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DIASTEREOCONTROL OF THE CLAISEN REARRANGEMENT BY SUBSTITUENTS
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Summary: Thermal Claisen rearrangement of substrates 5 and 6, each prepared in seven steps from the
Diels-Alder adduct of methoxybenzoquinone and 1.3-butadiene. affords products 7 and 8, respectively.
These disparate results demonstrate that the stereochemical outcome of Claisen rearrangements of this
type may be controlled by the spatial requirements of substituents external to the pericyclic array.

Despite years of extensive investigation.2 there remain synthetically useful variations of the Claisen
rearrangement which are Iittle—studied.3'4 One such variant is the attachment of an allylic appendage to
derivatives of cyclohexanone. A previous study has indicated that in a suitably conformationally biased
case, there exists a preference for the newly formed carbon-carbon bond to be axia|.4 This preference
was, however. found to be slight. and would be expected to respond readily to external steric influence.
We report in this letter an example of appendage attachment to a cyclohexanone via the Claisen
rearrangement. in which the stereochemical outcome may be essentially quantitatively reversed by altering

the spatial requirements of substituents external to the pericyclic array. The resulting products are of

potential interest as intermediates in the synthesis of a family of phytotoxins of fungal origin, betaenone B
5b.6

(1)53 and stemphyloxin | (2).
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The rearrangements of interest involve the tricyclic decalins 5 and 6. which were prepared from the
common intermediate. tricyclic enone 4. The functionalized decalin 3. prepared by sodium borohydride
reductionY'8 of the Diels-Alder adduct of methoxybenzoquinone and 1.3»butadiene.8 was treated with 1.8
equiv N-bromosuccinimide in THF {25°, 1 h) to afford the corresponding tricyclic bromoether, which was
in turn treated with 1.4 equiv methyllithium in THF (0°) followed by acidic work-up (PTSA°H20
treatment of organic extract), providing the tricyclic enone 4 (m.p. 188-189°) in 62% overall yield from 3.
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The enone 4 was converted to Claisen rearrangement substrate 5 by the three-step sequence: 1) 13
equiv (C6H5)2CuLi. THF/EtZO. -40° (60%): 2) excess trans-2-penten-1-ol. PTSA'HZO. C6H6. reflux,
Dean-Stark trap: 3) neat DBU. 105° (58%, two steps). Substrate 6 was prepared from enone 4 by the
analogous sequence: 1) 2 equiv n-C5H11CECCuCH:CHSn(n-C4H9)3Li, 5 equiv (C6H5)3P, THF. -78°+ -
40°; 2) excess Pb(OAc),. CH,CN. 25° (71%. two steps)g: 3) excess trans-2-buten-1-ol, PTSA*H,0,
CgHg. reflux. Dean-Stark trap (50%).

Thermolysis of 5 [96:4(v/v) n-CygHyp:N.N-dimethylaniline. 210°] afforded a single product (lH NMR

analysis) which crystallized directly from the reaction mixture on cooling to 25° in 86% yield. A single

2

crystal X-ray analysis of this product unequivocally established it to be ketone 7,10 the product of concave
face appendage attachment via a chair-type pericyclic transition state.

The latter result is interesting with regard to both the mechanism of the Claisen rearrangement and
the synthesis of stemphyloxin I. The rearrangement of 5 to 7 formally follows the rule of axial appendage
delivery.4 despite this requiring carbon-carbon bond formation on the crowded concave face of the tricyclic
system. We believe that this reflects not an inherent preference for axial bond formation, but rather the
severe steric congestion present on the convex face of the molecule. Specifically. inspection of CPK
models clearly suggests that in the ground state conformation of 5. one of the ortho-hydrogens of the
phenyl ring blocks convex face carbon-carbon bond formation. This orientation of the phenyl ring (the
result of avoiding steric contact with the hydrogen atoms at the ring fusion of 5) is also observed in the
X-ray structure of ketone 7. Support for this explanation is found in the outcome of thermolysis of 6
{see below). The ketone 7 is of synthetic interest as a stemphyloxin | (2) precursor: Epimerization of
the newly attached pentenyl appendage from its pseudoaxial to an equatorial position would potentially
establish several key stereorelationships in 2.5b

Thermolysis of Claisen substrate 6 [99:1 (v/v) n-C4gHyp:N.N-dimethylaniline. 160°] cleanly afforded a
single rearrangement product ("H NMR analysis), 8, in 70% yield. Single crystal X-ray analysis revealed

the structure of 8 to be as shown.10 the product of convex face carbon-carbon bond formation.
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The conversion of 6 to 8 is again of interest both mechanistically and synthetically. Apparently, the
diminished spatial requirements of the acetylene substituent of 6 (relative to the phenyl group of 5) permit
convex face carbon-carbon bond formation, avoiding reaction at the sterically congested concave face.“'12
The energetic advantage of avoiding concave-face bond formation is qualitatively reflected in the
significantly diminished temperature at which 6+8 (160°) relative to 5+7 (210°). This example is a clear
illustration of the potentially dominant role of steric effects in determining the stereochemical outcome of
Claisen rearrangements which append an allylic unit to a cyclohexanone.

Ketone 8 is of synthetic interest as a precursor to betaenone B (1), and has been carried several
steps toward this end. Treatment of 8 with excess neat DBU (90’).13 followed by reduction with 1.5
1% 50 THF (-78°) afforded allylic alcohol 9. Oxidation of 9 (PCC. 50% from 8).
followed by treatment of the resulting enone with lithium dimethylcuprate (Et20, -78°) afforded a 4:1
mixture of diastereoisomers. the major isomer of which is believed to be 10 {delivery of methy! from the

equiv samarium(li}iodide

less hindered convex face). Intermediate 10 is a promising intermediate for betaenone B (1) synthesis,

since it possesses all of the stereochemistry and functionality required for construction of the northern

periphery, as well as sufficient functionality to allow elaboration of the southern periphery.15
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