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In the course of synthetic studies under way in these Iaboratcries, the need arose for a carbonyl 

protecting group which could be selectively removed under mild conditions and which itself introduced no 

new asymmetric centers. Our previous experience with protecting groups cleavable by transition metal 

reagents’ suggested that carbonyl groups when protected as 5-methylene-1,3-dioxanes would be stable to 

most reagents which attack carbonyl groups &.g., AlHi, BHL, RLi) and that deprotection could be 

effected by l&(I) catalyzed isomerization to an enol ether followed by hydrolysis. 

The requisite diol, 2-methylene-1,3-propanediol (I), could be prepared conveniently from the 

commercially available 5-norbornen+2-carboxaldehyde by a modification of an earlier procedure’ 

using a Cannizzarc reaction with formaldehyde followed by a retro Mels-Alder reaction at 520”. 
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Ketalization of 4-4_butylcyclohexanone with 1.5 equiv of I catalyzed by ptoluenesulfonic acid in 

benzene at reflux with azeotropic removal of water gave II in 89% yield. Similarly, the acetal of g- 

o&anal (IV) could be isolated in 92% yield. 
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When treated with a catalytic amount of RhCl(PPh3)3 at reflex (as previously described’), II and 

IV were isomerized to the enol ethers III and V (96 and 97% yield, 3 respectively), the equilibrium mix- 

ture consisting entirely of the endocyclic, trisubstituted en01 ether. Hydrolysis of III with 10 : 1 @y 

volume) THF--1 2 HCl at room temperature for 1.5 hr gave 4-&butylcyclohexanone in 96 % yield. 4 

Alternatively, III and V could be hydrolyzed under essentially neutral conditions by stirring with 

1 equiv eaoh of HgC12 and yellow I-&O in 10% aqueous acetone for 2 hr, 5 giving 4---butylcyclohexanone 

and n_octanal in 96 and 65% yields, 4 
respectively. 

An alternative means of isomerization of the L-methylene-1,3-dioxaue to an en01 ether is provfded 

by the ene reaction with diethylazodicarboxylate. ’ 
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Heating of Ill at reflex in tohene with 1.2 equiv of diethylazodkarboxylate for 14 hr gave VI (61% 
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yield), which upon hydrolysis with HgCl2-HgC gave 4-&butylcyclohexanone in 93 % yield. ’ This Procedure 

allows regeneration of the carbonyl compound under strictly neutral conditions. 

The properties of the methylene group in III suggested several additional methods of deprotection. 

Ethylene ketals have been removed by reaction with the hydride transfer reagent trityl tetrafluoroborate 

for up to 3 hr at room temperature followed by hydrolysis of the resulting oxonium salt. ‘7 With the 

additional stabilization provided by the double bond in III, treatment with 1.1 equfv of trityl tetrafluoro- 

borate for only 2 min at 0” in methylene chloride followed by addition of water gave the ketone in 86% 

yield. 3 

The methylene group in III could be oxidatively cleaved to the ketone VII with NaI04-0s04. 8 

Reaction of VII with 4 equiv of Al/IQ in 2% aqueous THF at room temperature for 4 hr regenerated 

4-t-butylcyclohexanone in 80% yield3 from III. 
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Finally. the methylene group in III conld be epoxldized quantitatively using 2 equiv of g- 

chloroperbenzoic acid in methylene chloride at 25” for 14 hr. Rearrangement of this epoxide, VIII, 

with 0.3 equtv of BF3* (C2H5)20 in ether at 0” for 5 min gave the sensitive 6-alkoxy aldshyde IX which 

was cleaved in situ by treatment with excess pyridlne for 15 min followed by aqueous workup to give the -- 

parent ketone in 80% yield3 from RI. 
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Preparation of 2-methylene-1,3_propanediol. 5-Norbornene-2-carboxaldehyde (10 g, 80 mmol), 

excess 37% formalin solution (20 ml), and potassium hydroxide (4.5 g, 80 mmol) were dissolved in 70 ml 

of ethanol and stirred overnight. The solution was neutralized with carbon dioxide and concentrated. The 

resulting syrup was taken up in 45 ml of benzene and after filtration the benzene solution was added 

drcpwise over 45 min to the top of a 22-cm Vycor column packed with quartz chips heated to 520’. 

Argon was swept through the column so that the contact time was 10 sec. The product was collected in 

a trap cooled to -78”. Water was added and the water layer was washed once with pentane. Concentra- 

tion of the water extracts and distillation gave 4.59 g (63%) of I, bp 127-129” (32 mm). 

The ease of introduction and range of selective methods available for deprotection recommend the 

5-methylene-l, S-dioxane group as a worthwhile candidate for carbonyl protection. 
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