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MEDIUM RING SYNTHESIS VIA INTRAMOLECULAR DIELS-ALDER
REACTION. 1. THE SYNTHESIS OF BICYCLO[6.4.0]DODECANE SYSTEMS

*
Kunio SakanJr and Douglas A. Smith 1
Department of Chemistry, Carnegie-Mellon University, Pittsburgh, PA 15213

Abstract. The regio- and stereocontrolled synthesis of cis~fused bicyclo[6.4.0]dodecane
ring systems by the application of the Lewis acid-catalyzed intramolecular Diels-Alder
reaction is described.

The synthesis of medium rings, particularly cyclooctanes, from acyclic precursors
continues to be a challenging problem in organic synthesis.2 We wish to report that the
Lewis acid-catalyzed intramolecular Diels-Alder reaction3 is extremely useful for cyclo-
octane synthesis and demonstrate its utility in regio- and stereocontrolled construction of

cis-fused bicyclo[6.4.0]dodecane systems 2 from simple acyclic precursors 1 (Scheme 1).4
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The four substrates la-d, readily available from 7,7—dimethyoxyhet>tanal6 (Scheme 2),
were employed and their uncatalyzed thermal reactions (~1.2 x 10-2 M in toluene/lAOOC/
degassed sealed tube) were first studied. The results were disavpointing in that polymer
formation predominated in all cases.7

However, in the presence of MezAlcl as catalyst, la was smoothly converted at room
temperature to a single isolable product 255 in 69% yield. Similarly, 1b-d were also
transformed, in each case, to a readily separable mixture of two products 2b-d (major) and
3b-d (minor), respectively (Table l).5 Upon base treatment (NaOMe/MeOH/25°C) 2a underwent
facile epimerization at C-1, providing a new compound ggs (equilibrium ratio: 2a/3a =
1/32 by isolation). Likewise, 2b and 3b were interconverted under the basic conditions
(2b/3b = 1/1 by isolation). It should be noted, however, that all four pairs of compounds
(2a-d and 3a-d) thus obtained from la-d were found to be configurationally stable under the

Lewis acid conditions employed.8

Structurally, massSb and 13C NMR spectra clearly indicate that all products obtained

f Deceased 12 January, 1984.
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SCHEME 2°
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MeO A MeO B
:;7//A\\“//~\\’//\\\CHO — e j;7//“\\’//\\\’//N\\"J\\*/¢’ LN la=d
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Me or ¢3PC(Me)C02Me/PhH/25OC; Dibal/CHZClz/-78o; PDC/DMF/OOC;
CHMgBr or CHZC(Me)MgBr/

%Rey. (A): ¢4PCHCO,)

PhBPCHZ/THF/OOC. (B): PyTsOH/(CH3)2C0, HZO/Reflux; CH

THF/-78°C; TFAA/DMSO/CH.C1./-50°C, Et.N/-50°C.
2% 3

2

from la-d are monomeric cyloaddition products (Table 2). That these products have the
bicyclo[6.4.0]dodecane framework (as in 2 and 3), not the alternative structure 4, was
indicated by the 1H NMR spectra (obtained at either 300 or 600 MHz) which showed the
presence of the partial structure =C(10)H—C(11)H2—C(12)H2— in all cases.9 Additionally,
for those compounds lacking angular substitution (i.e., R1 = H), vicinal coupling between
1,8 = 22, 4.9 Bz; 3a, 10.2 He; 2b, 4.2 Hz; 3b, 10.4 Hz). ™)

These observations confirm that each pair of compounds obtained from 1 consists of the

H1 and H8 was observed (J

stereoisomers 2 and 3 in all four cases a-d.
Stereochemically, the relative magnitude of the Jl 8 values suggests that 2a-b and 3a-b
’
are cis and trans, respectively. The validity of such a relationship in the bicyclo[6.4.0]-

dodecane system was confirmed by chemically correlating 2a and 3a with authentic samples

cis-5a and trans-6a, prepared

via the intermolecular Diels-
TABLE 1. THE RESULTS OF THE CATALYZED REACTIONS

Alder reaction between cyclooct-

Reaction Product Ratio? Isolated Yield 2-en~l-one and butadiene under
Substrate Temperature 2:3 2+3 catalyzed8a and photochemicallo
conditions, respectivel

la 25° 100 : ~0 69 > FesP v

- ° (Scheme 3). Similarly, 2c was

1b 25 89 : 11 62 -

- ° correlated with authentic

lc 55 83 : 17 74

- ° cis-5c (Scheme 3) and hence 3c

1d 50 74 : 26 69
- must be trans. Thus, the rela-

a tive stereochemistry of the
determined by isolation

three pairs of compounds (2a-c

and 3a-c) is solidly confirmed.

observed clearly justify the stereochemical assignment of 2d and 3d, and hence confirm that
the predominant product formed under the catalyzed conditions has, in each case studied

1
(a-d), cis~fused bicyclo[6.4.0]dodecane structure 2. 2
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TABLE 2: 13CMR SPECTRA DATAa OF THE PRODUCTS E_AND 3
carbon” | 2a 3a 2 3 2¢ 3¢ 2 3d
1 51.6(a) | 51.2¢d) | 52.5(d) | 53.0¢d) | 48.5(s) | 48.9(s) | 49.5(s) | 49.6(s)
2 216.7(s) | 219.5(s) | 216.9(s) | 220.0(s) | 218.5(s) | 220.9(s) | 219.0(s) | 221.1(s)
8 34.23(@)| 40.1¢a) | 38.0¢d) | 42.0¢a) | 4l.4¢d) | 36.4(Q) | 44.7(2) | 39.4(d)
9 131.9(d) |131.8(d) | 137.4(s) | 135.8(s) | 130.6(d) | 131.1(d) | 136.0(s) |134.7(s)
10 126.23(d)| 125.9¢Q) | 121.3¢a) | 122.7¢a) | 124.5¢d) |125.2¢a) {119.5(d) |121.5(d)
Me (1) 20.9(q) | 12.6(q) 20.7(q)d 13.5(«1)d
Me(9)° 22.2¢q) | 21.7(q) 22.9( 9 23.8(g)¢

(a) Spectra were taken in CDClj at 20.12 MHz. Chemical shifts are in ppm relative to
TMS. Multiplicity is shown in parenthesis. (b) Only those carbons which are firmly
assignable8a are listed.%b (c) Me(l) and Me(9) refer to the angular and allylic
methyl carbon atoms, respectively. (d) The assignment was confirmed by selective
proton decoupling experiments (see Footnote 4b for relevant protons).

In conclusion, we have demonstrated that the catalyzed intramolecular Diels-Alder
reaction can be used to efficiently construct, with high regio- and stereoselectivity,

vicinally fused cyclooctanes from readily available acyclic precursors. The applica-
tion of this methodology to the synthesis of higher medium ring systems and natural
products (e.g., ophiobolins) will be reported in due course.
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The substrates la and lb gave, in low yields, a mixture of two monomeric cyloaddition

products, 2a and 3a (1,75 : 1 by gc), and 2b and 3b (1 : 1.33 by gc), respectively,
while lc and 1d did not give such monomeric products. The products 2a-b and 3a-b were
identical to those obtained via the catalyzed reactions of la-b (see text). The monomer

yields were not improved by the addition of radical scavengers.
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