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An experimentally simple method for the demetalation of spirocyclic cyclohexadienylruthenium(ll) complexes has been developed. Treatment
of an alkoxy-substituted cyclohexadienyl complex with CuCl, affords either azaspiro[4.5]decane derivatives or heavily functionalized
tetrahydroisoquinolines. The former reaction manifold completes a net Ru-mediated dearomatization as the organometallic starting materials
are prepared from (g8-arene)Ru'" precursors. Both of these heterocyclic products are well suited for further synthetic elaboration.

The utility of (75-arene)metal complexes in synthetic organic new opportunities for construction of complex natural (and
and organometallic chemistry is well-documented, and unnatural) products. Toward this end, metal-mediated dearo-
numerous synthetic strategies that exploit the unique reactionmatization protocols involvings8-arene complexes of &r
manifolds available to these stable intermediates have beerMo®, and Mn are especially noteworthy, as are methods
successfully implementéd.An avenue of investigation employingn?-arene Os and Re complex&s.

currently attracting considerable attention concerns the In connection with efforts aimed at uncovering novel and
development of methods suitable for converting functional- concise synthetic routes suitable for the construction of
ized arene-metal complexes into nonaromatic metal-free polycyclic materials, we have begun to explore the potential
cyclohexane derivativeésThe impetus for this work stems  of relatively simple (arene)Rucomplexes to serve as
from the ready availability of aromatic (benzene-based) versatile intermediates. Despite ease of preparation and
synthetic starting materials. Methods for manipulation of such favorable stability profiles, the synthetic utility of arene
building blocks, ideally in a stereocontrolled fashion, that Ru derivatives remains largely untapgebh the course of
result in formation of alicyclic compounds would provide
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initial studies, we discovered a somewhat unexpected spi-substituted#3-allyl)Mo" complexes®3For our studies, we
rocyclization process operative M-benzylacetoacetamide chose to employ the methoxy-substituted compleas the
complexes bearing ayf-coordinated CpRufragment (1§ test substrate in anticipation of generating the “quinone-like
The reaction proceeds via regio- and stereoselective intramo-product5 upon successful demetalation (Table 1). Gratify-
lecular nucleophilic aromatic addition followed by subse-
guent enolate O-alkylation. The product azaspiro cyclohexa-
dienyl RU' complexesZ?) are then isolated as stable materials
in 44—86% yield (Scheme I)We recognized that successful

Table 1. Oxidative Demetalation of Cyclohexadienyl—Ru
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/’(j/\NJ\/U\ 1. K,CO4, DMSO  MeO 5
RS Me 2.KOBu, 18C6 i s MO — —
FlzuCp 3. MeyS0, / [0] conditions % yield
PFg 1 RuCp 2 DDQ 3 equiv, CHCly, rt 17
) CAN 3 equiv, acetone, rt 7
[Demetalation cucl, 2 equiv, EtOH, rt 99

aReactions performed using 0.12 mmol4f® Isolated yield.

ingly, exposure of4 to the oxidizing agents indicated did
indeed affords in each case, with Cugproviding the best
result. Dienoné is obtained as a single diastereomer whose
structure was assigned on the basis of NMR spectroscopy
+ and unambiguously confirmed through X-ray diffractometry
(Figure 1). As4 is derived from1 (R = 4-OMe), the

removal of the CpRUfragment from2 without disruption

of the spirocyclic linkage would provide azaspiro[4.5]decane
derivatives of the general structuevhile at the same time
completing an overall Ru-mediated dearomatization (Le.,
— 3). This latter feature acquires added significance in tha
methods for theefficienttransformation of arene—Ru (and
Fe) complexes into functionalized nonaromatic alicyclic
products have not been reporfed.

Initial attempts to effect demetalation 8f(R = H) via
protonolysis of the cyclohexadienyl ligand were unsuccess-
ful, presumably due to the acid lability of the enol ether
functionality” We therefore decided to examine the viability
of developing an oxidative demetalation process. A few
reports describing the oxidative demetalation of various
transition-metal fragments from allyl or dienyl ligands have
appeared that are particularly relevant to our studies. Suth
erland found that reaction of simple CgFeyclohexadi-
enyl complexes with DDQ results in loss of the CpFe moiety
and re-aromatization of the ligand to afford substituted
benzene productsPearson has reported a ceric ammonium
nitrate (CAN) mediated oxygenation/cleavage of dienyl Figure 1. Molecular structure o6 (ORTEP).
Mn' complexed? while CuCL has been used to induce
oxidative CO insertion/demetalation in 'Feallyl alkyl
complexes! Coppel chloride has also been successfully
employed in the demetalation of certain*{diene)Fé
complexes? and CuC} as well as CAN have been demon-
strated to be effective demetalating agents for various

formation of 5 constitutes the first example of §arene)-
Ru-mediated dearomatization leading to a functionalized
cyclohexenone product.
The applicability of this procedure for the demetalation
of other spirocyclic cyclohexadienyl complexes was exam-
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well as CpRu-containing species postulated to be the

Table 2. CuCh-Mediated Demetalaticn correspondingy“—f:omplexe_s. Accordingly, trgatment of the

crude product mixtures with P(OEt)2.2 equiv, THF, rt, 3

h) liberated the putative® ligands from the CpRu fragments

and dramatically improved the overall yield of the demeta-

s lation process. In addition, small amounts of CpRuCl-
[P(OEt)], were also isolated from these reactiéhs.

The incorporation of an alkoxy substituent at the 3-position
of the cyclohexadienyl ligand dramatically alters the outcome
70° of oxidative demetalation. In these instances (entrie8)4
a skeletal rearrangement is observed that entails olefin
migration and re-aromatization to produce heavily function-
alized fused-ring tetrahydroisoquinoline derivatives exclu-

02 sively (except for the reaction shown in entry 4). Cyclo-
hexadienyl cation-like intermediates are also consistent with
this fused-ring reaction manifold. The presence of a 3-alkoxy

= group facilitates vinyl cation migration (necessitating cleav-
age of the spirocyclic linkage) in a manner outwardly remi-
niscent of the well-known dienol—phenol rearrangeniént.

56 A comparison of the results shown in entries 3 and 4 seems
to indicate that the rearrangement manifold is sensitive to
steric effects as a tetrahydroisoquinoline product was not
obtained in the former reaction. It is further noteworthy that

55 the rearrangement pathway supersedes formation of a cross-

conjugated dienone product as revealed in entry 6.

Interestingly, formation of tetrahydroisoquinoline products
was also observed when chloro-substituted substrates were
employed (entry 9). However, unsubstituted and methyl-
substituted azaspiro cyclohexadienyl complexes failed to
react cleanly with CuGl Taken together, these results
indicate that an electron-releasing substituent is required for
controlled removal of the CpRufragment under these
reaction conditions.

In conclusion, a mild and scalable method for demetalation
of substituted cyclohexadienyl Reomplexes in high yield
has been uncoveréfiThis procedure affords either nonaro-
7 matic spirocyclic dienones or novel tetrahydroisoquinoline
derivatives, both of which are well suited for further synthetic
elaboration. Indeed, the ring system presert ia directly
related to the spirostaphylotrichin/triticone alkaloids (Figure
2).7 Studies aimed at further expanding the scope of this

Entry Substrate Product(s) % Yield®

90

82¢

X=Clh¥Y=Z=H 22
Y=Ci X=Z=H 60
Z2=Cl;X=Y=H 84

aConditions: substrate (~0.12 mmol), Cu@® equiv), EtOH, rt, 30
min. PIsolated yield.® After treatment of crude product mixture with
P(OEt}. 9 Hydrolyzed product was obtained.

cyclohexadienyl cation, perhaps generated via two single-
electron oxidations (2 equiv of Cug required for complete
consumption of the substrates). Thus, demetalations in which
a methoxy group is strategically located at the 2- or 4-position
of the cyclohexadienyl substrate afford conjugated or cross-
conjugated dienone products in good to excellent isolated
yield (entries 1—3). In reactions leading to fully conjugated

dienones (entries 2 and 3} NMR spectra of the crude (14) Merlic, C. A.; Pauly, M. EJ. Am. Chem. S0d.996,118, 11319.
products revealed the presence of the expected lactams as (15) Vitullo, V. P.; Grossman, NJ. Am. Chem. S0d.972,94, 3844.

Figure 2. Spirostaphylotrichin C.

demetalation process (particularly as it relates to dearoma-
tization) and defining the synthetic utility of the heterocyclic
products are underway.
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cedures, compound characterization data, and X-ray structuresolid: mp 164°C; Ry = 0.40 (EtOAc);*H NMR (300 MHz, CDC}) ¢*
2.46 (s, 3H), 2.90 (s, 3H), 3.28 (s, 2H), 3.53 (s, 3H), 6.25)(& 9.9 Hz,
2H), 6.78 (d,J = 9.9 Hz, 2H);*3C NMR (75 MHz, CDC}) 6 12.87, 30.08,
(16) Demetalation oft has been performed on a gram scd&peri- 44.24, 54.35, 106.14, 127.84, 150.88, 164.38, 168.62, 186.30; IR (thin
mental Procedure.Ru-cyclohexadienyl substradig(1.00 g, 2.4 mmol) and film) » (cm™1) 3030, 2952, 2913, 1660.8, 1622, 1402, 1262, 1061; HRMS
CuClh (0.67 g, 5.0 mmol) were combined in 10 mL of EtOH, and the (El) calcd for GsH1sNO3 233.1052 [M], found 233.1053. Anal. Calcd
resulting mixture was stirred at room temperature for 30 min. During this for Ci3H1sNOs: C, 66.94; H, 6.48; N, 6.00. Found: C, 66.85; H, 6.39; N,
time, a red solid precipitated from the reaction mixture. This solid was 6.11.
removed by filtration, and the filtrate was partitioned betweenClHand (17) (a) Walser-Volken, P.; Tamm, Ch. Rrogress in the Chemistry of
brine. The layers were separated, and the aqueous phase was re-extractedrganic Natural ProductsHerz, W., Kirby, G. W., Moore, R. E., Steglich,
with CHxCl; (x2). The combined organic layer was dried over anhydrous W., Tamm, Ch., Eds.: Springer: New York, 1996; Vol. 67, pp 125—165.
MgSQ,, filtered, and concentrated in vacuo. The residue was purified by (b) Hallock, Y. F.; Lu, H. S. M.; Clardy, J.; Strobel, G. A.; Sugawara, F.;
radial chromatography (SKQEtOAC) to afford5 (0.46 g, 82%) as a yellow Samsoedin, R.; Yoshida, 3. Nat. Prod.1993,56, 747.
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