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I report here the fascinating result depicted in equation 1, and propose a mechanism 

rationalizing the novel and deep-seated rearrangement taking place. 
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Although the anionic fragmentation of alcohols in the sense of equation Za, exemplified by 

the retrograde aldol reaction and the base-catalyzed cleavage of cyclopropanols, 
2a 

cyclobuta- 

nols2b'c and even unstrained alkanols3 is well-documented, the analogous fragmentation of 

amines is much less familiar. 
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Presumably the major factor in the greater stability 

n-bond strength in imines - 68 kcal/mole 
4a --compared 

of amines is the lower carbon-nitrogen 

to 90-93 kcal/mole for the carbon-oxygen 

n-bond of aldehydes and ketones, 
4b though the lower acidity of amines would play a role also. 

To make up for the relative weakness of the developing n-bond in process Zb, the carbon-carbon 

u-bond being broken must be especially labilized by strain or by stabilization of the incipient 

carbanion. Aside from some instances of the retro-Mannich reaction, I am aware of but cme prior 
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5 example of reaction Zb in which the starting material and product are well-characterized, and 

several others in which the reaction is probable,6 but it is likely that the process will become 

recognized as a common source of instability as the chemistry of small-ring amines develops 

further.’ 

Early in our studies of highly-chlorinated cage compounds, we observed that amine I and 

the related 4-amino-9,9-ethylenedioxyheptachlorohomocubane (II) were labile to base;8 the initial 

observation was that attempts to prepare II by basic hydrolysis of its urethal or z-urea 

derivatives led to complete decomposition and evolution of ammonia, 8c but further study showed 

that even very mild base treatment converted I to a mixture of products. 8b In one particular 

case a crystalline degradation product was easily isolated in pure form: 2.00 g of I was dis- 

solved in 50 ml of t-butanol and the solution mixed with 50 ml of 0.16 M aqueous potassium 

hydroxide. After ten minutes at room temperature the homogeneous reaction mixture was poured 

into 1 N sulfuric acid and worked up by ether extraction; from acidification of the subsequent 

bicarbonate extract I isolated 343 mg (26%) of a crystalline carboxylic acid, (III) which was 

not purified but converted with diazomethane into its methyl ester IV for characterization. 

The ester, after recrystallization from hexane anu vacuum sublimation, proved to have composition 

C10H402C15N, (found: C, 34.37; H, 1.22; Cl, 50.18; N, 4.23) m.p. .!6-88”, and the follming 

significant spectroscopic properties: ir, (CC14) 3060 (w) , 
-1 (s), 1600 (w), and 1540 (m) ai) ; uv, Xnax g,, 302 (17,500); 

(s, W * 

The 2957 cm-l, 1756 cm-l and 6 3.78 absorptions may be 

29S7 (w); (C2C14), 2220 (w), 1756 

nmr (CC14) 6 3.78 (s, 311) and 6 3.33 

attributed to the carboxymethyl 

group, the 2220 an-’ absorption to a cyan0 group, the 1600 an-‘, 1540 cm-l and 302 nm bands to a 

conjugated diene system, and the 3060 cm -1 and 6 3.33 absorptions to a hydrogen bound to a 

cyclopropane ring.’ I_Inable to reconcile these data with a unique structure derivable in a 

rational manner from Ia, I submitted crystals of the compound grown by vacuum sublimation to 

Professor R. Bau of this department for an x-ray crystallographic study. lo Ester IV turned out 

to have the novel homofulvene structure shown, methyl 4-Z-(chlorocyancnethylene) -1,2,3,6- tetra- 

chlorobicyclo[3.1.O]hex-2-ene-6-~-carboxylate. 

In hindsight, the mechanism shown in Chart I may be postulated for ‘his remarkable rear- 

rangement; except for the novel but plausible fragmentation iii+iv, all steps ‘_a,~ &ood analogy: 

ionization of a 7-chlorine, ordinarily unreactive in a norbomene so hea.viLy substituted I;rit!. 

electron-withdrawing substitutents, 
lla woula be .uch more ready in the enolate-like species 
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&b ready base cleavage of the ketone-hydrate vii is well known for polyhalo-norbornencs; 12 
S 

and the formation of the cycloprm ring, viii+111 rese&les in geanetry the familiar 

norbornene-nortricyclene rearrangement. Several steps are written as concerted for econany of 

intermediates raeher than out of cmviction, thaqh loss of chloride concerted with scission of 

the last cyclobutane ring accounts nicely for the stereochemistry about the exocyclic double 

bond. 

i ii iii 

-Cl_ 
cc 

+OH- 

Vii 

Cl 

viii 

_H’ 
- 

COOH ._ 

V iv 

COOH 

ix III III 

Chart I 



2080 ,Ho. 21 , 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

REFERENCES 

Supported in part by grants from the Petroleum Research Fund (PRF 2191-Al, 4) and the U.S. 

Public Health Service (a-12731). 

(a) C. H. DePuy, Accounts Chem. Res ., .J, 33 (1968); (b) R. Howe and S. Winstein, J. Amer. 

Chem. Sot ., 87, 915 (1965); (c) A. J. Ii. Klunder and B. Zwanenburg, Tetrahedron Lett., 

1727 (1971). 
11 

13. D. Zook, J. March and D. F. Smith, J. Amer. Chem. Sot., 3, 1617 (1959) D. J. Cram, A. 
t 

Langemann, J. Allinger and K. R. Kopecky, ibid., _, 81 5740 (1959); D. J. Cram, "Funda- 

mentals of Carbanion Chemistry," Academic Press, 1965, pp. 138ff. - 
(a) A. F. Bedford, P. B. Edmondson and C. T. Mortimer, J. Chem. Sot., 2927 (1962); 

(b) T. L. Cottrell, "The Strength of Chemical Bonds", Buttezworths, London, 1958. 

R. J. Stedman, L. S. Miller and J. R. E. Hoover, Tetrahedron Lett., 2721 (1966); the same 

group has also employed the reverse reaction: R. J. Stedman, A. C. Swift and J. R. i;. 

Hoover, s, 2525 (1965). 

(a) E. P. Blanchard, Jr., and A. Cairncross, J. Amer. Chem. Sot., E, A87 (1966); (b) :,I. 

Kimura and T. blukai, Tetrahedron Lett., 4207 (1'370); T. Nozoe, T. !Iirai, T. Kobayashi and 

i@&, 3501 (1970). 

K. V. Scherer, Jr., D. F. Fischer, K. Katsumoto and 1%‘. Kaiser, manuscript in preparation. 

(a) K. V. Scherer, Jr., K. S. Lunt, III, and G. A. Ungefug, Tetrahedron Lett., 1199 (1965); 

(b) K. V. Scherer, Jr., G. A. Ungefug and R. S. Lunt, III, J. Amer. Chem. Sot., 88, 2,459 

(1966); (c) R. S. Lunt, III, Dissertation, U. of. California, Berkeley, 1968. 

cf. pentachlorocyclopropane: S. W. Tobey and R. West, J. Amer. Chea. Sot., _8_8, 2478 (19h6). 

R. Bau, accompanying communication; I am greatly indebted to Professor Bau for undertaking 

this problem and cotmmmicating the result before publication. 

(a) K. Mackenzie, J. Chem. Sot., 457 (1962); (b) cf. P. G. Gassman, J. L. Marshall and 

J. k. Hornback, J. Amer. Chem. Sot., s, 5811 (1969). 

T. Zincke and K. II. Meyer, Justus Liebigs Ann. Chem., 5_6_7, (1909); P. E. Iloch, J. Org. Chem., 

26, 2066 (1961). 


