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Communications 
Synthesis of Bridged Bicycloalkanes via the 
Alicyclic Claisen Rearrangement. A New Approach 
to Quadrone 

Summary: Application of the alicyclic Claisen rear- 
rangement to the construction of bridged bicycloalkanes 
resulted in a formal total synthesis of (&)-quadrone. 

Sir: We previously reported a new strategy for hetero- and 
carbocycle synthesis mediated by Claisen rearrangement 
of macrocyclic lactones.’ Recently, we have explored the 
extension of this methodology to the preparation of 
bridged bicycloalkanes. A few of the many conceivable 
possibilities are conceptualized below. Herein we describe 
our initial investigation of case 1 in the context of a formal 
total synthesis of quadrone. 

CASE I 

CASE II 

For a number of years, quadrone (Scheme I) has stim- 
ulated the creative imagination of many synthetic chemists 
due to ita architecturally unique tetracyclic topology? In 
addition to their structural complexity, quadrone and a 
related metabolite, terrecyclic acid A, exhibit significant 
antineoplastic properties3 and, therefore, have been con- 
sidered by many worthy of synthetic pursuit. The pio- 
neering investigation of Danishefsky2* established enone 
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1 as a viable synthetic intermediate enroute to quadrone. 
Others‘*eJJ” have shown that an internal aldol cyclization 
can be used to construct the cyclopentenone moiety of 1. 
Indeed, Schlessingera recently reported the cyclization of 
2 to the key Danishefsky intermediate 1. An obvious 
precursor to the diketo acid 2 is the diene ester 3 (R = 
SiMe,-t-Bu). Ester 3 would be expected to arise from the 
Claisen rearrangement of ketene acetal 4 (a specific ex- 
ample of the case 1 strategy), in turn available from the 
eightrmembered lactone 5. A potential pitfall of this novel 
approach may lie in the accessibility of eight-membered 
lactones which are difficult, if not impossible, to prepare 
from the corresponding hydroxy acids.4 However, it was 
hoped that the planarity and hindered rotation of the 
hydroxymethyl and carboxypropyl side chains might re- 
duce the enthalpic and entropic restrictions imposed on 
the cyclization process. 

The synthesis of lactone 5 commenced with the intro- 
duction of the carboxypropyl substituent, protected as the 
oxabicyclo[2.2.2]octyl (OBO)S ortho ester! by addition of 

(4) For excellent reviews, see: (a) Back, T. G. Tetrahedron 1977,33, 
3041. (b) Nicolaou, K. C. Tetrahedron 1977,33,683. (c) Masamune, S.; 
Bates, G. S.; Corcoran, J. W. Angew. Chem., Int. Ed. Engl. 1977,16,585. 
Mukaiyama12 attempted to lactonize 7-hydroxyheptanoic acid (2- 
chloro-1-methylpyridinium iodide, NE&, in refluxing CH3CN) but ob- 
tained only diolide (93%). 
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the corresponding cyano cuprate (Scheme 11) to 2-carbo- 
methoxy-4,4-dimethyl-2-cyclopenten-1-one' 6 (85%). The 
resulting keto ester 78 was subjected to K2C03 (1.5 equiv) 
and N-phenyltrifluoromethanesulfonimide9 (1.5 equiv) in 
refluxing DME to provide the @-enol triflate 8 (83%). The 
key methallyl appendage was easily introduced to this 
compound by reaction of 8-enol triflate 8 with methallyl 
cupratelo*" (1.5 equiv, THF, -24 "C, 3 h) to produce the 
&substituted unsaturated ester 9 in excellent yield (96%). 
Reduction of the conjugated ester 9 to the allylic alcohol 
(LAH, 0 "C) and hydrolysis of the OB0 ortho ester 
functionality (HC1, THF, 1 min, 25 "C) and subsequent 
saponification (3 M KOH, MeOH, 3 h) resulted in the 
procurement of hydroxy acid 10 (86%). We were pleased 
to discover that the ladonization of hydroxy acid 10 under 
high dilution conditions (0.005 M) using Mukaiyama's 
salt12 (2-chloro-N-methylpyridinium iodide, NEt3) in re- 
fluxing acetonitrile afforded lactone 5 (mp 72-73 "C) in 
good yield (79%). 

Having completed the preparation of the key interme- 
diate, we were anxious to investigate the rearrangement 
of lactone 5 to silyl ester 3. Examination of molecular 
models seemed to indicate that the chairlike transition 
state for rearrangement would be somewhat strained 
relative to the boatlike transition states in our previously 
examined systems' and, therefore, necessitate the isolation 
and subsequent thermolysis of ketene acetal 4. Conse- 
quently, we were surprised to observe that the ketene 
acetal 4 derived from lactone 5 [LiN(SiMe3)2, 1.3 equiv, 
C1Si-t-BuMe2, -78 -+ 25 "C] rearranged at or below room 
temperature to provide ester 3 (R = SiMe2-t-Bu), which 
upon hydrolysis (HCl, H20, THF) gave acid 3 (R = H, mp 
108-109 "C) in 79% overall yield. 

All that remained to complete the formal total synthesis 
was the seemingly routine oxidation of the olefinic func- 
tionality present in acid 3. Although the acyclic olefin of 
acid 3 smoothly underwent oxidative cleavage upon sub- 
jection to ozone (03, MeOH), the exocyclic olefin afforded 
the corresponding epoxide. This is not an uncommon 
occurrence in the ozonations of hindered olefinic systems,13 
e.g. 10ngifolene.l~ Fortunately, ruthenium tetraoxide ox- 
idation of diolefmic acid 3 using the procedure of Sharpless 
(RuCl,.(H,O),,, NaIO,, CCl,, CH3CN, H20)15 gave diketo 

(5) For terminology, see: Corey, E. J.; De, B. J. Am. Chem. SOC. 1984, 
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acid 2 (53%), identical in all respects (Et, NMR, MS, TLC, 
mp) with a sample kindly provided by Professor Schles- 
singer. 

In summary, the preparation of bridged bicycloalkanes 
by alicyclic Claisen rearrangement is certainly feasible, and, 
in this particular example, it facilitated a stereospecific, 
13-step, total synthesis of quadrone from carbomethoxy 
enone 6. Further development and exploitation of this 
approach in organic synthesis is currently in progress. 
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Synthetic and Stereochemical Aspects of 
Intramolecular [4 + 21 Cycloadditions of N-Acyl 
Iminium Compounds with Alkene and Alkyne 
Dieno philest 

Summary: Boron trifluoride catalyzed intramolecular 
Diels-Alder cyclizations of N-acyl imines derived from 
simple aldehydes are stereospecific, affording trans-fused 
bicyclic 5,6-dihydro-1,3-oxazines. 

Sir: Diels-Alder [4 + 21 cycloadditions of transient N-acyl 
imines, or the corresponding iminium complexes, with 
various alkenes to form 5,6-dihydro-1,3-oxazines are facile 
carbon-carbon bond-forming processes which have re- 
ceived surprisingly little attention from synthetic chemists 
(eq l).l In the course of attempting to effect an intra- 

molecular N-acyl imine ene reaction, we observed that 
glyoxylate-derived compound 1 cyclized thermally to afford 
dihydrooxazine lactone 2 in a totally stereospecific manner 
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