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Abstract. It is demonstrated by means of diastereomeric probes that the
vicinal nuclwphilic displaccment of a diethylphosphate group from a
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In recent years, and contrary to popular opinion, it has become obvious that derived B-hydroxyalkyl
radicals, such as the B-(phosphatoxy)alky! and B-(acyloxy)alkyl radicals have a rich and increasingly varied
chemistry.] Rate constants for the rearrangement of such radicals can, depending on the substituent pattern,
range as high as 1 x 107 s at 80 °C2.3 which is more than competitive with the type of 5-hexenyl radical
rearrangement frequently encountered in synthetic schemes. Arguably, the best synthesis of 2-deoxy sugars
has a B-(acyloxy)alkyl migration as its key step.* Recently, we described the first example of a new reaction
type, the bimolecular, vicinal substitution of a B-(phosphatoxy)alkyl radical (1) by an alcohol giving a
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uansposcd B«(alkoxy)alkyl radical (2) (Schcme 1) 5 Here, we describe the results of a preliminary
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this reaction type we note that Zipse, in putting forward his methylenology principle, had predicted the
existence of the general class.5-8 Calculations were conducted by Zipse on the vicinal substitution of the
B-chloroethyl radical by chloride anion and predicted a transition state (Fig. 1) resulting from backside
attack.6.7

email: DCrich@uic.edu

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)02195-9




9378

The methyienology principle states that this type of substitution process is the one eieciron equivaient
of the two electron allylic substitution (S,2’) reaction which, for heteroatom nucleophiles but not cuprates,
usually occurs preferentially in syn-facial manner. A knowledge of the true stereochemistry of this new
reaction type is therefore of interest for numerous reasons pertaining to the mechanism of the reaction and its
potential for eventual use in stereoselective processes.

Two diastereomeric bromophosphates 7 and 8 were prepared, as outlined in Scheme 2, from the
ilable by reducti id dehydration of 4,6-dimethyl-
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Treatment of 7 and 8 with Bu,SnH and catalytic AIBN in benzene at reflux provided,
stereospecifically, the rearranged products 9 and 10, respectively, which were converted to the octyl ethers 13
and 14, respectively, as indicated in Scheme 3.
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Scheme 3

Dropwise addition of Bu,SnH and AIBN to a solution of 7 (0.1 M) in 43:57 benzene/octanol at 80 °C
resulted in the formation of the rearrangement product 9, and the substitution products 13-15 in the ratios
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An authentic sample of the benzyl ether 15, of which only a single diastereomer was identified, was
prepared by Bu,SnH reduction of 4 followed by etherification with NaH and octyl bromide. That 15 was only

formed from diastereomer 7 suggests that it arose not from a radical process but rather by competing collapse of
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debromination with Bu,SnH. Indeed, this was subsequently confirmed by the obvious control experiments.
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It is readily apparent from Table 1 that the methyl group used as a stereochemical marker influences
the outcome of the reactions. Thus, with both 7 and 8 the preponderence of the substitution occurs and io the
methyl group. However, it is also clear from the ratios of 13:14 that the extent of the influence of the marker
is different in the two cases, from which we conclude that a common intermediate, i.e. a diffusively free radical
cation arising from elimination of phosphate from the initial radicals, is not involved. The results may be
explained by a mechanism involving attack of the alcohol on either lobe of the singly occupied orbital in the
diastereomeric radicals 16 and 17 (Scheme 4) with the methyl group more effectively shielding one face in the

latter stereoisomer. This type of bimolecular transition state is in accord with the kinetics of the example of
Scheme 1.
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nucieophilic attack on tight, caged ion pairs such as 18 and 19. Whatever the precise detaiis of the mechanism,
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it is already apparent that this type of vicinal nucleophilic substiu

radicals is not restricted to backside attack.
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Further work on the stereochemistry and mechanism of this novel reaction type will be described in

due course.
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