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K. N. Houk,* L. J. Luskus, and N. S. Bhacca
Department of Chemistry
Louisiana State University
Baton Rouge, La. TOB03

(Received in USA 4 April 1972; received in UK for publicatiom 27 April 1972)

We recently reported the periselective formation of 2:1 adduct IIXa in the reac-
tion of tropone with dimethylfulvene.l This observation of an unprecedented reaction of a
fulvene as a 67 addend has led us to investigate further the mechanism of this reactionm.
The .cycloadditi.ons of 6-methyl-, 6-phenyl-, and 1,4-dideuterio-6-phenyl-, fulvenes with
tropone provide evidence in support of our earlier mechanistic postulates.

Reaction of 6-methylfulvene (1 mmol.) with . 1 14
tropone (3 mmol.) at 60° for 12 hours resulted in for- 0
mation of a single 2:1 adduct, ma mp 176-176.5°, in

61% isolated yield. Irradiation of the methyl doublet

10
centered at §0.79 (CgDg) resulted in ~ 15% enhancements ~=19A
of the intensities of the resonances due to H-10 (65.27) -—-198

and H-13 (62.25), consistent only with structure IIXb. 1P

Reaction of 6-phenylfulvene {3 mmol.) with AL

a; R=R’'=Me d; R=Ph,R‘=H
tropone (6 mmol.) in methanol at 60° resulted in b; R=Me,l}'=ﬂ e; ReH,R‘=Ph
. c; R=H,R"=Me

formation of a single 2:1 adduct, Iffd,® mp 160°, in
86% yield based upon recovered phenylfulvene and phenylfulvene dimers. Chemical shift
differences produced by the anisotropy of the phenyl group allowed assigmment of structure

ALEL rather than IIfe to the 2:1 adduct. In CgDg, the following chemical shift differences
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are observed: [proton, 6(;;;2)-6(leg)]; H-10, + 0.37; H-13, -0.5k; H-14, -0.19; H-15,
-0.13. The upfield shift of H-10 and downfield shifts of H-13, -14, and -15 induced by the
benzene ring are compatible only with structure IIId with the aromatic ring "up", shielding
H-10 and deshielding H-13, -14%, and -15.

The stereochemistry of E,was proven by reaction of 1,4-dz-6-phenylfulvene with
tropone. Acid-catalyzed deuterium exchange® in 6-(dimethylamino)fulvene resulted in deuterium
incorporation predominantly at the 1- and 4k-positions. After conversion of the partially
deuterated aminofulvene into 6-phenylfulvene,* the positions of deuterium incorporation were
proven by preparation of the dimethyl acetylenedicarboxylate adduct, VLI, mp 91-91.5°%.2 Mass

spectral analysis indicated the following amounts of deuterium incorporation in VII: do,

23%; di, 48%; do, 28%; ds, 1%. Nmr analysis of YIL indicated the following m

positions and amounts of deuterium incorporation in phenylfulvene: H-6, 0%; D)

H-1, H-b, bh$, 52%; H-2 + H-3, 11% total. / cozr
Reaction of this partially deuterated phenylfulvene with tropone (D) OoMe

’esulted in formation of II1d-ds in 52% yield. 1In the nmr spectrum of Iildd WIL
(100 MHz, CgDg), the resonances due to H-19B (51.97dd, J=12.0, 0.7 Hz) and H-10 (84.96m) were
reduced in intensity to about one-half of the intensity in undeuterated LJfd. The lack of
scrambling of deuterium in the five-membered ring attests to the occurrence of a single
concerted [1,5s5] sigmatropic hydrogen shift before addition of the second tropone. Further-
more, the presence of deuterium at 19-B indicates that I is the exo adduct.

The proof of the stereochemistry of I does not rule out the initial formation of
IYL followed by pericyclic rearrangement to L. However, the failure to observe long-lived
intermediates in the dimethylfulvene reaction at 259,18 coupled with the high temperatures
required to effect known [1s,5s] sigmatropic carbon shifts in neutral systems,5 make the

intervention of undetected ¥ or YL unlikely.
~
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The intervention of the alternative [6 + 47 adduct LY, is less easy to discount.
Cope rearrangements generally occur only above 100°, but sterically favorable systems under-
go [55,35] sigmatropic shifts readily at low temperatures.e Adduct IV, would be ideally dis-
posed to rearrange via the quasi-chair transition state JILI. An estimated lower limit on
the order of hours for the half-life of the rearrangement of LY, to I at 250 indicates that
Iy is in fact a plausible intermediate.

However, assuming LY, were an intermediate in the formation of I, the Cope rearrange-
ment of the adducts formed from methylfulvene and phenylfulvene would be expected to proceed
most readily with the substituent (Me or Ph) in a quasi-equatorial rather than quasi-axial
conformation.” The Cope rearrangements of IR and I¥4, would be expected to produce Ig and
ke and, ultimately, s and IlLlIe, respectively. Since these are not the isomers observed,
the genesis of I from IJ, appears unlikely.

By contrast, the stereochemistry observed is compatible with the direct formation
of I from tropone and the unsymmetrical fulvenes. The transition states leading to Lb, and
L4 experience less steric repulsion between the fulvene substituent and tropone H-4 and -5
than the transition states leading to Ig and Je. Furthermore, these transition states have
the primary centers ideally aligned for bonding, while simultaneous secondary orbital
interactions lead to large stabilization of this transition state relative to transition

states for the other twenty-five possible adducts.
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