature 1979 277, 665. (b)
Naturally Occurring Phorbol Ester€vans, F. J., Ed.; CRC Press: Boca
Raton, FL, 1986. (c) Faulkner, D. J. Nat. Prod. Rep1988 5, 613. (d)
Qishi, T.; Ohtsuka, Y. IrStudies in Natural Products Chemistiahman,

A., Ed.; Elsevier: Amsterdam, 1989; Vol. 3, p 73. (e) Nicolau, K. C.;
Dai, W. M.; Kipling, R. Angew. Chem., Int. Ed. Engl994 33, 15.

(3) (a) Petasis, N. A.; Patane, M. Aetrahedronl992 48, 5757. (b) Mehta,
G.; Singh, V.Chem. Re. 1999 99, 881.

(4) Yet, L. Chem. Re. 200Q 100, 2963.

(5) Nluminati, G.; Mandolini, L.Acc. Chem. Red.981, 14, 95.

(6) For some leading references on the synthesis of seven- and eight-membered

carbocycles and heterocycles, see: (a) Barluenga, J.; Aznar, F.; Palomero,

M. A. Angew. Chem., Int. EQ00Q 39, 4346. (b) Barluenga, J.; Alonso,

J.; Rodfguez, F.; Faanss, F. JAngew. Chem., Int. EQ00Q 39, 2460.

(c) Barluenga, J.; Tohsa M.; Rubio, E.; Lpez-Peledn, J. A.; Garta-

Granda, S.; Rez-Priede, M.J. Am. Chem. Sod999 121, 3065. (d)

Barluenga, J.; Tof®g M.; Ballesteros, A.; SantamariJ.; Lgez-Ortiz,

F.; Carbajo, R. J.; GaratGranda, S.; Pertierra, Ehem. Eur. J1996 2,

180. (e) Barluenga, J.; Aznar, F.; MartA.; Vazquez, J. TJ. Am. Chem.

Soc.1995 117, 9419.

See, for example: (a) 8erberg, B. C.; Hegedus, L. Srganometallics

199Q 9, 3113. (b) Barluenga, J.;’lpez, S.; Trabanco, A. A.; Fetndez-

Acebes, A.; Floez, J.J. Am. Chem. So200Q 122 8145 and references

therein.

(8) Barluenga, J.; Monserrat, J. M.; &z, J.J. Chem. Soc., Chem. Commun.
1993 1068.

(9) Barluenga, J.; Monserrat, J. M.;'Féz, J.; Gara-Granda, S.; Manm, E.
Angew. Chem., Int. Ed. Engl994 33, 1392.

(10) Boroxycarbene complexes are stable compounds only at low temperature,
although they react on warming to room temperature through an
intramolecular C-H insertion reaction. See: (a) Barluenga, J.; Ryukr,

F.; Vadecard, J.; Bendix, M.; Fana, F. J.J. Am. Chem. Soc996
118 6090. (b) Barluenga, J.; Rdduez, F.; Vadecard, J.; Bendix, M.;
Faranss, F. J.; Lpez-Ortiz, F.; Rodguez, M. A.J. Am. Chem. So¢999
121, 8776.

(11) The ee was determined by HPLC analysis on a chiral support.

(12) The absolute configuration 8fwas not determined yet.

(13) Hoppe, D.; Hense, TAngew. Chem., Int. Ed. Endl997, 36, 2282.

(14) The influence of different chiral boroxycarbene complexes and chiral
cosolvents on the yield and enantioselective outcome of the reaction will
be published in a full paper shortly.

(15) (a) Feringa, B. LAcc. Chem. Re200Q 33, 346. (b) Degrado, S. J.;
Mizutani, H.; Hoveyda, A. HJ. Am. Chem. So2001, 123 755. (c) Reetz,

M.; Gosberg, A.; Moulin, D.Tetrahedron Lett2002 43, 1189.

(16) Silylenol ethersl0 were obtained following the procedure described by
Feringa: Feringa, B. L.; Pineschi, M.; Arnold, L. A.; Imbos, R.; de Vries,
A. H. M. Angew. Chem., Int. Ed. Engl997, 36, 2620.

(17) Detailed data concerning the X-ray structure elucidation will be given
separately.

JA0264551

~
~

J. AM. CHEM. SOC. = VOL. 124, NO. 31, 2002 9057



