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EPIMERIZATION OF 2,4-DIBENZILIDENE-6-METHYLBICYCLO(3.1.0)HEXAN-3-ONE
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Abstract  Thermal epimerization of the title compound occurs readily at > 150°C, with Eyning parameters of AHY=298
keal /mol and AS¥ = -10 8 cal/mol-K, consistent with a plananzed intermediate or transition state

The pentamethylenepropane (PMP) diradical system 1 has been of interest since it was 1dentafied by
Borden and Davidson as being structurally unusual,! by virtue of the fact that ssmplhistic Hund's rule based
arguments? as well as panty-based models? would suggest a hugh-spin triplet ground state for a planar PMP, while
the disjointness eriterion? would suggest that an unusunally low-lying exated state or possible ground state singlet.
mght occur We became interested in this system after one of us* made semiempirical INDO/S-CI computational
predictions that vanious structurally related PMP denivatives would favor a triplet ground state by a small (< &
keal/mol) margin  In efforts to obtmin evidence for the production of PMP-related species, we synthesized
derivatives of 2,4-dibenzylidene-bicyclo(3 1 O)hexan-3-one 2, which through cleavage of 1ts bridgehead C1-Cg bond
could lead to a PMP denivative that 1s conformationally constrained relative to 1 In this letter we report the
thermal epimenization behavior of a methyl-labeled derivative of 2 and show permissive evidence for formation of

& PMP-Like intermediate or transition state dunng this process

The synthesis of 2 1s shown 1n Scheme I Starting material 4-cyclopentenol 8 1s readily available,5 and
may sequentially be cyclopropanated by the Stmmons-Smith procedure to give 4,° oxudized with pyrndinium
dichromate to 5,7 and converted to 2 by a standard aldol procedure using benzaldehyde 8 Heating of 2 at about 200°C
and photolysis 1n solution at room temperature showed essentially no change 1n the lHNMR. Photolysis at 77 K
the neat sohd and 1n vanous frozen solution matrices showed no electron spin resonance spectrum other than
adventitious radicals produced from some of the solvents Accordingly, the 6-methyl-labeled derivative 6 was
synthesized by modification of the cyclopropanation step in Scheme I to give aleohol 7,8 which was oxidized to yreld

ketonell § that could be converted to 62 (which was found to be completely exo)
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Vanous photolyses of 6 1n frozen 2-methyltetrahydrofuran at 77 K gave no observable epimerization, to our
disappointment However, the 1dentical photolysis at room temperature in solution rapidly led to 2 1 1 epimeric
ratio of 8 , along wath a small amount of umdentified byproducts having olefinic protons in the LHNMR. The
exo endo ratio 1 6 was readily monmitored by observing the integrated ratio of the methyl doublets at §2 25 (exo) and
§2 56 (endo) ppm 10 Pyrolyss of 8 n degassed mitrobenzene-dg at 150-200°C also readily led to epimernization, this
time to give a final endo exo ratio of 0 35-0 41, corresponding to ~1 2 keal/mol free energy difference between the
1somers The epimerization proceeds without formation of byproducts, so far as we can tell by 1HNMR,

We were unable at this pomnt to differentiate formally between the possibihties of brndge-bond vs "wrong-
bond" cleavage (9 vs 10 1 Scheme I), since to do so would require an enantiomeric labehng/separation synthesis,
with attendant compheations which we have yet to overcome However, we were readily able to obtain kinetics for
the epimenzation process in nitrobenzene-dg by IHNMR, the data for which are shown 1n Table 1 11 Analysis of
these data yield Eyring parameters of AH¥ = 29 8 keal/mol and AS¥ =-108 cal/mol-K, corresponding to Arrhenius
parameters of E, = 31 0 kcal/mol and logigA = 112 This 15 a fairly rapid process for a hydrocarbon epimenzation,
by ecompanson to simple cyclopropane 1somenization with E,= 65 1 keal/mol 12 It also seems far too facile for a
wrong-bond cleavage, by companson to the study of 2-vinyl-methyleyclopropane epimerization by Ellis and
Frey,13 , 1n which E, = 48 6 kcal/mol and logjpA = 14 7 However, our kinetic parameters are very simlar to those

found by Arai and Crawford for 1somenzation of trans-divinyleyclopropane,14 which has E,; = 34 3 keal/mol and

log1pA =131
TABLE 1 Thermal Epimenzation Rate Constants kﬂ for Compound 6
Temperature(°C) 108 kep (s€C Temperature(°C) 108 ke {sec
1643 540 1951 572
1745 117 2045 1130
1851 230

(Equilibrated final ratios of exo endo epimers of 6 needed for kinetics were found
by heating for > 10 h at each temperature for which kinetics was obtained )
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TABLE 2: Selected Kinetic Compansons to 8.
E,(icalmol)  logA

D
‘A{ A 651 16 4
D

D D
CH=CH,
— 486 147
Me Me CH=CH,
CH=CH,
— 343 131
CH,=C CH;=CH, CH=CH,
6(ex0) ~—— 6(endo) 310 112

Entnies taken from references 12-14 and this work.

Table 2 summanzes these kinetic comparisons By analogy, wrong bond cleavage of 6 may be compared to
the second entry in Table 2, while bnidge-bond cleavage may be compared to the third entry As additional
evidence, we find that compounds 11 - 12 do not undergo thermal epimenzation under conditions where
epimenzation of exo-6 proceeds readily, further demonstrating the need to involve both exocyche benzyhdene
groups 1n the epimerization of the bicychie system, 1n a manner inconsistent with wrong-bond cleavage

[o] [e]

!ae 11 IGIe 12

We feel that our data constitutes permissive evidence for formation of a planarizing PMP-type
mtermedhate or transition state 9 mn epimerization of 8 While we cannot formally prove planarization wathout
synthesis of other, optically active denvatives of 2, 1t 18 hard to see how our observed kinetic parameters may be
interpreted in terms of wrong-bond cleavage, given the clear analogy of that process to Elhs and Frey's study We
feel that the similanty of our kinetic parameters to those of divinyleyclopropane 1s entirely 1n accord with the
Borden-Dawidson picture of the PMP pi-system as bemng composed of two allyl fragments weakly coupled by a
cross-conjugating group, given that the carbonyl group 1n 6 has almost no net effect on the activation energy of
bond cleavage relative to dianyleyclopropane Further work 15 underway to investigate possible PMP
formation® 1n other varations of this 1somenzation process, such as in all-hydrocarbon analogs

Acknowledgements This work was supported by the donors of the Petroleum Research Fund (PRF 21150-

AC4), administered by the American Chemacal Society



5872

L

2

10

11

13

14

15

REFERENCES

W T Borden, E R Dawidson,J Am Chem Soc, 99, 4587(1977)
H C Longuet-Higgins, J Chem Phys , 18, 265(1950)
A. A Ovchinmikov Theor Chim Acta, 47, 297(1978) I A. Masurkin, A. A. Ovchinnikov, Russ Chem Rev
(Engl ), 46, 967(1977)
P M Lahts, A S Ichimura,J A. Berson,J Org Chem , 54, 958(1989)
HM Hess, H C Brown,J Org Chem , 32, 4138(1967)
J Nishimura, N Kawabata, J Furakawa, Tetrahedron, 25, 2647(1969)
E J Corey, G Schmudt, Tet Lett, 399(1979)
Compound 2 mp 166-167°C, IHNMR(300 MHz, CDCly) - 5 7 18-7 94 (m,12H, Ar-H), 2 73 (dd, J=4 2 Hz, J'=7 9
Hz, 2H, bndgehead CH), 1 84 (pseudo quartet, J=4 2 Hz, J"=4 § Hz, 1H, exo C-H), 1 00 (m, J'=7 9 Hz, J"4 5 Hz,
1H, endo C-H), IR(KBr, cml)-- 3028, 3019, 2960 (C-H str), 1697 (s, C=0 str), 1617 (vs), 1259, 1188 (vs), 1047, 699,
Anal Caled for C1gH40 C 88 20%, H 5 92%, 0 587% Found C 87 99%, H5 77%
Compound 6 19 mp 172-173°C, ZHNMR(300 MHz, CDCly) -- § 7 21-7 942(m,12H, Ar-H), 2 44 (d, J=3 4 Hz, 2H,
bridgehead CH), 1 52 (d, J = 6 1Hz, 3H, CHy), 1 25 (m, J=3 4 Hz, J'=6 1Hz, 1H, endo C-H), IR(KBr, cm1)--
3025, 2951 (C-H str), 1701 (s, C=0 str), 1632 (vs), 1618 (v s), 1260, 1185 (vs), 1045, Anal Caled for CioH;50 -- C
88 08%, H 6 34%, 0 5 59% Found C 87 92%, H 6 67%
The exo 1somer assignment for 6 (and corresponding endo assignment 1n the epimerization) 1s based on
1HNMR couphng constants described in J C Rees, D Whittaker, Org Mag Res, 15, 363(1981)
Rate constants were obtained by assuming a reversible ummolecular epimerization proces Final
equihbrium concentrations of epimers required for the analysis were determined by heating at each
temperature for > 10 h Cf K J Ladler, "Chemical Kinetics", McGraw Hill, New York, NY, 1965, pp 19-21
E W Schlag, B S Rabinowitch, J Am Chem Soc, 82, 5996(1960)
R J Ellis, H M Frey, J Chem Soc, 5578(1964)
M Ara, R.J Crawford, Can J Chem , B0, 2158(1972) Cf also J J Gajewski, "Hydrocarbon Thermal
Isomenzations”, Academic Press, New York, NY, 1981, pp 215-216
Photochemical formation of PMP's has been suggested 1n sold state photolysis of 2,5-dibenzyhdene-

cyclopentanone G Kaup, I Zimmerman Angew Chem Int Ed Engl, 20, 1018(1981)

(Recerved 1n USA 26 July 1991)



