
Tetrahedron Letters No.47, pp. 4759-4762, 1967. Pergamen Press Ltd. Printed in Great Britain. 

SPECTRAL PROPBRTIES OF axe- ABD e-TRICYCLO[3.2.1.0 
2,4 

- ]OCTAR+ONES 

Richard E. Pincock 
la 

and John Raywood-Farmer 
lb 

Department of Chemistry, University of British Columbia, Vancouver 8. Canada 

(Reoeived in USA 31 July 1967) 

The interaction of formally nonconjugated p-orbital systems has been observed in ultra- 

violet spectra &.g., changes in n + v* 
* 

and II + II transition energies and intensities for 

C=C-C-C=0 structures (2) ) as well as in increased rates of carbonium ion reactions (=.g., 

solvolysia of homoallylic structures C-C-C-C-X (3) ). The most outstanding example of the 

latter effect is in solvolysis of &-7-norbornenyl (I) and 7-norbornyl (II) derivatives 

where orbital overlap at the transition state results in a relative rate factor, kI ' kII ’ 

of loll (4). As the interaction of especially oriented p-like cyclopropane orbitals (5) can 

I II -111 IV 

alao give rise to extremely great relative reactivitiea ( kIII / kIV = ~a. 1U14)(6) , it is of 

interest to determine if the spectra of the corresponding ketones also give evidence of 

cyclopropyl-carbonyl electronic interactions. 

Interestingly, 

are almost identical, 

the ultraviolet spectra of the exe and & cyclopropyl ketones, V and VI, 

respectively, to the spectra of ketones VII and VIII. The observed 

LlX (mu)(7) 293 (t22) 276 (~44) 290 (E14) 274 (~36) 

A (mu) 215 (e63) 215 (c495) 215 (~33) 215 (~500) 

hypaochromic shift for the n + v* transition of oleflnic compound VIII relative to the 
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saturated norbomone (VII), although opposite to that found in general for nonplanar g,y- 

unsaturated ketones (3,8), has been shown to be consistent with a LCAO-MO treatment involving 

p,-p, and po-p, interactions between atoms C2-C7 and C3-C7 in the specific geometry of the 

norbornene structure (9). The close spectral resemblance of the endo cyclopropyl and norbornenyl 

ketones (VI and VIII) suggests a similar interaction in which relatively less p-orbital character 

at atoms 2 and 4 in VI is compensated by being more favorably directed towards the Cg carbonyl 

orbital (10). The cyclopropyl orbital8 of the exe ketone V, are, of course, not directed towards - 

the carbonyl group at all and its spectrum is like that of the saturated 7-norbornone VII (12). 

The spectral resemblances of V and VII and of VI and VIII add a new set of analogous 

properties to the recently reported (6) kinetic properties of the corresponding derivatives IV 

and 11 and of III and I. The origin of the analogous properties is apparently the same; in 

compounds I and III an accelerative electron donation by a double bond or a & cyclopropyl 

ring to the incipient carbonium ion during solvolysis, and in compounds VIII and VI an inter- 

action by the double bond or & cyclopropyl ring p-orbitals in modifying the relative energy 

of electronic states (13). However, the existence of such analogous properties gives no distinct 

information concerning the symmetry of the electron donation in the transition states or inter- 

mediates for solvolysis of I and III (e.g., in compound III from one of atoms C2 or C4 or 

equally from both (6,lS) 1. 

The n. m. r. spectra of the two cyclopropyl ketones (V and VI) also show interesting 

dissimilarities. In DCC13, the 100 Mcps spectrum of exo compound V is ramarkably simple (see - 

Figure). The anisotropic magnetic effects of the cyclopropyl group apparently shift the 

normally higher field (16) endo norbornyl protons (H,endo ) downfield to where they have the same 

chemical shift as the exo protons (H7exo). This fortutitous effect, combined with the unfavor- - 
- 

able dihedral angle for Ill-H2 spin coupling (16). results in a relatively narrow, unsplit 

absorption for the bridgehead (H1) protons. The paramagnetic effect of the I)-keto group (17) 

shifts both the H3a and Hgb protons to high field, but the closer H3b proton is shifted to a 

greater extent. They are both coupled to the two H2 protons and each presents a pair of over- 

lapped triplets, J3a_2= 6.7, J3b_2= 3.4 and J3a_3b= 6.7 cps (18). In contrast, the endo ketone 

in DCC13 shows a very complex spectrum even at 100 Mcps (see Figure). Here a difference in the 

chemical shifts of exo and endo C7 protons appears (due in part to positioning of the endo -- 

protons in the shielded volume above the plane of the cyclopropyl ring (19) ), and there is a 
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decreased difference in the Hga and H3b protons (now both away from the field of the carbonyl 

group). These relative changes in orientation of anisotropic groups result in a more "compressed" 

spectrum for & ketone. In addition, a smaller dihedral angle between Hl and H2, and the lack 

of the accidental equivalence of chemical shifts which gives rise to the exceptionally simple 

spectrum of exe ketone, results in the many spin-spin splittings apparent with the endo ketone. 

In benzene, when intervention by the anisotropic solvent molecules no longer allows the same 

chemical shift for H 7exo and H,endo , the n. m. r. spectrum of the exe ketone developes most of - 
- 

the complexities of its endo isomer. 
The H7exo and '7endo 

protons now appear as a complex 
- 

multiplet at 1.5 to 1.25 ppm (downfield from 'INS) while the difference in positions of the 

geminal protons 3a and 3b is practically eliminated and they make their entangled appearance 

at ca. 0.35 to 0.1 ppm. - 
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