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A short and convenient diastereoselective synthesis of all-carbon spirocylic molecules was developed. A straightforward protocol that involves
rearrangement of the diene—Fe(CO); complex followed by cyclization delivers the desired product. The reaction substrates were easily prepared
by reaction of an appropriate nucleophile and a cyclohexadienyl-Fe(CO); cation.
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A stereospecific cyclization reaction between cyclohexa-

diene-Fe(CO} complexes and pendant alkenes has been O ey

developed in our laboratory to generate a pair of epimeric
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required cyclization substrates, 1-substituted cyclohexadi-
Scheme 2. All-Carbon Cyclization via Ketone Intermediate ~ €ne-Fe(CO) complexesi1, might be formed from the 5-exo
isomers12 by in situ rearrangement prior to cyclization.
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1-propenyl) is present, a tricyclic molecule is formed by
tandem double-cyclization (3, Scheme®1). 13

In this paper, we report the extension and application of
this intramolecular coupling toward all-carbon spirocycles,
which is envisioned to constitute a powerful route to the It should be mentioned that the nucleophile additions to
stereospecific formation of spiro[4,5]decane and spiro[5,5]- cation13and its derlvat|ve_s have be_en extensively studied,
undecane systems. Surprisingly, the first challenge encoun-2 large number of substituted cations related1®are
tered was the formation of the required ketghéScheme available and easily prepared, and a wide range of nucleo-
2). Nucleophilic addition to ester, acyl chloride, Weinreb Philes can be reacted witt8in good to excellent yield and
amide, aldehyde, and acyl diphenylphosphinic anhydride, select_|V|ty.11 . _
prepared fron®, were uniformly unsuccessful. Fortunately, ~ Amide complexi4a, an analogue df2, obtained as a side

a two step sequence, acyl mesylate formati@nféllowed product in our earlier studies, was initially subjected to
by Grignard addition, gave ketone complexga—c in cyclization conditions to test the rearrangemenytetization
satisfactory yields. transformation sequence. Only traces of cyclization product

With these ketone complexes in hand, their behavior Were observed after 12 h, the remaining material being
toward cyclization was studied. Gratifyingly, wh&a was unreactedl4a. The reluctance df4ato undergo rearrange-
subjected to thermal cyclization conditidr®-Bu,0, CO, ment was tentatively attributed to a difficult hydride transfer
reflux, 5 h) spiroketon@a was afforded in 94% yield as a  from the a-position of the carbamide to the Fe group. On
pair of epimers resulting from dierd=e(CO} rearrange-  the basis of this proposition, amigb, from the DIBALH
ment? Complex7b gave the spiro[5,5]undecane system by red.uctlon oflda, was squected t_o splrpcycl|zat|on. Sp|_ro—
a six-membered ring formation, which requires longer @minel5was produced in good yield with 80% conversion
reaction time (7 h). Methoxy-substituted ketone comglex ~ UPON hegtmg fo'r 12 h. Thus, the rearrangemeyclization
afforded, in excellent yield (90%, Scheme 2), a 1:1 mixture Strategy is feasible.
of regioisomeric spiroketone complex&s, which were
converted in two steps to a single enone diastered@hier ke —
75% yield (see also compour Scheme 1). . E%
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1-keto group (Scheme 2) to an alkyl group. Since it is not 148 % X < ©/>

trivial to manipulate a ketone next to a spirocenter, we 14b X=X =H :\N\
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decided to introduce the alkyl group into the starting material,
but this would require a protracted synthetic route from
ketones such ag. Moreover, the acid complexes for  Next, 16, the simplest substrate, was prepared by Grignard
preparing the ketones have to be synthesized in five stepsadditiort? at —78 °C in dichloromethane to the known
from the corresponding benzoic acid derivatives. A simpler complex13, which is easily obtained in excellent yiéld?
and more efficient approach was therefore investigated. ~ from cyclohexadiene in two steps, as shown in Scheme 4.
There is evidence that, in cyclohexadiefi®n tricarbonyl ~ Upon heatingl6 for 12 h, 18aand 18b (ratio 1.5:1) were
complexes, the iron moiety migrates around the ring by
hydride transfer under our cyclization conditior8.The
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(10) Yang, N. C.; Elliott, S. P.; Kim, BJ. Am. Chem. S0d.969,91, (13) Kndlker, H.-J.; Baum, E.; Gonser, P.; Rohde, G.; Rottele, H.
7553. Organometallics1998,17, 3916.

2536 Org. Lett., Vol. 6, No. 15, 2004



Scheme 4. Rearrangement—Cyclization

(path a), it appears that b is the major pathway where two
successive diene rearrangements, followed by cyclization,
gave25. The major producg5b, is thermodynamically more
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produced in 65% vyield. Only four steps are required to
produce spiro[4,5]decane derivatives from 1,3-cyclohexa-
diene (two steps froml3, which is also commercially
available) with good overall yield, which represents a
significant improvement over our previous method.
Migration of the Fe(CQ)in 16 can occur in two directions,
“clockwise” and “anticlockwise”. Clockwise, one-step rear-
rangement would givel7, while two anticlockwise rear-
rangements will givent-17. Both enantiomers df7 cyclize
to give enantiomeric products. Thus, even an enantioselective
alkylation of 13 would not allow enantioselective synthesis
of 18. Introducing a substituent onto the cyclohexadiene ring
of 16 (not at the para-position) serves to control this
rearrangement. Regioselective addition of Grignard reagent
to the 1-carbomethoxycyclohexadienyl tricarbonyliron cation
192 gave exo-5-(4-pentenyl)-1-carbomethoxycyclohexa-
dieneiron tricarbonyl (20). Cyclization &0 revealed the
effect of the ester functionality, wherein a 1:1:1:7 (insepa-
rable) mixture (by integration of the terminal methyl
doublets, 600 MHZH NMR) of 22a, 22b, 25a, and25b
was formed in about 50% yield!H NMR and NOE
difference studies of the major isomer established its structure
as25b. A tentative explanation is presented in Scheme 5, in
which the diene-Fe(CO) rearranges in both directions, paths
a and b. Although fewer steps are required to prod2@e

stable thar25a!4

Treatment of methyl 5-hexenoate with 1 equiv of LDA in
THF and subsequent addititsrof 13 at
26 as a 2:1 mixture of diastereomers (Scheme 6). Refluxing

—78 °C produced

Scheme 6. Diastereoselective Rearrangement—Cyclization
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Scheme 5. Regiocontrolled Rearrangement—Cyclization
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26in dibutyl ether for 14 h gave the spirocy@& (142°C,
about 60% yield) containing some inseparable side products
along with about 10% of unreacted starting material. The
relatively slower reaction is attributed to the effect of the
electron-withdrawing ester group on the initial rearrangement
that is needed for cyclization. Reduction of the e2ér
followed by TBDPS protection gav@8, again as a 2:1
mixture. Since the two diastereomers2&can be intercon-
verted during cyclization, and both can rearrange to gle
and29b, their stereochemistries were not fully assigned. The
mixture cyclized in 80% vyield to give a mixture of four

(14) This directing effect of an electron-withdrawing group was also
observed in our previous work. For details see ref 7.
(15) Pearson, A. J.; Kole, S. L.; Yoon,QrganometallicsL986,5, 2077.
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isomeric product80a—dwith the ratio 4.5:4:1:1. Demeta-  Sparta®® on two intermediates (Aand B, Scheme 7) that
lation of 30 followed by hydrogenation gave a 4.5:1 mixture lead to the cyclization product. The trans intermediatis
of 3laand31bbased otH NMR. The major products were  lower in energy than cis intermediai by 4.7 kcal/mol;
shown to be a pair of trans spirocycl@@aand30b by NOE therefore, the corresponding product frémwould be the
difference study on the mixture &0. When the methyl  major one at 142C.
doublet was irradiated, positive enhancement was observed Good diastereoselectivity during cyclization is observed
with Hs (30a, Scheme 6). Irradiation of the methylene here between C1 and C4 in produ0. Therefore, in
hydrogens next to oxygen of GATBDPS showed positive  principle, the chirality at C1 can be utilized to control the
NOE with a doublet (6= 1.7 ppm,J = 15.0 Hz), which configuration of the final product. It is noteworthy that the
was assigned asgHSince H and H, are on different sides  major product,31a, has much of the carbon skeleton
with respect to the five-membered ring, the methyl group corresponding to natural terpenoids such as cedrol and
and the TBDPS ether group must be trans. elisabethin A.

The preference for a trans relationship is confirmed by
molecular mechanics strain energy calculations using PC

Scheme 7
28
(2:1 mixture of Elisabethin A Cedrol
diastereomers)
20b ——— - 293 In summary, we have developed a convenient procedure
to prepare all-carbon spirocycles. Future studies will address
o “ “ the scope of this reaction, tandem double cyclizations on
p the all-carbon systefhand application in the synthesis of
Oxc.] natural products.
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