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TERMINALLY DIFFERENTIATED PRODUCTS
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Abstract. Conditions are reported which convert cycloalkenes to terminally differentiated
products through the i1ntermediacy of a-alkoxy hydroperoxides.

The ozonolytic cleavage of cycloalkenes 1n the presence of an alcohol affords a chain
with an aldehyde and an a-alkoxy hydroperoxide at the 1:erm1n1,2 We report that simple mod1-
fications of ozonolytic workup procedures on these peroxides give rise to a variety of
products with differentiated terminal functionality.
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Scheme 1 depicts the reaction conditions which are employed to cleave an olefin 1n an
unsymmetrical fash1on3 and the products generated. The ozonolysis 1s carried out at -78° 1n
541 CH2C12-a1coho] buffered with NaHCO34 and affords an aldehyde-alkoxy hydroperoxide, 2.5
After dilution with benzene and rotary evaporation of the azeotrope, the peroxide 1s de-
hydrated with acetic anhydride and tmethylamme6
pot sequence.

to produce an aldehyde-ester, 4, 1n a one-

Alternatively, addition of p-~toluenesulfonic acid to the ozonolysis reaction medium
leads to the formation of an acetal-alkoxy hydroperoxide, 3.7 Neutralization of the acid
with NaHCO38 followed by reduction with d1methylsu1f1de9 yilelds an acetal-aldehyde, 5, 1n a
one-pot operation. Dehydration of the peroxyacetal, 3, i1n the same fashion as with 2, af-
fords an acetal-ester, 6.

Table 1 summarizes the results of carrying out these procedures on a variety of sym-
metrical cychc o]efms.10 Methanol was most commonly used as the source of alcohol but
entry 2 demonstrates that other types of esters (1.e., t-butyl instead of methyl) can be
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Table 1
entry alkene alcohol  aldehyde-ester yield acetal-aldehyde yield acetal-ester yleld

1 MeOH P’eOZC(CHZ-)4CH0 96 (MeO)ZCH(CHZ«) 4CHO 93 (MeO)ZCH(CHz-)4C02Me 83

tBuOH tBuOZC(CH2)4CH0 91
12
Me OH MeOZC(CHZ)BCHO 47 (MeO)ZCH(»CHz-)aCHO 48 (MeO)ZCH(»CHZ)3C02Me 72

MeOH MeOZC(CHZ-) £CHO 93 (MeO)ZCH(CHz-)SCHO 95 (MeO)ZCH(-CHZv)scone 100

5 & MeOH Me0,CECH,3, (CHO 94 (Me0),CHECH,}, (CHO 95  (MeD),CHECH,},COMe 83
;b MeOH Lﬁ\cuo 12 g9 Lﬁ\cuo 90 ;ﬁ\cn@)c":)z 92
COLH, CHOCH,), COLH,

produced by the appropriate choice of alcohol in the ozonolysis reaction. Compounds of the
type 4, 5, and 6 were formed directly from the corresponding cycloalkene without puri-
fication of the intermediate peroxide. The aldehyde-alkoxy hydroperoxides, 2, were often
o]1gomer1c5 and tended to be difficult to purify. However, the acetal-alkoxy hydro-
peroxides, 3, were monomeric and could be obtained in high yield after flash chromato-
graphy.11

Appiication of these reactions to substituted unsymmetrical cycloalkenes requires a
knowledge of the effect of substituents on the direction of cleavage of the primary
ozonide. Fortunately, considerable attention has been given to this prob]em.13 The
ozonolysis of enol ethers exemplifies the effects of substitution at the olefinic carbon of
a cycloalkene, this results 1n a highly regioselective cleavage to y1eld an ester and an
alkoxy hydroperoxide at the B-carbon of the enol ether.14 Thus, ozonolysis of 1-methoxy-
cyclohexene in 5:1 CH2C12-methano1 produced the corresponding methoxy hydroperoxide-ester
which upon dehydration afforded dimethyl adipate 1n 85% y1eld.

Previous studies i1ndicated that simple 1nductive arguments should reliably predict the
effect of substitution at a saturated carbon of an unsymmetrical cyc]oa\kene.15 Scheme 2
11lustrates the two possible regioisomeric acetal-aldehydes that can resuit from cleavage of
cyclohexen-3-01 acetate,

Breakdown via retro 2+3 cycloaddition of the primary ozonide, 8, could occur 1n two
directions to give the carbonyl oxides, 9 or 12. 1,3-addit1ion of methanol would yield 10 or
13. Workup as previously described would then generate the monoprotected dialdehydes, 11 or
14. Since the 1dentity of the final product 1s determned at the retro 2+3 stage,16 1t
would be expected that 11 would be formed 1n preference to 14, since the electron with-
drawing acetyloxy substituent 1s more remote to the electrophilic carbon center of the
carbonyl oxide 1n 9 relative to 12,

In the event, the expected acetal-aldehyde, 11, was obtained 1n 74% 1solated yield,
free of any regioisomeric material as determned by careful analysis of the crude reaction
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m1xture.17 Subjection of exo-5-norbornen-2-o01 acetate, 15, to the 1dentical conditions,
however, led to the formation of a 1:1 mixture of 16 and 17 1n 84-87% yi1eld. The more
remote acetyloxy substituent now fails to exert any control in the regiochemical outcome.
Cleavage of the endo 1somer, 18, resulted 1n the formation of a 1°3 ratio of 19 and 20 n
comparable y1e1d.18 Since the preferred direction of c]eavage16 of 18 1s opposite to that
predicted by consideration of the inductive effect of the acetyloxy substituent, 1t 1s
apparent that other factors must be operative.

Further studies of the utili1ty of peroxides in organic synthes1s14c
w11l be reported 1n the future.
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