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11 in 65% yield. The selective formation of the trans double bond
in 11 is due to the presence of the basic y-oxido group in 10 and
was expected on the basis of previously described reactions of
v-oxido ylides with aldehydes.” In contrast to these results with
2, coupling of cyclopentene oxide and methylenetriphenyl-
phosphorane was unsuccessful even under forcing conditions (50
°C, THF). The conversion of cyclopentene oxide to 11 represents
a powerful synthetic construction in that two carbon-carbon bonds,
and also three stereocenters are formed in the process. Such a
method is potentially well suited for the synthesis of complex
trans-homoallylic alcohols, for instance, the macrodiylide as-
plasmomycin.®

Two other examples of the coupling of an epoxide, lithio ylide
2, and an aldehyde were also investigated. Reaction of the epoxide
12° with 2 (-78 to 25 °C over 2 hand 25 °C for 18 h) followed
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by treatment with benzaldehyde (25 °C for 4 h) furnished the
triene 13 as major product. In a similar way, the homoallylic
alcohol 14 was obtained from 1-decene oxide, lithio ylide 2, and
benzaldehyde in good yield.

A number of other applications of a-lithiated alkylidenetri-
phenylphosphoranes are now under investigation in our laboratories
with special emphasis on new methods for the joining of three
components with the formation of two carbon-carbon linkages
in one operation. Our work on lithiated ylides complements recent
studies on various dicarbanionic species including doubly depro-
tonated nitro compounds!® and carbonyl compounds.!'1* These
classes of enhanced carbon nucleophiles provide synthetic capa-
bilities going far beyond those available from conventional
reagents.?
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The gram-positive antibiotic Resistomycin, first isolated! from
Streptomyces resistomycificus by Brockman and Schmidt-Kastner
in 1951, was assigned®® the pentacyclic phenalenone structure 1
(Chart 1) in 1968. Despite sporadic synthetic forays®® in the
intervening years, Resistomycin has not yet been synthesized. Our
experience® with the use of isobenzofurans as dienes in natural
product synthesis led us to explore their applicability in the in-
tramolecular Diels—Alder reaction.” A synthesis of Resistomycin
is a particularly rigorous test of this idea, for if the complex, highly
functionalized isobenzofuran 2 can be elaborated and employed
in such a manner, the technique will not only provide a facile route
to the antibiotic but also have wider implications for easy synthetic
access to a variety of condensed aromatics and hydroaromatic
systems. We now report the successful execution of this plan and
the first synthesis of Resistomycin.

Our methods of in situ isobenzofuran generation, previously
defined,® demanded that the precursors of 2 be the two aldehydes
3 and 4, the former corresponding to carbon atoms 6-10 and the
Cy-methyl group and the latter comprising the rest of the Re-
sistomycin molecule. A brief synthesis of 3 was developed® from
3,4-dimethylphenol (5). Methoxymethylation of § was followed
by regiospecific deprotonation!® with tert-butyl-lithium and
treatment with diethylcarbamoyl chloride to provide 6 exclusively.
Hydrolysis and methylation produced 7, which was oxidized with
complete regiospecificity!! at the C,-methyl group by ceric am-
monium nitrate to 3. The overall yield for the transformation of
5 to 3 was 72%.

A convergent synthesis of the acetylenic aldehyde 4 was un-
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Rodrigo, R. J. Org. Chem. 1980, 45, 4538. de Silva, S, O.; St. Denis, C.;
Rodrigo, R. J. Chem. Soc., Chem. Commun. 1980, 995. Plaumann, H. P.;
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dertaken. Ethyl acetoacetate was sequentially dimethylated and
converted to its semicarbazone 8. Mother liquors from crystal-
lization of the latter showed (*H NMR) the presence of its Z-
isomer 9 and the pyrazolone 10. Treatment of 8 with selenium

(12) Lalezari, L.; Shafiee, A.; Yalpani, M. J. Org. Chem. 1971, 36, 2836.
For a recent study of Z/E isomerism in semicarbazones see: Zimmer, O,
Meier, H. Chem. Ber. 1981, 114, 2938.

Communications to the Editor

dioxide in glacial acetic acid!? provided the selenadiazole 11 and
the pyrazolone 10 in equal proportions. After separation, 11 upon
brief pryolysis and distillation gave the desired acetylene 13!* which
was silylated to 14.1* Bromination of 3,5-dimethoxybenzaldehyde
and conversion to its dimethyl acetal!® 15 was followed by met-
al-halogen exchange with n-butyllithium at 0 °C. The lithiated
acetal 16, upon treatment with 14 and subsequent mild acid
hydrolysis produced the desired aldehyde 4.1¢

Convergence of pathways leading to 3 and 4 was now effected
by conversion of the aldehyde 3 to its cyclohexylimine and sub-
sequent regiospecific deprotonation between the two ortho-directing
groups—the imine!” and the amide.!®* The resulting lithiated
species 17 reacted with 4 to yield!? the vital intermediate 18, which
is the immediate precursor of isobenzofuran 2. Qur choice of the
cyclohexylimine as a masking and directing group was dictated
by the need to provide a site for cyclization of the lithium alkoxide
formed in the reaction, thus forestalling a possible disastrous
alternative: cyclization with the adjacent amide to form a
phthalide. When 18 was subjected to the mildly acidic conditions®®
necessary for isobenzofuran generation, the crucial Diels—Alder
reaction was realized, and the bridged adduct 19 crystallized in
60% yield. Desilylation and aromatization proceeded smoothly
to 20, which was demethylated to 21 and cyclized?! to monomethyl
Resistomycin 22. However, 19 (and 22) may be directly converted
into Resistomycin by reaction with pyridinium hydrochloride.?
This “one-pot” sequence of desilylation, aromatization, deme-
thylation, and cyclization of 19 occurs in a remarkable yield of
84%. Overall, our synthesis provides Resistomycin®? in 20% yield
(from §) and clearly demonstrates the feasibility of in situ iso-
benzofuran generation and its great utility in organic synthesis.
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Unusual configurations of homoatomic main-group catenates
can be stabilized by coordination to transition-metal centers. The
generation of novel structures containing arsenic atom catenates
has been particularly fruitful due to a convenient balance between
bond energies low enough to allow facile transformations and high
enough to confer sufficient stability for isolation of both inter-
mediates and final products. Structures containing organically
substituted linked arsinidene fragments, RAs, have been reviewed
by West.] We now report the preparation and crystallographic
characterization of the first transition-metal complex containing
a ring of five unsubstituted arsenic atoms in a triple-decker
sandwich structure, CpMo[u-(n*-Ass)]MoCp (1).

Complex 1 is one member of a series of cluster products ob-
tained from reactions of cyclo-(AsCH;)s and [CpMo(CO);],, as
shown in Scheme I. [CpMo(CO),],(AsCH;); (2) is obtained

Scheme I

140 °C
[CPMo(COIzl, t+ (CH3As)s == [CpMolCO)plplrp~(ASCHz)g)

l!so o 2 (brown, mp 217 °C dec)

(CoMolL ~ (74 - Asg) ] Js0c
1 (blue-purple, mp 375 °C dec) [CpMolylr3=As)y

3 (purple-black, mp 385 °C dec)

after 4 days as a brown, crystalline solid in high yield (>50%)
from equimolar quantities of reactants in dilute toluene solution
in a sealed tube at 140 °C.> The same reactants at 190 °C for
2 days produce 1 in somewhat lower yield (20-30%).¢ Since both
1 and 2 contain the same 2Mo/5As ratio, we tested the reasonable

(1) West, B. O. In “Homoatomic Rings, Chains and Macromolecules of
Main-Group Elements”; Rheingold, A. L., Ed.; Elsevier; Amsterdam, 1977;
p 409.

(2) Two examples of structures containing three-membered arsenic rings
are known: Co(CO);As;® and [(triphos)Co],As;(BPh,),.*

(3) Foust, A. S.; Foster, M. S.; Dahl, L. F. J. Am. Chem. Soc. 1969, 91,
5631.

(4) Di Vaira, M.; Midollini, S.; Sacconi, L.; Zanobini, F. Angew. Chem.,
Int. Ed. Engl. 1978, 17, 676.

(.5) Complex 2 contains a 1,5-catena-(AsCH,)s bridge symmetrically
linking both CpMo(CO), units without metal-metal bonding. Rheingold, A.
L.; Churchill, M. R., submitted to J. Organomet. Chem.

(6) Mass spectral data (1): M*. = base peak, m/e = 695 (all other peaks
<17.0% of base).
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Figure 1. Molecular geometry and labeling scheme for (CpMo),[u-
(n*-Asg)] (1). Hydrogen atoms have been omitted, and thermal elipsoids
are drawn at the 50% probability level.

Table I. Selected Bond Distances and Angles for
[CpMo], [u-(n-As,)] (1)°

Bond Distances (A)

Mo(1)-Mo(2) 2.764 (2) As(4)-Mo(2) 2,577 (2)
As(1)-Mo(1) 2.721(2) As(5)-Mo(1) 2.571(2)
As(1)-Mo(2) 2.731(2) As(5)-Mo(2) 2.551(2)
As(2)-Mo(1) 2.549 (2) As(1)-As(2) 2.397 (3)
As(2)-Mo(2) 2.553(2) As(2)-As(3) 2.751 (3)
As(3)-Mo(1) 2.541 (2) As(3)-As(4) 2.570 (2)
As(3)-Mo(2) 2.554 (2) As(4)-As(5) 2.762 (3)
As(4)-Mo(1) 2.580 (2) As(5)-As(1) 2.389 (2)
Bond Angles (deg)
As(5)-As(1)-As(2) 107.8 (1) Mo(1)-As(1)-Mo(2) 61.2(1)
As(1)-As(2)-As(3) 112.0(1) Mo(1)-As(2)-Mo(2) 65.6 (1)
As(2)-As(3)-As(4) 104.4 (1) Mo(1)-As(3)-Mo(2) 64.7(1)
As(3)-As(4)-As(5) 103.0(1) Mo(1)-As(4)-Mo(2) 65.7(1)
As(4)-As(S)-As(1) 112.7(1) Mo(1)-As(5)-Mo(2) 65.6 (1)
av 108.0(1) av 64.6 (1)

@ Data are for the configuration shown in Figure 2. Deviations
between independent molecules, except as noted in the text, are
not significant.

assumption that 1 was derived from 2; however, heating isolated
samples of 2 at 190 °C for 2 days in toluene produced only 3.

Blue-purple (nearly black) crystals of 1 belong to the monoclinic
space group P2,/c, with a = 14.884 (5) A, b =12.639 (3) A, ¢
=15.576 (5) A, 8 = 90.50 (3)°, D, =3.16 gcm™, and Z = 8
(two independent molecules form the asymmetric unit). The final
Ry value was 0.043 on the basis of 2435 independent observed
reflections with 7 = 36(J) (3.5° < 26 < 45°, Mo Ka).

The molecular configuration of 1, as determined at 23 °C, is
shown in Figure 1, and selected bond distances and angles are
given in Table I. The two independent molecules differ only in
the rotational orientation of one Cp ring to the other two rings.
All rings are essentially eclipsed in one molecule (see Figure 2);
in the other molecule, one Cp ring is rotated 22° relative to the
other eclipsed rings. No other structural parameters show sig-
nificant differences between molecules.

(7) Structural characterization of 3 is incomplete. Elemental and mass
spectral analysis support the formula (CpMoAs),, and the crystallographic
arrangement of As and Mo atoms is unambiguously displayed as a cubanelike
structure symmetrically equivalent to the structure of [(CO);FeAsCH;],
(Réttinger, E.; Vahrenkamp, H. J. Organomet. Chem. 1981, 213, 1). Complex
3 crystallizes in the cubic space group P43n, which imposes a disordered
threefold rotational axis along the CpMossAs vector. Preparation and
characterization of the methylcyclopentadienyl derivative will, we hope, reduce
crystallographically demanded symmetry.
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