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Photochemistry of a CycIohex-3-enone. Evidence for a 
Stepwise Pathway in an Oxadi-x-methane 
Rearrangement 

Sir: 

Triplet excited /3,7-unsaturated ketones undergo an 
oxadi-ir-methane (ODPM) rearrangement involving a for
mal 1,2 (a -* /3) acyl shift and three-ring formation 
through a —* 7 bonding.1 One of the early examples was re
ported for Au9-2-octalone.2 We describe now a study with 
the related cyclohexenone (—)-l designed to differentiate 
between the three currently debated principal mechanisms 
for the ODPM rearrangement which can be applied to the 
formation of products endo-5 and exo-6. These mecha
nisms are summarized in Scheme I:3 (i) a-Cleavage to the 
achiral diradical 2 which recombines to racemic endo and 
exo products; (ii) an alternative stepwise mechanism pro
ceeding via intermediates of type 3 and/or 4 furnishing 
endo and exo products of identical C-I configuration; (iii) a 
photochemically allowed concerted a2a + x 2 a cycloaddition 
leading to endo and exo products with opposite C-1 config
uration.4 The products 5 and 6 formed by the concerted 
mechanism iii would retain the enantiomeric purity of the 
starting ketone. In a reaction course of type ii a partial loss 
of the initial enantiomeric purity may, but need not, result 
for 5 and 6 depending on the extent to which certain of the 
steps involved are subject to stereoselective control.5 

Irradiation of ketone rac-1 with 254-nm light in metha
nol led to a specifically -K ~* ir* induced 1,3-allylic shift of 
the dimethoxymethyl substituent6 and formation of I.7,8 

Triplet sensitization of 1, using acetone solution and 254 
nm, furnished a ca. 2:1 ratio of the cyclopropyl ketones 5 
and 6 (20% yield at full conversion and after chromato
graphic separation). Separate photolyses of 5 and 6 under 
the conditions of their formation resulted in the decomposi
tion of both compounds to as yet unknown products while 
the two isomers did not interconvert and their ratio re
mained constant. The endo configuration of the dimethoxy-
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methyl group in 5 was established by reduction with 
NaBFU and oxalic acid-catalyzed cyclization of the result
ing hydroxyacetal 8 in methanol to 9. Jones oxidation of 9 
gave lactone 10, ir 1775 c m - 1 (in CCI4). The overall yield 
for 5 —• 10 was 44%. Application of the same reaction se
quence to 6 failed to give an analogous cyclization. 

Compound ( - ) - l , CD A<;max
297 +3.3,9 of 54% enantio

meric purity10 was obtained as follows: Fractional crystalli
zation of the hydrazide prepared from (—)-7V-aminomenth-
yl carbamate" and the carboethoxy precursor of 7 gave 
partially resolved (+)-7, Aemax

340 +3.3.9 Photorearrange-
ment of this compound into (—)-l occurred without loss of 
enantiomeric purity.12 

The two ODPM rearrangement products, which were 
isolated after a ca. 90% conversion of (—)-l in the acetone-
sensitized photolysis, were optically active and the enan
tiomeric purities were 42% for recovered 1 and 48% each 
for 5 and 6. The CD exhibited identical negative Cotton ef
fects, A«max

296 —1.3,9 for both the endo and exo isomer, 
(-)-(15,95')-5 and {-)-(\S,9R)-6, respectively.12 

The partial racemization in the order (—)-l > (—)-5 = 
(—)-6 during the photolysis must be due mostly to a process 
competing with the ODPM rearrangement, probably to re
versible a-cleavage (1 <=± 2). Similar acetone-sensitized epi-
merizations have been observed previously.18,19 The essen-
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tially full retention of enantiomeric purity during the rear
rangement and the formation of endo and exo products with 
identical C-I configuration eliminate the, a priori least fa
vorable,20 a-cleavage (path i) entirely22 and the allowed 
concerted cycloaddition (path iii) at least as the major re
action course. There remains a stepwise mechanism of type 
ii which alone, irrespective of the detailed pathway, can ac
count for the formation of the major product 5 (and equally 
well also for 6), barring its unlikely generation in a single 
a2s + w2a step which is forbidden in the terms of orbital 
symmetry control.4'24 

The high stereoselectivity of this reaction deserves some 
speculative comment although a definitive interpretation 
must await precise knowledge of the intermediate(s) in
volved. Solvent dependent uv and NMR spectral changes25 

indicate that the ground-state conformational equilibrium 
of 1 in a polar medium favors the half-chair or boat forms 
with the dimethoxymethyl substituent in the (pseudo)equa-
torial position. The rearrangement to (IS)-S and -6 re
quires the same conformation of triplet 1. It would in fact 
be acceptable to assume that ground and excited states 
adopt similar conformational preferences in similarly polar 
solvents. 

A stepwise reaction course corresponding to ii, as estab
lished now as the most likely mechanism24 for (the major 
part of) the ODPM rearrangement of 1, need not be general 
to similar transformations of any other /3,7-unsaturated ke
tone. Nevertheless, it is compatible with all other examples 
which have been studied in some detail.23'26 Only two'9'23e 

of those cases, which conform to the mechanistic expecta
tions of an allowed a2 + T2 cycloaddition, require as an ad
ditional condition that a single intermediate corresponding 
to 3 be formed and converted directly to product with inver
sion at the /3-carbon. 

Acknowledgment. This work was supported by the Fonds 
National Suisse de la Recherche Scientifique and by Fir-
menich S.A., Geneva. We thank Dr. J. Kalvoda, Ciba-
Geigy A. G., Basel, and Dr. M. R. Uskokovic, Hoffmann-
La Roche Inc., Nutley, N.J., for reference samples used for 
determining the absolute configuration of our starting ke
tone. 

References and Notes 
(1) For reviews see (a) S. S. Hixson, P. S. Mariano, and H. E. Zimmerman, 

Chem. Rev., 73, 531 (1973); (b) K. N. Houk, ibid., 76, 1 (1976); (c) K. 
Schaffner, Tetrahedron, 32, in press. 

(2) J. R. Williams and H. Ziffer, Chem. Commun., 194 (1967); Tetrahedron, 
24, 6725 (1968); P. S. Engel, M. A. Schexnayder, H. Ziffer, and J. I. 
Seeman, J. Am. Chem. Soc., 96, 924 (1974). 

(3) The a priori assignment of absolute configurations to the intermediates 
(except for C-2 in 3) and products of pathway ii is arbitrarily chosen to 
conform with the products expected from (Sy-I via mechanism iii. The 
accordance with experiment could have been predicted only on as
sumptions pertaining to the conformation of the triplet state of (S)-1 
(see discussion). 

(4) For a discussion of this case see R. B. Woodward and R. Hoffmann, 
Angew. Chem., Int. Ed. Engl., 8, 781 (1969). 

(5) The precise details of pathway ii involving either or both intermediates 
3 and 43 are not prerequisite for the envisaged mechanistic differen
tiation. 

(6) (a) J. Gloor and K. Schaffner, HeIv. Chim. Acta, 57, 1815 (1974); (b) J. 
Am. Chem. Soc, 97, 4776 (1975). 

(7) The photolyses were carried out at ca. 25° after flushing of the solu
tions with nitrogen. 

(8) The structures of products 1, 5, and 6, which find their closest analogy 
in the previously reported homologous octalone series,68 are con
firmed by spectral analysis to be reported in detail in our full publica
tion. Key data are: 1, uv (hexane) «max283 168, (CH3OH) tma* 770; ir 
(CCU) 1725 and 1678 cm - 1 ; NMR (CDCI3) doublets at & 3.12 (CCI4: 
2.95) and 4.65 (2 H each, J = 5 Hz) and a singlet at 3.48 (6 H); 5, ir 
(CCU) 1720 cm - 1 ; NMR (CDCI3) singlets at S 3.40 and 3.28 (3 H each) 
and a doublet at 4.53 (1 H, J = 7 Hz); 6 exhibits similar spectral char
acteristics. 

(9) The CD data were measured in hexane at 22° and the Ae values given 
are corrected for 100% enantiomeric purity.10 

(10) Enantiomeric purities were determined in CDCI3 by NMR (100 MHz) 
using Pr(TFC)3 as a chiral shift reagent; experimental error is ± 3 % . 

(11) R. B. Woodward, T. P. Kohman, and G. C. Harris, J. Am. Chem. Soc, 

63, 120 (1941); E. Touboul and G. Dana, Bull. Soc. Chim. Fr., 2269 
(1974). 

(12) The absolute configurations of (-)-5, (—)-6, and (+)-7 were established 
by comparison of their Cotton effects with those of appropriate model 
compounds of known configuration. Reference substances for 5 and 6: 
dihydroumbellulone13 and other bicyclo[3.1.0]hexan-2-one deriva
tives;14 7: 19,19-dimethoxytestosterone acetate,15 B-nor(-17a-meth-
yl16)testosterones,13a (1S,7aSM+M-hydroxy-7,7a-dihydro-7a-methyl-
5(6H)-indanone and its terf-butyl ether.1' The (S) configuration of (—>-1 
follows from its formation6 from (R)-T. 

(13) (a) C. Djerassi, R. Riniker, and B. Riniker, J. Am. Chem. Soc, 78, 6377 
(1956); (b) T. Norin, Acta Chem. Scand., 17, 738 (1963). 

(14) C. Djerassi, W. Klyne, T. Norin, G. Ohloff, and E. Klein, Tetrahedron, 21, 
163 (1965); K. Schaffner and G. Snatzke, HeIv. Chim. Acta, 48, 347 
(1965). 

(15) R. Binder and H. Wehrli, HeIv. Chim. Acta, 51, 1989 (1968). 
(16) J. Joska, J. Fajkos, and F. Sorm, Collect. Czech. Chem. Commun., 25, 

1086 (1960). 
(17) Synthesized in the Hoffmann-La Roche laboratories, Nutley, N.J., from 

the corresponding indandione: cf. Z. G. Hajos and D. R. Parrish, J. Org. 
Chem., 39, 1615(1974). 

(18) R. J. Chambers and B. A. Marples, Tetrahedron Lett., 3747 (1971); 
H.-U. Gonzenbach, K. Schaffner, B. Blank, and H. Fischer, HeIv. Chim. 
Acta, 56, 1741 (1973). 

(19) R. L. Coffin, R. S. Givens, and R. G. Carlson, J. Am. Chem. Soc, 96, 
7554(1974). 

(20) Closure at the terminal atoms of the allyl radical (e.g., 2 - * rac-1) 
would be expected to prevail over the energetically less favorable21 

bonding to the central position or cycllzation of allyl radical to cyclopro-
pyl radical.13 

(21) O. P. Strausz, P. J. Kozak, G. N. C. Woodall, A. G. Sherwood, and H. E. 
Gunning, Can. J. Chem., 46, 1317 (1968). 

(22) Pathway i has already been discarded experimentally for several ODPM 
rearrangements.19,23 

(23) (a) E. Pfenninger, D. E. Poel, C. Berse, H. Wehrli, K. Schaffner, and O. 
Jeger, HeIv. Chim. Acta, 51, 772 (1968); (b) S. Domb and K. Schaffner, 
ibid., 53, 677 (1970); (c) W. G. Dauben, M. S. Kellog, J. I. Seeman, and 
W. A. Spitzer, J. Am. Chem. Soc, 92, 1786 (1970); (d) R. S. Givens, W. 
F. Oettle, R. L. Coffin, and R. G. Carlson, ibid., 93, 3957 (1971); (e) R. 
S. Givens and W. F. Oettle, ibid., 93, 3963 (1971); (f) J. I. Seeman and 
H. Ziffer, Tetrahedron Lett., 4413 (1973). 

(24) A referee has pointed out that the possibility of a "forbidden" concert
ed cycloaddition cannot be ruled out without evidence for reaction inter
mediates. 

(25) See uv and NMR data (of tertiary ring proton) in ref 8; cf. H. Labhart and 
G. Wagniere, HeIv. Chim. Acta, 42, 2219 (1959), and C. W. Jefford, R. 
McCreadie, P. Muller, and P. Pfyffer, J. Chem. Educ, 50, 181 (1973), 
and literature references therein pertaining to the dependence of cyclo-
hex-3-enone absorption and ring-proton chemical shift, respectively, on 
conformation. 

(26) D. A. Plank and J. C. Floyd, Tetrahedron Lett., 4811 (1971); H. Sato, K. 
Nakanishi, J. Hayashi, and Y. Nakadaira, Tetrahedron, 29, 275 (1973); 
K. Schaffner, Pure Appl. Chem., 33, 329 (1973). 

Beat Winter, Kurt Schaffner* 

Departement de Chimie Organique 
Universite de Geneve 

1211 Geneva 4, Switzerland 
Received December 22, 1975 

Modes of Acid Catalysis in the Aromatization 
of Arene Oxides 

Sir: 

The aromatization of arene oxides has previously been 
shown to occur by HsO+ (^H) and spontaneous or water 
(ko) catalysis (eq I).1 Both mechanisms involve rate deter-

(1) 

mining carbocation formation when the migrating group 
(X) is H.2 We report herein results which establish that the 
ring opening reaction is subject to general acid catalysis 
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