
Ttsrah&on Lemx. Vol. 34, No. 21. pp. 3429-3432 1993 
Primed in Great Britain 

oo4o439m $6.00 + .oo 
PagmKm Pleas L4d 

Anomeric Effect on Kinetic Acidity: Examples for the Oxygen Atom of Ethers to 

Accelerate Abstraction of an a-Hydrogen Atom 

Tohtu Sakalcibara*, Shinji Ito, Hiroshi Ikegawa, Ichim Matsuo, and Al&tori Seta 

Department of Chemistry, Yokohama City University, Seto, Kanaxawa-ku, 

Yokohama 236, Japan 

Summary: In contrat with general observation, two different types of experiments indicate that the abstraction 
of dydrogen atom of ether having proper conformarion is slightly enhanced by the oxygen atom in line with 
our previous AMI calculation. 

An electrondonating group such as alkoxy. alkylthio, and amino gmups is generally assumed to 

suppress the abstraction of a hydrogen atom attached to the same carbon, as exemplified by the polarity 

alternation rule (PAR).* The acidity of the hydrogen atom at the a-position is surmised to be incmased by the 

inductive effect, whereas it is decreased by unfavorable interaction with the lone pairs on the oxygen atom, the 

extent of which is apt to depend on the orientation of these lone pairs. In fact, recently, we found that, in spite 

of the stereoelectmnic effect of the nitroolefin moiety,2 the anomeric, quasiequatorial proton @I-le) of the 

pyranosid 3-nino-2enitoll was to be slightly more readily abstracted by triethylamine to give the l-e&o13 

than the alternative one (H-la).3 Semiempirical molecular orbital calculations (AM1 methods) could 

corroborate the experimental results by the use of ammonia and 4,6-O-methylene derivative 2 as model 

compounds and they were also applied at that time to the cyclohexanoid nitro sugar analog 5, in which H-la 

was shown to have a higher acidity than H-le due to the stereoelectronic effect.3 

These experiments, however, gave no information whether the ring oxygen atom in 1 enhances the 

abstraction of H- le or retards it as compared to the corresponding cyclohexanoid analog 4. On the other hand, 

if one assumes that the more reactive substrate requires the mom favorable energy differences between a 

complex (calculated in an appropriate distance between a reagent and a reactive site) and the starting 

nitroalkene, the calculations suggest that H-le of the pyranosid 3-nitro-2cnitoll is mom readily abstracted 

than the more acidic H-la of the cyclohexanoid analog 4 ; the energy differences between complexes of model 

compounds (2 and 5) are 8.2, 8.3, 5.8. and 2.9 kJ/mol at 1.20, 1.15, 1.10, and 1.05 A, respectively.3 This 

concept has potential utility to predict the relative reactivities, because energy maximum (transition state) is 

frequently not obtained, especially in ionic reactions owing to the absence of solvents in calculation. 

To confirm the assumption, we have prepared cyclohexanoid analog 4 and compared its double bond 

migration with that of pyranosid 1. 

Treatment of 4 5 with triethylamine caused a C2 to Cl double bond migration to give 6.50% 

conversion requiring ca. 1 day at room temperature. Under the same conditions half amount of the double 

3429 



3430 

bond migration of 1 squired only ca. 30 min. Thus, both, theoretical and experimental results show the 

abstraction of H-l in 1 to be faster than that in 4. 

H 
1 R=Ph 

2 R=H 3 

6 

4 R=Ph 
5 R=H 6 

These results could be applied to the following elimination reactions. It is well known that oxidation of 

I-methoxy-2-phenylselenocyclohexane 7 gave the ally1 ether 8 in high yield, together with small amounts of 

the vinyl ether 9.8 However, if the hydrogen atom (I-I- 1) could be fixed to occupy the antiperlplanar 

orientation to the O-Me bond, it has enough possibility, from the above results obtained in 1 and 4, that the 

formation of vinyl ether predominates over ally1 ether in the oxidative elimination of phenylseleninyl group. 
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To confirm this hypothesis, we have prepamd 2-phenylseleno-D-ar&ixoheximl lO, in which the anometic. 

equatorial hydrogen atom @I-le) satisfks this conformational requirement. 

After oxidation of 10 9 with aqueous hydrogen petoxide in THF,t * the product extracted with ethyl 

acetate was concentrated, dissolved in W-dioxane. and heated for 20 min at 8oOC to give quantitatively a ca. 

2 : 1 mixture of the l-enitol (vinyl ether) 12 and Zenitol (ally1 ether) 11. Of the two enitols, 12 should be 

more stable than 11. because the former is less destabilized by the 4.6O-benzyliine gtoup than the latter and 

stabilized by conjugation of the double bond with the ring oxygen. In fact MM2 prime12 and AM1 calculations 

revealed that methylene derivative of l-enitol cormsponding to 12 was mom stable than that of 2-enitol by 

15.7 and 10.2 kJ/mol, respectively. Therefore, it is possible that the ptedominant formation of 12 is caused by 

product stabiliition rather than by the acidity of the hydrogen atoms. To exclude the possibility the Z-epimer 

13 was subjected to a similar elimination reaction. As expected from the preceding examples* and previous 

work, 3 oxidative elimination of the ribs-isomer 13 atforded the 2enitolll in high yield, together with small 

amount of the I-enitol12 as judged from tH-NMR spectroscopy (the ratios of 11: 12 = 10 : 1 for 30 min at 

80°C and 33 : 1 for 3 h at WC ). When 3-axial deuterio derivative of 13 was similarly treated with hydrogen 

peroxide, the required reaction time increased from 30 min for nondeutetio derivative W to 1 h at 8oOC (still 

remained small amounts of the starting material as judged from JH-NMR spectrum) and the product ratio of 11 

to 3deuterio derivative of 12 was changed to 2.7 : 1, suggesting that abstraction of hydrogen atom is a crucial 

step in these elimination mactions. 

The present investigation shows that the acidity of a-hydrogen atom of ether is expectedly affected by 

the orientation of lone pairs on the oxygen atom and it is enough possible that the oxygen atom does not 

always suppress the acidity of the a-hydrogen atom but slightly enhances it in a suitable conformation. 
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J2,4=l.S. Jlqh4dlqe,4=2.0 Hz. 34.5’8.3 Hz, H-4). Compound 6. mp 80.5 - 82.0 ‘c, LR. 1550 cm-l 
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