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TANDEM REVERSE-ELECTRON-DEMAND DIELS-ALDER REACTIONS OF 1,5-CYCLOOCTADIENE.
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Summary: Hexachlorocyclopentadiene and 5,5-dimethoxy-1,2,3,4-tetrachlorocyclopenta-2,4-diene react with
1,5-cyclooctadiene to produce a 1:4 syn to anti mixture of diadducts in good yield. The stereochemistry of the
diastereomers is examined using X-ray and molecular mechanics calculations are used to explore some of the
potential causes for the observed diastereoselectivity.

Tandem reverse-electron-demand Diels-Alder reactions of multifunctional dienophiles have not been widely
exploited for synthesis.! This approach potentially allows the transformation of "unactivated" olefins into
cyclopentadienes as outlined below for 1,5-cyclooctadiene (COD). The conformations imposed on the eight-
membered ring following cycloaddition and the n-face selectivity of the second Diels-Alder reaction are the
subjeéts of this report. The subsequent paper focuses on the remote control of the cycloaddition

diastereoselectivity, which is probably transmitted via conformation dependent a—0—x electronic interactions.
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COD reacts with excess hexachlorocyclopentadiene (HCCP) or 5,5-dimethoxy-1,2,3,4-
tetrachlorocyclopenta-2,4-diene2 (DMTCCP) to produce 95 or 88% isolated yields, respectively, of mixtures of
two stereoisomeric diadducts.3
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Only the endo, endo-Diels-Alder isomers are produced and perspective drawings of the single crystal X-
ray structures are shown in figure 1. The steric bulk of the norbornenyl ring fusion ensures mainly the 1,2- and
4,5-diequatorial stereochemistry. The rigidity of the norbornenyl rings induce near-zero torsion angles in the
eight-membered ring at the fused sites: -0.8 (3) and 1.1 (3)° for 1:4 10.7 (4) and +0.5 (4)° for the two
independent, centrosymmetric molecules of 2;5 -2.8 (9) and -6.8 (10)°; 4.2 (8) and 9.3 (10)° for the two
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independent molecules of 3;6 and +1.8 (3)° for 4.7 The torsion angles at C2-C3-C4-C5 and C1-C8-C7-C6 for 1
are 2.3 (4) and 0.7 (3)°; these values are nearly ideal (zero) for the boat conformation.® In contast, the analogous
values for 3 are 29.0 (9) and 26.5 (15)°; -31.4 (13) and -30.6(10)°, indicating a twist-boat conformation. The
torsion angles about the C-C bonds comprising the arms of the chair (C5-C8-C9'-C6' for 2) are +117.9 (3) and
+118.4 (3)°; analogous values for 4 are £119.0 (2)°. These values are near ideal (£116.8) for the chair
conformation.8

Figure 1. Three dimensional structures of 1, 2, 3, and 4.

What controls the diastereoselectivity of the second Diels-Alder reaction? The cycloaddition reaction
conditions are under kinetic control since the diadducts are stable to interconversion at 250 °C. The second Diels-
Alder reaction Jocks in the stereochemistry of the intermediate monoadducts, but the monoadducts, 510 and 6,11
are flexible at room temperature according to 13C NMR. Macromodel® molecular mechanics calculations indicate
that neither reactant conformationally preferences or product stability correlate with the observed selectivity.
Twist boat (TB) § is favored over twist chair (TC) 5 by 3.0 kJ mol-! and TB 6 is favored over TC 6 by 0.9 kJ
mol-1. Thus in accord with the Curtin-Hammett principle, monoadduct conformational preferences do not
account for the diastereoselectivity of the second cycloaddition. The exchange of the chlorines for the methoxyl
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groups reverses the relative stabilities of the diadduct products. TB 1 is less stable than TC 2 by 8.4 kJ mol™!,
but, TB 3 is more stable than TC 4 by 11.1 kJ moll. In addition, PCModell2 calculations of the diastereomeric
diadduct transition states predict a slight syn selectivity, showing that steric interactions do not account for the
diastereoselectivity.
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The 1:4 syn:anti dienophile 7t-face selectivity observed above does not correlate with reactant conformational
preferences, product stability, or TS steric interactions. The subsequent paper shows that electronic modification
of structurally similar cyclooctenes significantly affects the n-face selectivity of these Diels-Alder reactions.
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=22°C, V = 2402.9(11) A3, Mo Ko radiation, A = 0.71073 A (CAD-diffractometer), jL = 14.0 cm’l,
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molecules in the unit cell. The structure was solved and refined as for 1, except that H atoms were not
refined; R = 0.066, Rw = 0.055, GOF = 2.044 for 3887 unique reflections with / 2 15(I) and 613
variables. The mirror image structure yielded R = 0.069, Rw = 0.058, GOF = 2.142. See 4(b).

4: mp 356-358°C (dec.); 1H NMR (CDCl3) & 3.58 (s, 6H), 3.52 (s, 6H), 2.67 (d, 4H), 2.10 (d, 4H),
0.80 (dd, 4H); 13C NMR (CDCl3) 128.6, 111.3, 79.1, 52.7, 51.9, 51.6, 21.9 ppm; FT-IR: 2982.3,
2949.9, 2909.4, 2845, 1606.8, 1471.1, 1289.2, 1197, 1110.2, 993, 953.4 cm'l; HRMS: [M™*-CI]:
Cy3Hp435Cl,0, Calcd: 596.9501, Obsd: 596.9489; CyHyg33C1637Cl10 4 Caled: 598.9465, Obsd:
598.9465. For details of this structure; Garcia, J. G.; Fronczek, F. R.; McLaughlin, M. L. Acta Crys:.
1991, C47, in press.

(a) Ferguson, D. M_; Raber, D. J. J. Am. Chem. Soc. 1989, 111, 4371-4378; (b) Hendrickson, J. B.
ibid 1964, 86, 4854-4866.

Default parameters from MacroModel V2.5 were used. The diadduct crystallographic coordinates and the
hexachlorinated monoadduct X-ray crystal structure coordinates were minimized.

Sporka, K.; Ruzicka, V.; Horak, Z. Chem. Prum. 1979, 29, 526-528; X-ray crystal structure: Garcia,
J. G,; Fronczek, F. R.; McLaughlin, M. L. Acta Cryst. 1991, C47, submitted.

Akhtar, L.A.; Fray, G.I;, Yarrow, J. M. J. Chem. Soc.(C) 1968, 812-815.

Default parameters for the Diels-Alder transition states were used from PCModel V2.

(Received in USA 25 January 1991)



