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where A is the area of the electrode in the thin-layer cell, DA is 
the diffusion coefficient, and CA* is the concentration of A. DA 

for 2 at 373 K was estimated from the known4" diffusion coefficient 
of 1 at 294 K and the viscosity of DMF using the Stokes-Einstein 
relation. The value of /cBA at 373 K was estimated from its 
measured value4d at 294 K and the assumption that the entropy 
of activation was negligible. The observed initial current for 
reduction of 2 gave KXB = 2 X 10"5 when calculated by eq 4. Gnididione (1) 

Figure 1. 
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During the course of a search for plant-based tumor inhibitors 
Kupchan et al. isolated the furanosesquiterpene gnididione from 
the antileukemic fractions of Gnidia latifolia and proposed the 
structure 1 for this material on the basis of chemical and spec
troscopic evidence (Figure I).1 This compound has a number 
of structural features that make it an attractive synthetic target, 
not the least of these being the furan ring, the first example of 
this functionality occurring in a guaiane sesquiterpene, and the 
cis relationship between H-I and Me-10. This last substitution 
pattern is quite rare among members of this class2 and has led 
to the suggestion that the alternative structure 2 might better fit 
the experimental data.3 In addition, the guaiane skeleton itself 
represents a distinct synthetic challenge. These materials have 
attracted considerably less attention than the biogenetically related 
pseudoguaianes4 and there have been only scattered reports de
scribing the total synthesis of naturally occurring members of this 
class.5 In this paper we report on an unequivocal synthesis of 
both 1 and 2 which firmly establishes the structure of gnididione 
as 1. 

For some time now we have been developing a general synthetic 
approach to the furanosesquiterpenes and this strategy appeared 
to be particularly well suited for the synthesis of 1 and 2 ("bis 
heteroannulation").6 Thus, we envisioned that acetylenic oxazoles 
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6a and 6b should be directly convertable to the annulated de
rivatives 7a and 7b, which upon mild acid hydrolysis would provide 
the desired target compounds (Scheme I). As one advantage of 
this approach reg/ochemical control is assured by the geometrical 
constraints of the intramolecular Diels-Alder reaction,6 and, 
furthermore, it occurred to us that stereochemical control in the 
preparation of 6a and 6b might be established through the use 
of an oxy-Cope reaction7 if certain criteria could be met. It was 
our hope, in particular, the c/iewoselectivity in the conversin of 
5a,b to 6a,b might be effectively controlled by conformational 
factors relating to the relative configuration at C-8 (*), thereby 
overriding the usual tendency of such reactions to proceed at a 
faster rate with acetylenic 7r-bond participation (Scheme II).8 

Thus, of the four possible diastereomers of general structure 5 
models clearly indicate that 8 and 9 should be strongly biased in 
favor of conformations 8a and 9a, while 10 and 11 should react 
preferentially through conformations 10b and l ib. In the event, 
these predictions were readily tested by experiment. 

The key intermediate for our synthesis of 8—11 was the oxazole 
aldehyde 18, which was readily prepared as indicated and further 
elaborated as follows (Scheme III).9 Thus, 18 was first treated 
with cw-lithiopropene12 to give an 86% yield of the allylic alcohol 
19a which was directly oxidized with Swern's reagent13 to the 
corresponding enone 20a (82%). This material, upon condensation 
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with propynylmagnesium bromide14 gave an 87% yield of the 
acetylenic alcohol 8 accompanied by <4% of the diastereomer 10. 
Selectivity in this case is presumably a result of chelation control 
in the transition state leading from 20a to 8.15 In similar fashion 
trans enone 20b, prepared in 72% overall yield from 18 via 
f/wtf-lithiopropene,16 gave a 69% yield of 9 with >95% stereo-
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control, and, finally, diastereomers 10 and 11 were conveniently 
prepared by simply reversing the reaction sequence described 
above. Thus, 18 gave an 88% yield of the acetylenic alcohol 21 
upon condensation with lithiopropyne, and this latter material was 
cleanly oxidized13 (87%) and reacted with either cis- or trans-
propenylmagnesium bromide19 to give 10 and 11 respectively, with 
excellent (~100%) stereocontrol. 

The results obtained upon thermolysis of 8-11 were rather 
dramatic and fully substantiated our earlier predictions (Scheme 
IV). Thus, compounds 10 and 11 reacted predominantly through 
conformations 10b and l ib and afforded the expected products,8 

23 and 24 together with smaller amounts of the acetylenic ketones 
6a and 6b (toluene, reflux, ratios as indicated). In contrast, 
however, compound 8 gave an 87% yield of 6a upon warming in 
mesitylene to 110 0C and under identical conditions 9 afforded 
76% of the diastereomeric material 6b.17. A careful search of 

(16) Linstrumelle, G.; Krieger, J. K.; Whitesides, G. M. Org. Synth. 1976, 
55, 103. 
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others pertaining to acetylenic oxy-Cope transformations will be reported in 
due course. 
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the crude reaction mixtures indicated that <2% of crossover had 
occurred via boat-like transition states in these latter conversions, 
and no evidence could be found for the presence of enones 23 and 
24. 

Finally, at higher temperatures (~ 160 0C) 8 and 9 were di
rectly converted to the ketal derivatives 7a and 7b, respectively, 
which upon mild acid hydrolysis afforded gnididione (1) and 
isognididione (2) in overall yields of 45% and 57%.10 The ma
terials thus obtained were identical in all respects with authentic 
samples of 1 and 21,18 and were isomerically pure to the limits 
of NMR and TLC detection. We believe this to be the first 
example of a sequential (oxy-Cope)-(Diels-Alder)-(retro-
Diels-Alder) reaction, and we might only add that similar schemes 
can be envisioned for the synthesis of other guaiane and pseu-
doguaiane derivatives. This last possibility is currently under active 
tigation. 
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The synthesis of molecules displaying novel topological prop
erties has long been a challenge. In particular catenanes were 
discussed several decades ago,1,2 but the development of synthetic 
procedures of practical significance is still very limited. 

The directed synthesis of catenanes has been performed by 
Schill et al.;1 statistical methods have also been used.3"7 Another 
approach, taking advantage of the synthesis of a molecular Mobius 
strip, seems to be very promising.8 
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This report deals with an extremely short and convenient 
synthetic route to catenanes. The principle of the synthesis is based 
on a generalized template effect around a metal ion,9 leading to 
a metallocatenane as intermediate. After demetalation, the new 
ligand obtained contains two interlocked macrocycles. We 
therefore propose the name catenand for this new class of coor
dinating molecules. We also report some of the exceptional 
properties of the cuprocatenane, which clearly demonstrate a 
strong catenand effect. 

Recently, we described the synthesis of a cuprocatenane from 
a macrocyclic compound.10 We have now developed a one-step 
synthesis of cuprocatenane 4+ from I10 and 1,14-diiodo-
3,6,9,12-tetraoxatetradecane (3),11 as shown in Figure 1. Cu-
(CH3CN)4

+-BF4" forms, with 2 equiv of the diphenol 1, a very 
stable, deep red complex, 2+. Reacting 2+ and 3 in N,N'-di-
methylformamide (DMF), under high dilution conditions, in the 
presence of Cs2CO3, affords 4+ in 27% yield. The monocyclic 
compound 512 is also obtained (20% isolated), as well as open-
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