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The presence of a temporary one-atom internal tether in 1,9-deca- and 1,10-undecadienes allows their efficient ring-closing metathesis (RCM).
Cleavage of the bridging tether of the resulting bicycles provides eight- or nine-membered carbocycles, medium-sized rings that are difficult
to assemble using other currently available procedures.

The construction of medium-sized carbocycles, particularly to substrates bearing some sort of conformational constraint
eight- and nine-membered ones, remains a major currentwhich bias the intra- over the intermolecular process.
synthetic challenge owing to their being the main structural Previous attempts to cyclize conformationally flexible acyclic
motif of a growing number of natural produtend the well- dienes to eight-membered carbocycles were unsucceéssful.
known difficulties associated with their assembly via direct We envisaged that the presence of a temporary one-atom
cyclization routeg. Several reports have shown that ring-
closing olefin metathesis (RCM) can be used to construct (3) These constraints have been achieved either by using a preexisting
Hmoc ; . ; ; ; ing or by introducing appropriate substituents in the acyclic precursors:
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internal tether in a diene precursor might decrease the
activation barrier of the ring closure and hence allow the Scheme 3
RCM to occur under relatively mild conditions (Schemé 1).
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Subsequent removal of the temporary bridge from the
resulting bicyclic systems would lead to the otherwise
difficult to assemble medium-sized rings. Herein we dem- separated from the uncyclizéxhnsisomer3a by silica gel
onstrate the validity of this “temporary bridge” concept for chromatography.
the synthesis of eight- and nine-membered carbocycles. We later found that removal of the silyl protecting group
Our exact plan, outlined in Scheme 2, was designed onfrom the mixture of2a and 3a (TBAF, THF) does allow
chromatographic separation of this andtransisomers 2b
and3b). Remarkably, whereas the RCM 2& (obtained by
silylation of 2b) required heat (40C, 18 h, 5 nM in CH-
Cly) and gave only a 65% yield dfa, alcohol2b smoothly

Scheme 2

ROQ cyclized at room temperature (2@, 9 h) to give the bicycle
= ) 5bin 95% yield. This notable rate difference can be attributed
= = Q’OS'% to the equilibrium betweeA andB (see Table 1) being much
d RsSIO ", , ©

Table 1. Difference in Steric Energy between the Two Chair

. . ConformationsA andB
the basis of our recent results on the homologation of /

oxabicyclic [5 + 2] pyrone-alkene cycloadducts t®-

bridged cyclonona- and cyclodecanoida.key element of O~g
the strategy is the use of anhydroxyketone as oxidatively Ny
cleavable internal tether. Although the requisite’-dialkyl- B
a-silyloxycyclohexanones2j could probably be readily entry R X AE2
assembled from an-silyloxycyclohexenonel) by means

" . o : 1 TBS 0 5.2
of an addition-silyl migration—enolate alkylation sequence, 5 H o 03
the gtereochemlcal outcome of this process was difficult to 3 TBS H. H 45
predict. 4 H H, 2.9

Treatment of enonga? with vinyllithium and subsequent . ) i ) ) .

addition of allyl bromide (THF~78°C) led to the expected Approximate difference in steric energy between conforfeand

- . A . conformerA (kcal/mol), calculated using the MM2 force field as imple-
addition—alkylation product, as a 6:4 mixture ois (2a) and mented in Chem3D (Chem3Dpro 4.0, CSC, 1997).

trans (3a) isomers (83% combined yield, Scheme?3).
Although it was not possible to separate these isomers by ) ) )

simple chromatographic techniques, the viability of the more in favor of the RCM-reactive conformati@when R
cyclization was proved when the mixture was subjected to = H than when R= TBS, which is in consonance with the
standard RCM conditiorsHence, heating of this mixture ~ Calculated steric energy difference between the two confor-
in CH,Cl, (approximately 0.05 M, 40C) for 12 h in the mations. A great part of this difference in energy must arise
presence of 5% of ruthenium catalyisproduced the desired ~ from the existence of an intramolecular hydrogen bond which

bicyclic derivative5a (15% yield from1a), which was easily considerably stabilizes conformdé® in the case of the
o-hydroxycyclohexanon2b (R = H, X = O). Indeed, when

(8) Prepared in quantitative yield from commercially available 1,2- R = H but the hydrogen bond is prevented by the carbonyl

%((:)I;)mhgggﬂefgirogeetgﬁéng standard silylation conditions. See the Supportinggroup being replaced by methylene (* H, H), the

(9) Thecisltransratio was deduced from tHéd NMR spectrum of the conformer with the alkyl chains in a pseudoequatorial
[)nixturg by icrjnegl_'ation orf\cl}araqg?lr_isticfsi%nals‘oft?amg: isomer, which could position @) is still largely preferred.
e assigned owing to the feasibility of obtaining sisomer in pure - . S o
form after subjecting the mixture to the metathesis reaction (see discussion With 5b in hand \{VE tested the fea5|b|I|ty of OX|dat|v§
that follows in the main text). cleavage of the bridge. Gratifyingly, treatment of this
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compound with lead tetraacetate in MeOH induced instan- On the basis of the above results, the whole alkylation
taneous fragmentation of the bicycle to give the desired cyclization—fragmentation process was optimized to be
cyclooctenones in a satisfactory 84% yieldf carried out in three simple steps (Scheme 4): (1) addition
The above results confirmed the validity of the cycliza-
tion—fragmentation tactic; however it was clearly desirable
to increase its efficiency by either improving the stereo- Scheme 4
selectivity of the initial additior-alkylation reaction or by _}/‘)FU

inducingin situ epimerization of théransisomer3 at the =
1d —»

@]

metathesis stage. The epimerizatiorBafor 3b was easily =g __

promoted by treatment with catalytic amounts of 'RQ in ii) TBAF HO ~ " 2p n=0 (cis)
t-BUOH/CHCI, (or of DBU in CH,Cl,),** but these reagents 3b,n=0 (trans)
were unfortunately found to inhibit the metathesis reaction, 4 CH2C'2l n= E;’;j%s)
most probably by inactivating the catalyst. Use of an excess MeO,C '

of the ruthenium catalyst with respect to the base did allow

the RCM but suppressed the epimerization. On the other Pb(OAc)4

hand, all attempts to induce the epimerization under acidic (- MeOH o N
conditions (AcOH or TfOH in aqueous GBI, or THF, or 5 6.n=0 5b.n=0

p-TsOH in toluene) were unsuccessful. 10, n =1 9, n=1

These failures, together with the finding that it is the
undesiredrans epimer that predominates under thermody-
namic conditions (Table 2), led us to investigate the of vinyllithium to 1d and trapping of the resulting enolate
with allyl bromide (THF, —78 °C), followed by in situ
desilylation by treatment with TBAF (73% vyield); (2)

Table 2. Kinetic and Thermodynamic Ratios @f3 treatment of the resulting 2:1 mixture 2b and3b with the
Li — e ruthenium catalyst (7%, CHClI,, 20 °C, 9 h; 64% yield,
on 1= @‘L o 95% based ob); (3) chromatographic purification of the
i =N_pg, _ __ bicycle 52 and treatment with Pb(OAgYMeOH, 20°C, 5
10 RO , RO 4 min; 84% vyield). Overall, the carbocyckwas obtained in
a, R =TBS ¢, R=TIPS 39% yield from commercially available 1,2-cyclohexane-
b.R=H d, R = TBDPS dione.

Importantly, the above approach is not limited to the
construction of cyclooctanoids. Hence, a slight change in
the synthetic sequence, the use of allyllithium instead of
1 1la 83 2a:3a 2a:3a vinyllithium in the initial alkylation reaction, allowed

thermodynamic
entry enone’ yield, %2 2:38 ratio of 2:3b

(58:42) (30:70) preparation of the homologous nine-membered carbocycles
2 1b <10 2b:3b : : . .
(26:72) (Scheme 4). The diallylation reaction led to an approximately
3 1c 76 2c3C 2¢:3c 2:1 mixture of thecis and trans isomers, which were
(61:39) (44:56) desilylated to give7 and 8 in 81% combined Yyield.
4 1d 78 2d:3d 2d:3d Subjecting this mixture to the RCM conditions provided the
(67:33) (33:67) expected [4.3.1] bicyclic produétin 58% yield (87% based
2 Combined isolated yield after chromatographgalculated after ~ ON 7), In this case completion of the reaction requiring 15 h
stirring the kinetic mixture with NaOMe in MeOH for 12 h. at rt. The oxidative bridge cleavage proceeded efficiently

upon simple treatment & with Pb(OAc) (MeOH, 20°C),
affording the expected cyclononat® in 78% vyield (37%
overall yield from1d).

In summary, eight- and nine-membered carbocycles, which
are difficult to construct by standard cyclization methods,
can be expeditiously prepared in four simple steps from
commercially available 1,2-cyclohexanedione by appropri-
ately coupling a dialkylation, a cyclization, and a fragmenta-

the introduction of a TBDPSrt-butyldiphenylsiyl) allowed 177 feaction. The success of ftis approach refes on the use
us to obtain an acceptable proportion of the desiresomer porary bridging : b

. . and enthalpic requirements of the cyclization step. Work to
(2d:3d, 2:1, Table 2). extend the strategy to other types of cyclization, such as the

(10) Bridge cleavage in related bicyclo[3.3.1]Jnonane systems has been Pausor-Khand reactlon,. a_nd to qpply it to the synthe3|_s of
based exclusively on Grob type of rearrangements: HesseRiklg natural products containing this type of medium-sized
Enlargement in Organic Synthesi¢CH Publishers: Weinheim, 1991; p ;

199, See also ref 2b, p 5796. carbocycles is now under way.

(11) EgN, DABCO and 2,6-ditertbutylpyridine failed to promote the
epimerization. (12) Most of thetransisomer3b was recovered during chromatography.

feasibility of improving thecis-stereoselectivity of the initial
vinyl addition—enolate allylation step. We reasoned that
increasing the bulk of the silyl migrating group might favor
the formation of the desiredis isomer2 by hindering the
approach of the allyl bromide at the face bearing the silyloxy
group. Indeed, use of TIPS (triisopropylsilyl) as protecting
migrating group slightly improved thes/transratio, whereas
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