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Methyl lithium reactions on selectively substituted nem-dlbromocyclopropanes were 

studied with the Intent of generating blcyclobutanes of known stereochemistry in high yield. Bi- 

cyclobutanes produced in this way were to bs compared to the monomeric photolysis product(s) of a 

fixed s-w dlene and, therefore, evidence could be obtained on the mode of diene closure. 

From methyl lithium reaction of l,ldibromo-2,2~imethylspiro@,~octane (1) was expected three 

possible bicyclobutanes 2, 5, and 1. It was anticipated that insertion of cyclopropylldene 1. 

would occur preferentially with the secondary C-H bond at C-4 or C-8 and yield *-fused bicyclo- 

butane 2. Less likely, secondary insertion might yield fused bioplobutane 2. Primary 

site insertion into either methyl group at C-2 would yield 1. Our observatlon~~ were In agree- 

ment with other ewmples2'3'4*5 in which insertions of cyclopropylidenes into substituted C-H 

bonds occur more readily. From the methyl lithium reaction of 1 w&5 produced 8 mixture of two 

bicyclobutanes in greater than 9% yield and indicated from NMR data to occur in 8 9:1 ratio. 

The lack of any allene formation from 1 corresponds with other reports 2,697 of similar reactions, 

To identify the products, the reaction mixture was reduced using lithium 8nd ethylenedlamine by 

the method of Moore et al 8 --• and yielded two separable hydrocarbons determined to be 6 and 2, 

identified by respective spectral data car 61 NMR 0.95b(slnglet, 3H), l.l5S(singlet, 3H), 

1.30s-1.82~(multlplet, l2H): IR 1387 cm", 1379 cm -l, 1273 cm-9 and @or 21 NMR 0.92 c 

(doublet, J=6hz, 3H), 1,38s(singlet, 9H), 1.47s -2,18~(multiplet, 6H), 1.47s -2.18~(multlplet, 

6~); IR 1375 cm", 934 cm-l, 913 cm-l, 844 cm-11 r%ss spectrum with a parent peak mt 138 for 

bothgandg. Both isomers had suitable elemental analyses. Since this process saturates only 

the 1,3 bond of blcyclobutanes, it is clear that 6 could arise only from 2 and 2 only from 2. 
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As a consequence, the quanltatlve preference for cyclopropylldene 

rather than a primary bond Is substantiated. 
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I 2 

In addition, the methyl lithium treatment of 7,7-dlbromo-1-lsopropylblcyclo,&,l,~heptane 

(g) was examined In the anticipation that insertion into the most. substituted C-H bond of the C-l 

Isopropyl group, a tertiary center, would occur via cyclopropylldene 2 and produce 2. Since the 

stereochemistry of 8 is e, derived by a cis addition of dlbromocarbene to l-lsopropylcyclohexene, 

and should be unaltered In forming cyclopropylldene 2, subsequent insertion Into the C-H bond of 

the isopropyl group should produce the ~-fused blcyclobutane 2. The methyl lithium reaction 

gave two blcyclobutsne products in greater than 9056 yield. Separation was achieved at 90 C using 

a 10 ft x l/4 in aluminum column packed with 60/80 mesh chromosorb C, 2% squalene, and 2% XOH. 

The 2% fraction resulted from Insertion into the Isopropyl group and ldentlflcatlon showed it to 

2 based on spectral data ,@R 0,68S(singIet, IH), 0.77S(slnglet, 3H), l.OlS(slnglet, 3H), 

1.208-2.30 ~(multlplet. 9H); IR 1378 cm-', 1325 cm-l, 770 cm-'; mass spectrum with parent peak 

at ls]: suitable elemental analysis. The stereochemistry of blcyolobutane 2, the&fore, has 

been determined unequivocally ss cls -0 The 8% fraction proved to be compound s In which lnser 

tion had occurred at C-2 @R 0.95S(doublet, J-6 hm, 6H), 1.286 (singlet, 7H), 2.058 (heptet, 

J-6 he, lH), 2.20S(multiplet, 2H); IR 1384 cm -l, 1368 cm-l, I140 cm", 937 cm-‘, 808 cm”, 
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758 cm-l (strong) : mass spectrum with parent peak at 13668 suitable elemental analysis. 

9 
9 CA- r CHLi,OC 

3 . 
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8 

Since our results had established the stereochemistry of 2, the synthesis of 11 was 

studied to ascertain if the product from UV photolysis might be identical to compound 2 from the 

two methyl lithium reactions. If so, a bicyclobutane would have been generated by two indepen- 

dent routes, methyl lithium reactions and one photolysis, and would prove its stereochemistry 

while providing evidence for the mode of closure of an s-trans diene. The methyl lithium 

reaction on the tosylhydxazone of 3-isopropylidenecycloheptanone produced 34sopropylidenecyclo- 

heptene (ll) ,&R 1.70S(singlat, 6H). 1.6Os(multiplet, 4H), 1.96s -2,52$(multiplet, 4H), 

5.57$(doublet of triplets, J-11 hz, J-5 hz, lH), 6.30s(doublet, J-11 ha, E-f): IR 3010 cm" 

(strong), 1645 cm -1, 1610 cm-=, 1372 cm-l, 853 cm-l, 744 cm-l (strong): mass spectrum with 

parentpeakat136; W mar-237 nm, A & -17,OOg: ox suitable elemental analysis, Bicyclo- 

butane 2 Is the anticipated photolytic closure product of 11 by Woodwari-Hoffmann theory'. - 

However, &-fused bicyclobutane 2 is expected based on reports by Dauben 10 and Shortll. 



Photo&is of 11 gave a single product in 3Cj% yield. Spectral data demonstrated that the photo- 

product was identical in all respects to 2 produced by methyl lithium reactions on 1 and g. This 

observation substantiates the applicability of the mechanism proposed by Dauben 10 . It is slg- 

nificant that a bicyclobutane is produced In common from a photolysls of a fixed s-trans diene 

and cyclopropyliclene insertion reactions. 

In summary, bicyclobutanes can be produced nearly in quanitative yield with known stereo- 

chemistry from reactions of methyl lithium with substituted ~-dibromocyclopropanes. Since a 

bicyclobutane from two methyl lithium reactions was identical to that by a photochemical closure 

of a fix& s-txans dlene, the mode of closure and stereochemistry of this photolysis product was 

established. Also, the utility of bicyclobutanes from these procedures has been explored in a 

limited manner and provides cyclobutanes via known chemical transformations. 
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