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The degradation of cellulose by ultraviolet light caused yellowing
and a loss in strength and stability of paper. This is most evident in the
yellowing of groundwood when exposed to sunlight. Earlier model compound
studies in this series showed that two reactions at the anomeriq carbon are
probably important in cellulose degradation. The present model compound sys-
tem allowed an evaluation of the effect of configuration at the anomeric

carbon on photochemical reactivity.

This paper is being submitted to the Journal of the American

Chemical Society for publication.
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ABSTRACT

Hydrogen-atom ﬁbstraction from 2-methoxy-4-methyltetrahydropyran (&2
by photochemically excited benzophenone in benzene gave methyl 3-methyl-5-
phenylvalerate and 3-methyl-8-valerolactone. The cis-isomer of 1 was 8.0 times
as reactive as the trans-isomer, indicating that abstraction of an axial
hydrogen atom is more favorable than abstraction of an equatorial hydrogen.
This observation is rationalized in terms of antiperiplanar éverlap of the
carbon-hydrogen bond being broken with nonbonding orbitals on both oxygens.

The two isomers of &Adid not interconvert during irradiation, indicating

" that the initial hydrogern abstraction is irreversible.




An Anomeric Effect in Phokochemical Hydrogen Abstraction Reactions

T e LT

of Tetrahydropyranyl Btherg'

Sir:

In our previous paper2 on excited-state ketone initiated hydrogen abstraction
reactions of 2—methoxytetraﬁydropyran, there was some indication that conformational
effects might be important. Cis- and Eggg§72—methoxy—h—methyltetrahydropyranlggz
exist prim;rily in singleconformations,3 and therefore provide an ideal system
for studying theée effects. The cis-isomer exists almost completely in the
conformation having the methoxy group equatofial since, in the alternative

conformation, a severe 1,3-diaxial interaction between the methyl and methoxy

~groups is unfavorable. On the other hand, the trans-isomer exists almost

completely in the conformation with the methyl group in the more favorable
equatorial position and the methoxy group axial, which is favored due to the

anomeric effect. : .
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A mixture of cis- and trans—&ywas prepared according to literature procedures“
and a portion was separated by gas chromatogra,phy.5 Assignment of the isomers,

based on nmr of the "anomeric" hydrogen, was in agreement with the literature.”
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Irradiation” of mixtures of benzophenone and either the individual isomers

of 1 or an isomeric mixture in benzene gave 3-methyl-§-valerolactone (2) and

0 + Ph /\/k/ CO2CH3

methyl 3-methyl-~5-phenylvalerate (59.7.

1 Ph,oC = 0%
L Taad
CeHg
3.
2

The ratio of these products varied somewhat with conditions and will be reported -
on fully in our full paper but, in genefal, less than 50% of the consumed.;;
could bé accounted for by these two products. Interestingly, no methyl 3-
methylvalerate was detected® for irradiations in benzene,.even though the
corresponding product was found previously in the 2-methoxytetrahydropyran

system.2

‘The products are analogous to those observed previously2 in the 2-methoxy-
tetrahydropyran system, and can be rationalized by initial hydrogen -abstraction
by excited benzophenone to give free radical.&, which can then undergo carbon-~
oxygen bond cleavage in either of two modes to give lactone 2 _ or open-chain

radical 5 which reacts with solvent to give 3.
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The most interesting aspect of the observed chemistry is that it was
found that the cis-isamer of‘;_was consumed much more rapidly than the trans-

isomer. This was obvious when either the individual isomers or -isomeric
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mixtures were irradiated. Relative quantum yields are not a good méasure

of relative rates of excited state processes. In the present system, the
lifetime of benzophenone triplet might be Qifferent in the presence of the two
individual isomers. Therefore, irradiations of mixtures of the isomers in

the presence of benzophenone were carried out and the ratio of rate constants
for the disappearance of the individual isomers was calculated by the following

formula:?

kﬁ/ktmns = In([cis]/[cis] )/1n([trans]/[trans] )

The ratio was found'? to be 8.0 * 1.4 for several samples irradiated for consump-
tions of the cis-isomer ranging from 70 to 90%. The apparently large variations
in the ratio were due to the fact that the function is very sensitive to small

changes in the value for the amount of transji_remaining.

The greater reactivity of gig:%3 which undergoes abstraction of an axial
hydrogen atom, can be rationalized nicely in terms of overlap of nonbonding
orbitals of both oxygens with the C-H bond being broken. Thus, the cis-isomer
has a nonbonding orbital on each of the two oxygens which is antiperiplanar to

the bond being broken. The trans-isomer, on the other hand, has only one such
(®)
i
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nonbonding orbital antiperiplanar to the bond being broken and, therefore;
the transition state leading to the common free radical ﬁlis stabilized to a

lesser degree by orbital overlap. A similar rationale has been offered for

ozone insertion in glycosides, where it was found that a-glycosides are inert

to ozone while B-glycosides reacted by C-H bond cleavage11 and for specificity

of heterolytic C-0 bond cleavage in the base catalyzed hydrolysis of esters,l?

A further contribution to the enhanced reactivity of the cis-isomer may
be made by the fact that the cis-isomer is less stable than the trans-isomer.
This energy difference has been found to be 0.34-0.73 kcal/mole depending

on the solvent,3’13

However, since the transition states leading to the
common radical ﬂ;are different for the two isomers, it is difficult to evaluate

this effect.

Irradiatioﬁ of the individual isomers of/5 also showed that the initial
hydrogen abstraction is irreversible and that the intermediate radical_&lre—
arranges or loses methyl radical instead of picking up a hydrogen atom from the
system, since none of the alternative isomer was found during the irradiations.
fhe reaction step leading to the loss of methyl is presumably irreversible
and we are presently looking into the reversibility of the ring opening step

in a different model systemn.

-~

This work adds another chapter to the unfolding story éf the many ways .
in which the oxygens attached to the "anomeric" carbon in carbohydrates and
model systems can influence the chemistry of such systems. These éffects have
been collectively called "the anomeric effect" even thqugh several theoretical

interpretations for the various effects have been offered. "
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