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Oxaspiro[2.2]pentanes have recently been reported; 394 the synthesis and reactivity of this 

new heterocyclic system promises to be of considerable synthetic and mechanistic interest. We 

have found per-acid oxidation of methylenecyclopropanes provides a convenient synthesis of several 

l-oxaspiro[2.2]pentanes. We report here on the forumtion of some oxaspiropentanes, their thermal 

reactivity, and their conversion to cyclobutanones with Lewis acids. 

The parent spiroepoxide 1 is obtained in 48% yield by m-chloroperbenzoic acid (MXBA) 

oxidation of methylenecyclopropane. 5 Lar temperature distillation from o-dichlorobensene solvent 

affords pure 1, bp 360 (200 mm); ir (Ccl+) 2960, 1395, 905 cm-r; nmr (Ccl+) 6 3.10 (s, Z-i), 0.95. 

(m, 4H); _ _ m/e 70.0416. 496 When a distilled solution of I in methylene chloride is treated with 
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anhydrous lithium iodide, cyclobutanone, 1, is obtained in quantitative yield. By an analogous 

procedure, 3,3-dimethyl-1-oxaspiro[2.2lpentane 2 is obtained from 2,2-dimethyl-metbylenecyclo- 

propane7 in 54% isolated yield, bp 61' (350 mm); ir (CClc) 2960, 1450, 1370, and 855 cm-'; nmr 

(CCld) 6 3.02 (s, 2B), 1.15 (s, JH), 1.10 (s, 3H) and 0.80 (m, 2H); Z/E 98.0735. 

The rates of epoxidation of these methylenecyclopropanes are remarkably slower than for 

methylenecyclopentane by a factor of 75 (Table I).8 This is in direct contrast to the 40-fold 

increase in the rate of addition of phenyl azide to methylenecyclopropane because of strain relief 

relative to methylenecyclopentane. 9 The epoxidation rates of methylenecyclopropane and a large 

number of other alkenes and cycloalkenes correlate quantitatively, however, with n-electron 

energies of the olefins as indicated by ionization potentials. 10 The Lack of any correlation 
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of epoxidation rates with the strong strain relief effects found in phenyl azide additions 9 sup- 

ports arguments lib favoring a llspiro" transition state with partial j-membered ring fomation 

over a suggested 5-member ring l,j-dipolar transition state. 11,12 In forming the j-membered ring 

no significant chsnges in strain energies are expected (Table I). 

TABLE, I - Relative Rates of Epoxidation with MCPBA, 15O, CI&Ch 

k rel Vertical IP Increase in Strain Energy on Epoxidationa 

6= 

(ev) (kcal/mole) 

0.8 23 

b 1.0 9.50c 23 

Q= 
24 9.1gc ca. 26 - 

o= 
74 9.16c &.@ 

propene s. l.lb 9.74 28 

(a) P. v. R. Schleyer, J. C. Williams and K. R. Blaucharcl, J. Amer. Chem. Sot., 2 
(b) Relative to methylenecyclopentane with peracetic acid; D. Swem, ibid., 
Endo, M. Saito, T. Ogura, and Y. F'ushizaki, Nippon Kagaku Zasshi, 8 

-? 

$G2 
2377 (190). 

1 (1947), A. 

Molecular Photoelectron Spectroscopy, Wiley-Interscience, New York 
786 (19 ). (c) D. W. Turner, 
1970). 

On heating above 100' in decalin both 1 and 1 rearrange to cyclobutanones in a catalyzed 

reactiti.;13 In gas phase.&roly&ia of & d amounts of met&l v-i ketone &d meth&roleln are 

formed along with cyclobutanone (gC$). The new products and higher preexponential f&&or in the 

gas phase experiments suggest that less catalytic reaction is taking place than in solution. 13,14 

Epoxide 1 rearranges with Lewis acids to form ketones &and fi. The ratio of 4:5 (Table II) is -- 

strongly dependent on the nature of the catalyst and in an unexpected way. The dependence of 

MCPBA _ 

CH&& 
+ 

C&3 0 -tr 
cHz 4 2 

the product ratio on the nature of the catalyst provides strong evidence for a m&chsnism involving 

nucleophilic ring opening to lithio-halohydrin-type intermediates. 15 
The amount by which tertiary 

migration to give 3 is favored over primary migration to give fimsy depend on the degree of 

positive charge developnent at the migrating center in the rearrangement. These results 
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suggest that tosylate 

perchlorate normally, 

and perchlorate add to the epoxide in an $2-like 

however, opens epoxides to products suggestive of 

mediates in contrast to SN2-like lithium halide catalyzed opening. 15a,b 

& and ketone 8 gives the butyrolactone 9 3c in8syiel.d. This sequence provides a synthetically 

useful three carbon extension of ketones to butyrolactones in a two step procedure (ketone + $, + g) 

- MCP?3A, & F?_p MCPBA >p 

7 O R 0 cl 6 
&a ..z L 

of cis- - and trans-2j2,2',2'-tetramethyl-l,l'-biscyclo- 

oxa-dispiroheptanes JJ& and J.& in 54% yield. These epoxides 

give cyclobutanones but instead rearrange to the ring-opened 
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fashion. 16 Lithium 

carbonium ion inter- 

The specific formation 

of 4. with lithium iodide or lithium bromide in nitromethane allows the preparation of nearly pure 

4 17 
5. In contrast, the diazomethane-dimetQ,Q_ketene reaction leads to a 1.9:lmixture of k:z. 

TABLE II - Product Ratios in Rearrangement of 3,3-Dimethyl-1-oxaspiro[2.2]pentane, 3_ 

Reaction Medium Reaction Time Yield of 4+ 5_ Ratio of kto 5_ 

LiI, C&C& JO0 ~1mi.n lOO$ 7.5 
LiCIOa, C&I&, 30' 24 hr 8396 10 
LiBr, CH&.&, 30' 72 hr lti 3.5 
LiBr, C%N02, 30' 3 hr 14 
LiOSo2C6H4CH3, W.N02, 70° 10 in- 15 
HOSO&e&CHa'~O, C&C& 30' 3hr 7@ 11 
Decalin, in base-washed glass, 150' 30 min 65% ll 

Typically, acid catalyzed opening of epoxides leads to mixtures of products in which opening 

at the site of the more stable csrbonium ion is favored. 18,19 Spiroepoxide ,J however, opens 

preferentially at‘the primary centeT, even with catalysts expected to give SNl-type opening. 1' The 

parent oxaspiropentane &also opens only toward the primary center with lithium iodide, hydrogen 

chloride, perchloric acid-methanol, and sulfuric acid. 20,2l I-strain destabilization of the 

tertiary carbonium ion may in part account for the direction of the ring opening; but hydrogen 

bromide, 21 formic acid 22 and trifluoroacetic acid 22 sdditions to methylenecyclopropane give only 

products derived from the tertiary cyclopro~l cation. 

The tertiary cyclopentyl center in 9-oxadispiro[2.0.4.1] nonane rmakes it very unstable to 

acid, but it can be isolated from the peracid oxidation of cyclopropylidenecyclopentane, 5 23 by 

low temperature distillation.3c Spiro[3.41octsnone, 5 24 is obtained in,&% isolated yield from 

Epoxidation of a TO:30 mixture 

propylidine (10s + lob) -- gives the 

are relatively stable. They do not 
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dien-C&l& in 76% yield. on heating to 75’ with lithium iodide. 
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