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The first two examples of exclusive oxetane formation on olefin photoaddition to a cyclohex-2-en-1,4-dione, lead-
ing to two novel 2-substituted 3,3,6,8,8-penta-methyl-1-oxaspiro[3.5]non-5-en-7-ones are described herein

Since Albrecht obtained the first known enediong),(in  (6) with tetramethylethyleneTME, 2,3-dimethylbut-2-ene).
1906, these compounds have been the object of much resear@ it is derived from a triplet excited staf§1{,), Dilling’s
work, some of which helped shape organic chemistry as wéiradical ought to be formed also %g],, before being con-
know it nowadays \jz. the Diels—Alder reaction and the verted to3 (note that3 = Y{2] ). Furthermore, the reversible
Woodward—Hoffmann rules). formation of Dilling’s intermediate might be the photochemi-
cal pathway for the deactivation of some sulfur and nitrogen
substituted derivatives df° which do not photocyclize under
prolongeduv irradiation.

Other intermediates are possible, however, besides Dilling’s:
Scheffer and Trottersour-de-forceinvestigatioA® on both
solution and crystalline phase photochemistry of tetrahydron-
aphthoquinones (compounds that are structurally relatéd to
but lack the methano bridge) revealed products the origin of
which cannot be explained, unless one assumes the intermedi-
acy!® of a biradical, formed by intramolecular hydrogen
abstraction by one of the carbonyl oxygens — after the (either
singlet or triplet) excited state is attained — which then under-
goes intramolecular radical recombination.

From the literature one also might be tempted to generalize

Q the observation that enediones, on UV irradiation, in the pres-
ence of olefins, form cyclobutanes. However, Yostdtiall!
have shown that 4-cyclopentene-1,3-diongsdp form oxe-

8 tanes, instead of cyclobutanes, and @tal? reported the
where: R = H or Me and R' = Me or Bu'! formation of oxetanes as by-products on uv irradiation of 2-

cyclohexene-1,4-dione, in the presenc@MIiE or of (Z or E)

The intramolecular photocyclization of the enedione moiety to2-PUtene, in 30 and 3% yield, respectively. Scheffer and
the olefinic moiety inl, yielding the cage-compourg] was Trotter also reportél one case of oxetane formation, from a

first described in 1964 by Cookset al3 It has been exten- tetrahydronaphthoquinone lacking abstractable hydrogens.
sively investigated since then, and is part of a progsser- In view of those facts, we reasoned that the formation of
energy storage system. This reaction is not a concerted [2+ petanes m!ght become the preferred reaction pathway, once
cycloaddition and its mechanism ought to be formulated as ifi'€ Steric hindrance to attack at the enedionic double-bond

Scheme 1, in view of the cumulative results (see ref. 5a angec0mes large enough, and set out in the quest for exclusive
references’ therein cited) published since 1964 oxetane formation from enediones other than the 4-cyclopen-

tene-1,3-diones. We now report the successful attainment of
this goal.

7 9or10

1 hv 1[1]1 1SC 3[1]1 3 3[2]1 ISCl 3
Results and Discussion
Scheme 1 We have found that UV irradiatiore 300 nm) of a benzene
solution of 4-oxoisophorone (2,6,6-trimethyl-2-cyclohexene-
The involvement of the first excited triplet state of compound1,4-dione,8), in the presence of a four-fold molar excess of
1 (i.e. 3[1],) is firmly established by now, by means of laser TME, for 20h (Scheme 2) results in total conversion8of
flash photolysis, sensitized irradiations and quenching studexclusively into the oxetan®. Longer irradiation times do
ies56 On the other hand, although it was first proposed inresult in the formation of secondary photoproducts, which we
1966 by Dilling? the biradical2 still has not been observed did not try to identify. In theH NMR spectrum of9, the
spectroscopically, but its involvement is supported by investi-olefinic proton signal is present; in thé&C NMR spectrum
gations on the photoaddition of olefins to related polycyclicthere are two olefinic carbon signals and a lone carbonyl sig-
cyclohexenediones4(and its derivatives), by Barltrop and nal is found at 203.63 ppm. These observations point unmis-
Giles® as well as by the isolated open-chain by-prodiict takably to the correctness of the structuredfas depicted in
obtained by Yoshidat al. on irradiating 3-hexene-2,5-dione Scheme 2. If the olefinic photoaddition had taken place at the
opposite carbonyl, the remaining carbonyl carbon signal ought
. . to be less shielded than the observed value (in fact, for
E?m;ﬁ??gxégcsmn%@?g.rdgsF)bc;ndence at Fax +55-11-815-5579; ¢ phoron&®and cyclohex-2-en-1-0A®it is found at 198.5

T This is a Short Paper, there is therefore no corresponding material igfhd 198.7 ppm, respectively, while for compou8dthe
J Chem. Research (M). carbonyl signals appear at 197.43 and 203.16 ppm).
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peaks atm/z 206 [M* — Me,CO], indicative of head-to-tail

addition giz. 12 and 13). Column chromatography followed
0 by repetitive preparative TLC afforded a pure sample of the

most abundant product. In i#8C NMR spectrum there are

O
h two olefinic carbon signals and a lone carbonyl signal is found
+ _V). at 203.52 ppm. In thtH NMR spectrum of this product, the
olefinic and oxetane proton signals appear, respectively, at
7.08 and 4.15 ppmH—{H} (1D) NOE difference experi-
0

@) ments revealed a 2% enhancement at the 7.08 ppm signal on
irradiation at 4.15 ppm, while irradiating at 7.08 ppm resulted
8 9 in 1% enhancement at the 4.15 ppm signal, thus indicating
that the olefinic and oxetane protons are proximal. These
Scheme 2 results led us to assign to this compound the strudtQOre
depicted in Scheme 34. thelike® diastereomer of the head-

The complete regio- and chemo-selectivity in the formationto-head adduct). _ S
of 9 nicely illustrates our steric-control hypothesis: that the It should be pointed out that the first vertical ionization
cooperative steric  hindrance  existing  between Potential$® of TME andBIA are 8.27 and 8.68 eV, respec-
4-oxoisophoroned) andTME prevents the attack either at the tively, and that ofIO can be estimated at 8.40 eV, in view of
enedionic double-bond or at the C-1 carbonyl moiety. Thethe published datdon relateo! qleflns. Thus, we _belleve that
experiments described below provide further confirmatorythe electron-donor characteristics of all the olefins employed
evidence for this hypothesis. in this investigation are similar enough and ought not be

UV irradiation & 300 nm), for 20h, of a benzene solution of regarded as a contributing factor to the observgd reactivity.
8, in the presence of a four-fold molar excess of trimethylethyl- Also, with regard to the nature of the excited states of
ene BIA, B-isoamylene or 2-methyl-but-2-ene), instead of 4-oxoisophorone E{) the first sm_glet e>_<C|ted state 5fs
TME , leads to the formation of similar amounts (by capillary (N-Tt), and there is a consensus in the literéitftéhat for
GC) of only eight (racemic) products (out of the twelve pOSSi_cyclohexenedlones the first triplet excited statetis. t).
ble racemic diastereomers). When analysed by GC-MS, afffowever, (i) excited states of enones, enediones and
eight products presented molecular-ion peaksné 222. quinones usually react with oleflns_ forming cyclobuta_mes,
Moreover, of the said products, two also gave rise to peaks decause most of the electron density of these states is con-
m/z164 [Mt— Me?CO] and two other products presented peakscentrated in the carbons of t.he double-bond, bu.t that does not
atm/z178 [MP — MeCHO] — both characteristic of oxetanes — Mean that the electron density at the carbonyls is zero, so th.at
while the remaining four products exhibited peake&t194 |f'the attack at the double-bond carbqns is prevented by steric
[M*— COJ — typical of cyclobutanated enediones. Hence wdhindrance, the probable outcome will be oxetane formation
imagine that here the products formed must have been the fotffrough attack at the conjugated carbonyl. On the other hand,
head-to-head and the four head-to-tail adducts derived fror@N€ Might suggest that tfér - 1t) , state of the enedione
attack at either the C-4 carbonyl moiety or the double-bondMight be rendered ineffectual by the steric hindrance to the
carbons, because the hindrance to attack at the other carborfiffack at the double-bond carbons, and that the formation of
should be sensibly higher. Nonetheless, this result shows tha€ 0xetanes described in the present work ought, instead, to
the cooperative steric hindrance betw8emdpIA is insuffi- D€ due to th&(n—. 1), state. We feel this second hypothesis is
cient to prevent the attack at the enedionic double-bond. ~ Unlikely, the more so as the main reactive mode of the first

However, the separation and characterization of the abov@xc't‘?‘d smglfet states of enediones is hydrqgen abstraction and
mentioned eight products would entail a pointless exercise if'€ did not find any trace of products attributable to such a
preparative GC (or HPLC) purification, so we have forgonereacnon, although all the olefins employed have easily
this avenue of investigation and changed the olefin once moréPstractable allylic hydrogens.
this time to the much more hinderpdsodctene §IO, 2,4,4-
trimethylpent-2-ene). Conclusions

We have found that UV irradiatioe 800 nm) of a benzene Having demonstrated that the outcome of olefin-cyclohexene-
solution of8, in the presence of a four-fold molar excess of dione photoaddition can be exclusive oxetane formation when
BIO, for 20h (Scheme 3), results in total conversio @fto  there is sufficient steric hindrance to cyclobutane formation,
the four oxetane&0-13(in the ratio of 9.8 : 5.1 : 3.6 : 81.5, we also confirmed Scheffer and Trotter's hypotHésisat the
by GC). Here also, longer irradiation times do result in the for-formation of this kind of product is the last-resort reactive
mation of secondary photoproducts, the identification of pathway for deactivation of the enedione excited-state.
which was not pursued.

When analysed by GC-MS, all four products presentedExperimental
moalecular-ion peaks a/z264. The two more abundant prod- Enedione 8 (Aldrich, 98%) was dissolved in an equal volume of

H +
ucts also gave rise to peaksnalz 178 [M* — Me;CCHO], | heyane (Aldrich, PAA.) and crystallized from this solution overnight in
which are diagnostic of structurd® and 11 (head-to-head 5 freezer. The crystals thus obtained were repeatedly recrystallized at
addition), while both less abundant ones give rise instead tww temperature from the same solvent until a 99.5% purity'ftby
NMR and by GC) was attained (and its}%p 16 °C). All other reagents
(Aldrich) and solvents (Aldrich, Gold Label) were dried over anhydrous

H H H magnesium sulfate and used without further prior purification.
o o o oNH g 1H and’*C NMR spectra (at 200.13 and 50.32 MHz, respectively)
& hv were acquired on a Bruker AC-200-F, as described elsewhate.
+ — + + + measurements were performed in 5 mm o.d. tubes, using a deuterium
z io ~ @ X Y 4 J lock, at 20 °C, the samples being prepared by dissobari) mg of
8 10 1 12 13

each oxetane in 0.5 mL of CDCtontaining 0.01 %/v of TMS as
internal standard.
All GC analyses were performed on a Shimadzu GC-14-A chro-
Scheme 3 matograph, using a splitter injector (80:1, 230 °C), a 28 125 mm
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X 0.22 um CBP-1 polydimethylsilicone gum capillary column, 0.14), 221 (0.17), 208 (0.42), 178 tM BUCHO, 7.79), 163 (13.86),
helium as carrier gas (1.6 mL mihand a flame ionization detector 150 (2.48),135 (21.40), 112 (34.99), 97 (100.00% 12.78 min.
(280 °C, m?ke up gas_ N Oven temperature program: 80 °C (4 min),
0 i 0 o] 1 o] H
20 °c_min? (up t0 180 °C). 180 °C (3 min), 20 °C oa"m“? 0 Thanks are due to FAPESP (Procs 94/1773-0 and 92/1962-
). (8 min). In these conditions compoBitast, 2), FINEP/PADCT Il and CNPq for financial t and t
6.54 min. Data were collected with a Chromatopac C-R4A computer2): ana CNFq Tor inancial support and to
GC-MS analyses were performed using a Finnigan-Mat INCOS-50Dr W. J. Baader for stimulating and fruitful discussions.
quadrupole mass spectrometer interfaced to a Varian 3400 gas-
chromatograph, using settings analogous to those employed for an&eceived 6 October 1999; accepted 17 February 2000
lytic GC and a similar column. Paper 99/55
A Perkin-Elmer 2400 CHN instrument was used to perform all ele-
mental analyses.
General Procedure A solution of 0.91crd (6.2 mmol) of References
4-oxoisophoroned) and 27.0 mmol of the olefin in 25 éwf dry ben- 1 W. Albrecht,Justus Liebigs Ann. Cheni906,348 31.
zene, contained in @@ 3.5 cm Pyrex tube, was deoxygenated by son- 2 j. A, BersonTetrahedron 1992,48, 3.
icating under a slow (benzene saturated) argon current for 15 min. It3 R, C. Cookson, R. R. Hill and J. Hudek,Chem. Soc1964,
was irradiated with a (679A36) 450 W Hanovia Hg lamp during 20h, 3043.
the solvent and excess olefin removed under reduced pressure, and the G Mehta, D. S. Reddy and A. V. Reddigirahedron Let}.1984,
resulting yellow oil purified by flash-chromatography on silica-gel 60 25, 2275,
(220-400 mesh) using dry benzene/hexanes (1:1) as the eluent. Afteg (a) L. H. Catalani, V. G. Toscano and I. P. de Arruda Candpos,
solvent removal, the oxetanes were obtained as light-yellow oils, ~ Chem. Soc., Perkin, 2995, 1863; (b) G. Mehta, S. Padma, S. R.
which did not crystallize and decomposed on attempted distillation. Karra. K. G ’Gopidés D.R Cyr’ P. K. Das and M. V. Ge(;.ﬂge
2,2,3,3,6,8,8-heptamethyl-1-oxaspiro[3.5]non-5-en-7{@eVhen Org C’:hém'1989 54 1342. U '
the olefin wag'ME , the above procedure afforded pure (99.7% by GC) ¢ 3 A’ Barltrép and D. Giles. Chem. Soc (C1969, 105
9. Yield: 84% (isolated). Found: C, 76.1%; H, 10.2%, /€ 0, WL Dilling, Chem 'Rey1966,66, 373. T

requires: C, 76.23%; H, 10.23%H NMR &: 1.09 (3H, s, Me-3), 1.17 Z. Yoshida, M. Kimura and S. Yonedahem. Lett.1975, 519.

(6H, s, 2 x Me-8), 1.22 (3H, s, Me-2), 1.34 (3H, s, Me-3), 1.40 (3H, s, B Wiadislaw. L. M i L P. de Atruda O dH

Me-2). 1.81 (3H, dJ = 0.83 Hz, Me-6), 2.12 (1H, d,= 14.44 Hz, H- (@) B. Wiadislaw, L. Marzorati, I. P. de Arruda Campos and H.
) ' ' ’ ! ) Viertler, J. Chem. Soc., Perkin 2992, 475; (b) B. Wladislaw, L.

9), 2.20 (1H, dJ = 14.44 Hz, H-9), 6.90 (1H, bs, H-5¥C NMR &. : oc.
16.24 (Me-6), 20.21 and 20.60 (Me-2 and Me-3), 26.14, 26.38, 26.48 _ Marzorati and C. Di VittaPhosphorus Sulflir1985,25, 147.

and 26.58 (Me-2, Me-3 and 2 x Me-8), 40.93 (C-8), 44.45 (C-3), 45.16 0 J.R. Scheffer and J.Trotter,The Chemistry of Quinonoid Com-

(C-9), 80.28 (C-2), 83.40 (C-4), 133.62 ((?V-Ls), 143.04 (C-h5)r),203.63 (- ggggdib(lsh ’T)ati"lg‘gd Z. Rappoport, eds.), Wiley, New York,

7). m/z ([assignment], rel. int. %): 236 0.22), 221 (M — Me, e T e ST

0.32), 193 (0.18), 178 (#4- Me,CO, 8.85), 163 (32.81), 150 (2.56),135 11 Z.Yoshida, M. Kimura and S. YonedEetrahedron Lett.1974,

(22.87), 84 (100.00), 69 (54.39).%¢ 11.10 min. 2519. _
2-()-(tert-butyl)-3,3,6,8,8-pentamethyl-1-oxaspiro[3.5]non-5-en- 12 M. Oda, H. Oikawa, Y. Kanao and A. Yamamufetrahedron

7-one(10): When the olefin waglO, the above procedure afforded Lett, 1978, 4905.

four diastereomers. The mixture was applied to a 2 mm thick Silical3 Sadtler Standard Carbon-13 NMR Spect&adtler Research

Gel 60 (20 x 20 cm, Merck), being resolved by eluting 27 times with  Labs, Philadelphia, PA, 1976- (a) 4612C; (b) 2313C.

isodctane, whence pure (99.5% by GOwas obtained. Yield: 65% 14 J. Behnke and C.J. Pouchdtie Aldrich Library of*C and'H

(isolated). Found: C, 77.1%; H, 10.7%,(8,,,0, requires: C, 7.22%; FT-NMR SpectrgAldrich, Milwaukee, W1, 1992, vol. |, 712A.

H, 10.67%)H NMR &: 0,97 (9H, s, B42), 1.06 (3H, s, Me-3), 1.16 15 G. P. MossPure Appl. Chem1996,68, 2193 6ee |,uat p. 2211).

(6H, s, 2X Me-8), 1.34 (3H, s, Me-3), 1.84 (3H, d= 0.91 Hz, Me- 16 P. Yates, D. J. Burnell, V. J. Freer and J. F. Saw@an. J.

©oo~N®

6), 1.96 (1H, dJ = 16.16 Hz, H-9), 2.19 (1H, d = 16.16 Hz, H-9), Chem1987,65, 69.
4,15 (1H, s, H-2), 7.08 (1H, bs, H-5%C NMR &: 16.21 (Me-6), 17 D. de B. Rezende, M. R. Alcantara, |. P. de Arruda Campos, V. G.
19.59 (Me-3), 24.56 (Me-8), 25.73 (3 x Me in'R), 26.11 and 26.67 Toscano, G. Ebeling and J. C. D. Lop@strahedron 1997,53,

(Me-3 and Me-8), 34.16 (C in B), 40.80 (C-8), 43.95 (C-3), 46.70 10113.
(C-9), 81.44 (C-4), 92.04 (C-2) 133.54 (C-6), 142.27 (C-5), 203.5218 G. Bieri, F. Burger, E. Heibronner and J. Makég)v. Chim. Acta
(C-7).miz([assignment], rel. int. %): 264 (M0.14), 249 (M — Me, 1977,60, 2213.



