3190 J. Org. Chem. 1982, 47, 3190-3192

of complex organic compounds.

The following procedure for the conversion of 2-
methylcyclohexanone to 2-methyl-6-nerylcyclohexanone
is representative. Bis(trimethylsilyl)amine (3.87 g, 24
mmol) is added to a suspension of KH* (0.88 g, 22 mmol)
in dry THF (15 mL) at 25 °C. After the evolution of
hydrogen is complete (<30 min}, the reaction mixture is
cooled to —78 °C, and 2-methylcyclohexanone (2.24 g, 20
mmol) in 10 mL of THF is added dropwise, followed by
addition of 27 mL (27 mmol) of a 1 M solution of tri-
ethylborane in THF. After the resultant mixture is
warmed to 25 °C, it is added to a mixture of neryl acetate
(3.92 g, 20 mmol), Pd(PPhy),!® (1.15 g, 1 mmol), and 10
mL of THF. The reaction mixture is stirred for 24 h and
is treated with 10 mL each of 3 M NaOH and 30% H,0,
for 1 h at 0 °C to oxidize triethylborane. The organic layer
is separated, and the aqueous layer is extracted with ether.
The combined organic layer is sequentially treated with
3 N HCl, aqueous NaHCOj,, and water, dried over MgSO,,
concentrated, and passed through a short Florisil (100-200
mesh) column (10% ether-hexane) to remove any palla-
dium-containing compounds.’* After evaporation of the
solvents, distillation gives 3.62 g (73% yield) of 13: bp
145-149 °C (0.5 mm); IR (neat) 1710 (s) cm™; 'H NMR
(CDClg, Me,Si) 6 0.95-1.15 (m with peaks at 0.95, 1.03 and
1.10, 3 H), 1.5-2.5 (m with peaks at 1.61 and 1.68, 23 H),
4,.9-5.2 (m, 2 H). The H NMR spectrum of 13 taken at
470 MHz shows two sets of doublets for the cis- and
trans-2,6 isomers at 1.05 and 0.99 ppm (J = 6.6 Hz) along
with a partially resolved singlet at 1.03 ppm for the re-
gioisomer. This and the 3C NMR spectrum of 13 indicate
that the regioselectivity of the reaction is ca. 95%.

Finally, we briefly examined the possibility of using
other countercations by reacting various metal cyclo-
hexenolates with geranyl acetate in THF at room tem-
perature in the presence of 5 mol % of Pd(PPh;),. Al-
though the metal enolates containing Li,1%1115 Me,Si,!* and
ClZr (n5-C5H;), did not produce any detectable amount of
6 in 24 h, those obtained by treating lithium cyclo-
hexenolate with MgCl,, ZnCl,, and AlEt; gave 6 in 15%,
70%, and 656% yields, respectively. Efforts are being made
to clarify the relative merits and demerits of these enolates
as well as of potassium enoxyborates.
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(13) The Pd catalyst was prepared according to the literature proce-
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(14) This short-path column chromatography has been used in our
laboratories as a precautionary measure. In this case, its need has not
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Alkoxide-Accelerated Sigmatropic Rearrangements.
A Novel Entry to the Bicyclo[5.3.1]Jundec-7-ene
System of the Taxane Diterpenes

Summary: An anionic oxy-Cope rearrangement serves as
the key step in a novel route to the bicyclo[5.3.1]Jundec-
7-ene ring system, which is an important structural element
of the taxane diterpenes.

Sir: One of the principal challenges in designing a syn-
thetic approach to the taxane class of diterpenes,' which
includes taxusin (1),? is the development of a general and
efficient technique for the construction of suitably sub-
stituted bicyclo[5.3.1Jundec-7-enes such as 2.2 It occurred
to us that one eminently attractive entry to the bicyclo-
{5.3.1Jundecene 2 would involve the skeletal reorganization
of the bicyclo[2.2.2]octane 3 via an anionic oxy-Cope re-
arrangement, a reaction which was originally investigated
by Evans*® and subsequently exploited in numerous
synthetic applications.48” We herein report that this
expectation has now been realized in practice (Scheme I).

In order to test the feasibility of employing an anionic
oxy-Cope rearrangement for the construction of bicyclo-
[56.3.1]Jundec-7-enes, it was necessary to prepare simple

(1) For a leading reference, see Miller, R. W. J. Nat. Prod. 1980, 43,
425-437.

(2) Della Casa de Marcano, D. P.; Halsall, T. G. J. Chem. Soc., Chem.
Commun. 1969, 1282-1283.

(3) For approaches to substituted bicyclo[5.3.1]Jundecenes, see: (a)
Prelog, V.; Barman, P.; Zimmerman, M. Helv. Chim. Acta 1949, 32,
1284~1296. (b) Marshall, J. A.; Scanio, C. J. V. J. Org. Chem. 1965, 30,
3019-3023. (c) Warnhoff, E. W.; Wong, C. M.; Tai, W. T. Ibid. 1967, 32,
2664-2669. (d) Buchanan, G. L.; Jamieson, G. Tetrahedron 1972, 28,
1129-1135. (e) Dauben, W. G.; Ipaktschi, J. J. Am. Chem. Soc. 1973, 95,
5088-5089. (f) Roth, W. R.; Erker, G. Angew. Chem., Int. Ed. Engl. 1973,
12, 503-504. (g) Masamune, S.; Brooks, D. W. Tetrahedron Lett. 1977,
3239-3240. (h) Shea, K. J. Tetrahedron 1980, 36, 1683-1715. (i) Kahn,
M. Tetrahedron Lett. 1980, 21, 4547-4548, (j) Levine, S. G.; McDaniel,
R. L., Jr. J. Org. Chem. 1981, 46, 2199-2200. (k) Trost, B. M,; Hiemstra,
H. J. Am. Chem. Soc. 1982, 104, 886-887.

(4) Evans, D. A,; Golob, A. M. J. Am. Chem. Soc. 1975, 97, 4765—-4766.

(5) (a) Evans, D. A,; Baillargeon, D. J. Tetrahedron Lett. 1978,
3315-3318, 3318-3322. (b) Steigerwald, M. L.; Goddard, W. A., III; Evans,
D. A. J. Am. Chem. Soc. 1979, 101, 1994-1997.

(6) (a) Evans, D. A.; Baillargeon, D. J.; Nelson, J. V. J. Am. Chem. Soc.
1978, 100, 2242-2244. (b) Evans, D. A.; Golob, A. M.; Mandel, N. S;
Mandel, G. 8. J. Am. Chem. Soc. 1978, 100, 8170-8174.

(7) (a) Seebach, D.; Geiss, K.-H.; Pohmakotr, M. Angew. Chem., Int.
Ed. Engl. 1976, 15, 437. (b) Still, W. C. J. Am. Chem. Soc. 1977, 99,
4186-4187; 1979, 101, 2493-2495. (c) Kozikowski, A. P.; Schmiesing, R.
J. J. Chem. Soc., Chem. Commun. 1979, 106-108. (d) Jung, M. E;
Hudspeth, J. P. J. Am. Chem. Soc. 1980, 102, 2463-2464. (e) Koreeda,
M.; Tanaka, Y.; Schwartz, A. J. Org. Chem. 1980, 45, 1172-1174. (f)
Paquette, L. A.; Crouse, G. D.; Sharman, A. K. J. Am. Chem. Soc. 1980,
102, 3972-3974. (g) Tice, C. M.; Heathcock, C. H. J. Org. Chem. 1981,
46, 9-13. (h) Crouse, G. D.; Paquette, L. A. J. Org. Chem. 1981, 46,
4272-4274; J. Am. Chem. Soc. 1981, 103, 6235-6236. (i) Schreiber, S. L.;
Santini, C. Tetrahedron Lett. 1981, 22, 4651-4654. (j) Wender, P. A.;
Sieburth, 8. M.; Petraitis, J. J.; Singh, S. K. Tetrahedron 1981, 37,
3967-3975. (k) Geetha, P.; Hugq, C. A. M. A,; Rajagopalan, K.; Swamin-
athan, S. Tetrahedron Lett. 1982, 23, 569-570.
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bicyclic dienols related to 3, and initial model studies were
directed toward the synthesis of the bicyclo[2.2.2]octa-
dienol 10a. Thus, reaction of the readily available dione
48 with methylenetriphenylphosphorane (1.1 equiv, —78 —
25 °C) under salt-free conditions® afforded the enone 5 in
80% yield.!® The addition of vinylmagnesium bromide
to 5 (THF, ~35 — 25 °C, 1 h) proceeded smoothly to give
a 1.6:1 mixture of the diastereomeric alcohols 10a and 11a
(81%), which were readily separated by HPLC.!! Several
attempts to improve the yield of 10a by changing the
reaction conditions or altering the organometallic reagent
were of no avail. Indeed, reaction of 5 with CH,~CHLi,
(CH;~CH);CuLi,, and (CH;=CH),CuCNLi, provided 11a
as the major product. When 10a was deprotonated with
potassium hydride (THF, 25 °C, 10 h), it underwent a
remarkably facile anionic oxy-Cope rearrangement to give
the desired bicyclo[5.3.1]Jundec-7-en-3-one (12a) in 83%
yield. The rearrangement proceeded more rapidly in the
presence of 18-crown-6 (1 equiv) or by using hexa-
methylphosphoramide as a cosolvent, but the yields were
slightly lower (75-80%). In accordance with previous
observations,*®® it was not surprising that the epimeric
alcohol 11a was recovered unchanged when subjected to
the same conditions. The structure of the rearranged
product 12a was easily confirmed by its conversion to the
fully saturated hydrocarbon 13 via a straightforward se-
quence of reactions [(1) H, (1 atm)/(5%) Pd—C/EtOH; (2)
HSCH,CH,SH/BF4-Et,0; (3) Raney nickel (W-2)/
EtOH/A]. The symmetry of 13 was apparent upon ex-
amination of its proton-decoupled ¥C NMR spectrum,
which exhibited the expected seven lines.!?

Having thus ascertained that 10a underwent a facile,
alkoxide-accelerated [3,3] sigmatropic rearrangement to
give 12a, we then turned to an examination of the skeletal
reorganization of the more highly substituted dienols
10b—f, which were readily prepared from the dione 4 via
the keto olefins 6, 8, and 9.1:12 For example, upon de-

(8) Gerlach, H.; Milller, W. Angew. Chem., Int. Ed. Engl. 1972, 11,
1030-1031.

(9) (a) Bestmann, H. J.; Stransky, W.; Vostrowsky, 0. Chem. Ber.
1976, 109, 1694-1700. (b) Sreekumar, C.; Darst, K. P.; Still, W. C. J. Org.
Chem. 1980, 45, 4260-4262.

(10) The structure assigned to each compound was in accord with its
spectral (\H, 13C NMR, IR, mass) characteristics. Analytical samples of
all new compounds were obtained by chromatography (HPLC) and gave
satisfactory combustion analysis (C, H) and/or parent ion identification
by high-resolution mass spectrometry. All yields are based upon isolated
materials which were >95% pure.

(11) The stereochemical assignments of the diastereomers 10a~f and
11a-f rest primarily upon which isomer undergoes [3,3] sigmatropic re-
arrangement. This assignment is supported by the observation that the
vinyl protons at the terminus of the allylic alcohol moiety of 10a—f appear
at higher field (0.1-0.2 ppm) than the corresponding protons of 11a-f,
presumably as a consequence of diamagnetic shielding of these protons
by the exocyclic double bond.

(12) 13C NMR (CDCl,) & 32.8, 31.7, 31.6, 31.3, 28.2, 25.5, 16.0.
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protonation with potassium hydride at room temperature
in tetrahydrofuran, each of the dienols 10b-d were
smoothly transformed into the corresponding bicyclo-
[5.3.1Jundec-7-en-3-ones 12b—d in 70-85% yields.® It may
be noted that compound 12¢ possesses the basic tricyclic
framework that is characteristic of the taxane diterpenes.
Although the potassium salts derived from an inseparable
mixture (3:1) of the geometric isomers 10e and 10f failed
to undergo rearrangement at room temperature, rear-
rangement of these salts did occur upon heating in re-

(13) The dienols 10b—f were prepared by standard reactions. Thus,
addition of 2-propenylmagnesium bromide to § (THF, -35 — 25 °C, 1 h)
afforded a mixture (1:1.2; 80%) of the epimeric alcohols 10b and 11b,
whereas the reaction of 5 with 1-cyclohexenyllithium (THF, 0 °C, 1 h)
produced a mixture (1:2; 72%) of 10c and 1lc. Olefination of 4 with
ethylidenetriphenylphosphorane under salt-free conditions? gave a mix-
ture (>15:1; 58%) of the isomeric keto olefins 6 and 7.1 When this
mixture was treated with vinylmagnesium bromide, the dienols 10d and
11d (1.7:1; 73%) were obtained as the only isolable products. Treatment
of the dione 4 with (methoxymethylene)triphenylphosphorane under
salt-free conditions® produced an inseparable mixture (3:1; 55%) of
methoxymethylene ketones, whose structures have been tentatively as-
signed as 8 and 9, respectively. Subsequent addition of vinyl magnesium
bromide to this mixture of 8 and 9 provided the epimeric viny! carbinols
10e,f and 11e,f (1:1.2; 68%), each as an inseparable pair (3:1) of geometric
isomers. The dienols 10b-f were readily separated from the diastereo-
meric alcohols 11b—f by preparative HPLC.

(14) The stereochemistry about the carbon-carbon double bond of the
major geometric isomer 6 was assigned as Z on the basis of a comparison
of the 123C NMR spectra of 4 and 6 in which all the carbons except the
bridgehead carbon at C(1) appear at approximately the same chemical
shift. In 6 the C(1) resonance is 6.4 ppm upfield from the corresponding
resonance in 4 as a result of the syn relationship of the vinyl methyl with
the bridgehead carbon.!®

(15) Stothers, J. B. In “Carbon-13 NMR Spectroscopy”; Academic
Press: New York, 1972; p 80.

(16) Compound 12b was obtained as a 1.5:1 mixture of methyl ketones
epimeric at C(4). On the other hand, 12¢ was produced as a single
su_bst;nce, but the relative stereochemistry at C(4) has not been deter-
mined.
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fluxing glyme (10 h) to provide a mixture (3:1) of 12e and
12f (72%). Once again, the diastereomeric alcohols 11b—f
exhibited no tendency toward either an anionic [3,3] or
[1,3]'7 rearrangement under the conditions identical with
those required for the transformation of 10b—f — 12b-f.

Thus, we have unveiled a useful variant of the anionic
oxy-Cope rearrangement which allows ready access to the
bicyclo[5.3.1]undec-7-ene ring system. The application of
this process to the total synthesis of the taxane diterpenes
via intermediates related to 2 and 3 is the subject of
present investigations and will be reported in due course.
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A New Route to Biphenylene via “Vollhardt
Cyclization” from
o-Bis[(trimethylsilyl)ethynyl]benzene

Summary: Reaction of o-bis[(trimethylsilyl)ethynyl)]-
benzene with cyclopentadienyldicarbonylcobalt as catalyst
and reagent is described, yielding biphenylene derivatives
and cobalt complexes bearing novel organic ligands, re-
spectively.

Sir: In the last decade, cobalt-catalyzed intra- and in-
termolecular acetylene and olefin cooligomerizations have
been investigated intensively,!? yielding a number of
natural products® and species of theoretical interest.*
3-Hexene-1,5-diyne derivatives, however, have not played
a role, hitherto, although interesting strained molecules
might be synthesized.

With use of syringe-pump techniques 1,2-bis[(tri-
methylsilyl)ethynyl]benzene (1)° dimerizes in refluxing

(1) (a) Vollhardt, K. P. C. Acc. Chem. Res. 1977, 10, 1. (b) Gesing, E.
R. F; Sinclair, J. A.; Vollhardt, K. P. C. J. Chem. Soc., Chem. Commun.
1980, 286.

(2) Croudace, M. C.; Schore, N Org. Chem. 1981, 46, 5357.

(3) Funk, R. L,; Vollhardt K. P. C 'J. Am. Chem. Soc. 1980, 102, 5253
and references therem

(4) (a) Saward, C. J.; Vollhardt, K. P. C. Tetrahedron Lett. 1975, 4539,
(b) Duclos, R. I, Jr.; Vollhardt, K. P. C.; Yee, L. S. J. Organomet. Chem.
1979, 174, 109.
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o-xylene in the presence of catalytic amounts of (5°-
cyclopentadienyl)dicarbonylcobalt to yield biphenylene
derivative 2 in 72% (Scheme I).%7

Under the same reaction conditions in a cobalt-mediated
cyclization (ratio of 1 and CpCo(CO), = 1:1) 2 was obtained
in 8% yield in addition to a variety of cobalt complexes

(5) Gesmg, E. R. F., J. Chem. Soc., Chem. Commun., 1982, 426.

(6) Mass spectrum, m/e 540 (M™*, 12), H NMR (90 MHz, acetone-ds)
8 7.50~7.17 (m, 4 H), 6.83 (s, 4 H), 0.47 (s, 9 H), 0.07 (s, 9 H), —0.10 (s,
18 H); 'H NMR (90 MHz, CCl,) 8 7.43-7.10 (m, 4 H), 6.67 (s, 4 H), 0.40
(s, 9 H), 0.03 (s, 9 H), -0.17 (s, 9 H), -0.18 (s, 9 H); IR (CH,Cl,) 2960 (s),
2900 (s), 2160 (s), 1240 (s) cm™.

(7) All new compounds gave satisfactory analytical data and/or high-
resolution mass spectral data.

0022-3263/82/1947-3192801.25/0 © 1982 American Chemical Society



