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CARBON-13 CHEMICAL SHIFTS OF INVERTED CARBON ATOMS 
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Summary: The inverted carbons in 2,4-methano-2,4-dehydroadamantane are shielded by 14.3 ppm 
relative to the corresponding carbons in 2,4-methanoadamantsne. This was explained by the balance 

of the inverted carbon hybridization deshielding, the shielding effect of the cyclopropane rings formed, 

and the change in the influence of the neighbouring atoms. 

Inverted carbon atoms’ ( car ons with inverted tetrahedral geometry) were reported to be 2 3 b 

“strongly deshielded” relative to the corresponding carbons in the respective ring-opened compounds. ’ 

This was suggested to reflect the “sp2 hybridization” of the inverted carbons, the “free” orbital5 of which 

are not involved in a r-system but overlap each other to make a p-p 6 bond .2g3 

We wish to report the shielding of the inverted carbons in 2,4-methano-2,4-dehydro- 
adamantane (1) relative to the corresponding carbon atoms in 2,4_methanoadamantane (2). Hydrocarbon 

l_ is a deriv&ve of [3.1 . l] propellane, 

been reported .4t 5 

which is the smallest carbocyclic ring propellaTe system that has 

[t was obtained by intramolecular cycloaddition of 4-methylene-2-adamantylidene 

generated by pyrolysis of the dry sodium salt of 4-methylene-2-odamantanone tosylhydrazone.4 Compound 

2 was prepared by addition of thiophenol to I_ followed by Raney nickel desulfurization of the resulting 

2-thiophenyl-2,4-methanoadamantane.4 Hydrocarbons J4 and 24 were identified by C-13 and H-l NMR, 

IR, and mass spectrometry. 
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C-13 NMR Chemical shifts in ppm (relative to internal TMS, accuracy: fO.1 ppml and one-bond C-H 

coupling constants in Hz (values in parentheses, accuracy: ?2 Hz for 1 and f3 Hz for 2_). a The 

assignements are uncertain and can be reversed. 

Carbon-13 NMR spectra of 1 and 2 wqre recorded with a JEOL FX-100 spectrometer from 

CaDa solutions under a dry nitrogen atmosphere. All signals, except those corresponding to carbons 4 

and 10 in 1, and 6 and IO in 2, were assigned by the quantitative and off-resonance decoupled spectra, 

as well as by the C-H coupling constants. 

deuterium labelling at this carbon.* 

The assignment of the C-3 signal in l_ was confirmed by 

The signals of C-6 and C-10 in 1 were distinguished using the suc- 

cessive selective decoupling technique. 9 

The signal of the inverted carbon atoms (2,4) in 1 is shifted upfieid by 14.3 ppm relative to 

that of the corresponding carbons (2,4) in 2_. This upfield shift is apparently inconsistent with the rela- 

tive downfield shifts reported previously for the inverted carbons in 4,5-benzo-1,8-dehydrohomo- 

adamantane2 and for a series of 5-substituted 1,3-dehydroadamantanes.3 However, the chemical shift of 

an inverted carbon, compared to that of the corresponding carbon in the respective ring-opened compound, 

411-f 



should depend on the balance of the three major factors: the deshielding owing to the carbon re- 

hybridization, the shielding effect of the new rings formed, and the change in the influence of the 
neighbouring atoms caused by the formation of the new bond. The latter may reasonably be expected to 

result in a weak or moderate deshielding effect. In the case of l_ the strong shielding effect of the two 

cyclopropane rings prevails over the deshielding effect of both the inverted carbons and the neighbouring 

atoms. The influence of a single cyclopropane ring presumably cannot overcOme this deshielding. 

Consequently, the net deshielding effect of the inverted carbon hybridization appears to be stronger 

than the apparent effects reported previously. 2f 3 

Carbon 10 in l_ is strongly deshielded compared to the corresponding carbon (10) in 2. This is 

in good agreement with the relative deshieldings of the carbon atom situated across from the cyclopropane 

ring observed in other bicyclo[3.1 .O] h exanes in the chair conformation. 2f3r TO The relative deshieldings 
of this carbon in 1 and 2,4_dehydrwdamantane 3 are comparable, 16.5 and 14.6 ppm, respectively, 

indicating that the influence of the other, syn cyclopro ane ring is considerably smaller. Hence, these 

interactions depend strongly on the sterical arrangement. 71 The both cyclopropane rings in 1, a$ and 

z, display the deshielding effect ot C-10. However, when the syn cyclopropane ring is not a part 

of the bicyclobutsne moiety the corresponding carbon is generally shielded. lo 
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