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Total Synthesis of rf/-Coriolin 

Sir: 

Coriolin (1), a metabolite of Coriolus consor is a member 
of a larger class of microbially derived cis,anti,cis-tricy-
clo[6.3.0.02,6] undecanoid sesquiterpenes known as the hir-
sutanes.1 The novel ring system of the hirsutanes, embroidered 
by varied pendant functionality, poses an intrinsic synthetic 
challenge. Adding to the incentives for the successful reali
zation of this goal are the promising antibacterial and antitu
mor properties which have been asserted on behalf of several 
of these compounds.2 Early and substantive synthetic contri
butions to this area were provided by Lansbury.3'4 A major 
milestone was the total synthesis of hirsutic acid, achieved by 
Matsumoto5 and by Trost.6 

The densely oxygenated coriolin7 is a particularly attractive 
target for total synthesis. Its eight centers of chirality arrayed 
about its six units of unsaturation underscore the need for an 
orderly approach. Moreover, coriolin and several of its con
geners have received rather detailed biological scrutiny vis-a-vis 
antitumor and antibiotic activity. Indeed, a novel mode of 
antitumor action, involving the inhibition of uptake of amino 
acids and potassium ions into tumor cells, has been ascribed 
to these compounds.8'9 

Concise and pleasing approaches to the coriolin branch of 
the hirsutane family have been provided by Tatsuta10 and by 
Little.21 However, for the moment, no fully comprehensive 
solution has yet been recorded. Below we describe the total 
synthesis of t/Z-coriolin. 

A practical route to enedione 5 was our first subgoal. Mi
chael addition of /3-keto ester 21 ' to cyclopentenone 3 1 2 (0.25 
equiv of sodium methoxide, methanol, room temperature, 3 
days) gave the epimers 4.13a Reaction of 4 with /7-TsOH in 
toluene containing 0.2% water, under reflux, provides a 60-
65% yield of 51 3 (Scheme I), mp 54-55 0 C, from 4. We next 
addressed what we defined to be the central problem of the 
undertaking, i.e., finding a means for the delivery of an ace-
tonyl fragment 6 (R = H or R = alkyl) to enedione 5 with 
positional14 and stereochemical control. The latter issue was 
complicated by the sheet-like nature of the bicyclic system. 
Prognoses as to the likely stereochemical sense (a or /3) of at
tack of external reagents at the desired carbon of such an 
enedione were not convincing. 

A more securely based approach is implicit in Scheme II. 
It could be predicted that cycloaddition to the double bond 
would occur in the required a sense, since the alternative and 
undesired /3 mode would result, even at the level of the tran
sition state, in an unacceptable trans fusion of the bicyclic BC 
system. Reaction of 5 + 815 (3 equiv of 8, xylene, 12O0C, 11 
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h) afforded apparently a single product, 9.16'17 Treatment of 
9 with phenylselenenyl chloride,15b followed by oxidation ac
cording to Reich and Sharpless,18 gave the highly crystalline 
enone 10, mp 168-169 0 C, 1 3 in 50% overall yield from 5. 

Treatment of 10 with methyllithium (2.5 equiv of MeLi, 
THF, - 7 8 0 C, 1 h) afforded l l 1 * 1 " . ' 9 -m g2% yield. Theace-
tonyl group was retrieved from 11 as follows. Ozonolysis fol
lowed by Jones oxidation gave, presumably,20 a hydroxy diacid 
(cleavage a). Decarboxylation (aqueous barium hydroxide, 
reflux, 3 h) of the now extraneous bridgehead /3-keto acid gave, 
presumably,20 a hydroxy monoacid (cleavage b). The next 
treatment (lead tetraacetate, PhH, room temperature, cleavage 
c) exposed the required 2-butanon-3-yl residue in the form of 
the crystalline trione 12,13 mp 66-67.5 0 C , in 58% yield from 
11. Aldolization-dehydration, according to Stork and Clarke,21 

afforded (70%) 13.13-22 

The adjustments of functionality were achieved as shown 
in Scheme III. Deconjugation, according to Ringold23 of 13 
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Scheme III 
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afforded (70%) 1413-22 which gave, after reduction with 3 equiv 
of Dibah (THF, -78 0C, 2 h), the homoallylic alcohol epimers 
1524 in 85% yield. The latter, upon further reduction (Li, NH3, 
and methanol) affords quantitatively 16,24 bearing the more 
stable a alcohol in the A ring. Epoxidation of 16 (MCPBA, 
methylene chloride, room temperature, 10 min) clearly pro
vides 17.24 The desired /3 sense of this epoxidation could be 
predicted with confidence since the alternate and undesired 
a mode would result in an energetically unacceptable trans 
fusion of the A and B rings. 

Selective oxidation of the more accessible alcohol according 
to Corey and Suggs25 affords 18.13'24 Treatment of 18 with (4 
mmol, i.e., 1.3 equiv) of lithium diisopropylamide from —30 
—>• 0 0C, followed by quenching at 0 0C with phenylthio-
phenylsulfonate,26 affords 1913 in 40% yield. This key trans
formation was shown to first proceed through /3 elimination 
of the epoxide. This is then followed by in situ enolization of 
the enone dialkoxide in the a' sense.27 In this way, no pro
tecting groups are employed in the entire synthesis. Oxidation 
of 19 (MCPBA, methylene chloride, -78 0C) gave 20 which 
suffers smooth elimination (ethyl acetate, reflux, 30 min)27 

to afford 21.13 Finally, treatment of 21 with alkaline hydrogen 
peroxide affords ^/-coriolin (1), along with its spiroepoxide 
epimer 2213a in an ~7:5 ratio. These were readily separated 
by preparative LC to provide ^/-coriolin, mp 151-154 0C, 
whose chromatographic mobility and infrared and NMR (600 
MHz) spectra were identical with those of a specimen of 
natural coriolin kindly furnished by Drs. Umezawa and 
Takita. 

Experiments addressed to improving the yields of this 19-
step total synthesis, attainment of stereospecificity in the 
creation of the spiroexpoxide, and suitable modifications to 
embrace several active coriolin congeners are well in progress 
and their outcome will be disclosed in due course. 
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Reactions of Arc Generated Carbon Atoms with Benzene 

Sir: 
The reaction of atomic carbon with benzene is of interest in 

that it provides a potential entry onto the interesting C7H6 
energy surface. Two possible pathways for this reaction are 
C-H insertion to generate phenylcarbene (1) and addition to 
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