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Proton magnetic resonance studies of the stmcture of thujopsene have indi- 

cated a characteristic long-range anisotmpic effect of the cyclopmpane ring. There 

seemed to be a rough correlation between the interactvan of the cyclopropane ring 

end the shifts of neighbouring protons’. Cyclopmpane has an unusually large 

diamagnetic susceptibility*. an observation which could be accounted for by 

assuming three electrons precessing in a ring of radius 1.46 A. Wiberg and Nist’ 

interpreted the high field shift of cyclopmpane protons in terms of this ring 

current effect. From PMR-studies on a large number of ?yclopropane derivatives 

Patal, Howden and Roberts4 concluded that the chemical shifts observed seemed 

consistent with a ring current effect. In single cases other auttirs 5,6 have 

observed characteristic anisotmpic effects of cyclopropane rir,gs. This effect 

could be of considerable interest for configurational and conformational studies 

and the determination of its magaitude is therefore desirable. In order to in- 

vestigate this problem we have studied some model compounds. 

The signals due to the C(4)-protons of the anthrone derivative (L)7 are 

shifted to a considerably higher fir13 (h 6.91) l ! thnn those of the C(4)-protons 

\ *I The pmton maqetic resonance spectra were recorded on a Vuian A-60 instrument. 
.‘he zpcctra of compounds cl)- (3: were recorded in deuterochlomfolln 81~1 those of 
compounk (4)_(9) in carbontetkhloride. The shifts are Kiven ir. ppa from tetra- 
!wthylsLlan; asintpma: standard. 
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of anthrone (2) (& 7.41) and dimethylanthrone (z)8 (& 7.42). Ths upfiel3 rh’.ft 

must be due largely to the anisotropy of the cyclopropane ring. It is possible 

I! fJ!i H H 5 r’ \ H - 

1 2 3 

that the n-electron distribution in the aromatic ring in compound (1) mny be 

slightly differxxt from that of compounds (2) and (3) because of conjwntive _. 

interactions of the cyclopmpane ring. The relative constancy of the r-hefts 

of the C(l)-, C(2)- and C[3j_protons indicates that the conjue?.tive effect? 

ale small. ?‘hereforp,t&ing L% = 0.5 ppm for the anisotropy effect of the 

cyclopropane rine on the C(4)-proton, a rough estimate of the ?iamagnf?tx 

mistrotmpy &XI my be calculated using the point &pole approximation 0:’ 

xc Connell y . rhe point dipole is simply put in the centre of the ~?yciopropane 

ring. The dirstanc.~ from ths centre to the cmtre of‘ ii C(4)-proton L:’ tacr: 

to be 2.7 A {as e:;tirate:i from n Dreidiq- molel) an.l the angle :Q; to bc 93”. 
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This upfield shift together with a correction added for the anisotropy of the 

C(l)_C(2)- am C(l)-C(6)-bonds (0.11 ppm, calculated using the point dipole 

approximation’ and a AX-value of 5.5 L 10 
-w 3 

cm /molecule for the carbon-carbon 

single bond) may approximtely be taken as the anisotmpic effect of the cyclo- 

propane ring on the C(4)-proton of nortricyrlene (4). Using the pAnt dipole 

appmximaticn discussed above the W-value for the cyclopropane ring is computed 

to 20 x 10 
-6 

cd/m&?. 

4 5 6 7 a 9 

The characteristic anisotropic effect of the cyclopmpane ring also opera- 

tes on the C(4)-proton of nortricyclanone (5). The C(4)-proton signal appears at 

h 1.8 whereas the corresponding proton of norcamphor (1) has its res.onance posi- 

tion at h 2.4g3. Similarly the bridgehead methyl group of cyclocamphenane (s) has 

its resonance position (h 0.70) at a higher field than that of the corresponding 

methyl group of camphor (2) (h 0.82). The compounds (5) and (2) are, however, 

less suitable for computations of the AX-value of the cyclopmpane ring since 

these moleales possess a more complex system with a carbonyl group conjugated 

with the cyclopmpane ring. 

One of the geminal methyl gmups of the thujopsene derivative (lo) is 

held in a position above the plane of the cyclopmve ring 
10 . This equatorial 

methyl group has its resonance position at a notably hi& field’%d this lrmst 

be due mainly to the anisotropy of the cyclopropane ring. The large differences 
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in chemical shifts between the two geminal methyl gmups of other thujopsene 

derivatives can similarly be explained by the effect of the cyclopropane rink'. 

..;;J-(%--$o &$$p &A+--- 

h 0.67 
CH 

3 
h 1.12 

10 11 12 

Tadanier and Cole' have pointed out that the 3a,5a-cycle-h-hydmxy-scemlds, 

(11) end (x), pronde an example where an axial ring proton in a cyclohexane riw 

absorbs at a lower field than the epimeric equatorial proton. The SP-hydmxy 

epimer (11 has its h-hydrogen above the plane of the cyclopmpane ring and this - 

.hydmgen is therefore stmngly shielded. 

From the above examples it is clear that the w.@itude of the anisotmpy 

of the cyclopmpane ring is greater than the calculated contributicr. frorc three 

carbon-carbon single bonds. An arisotmpy value of cyclopmpane of about 

20 x 
-6 

10 cm3/mole may serve as if rough estimate for a U-value for computations 

of long-range anisotmpic effects of cyclopmpene rings. 
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