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Abstract: The direct oxidation of (a-alkoxyalkyl)trialkylstannancs to esters by reaction with ozone is 
described. 

The regioselective oxidative cleavage of carbon tin bonds is a potcntialty very useful synthetic process, 

yet few methods have been developed for this transformation. Conversion of a non-symmetric tetraalkyl 

stannane to a carbonyl using Collins reagent 1 or to a dimethyl acctal upon reaction with ccric ammonium nitrate 

in methanol 2 has been reported. A two step procedure for the conversion of the tributylstannyl moiety to an 

alcohol with retention of configuration has also been developed. 3 p-Stannyl cycioalkanones undergo a tin 

directed Baeyer-Villager reaction upon treatment with m-chloropcrbcnzoic acid, resulting in an alkene ester, 4 

while treatment of P_tributylstannyl cycloalkanols with iodosobcnzcnc results in ring opened keto alkenes. 5 An 

oxidative fragmentation can also be achieved on cyclic hemiacetals 6 or B_tributylstannyl oximes. 7 We recently 

reported the regioselective oxidative cleavage of an (a-hydroxyalkyl)trialkylsilanc to a carboxylic acid using 

ozone. 8 The use of ozone to oxidize tetraalkylstannanes and silancs has been studied in some detail; however, 

there has been no development of this reaction into a practical synthetic method. 9 We wish to report here our 

findings on the regioselective oxidative cleavage of (ct-alkoxyalkyl)trialkylstnnnanes by ozone. The overall 

reaction represents an efficient conversion of an aldehyde to an cstcr under mild reaction conditions. 
I- BuaSnLi . 

RCHO - 
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Oxidative cleavage of an (a-hydroxyalkyl)trialkylstannanc was cxpcctcd to lcad to formation of the 

corresponding carboxylic acid in direct analogy to the silane example noted previously. 8.10 Surprisingly, this 

reaction did not generate the anticipated product, but rather led to a complex mixture of decomposition products 

which were not characterized. Interestingly. upon treatment of the mcthoxymcthyl (MOM),ether derivative of 

the (a-hydroxyalkyl)trialkylstannane, the ester was obtained in excellent yield. In subsequent experiments, we 

have determined that the oxidative cleavage of (a-aUcoxyalkyl)trialkyls~~nnancs to the corresponding ester is a 

general reaction, see Table. The free acid can be obtained if the ozonolysis rcnction is carried out on an (a- 

silyloxyalkyl)trialkylstannane l 1 followed by work-up with dilute aqueous acid, see Table entry 7. 
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Table. Oxidative Cleavage of Tetraalkylstannancs with Olonc 

Carbonyl Product ’ Stannane % Yield b 
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a All new compounds were fully characterized. b Isolated yields. 

The role of the second oxygen atom in the alcohol protecting group was examined by the preparation of 

the benzyl ether derivative. Direct bcnzylation of an (a-hydroxyalkyl)trialkylstannane did not result in 

acceptable yields of the benzyl ether. Conversion of the MOM protecting group to the benzyl group was then 

accomplished by the sequence shown below. Regioselective cleavngc of the MOM acetttl was achieved by 

treating the &etal with boron trichloride. The intermediate a-chloro ether was surprisingly stable. Addition of 
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phenyl Grignard in the presence of a catalytic amount of copper iodide then provided the bcnzyl ether in 93% 

overall yield. This method has also proven to be a general procedure for the conversion of MOM protected (o- 

alkoxyalkyl)trialkylstannanes to other ethers. 12 Ozonolysis of the benzyl ether resulted in the benzyl ester in 

76% yield, indicating that the acetal protecting group is not a requirement for the regioselective oxidative 

cleavage of the stannane. 

o-o’ 
1- BCl3. CH2Cl2 

0“ C to RT. 2 hw 0- Ph 03, CH2Cl2 0-m 

C5H11 
A 

SnBu3 
* 

CsH1r 
A -780 c 

2- PhMgCI, Cul (cat.) SnBu3 - C5H11 A0 

HMPA, THF. -23O C 93 % 76 % 

The importance of the adjacent alkoxy group in the ozonolytic cleavage was then examined. 

Tributyltinlithium was added to cyclohexenone and 3-methylcyclohexenone to provide the corresponding 3- 

ttibutylstannyl cyclohexanone derivatives. 1 Reduction of the ketone (NaBH4) was followed by protection of 

the alcohol as the methoxymethyl ether. Ozonolysis of the secondary cyclohexylstaanane resulted in a 62% 

yield of 3-(methoxymethoxy)cyclohexanone. while oxidativc cleavage of the tertiary substituted sunmane 

derivative provided a 76% yield of the tertiary alcohol and 4% of the ketone rcsulhg from loss of the methyl 

group. 

0-o. o-o’ 

A 
03. CH2C12, -780 C 

-0 62 % 

o-o’ 

76 % 4 % 

Clearly the (aalkoxy)alkyl group is not required. However, it is important to nom that the cyclohexane portion 

of the molecule is obtained as the oxidized product preferentially. 13 Ncithcr butyric acid. butanal. nor butanol 

wem observed (by GC analysis of the crude reaction mixture) in any of the stannane ozonolysis reactions. The 

reaction produces a white solid which may be a polymeric dibutyltin oxide (MS. NMR) as reported earlier for 

symmetric tetraalkylstannanes. 9 Aleksandrov and Tarunin 9a have proposed a mechanism which involves the 

addition of ozone to the tin atom followed by migration of an alkyl group to the terminal oxygen. Subsequent 

decomposition of the stannyl hydroperoxide intermediate by hydrogen transfer then results in the oxidized 

product_ In the reaction of (a-alkoxyalkyl)trialkylstannanes, the oxygen substituted alkyl group migrates 

preferentially. In the example of a secondary alkyl substituted stannane. hydrogen transfer then results in the 

ester or ketone. The tertiary alkyl substituted stannane results in an additional product arising from a second 

migration of the methyl group. The subsequent cleavage of an alkyl group from a tertiary alkyl substituted 

stannane derivative proved to not be an isolated case. Indeed, the tertiary substituted aldol derivative shown 

below also undergoes oxidation and fragmentation to provide the acctatc derivative. This route therefore 
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h0 b- Ph 0 

0 02 03, CH2Cl2, -78’ C 

-+ 

) 0~0~ 
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68 % 

provides a mild method for the selective removal of the stannyl moiety from the stereoselective mixed stannyl 

substituted acetal aldol reaction we reported earlier. l4 

In summary, we have determined an efficient method for the oxidative cleavage of unsymmetric 

tetraalkylstannanes under very mild conditions. l5 Acetals, benzyl ethers, and phcnyl functional groups are 

compatible under the reaction conditions. The methodology provides a useful route for the conversion of 

stannanes to ketones or alcohols in excellent yield. The overall process provides a new route for the conversion 

of aldehydes to esters. Further investigation of the utility and mechanism of this process are underway. 
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