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STItIKING COWTBASTS IN STIZREOSBLECTIVITIES OF SPIBO-CLAISEN 
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Structurally equivalent derivatives of pyranosides and cyclohexanes undergo the 
epiro-Claisen rearrangement with different stereochemical results. A rationalization for the 
course obeerved with the pyranosides is suggested, which invokes interaction of the oxygen lone 
pair with a (developing) electron deficient centre at the spiro carbon. 

The burgeoning interest in the use of carbohydrates in organic synthesis is undoubtedly 

related to the fact that reactions of sugars invariably proceed with high stereoeelectivities,l 

a property which has given rise to their description as "chira1 templates". 
2 

In the case of 

alkyl pyranosides, this property has been attributed to the fact that the sugar ring is held 

rigidly in a favored conformation wherein the polar anomeric eubstituent is axially 

oriented,3a4 a circumstance which would cause the a-face (e.g. of L, Scheme 1) to be more 

sterically hindered than the -face. However, in this communication we disclose some 

experimental resulte which suggest an important role for the rinn oxygen in ensuring 

stereoselectivitiee at u-annular sites. 

SCHEME I 

In connection with a synthetic project in our laboratory we had occasion to carry out the 

Epiro-Claisen rearrangement of &, in which Lwas obtained as the & product. 5 We initially 

rationalized this stereoselectivity on the ground that the fold in la (Scheme 1) is disfavored - 

by steric interaction with the axial anomeric methoxyl, and hence rearrangement occurred 

through 0 to give 7. This result seemed to be reinforced by the exclusive formation of & from 
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2 (Table). However, when comnlete stereoselectivitv continued even when the anomeric 

substituent was removed, as in 1 and 4, it became apparent that the rationalization in Scheme 1 

was inadequate. Conformational rigidity also did not appear to be a factor since the 

rearrangement was equally stereoselective in the absence of the trans-fueed ring, i.e. 2 l& 

Thu~ in al1 of thcsc sabstratcs L-2, the reacting appendage folds frm the g-face 

exclusively re6ulting in 

T AR 

equatorial attack. 

L Ea 

SPIRO-CLAISEN REARRANGEMENTS 

aIn al1 cases, the ally vinyl ethers used in 
our studies were prepared as described previous- 
ly6,7.Refluxing benzonitrile was used as the 
solvent, reactions were monitored by TLC, and the 
isolated yields were uniformly 85-95%.0nly the 
'somer(s) indicated were detected by lH NMR(250 MHz). 

An interesting related case, reported recently by Overman 9 
, is 

Z& cyclized in situ to give an azaspirane. 

In attempting to rationalize the results in the Table, we 

column II fa11 into two groups, one of which (summarized as 1, 

The results with lî6, 1d6 

and u7 are also notable for 

their stereoselectivitiee, and 

comparison of 13 and _ shows 

that an axial anomeric substi- 

tuent ie again unimportant. 

Furthermore, the results with 

13, 14, and _ show that the 

eteric environment in the im- 

mediate neighborhood is also 

relatively unimportant. ThUB 

rhether the adjacent sub- 

6titrent is axial [as in 

UI or equatorial [as in 

L5], the acetaldehyde group 

in the product l nds up 

(predorinantly) axial. 

It is revealing to con- 

trast theee results with those 

obtained by House’ for 0 and 

Lz. which are conformation- 

ally-locked, carbocyclic equi- 

valents of U and ti. Case @ 

has aleo been examined by US. 

The results in the Table ehow 

(a) that in contrast to Q, 13 

and JJ, stereochemical prefer- 

ence ís slight (as in _ and 

18, and (b) that this prefer- 

ence is for equatorial (rather 

than axial) attack, leading to 

23a and G. - 

fi whose rearrangement product, 

note first that the systems in 

Scheme 2) favours axial attack, 



4581 

while the other (summarized as IV) shows equatorial attack. Al1 substrates in Column II are 

conformationally biased, but one group differs from the other (a) by the presente of the ring 

SC’EME 2 

-el 

VII 
bo I-51 

oxygen, and, by corollary, (b) by 

v 0Y:O VI 
bY 2 CH2 l*e 2501 

VIII IX 
,..O T-11, 

the absence of one axial hydrogen. The latter could hardly 

be (solely) responsible for the overwhelming shift from equatorial to axial attack (va 

infra), and we therefore sought for an electronic effect involving the former. i.e. the ring 

oxygen . In order to accommodate the experimental resulte. this effect vould have to be 

expressed in a stereochemicallv biased sense. 

The biradicaloid nature of sigmatropic rearrangements has been suggested by severa1 

scholars 1o-13. There is evidente, theoretical 
11 

and experimental, 
12 

that bond-making is more 

highly advanced than bond-breaking in the transition state. Hence early bond-making stages 

such as II and V would seem plausible, wherein appreciable radicaloid character would exist at 

the “spiro” carbon. II and Va are both B-oxygenated radicaloids RO-C-E, vhich are homologues 
l 14 

of the highly stabilized a-counterpart RO-C. However. onlv II is cauable of eniovinp. the 

through-space interaction of the oxvgen lone-oair with the electron deficient orbital at the 

soiro carbon, and it would seem justified that rearrangements at C2 and C4 in pyranoid systems 

should follow the “axial” course in Scheme 2 leading to III. 

Such electronic interactions are of course irrelevant in carbocyclic systems and so the 

“normal preferente” referred to by Bouse’ for equatorial attack would be exercised in _ 

leading primarily to 25a. 

It would therefore seem that the rearrangements in Column 1 of the Table are following the 

path of “normal preferente”. However, even in these systems the oxane ring oxygen could aleo 

play a significant role.+ Thus, the early bond-making stage corresponds to VIII wherein the 

1,4-related orbitals can couple via the intervening c framework. 
15 

Operation of this effect 

would, therefore, heighten the “normal preferente u for the equatorial product IX. 

# What about the oxygens in the 1,3-dioxane (benzylidene) ring? Firstly, we assume that the C6 
oxygen is too remote to have any influente. The C4 oxygen should not offer any 
stereoelectronic bias, since it has axially and equatorially oriented lone pairs which could 
stabilize a C3 radicaloid centre of either axial or equatorial orientation, respectively. 
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In otder to test the feasibility of this postulate, we examined the trane-decalin system 6 

which ie the carbocyclic equivalent of the bicyclic ketones I - 6. Intereetinglv. the 

rearrangements of 6 Eave an 85:15 mixture of 12 and its euimer.” in contrast to the sinnle 

iaomere obtained in the cases 1 - 4. 

&TRRIC BFECTS: In the case of g and u, could replacing an axial lone pair with an axial 

hydrogen be responsible for the overwhelming change from axial to equatorial attack? This 

seems unlikely since Eliel and co-workers 
17 

have shown that the A values for methyl groups in 

3-methyloxane and methylcyclohexane differ by only 0.43 kcal. 

CAUTIOUS NOTE: We are well aware of the conflicting views on the mechanistic details of the 

Claieen and other sigmatropic rearrangements 
ll-13,18,19 , hence the rationalizations advanced 

in Scheme 2 are only one effort to account for the stereoselectivities obeerved. 

Further studies are underway and will be reported in due couree. 
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