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Abstract:. Single enantiomers and diastereoisomers of 2- and 3-alkyl-4-phenylsulfanyl-l,8-dioxa- and 
1-oxa-8-thiaspiro[4.5]decanes can be prepared in good yield by acid-catalysed phenylsulfanyl 
migration. Either syn or anti stereochemistry can be selected by aldol reactions or by reduction of 
hydroxy-ketones. Copyright © 1996 Elsevier Science Ltd 

Dioxaspiro[4.5]decanes where the two oxygen atoms form an acetal, such as 1 and 2, are well known 

and easy to prepare. Other isomers, like the 1,8-dioxaspiro compounds 3, are little known, especially with 

stereochemistry, though the corresponding lactones have been made, 1-3 and there is a report that some 

substitued 1,7- and 1,8-dioxaspiro compounds are herbicidal. 4 The 1-oxa-8-thiaspiro[4.5]decane system is 

even rarer though some lactones are known and the X-ray structure of 4 has been reported, l We report 

syntheses of  single diastereoisomers and enantiomers of  substituted 1,8-dioxa and 1-oxa-8- 

thiaspiro[4.5]decanes by PhS migration using the known ketones 5-7 5 and 6 as starting materials. 

1 ,n-dloxasplro[4.5]decanes: 

1,4-dloxa- 1,6-dloxa- 1,8-dloxa 

1 2 3 4 5 6 

The first steps were to prepare the 2-PhS-aldehydes 10 and 11 by the method of  de Groot and 

Janssen 8-10 These reactions worked well - essentially as well as in the hydrocarbon and amine series (8-11; 

X = CH2 or NMe). 11 

Ph~,~ 1. BuLl 

OMe 2 . 5 o r  6 
7 

Et3N ' SOCI 2 Ph 
> OMe > CHO 

CH2C12 x , , j  
8; X = 0; 78% 10; X = O; 74% 
9; X = S; 97% 11; X = S; 84% 

We next applied the reliable anti- and syn-se lec t ive  aldol reactions of  Heathcock 12,13 and 

Masamune 14 to these aldehydes to make, after reduction, the s y n  and anti-diols 15 and 16. The 

rearrangement of  these diols in acid solution was stereospecific and gave in good yield spirocyclic ethers 17 

and 18 of the two systems in the title. It is noteworthy that the oxygen and sulfur atoms in the six-membered 

rings of these compounds did not compete in the rearrangement steps to form the 2-PhS aldehydes 10 and 11 

nor in the cyclisations to form spirocyclic compounds 17 and 18. 
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FCO2Ar 1. LDA Ph- OH 
> ~ C O 2 A r  

12; 2. 1 0 o r l l  
Ar = 2,6- X~,,,~ | 
dlmethyk anti-13; X = O; 82% 
phenyl anti-14; X = S; 87% 

LIAIH4 
OH PhS = 

X ~ ~ ' ~  OH 

anti.15; X = O; 82% 
anti-16; X = S; 87% 

TsOH > ~ "  

CH2CI2 X ~  - 

anti.17; X = O; 82% 
anti.18; X = S; 99% 

F 
COSPh 

19 

1. I-Pr2NEt ph~ (~H 
9-BBN-OTf > ~ C O S P h  

2. 10or 11 X,,,,~ II 

syn-13; X = O; 86% 
syn-14; X = S; 58% 

LIAIH~ 
OH 

syn-15; X = O; 95% 
syn-16; X = S; 93% 

Ph% 
TSOH > X ~  
CH2CI2 

syn-17; X = O; 94% 
syn-18; X = S; 99% 

The optically active spirocyclic compounds were prepared 15 using boron enolates from the Evans 

phenylalanine-derived oxazolinone chiral auxiliaryl6 20. Aldol reactions gave single diastereoisomers ofsyn 

aldols 17,18 21 or, in the presence of the Lewis acid Et2A1CI according to Heathcock, 19,20 single 

diastereoisomers of anti aldols 24. Removal of the chiral auxilary with LiBH4 was very efficient, giving the 

diols 22 and 25 in high yield and near perfect e.e. 15 Cyclisation gave both diastereoisomers of the spirocyclic 

ethers 23 and 26 in high yield and occurred without loss of diastereomeric or enantiomeric purity. 

O O 1. Bu2BOTf PhS OH O 9 PhS OH PhS,,, ..-" 
~ ' ~ : ~ O  I'Pr'NEt ~ N / I ~ O  UBH' 0 ~ "  (~,,,,~ I ~ THF~- OH CH,c~2TsOH O ~  

2. 10 "."" H20 
\ \ 22; 98%, 23; 96%, 

Ph 21, 74% Ph [(X]D -19.25; >98% ee [~]D -36.4; >98% ee 
2O 

20 

1. BU2BOTf PhS OH O O. PhS OH • --tts/__~ 
i-Pr2NEt ~ JL , ,~  LIBH4 ~ A 

-o j y-. o - - - ,  r Y o. " 2. 10 ,~ / THF O, , ,~  P- CH2CI20,,, ,~ - 
H20 25, 78%, 26, 90%, 

24, 94% Nph [¢t]D -6.9; >98% ee [~]o +82.3; >98% ee 

Cyclisation with secondary and tertiary alcohols as nucleophiles was also successful. The starting 

point for these compounds was an aldol reaction with the lithium enolate of acetone onto the two aldehydes 

10 and 11 to give the hydroxyketones 28 (90%) and 31 (89%) in high yield. These 1,3-hydroxyketones could 

be reduced with high stereoselectivity to the syn 1,3-diols 27 and 30 by Prasad's method 21 using NaBH4 as 

external reducing agent in the presence of Et2BOMe as chelating agent and to the anti-l,3-diols 29 and 32 by 
intramolecular delivery of hydride with Me4N + (AcO)3BH-, another reliable Evans procedure. 22 Addition of 

MeMgCI gave the tertiary alcohols 33 and 34 in good yield. 

Et2BOMe, NaBH4 
'91 

o. , , j  THF/MeOH O.,,J 
27, 96% (>98:2) 28 

Me4N* (ACO)3BH- 

ACOH/MeCN O 
29, 90% (83:17) 
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PhS OH OH PhS OH O PhS OH OH 

S ~  Et2BOMe,. THF/MeoHNaBI'I4 S ~  Me4N+ (ACOAcoH/MeCN)SBH-I" S ~  

30, 96% (>97:3) 31 32, 900 (94:6) 

Rearrangement of all these diols gave the spirocyclic ethers, e.g. 36 by nucleophilic attack of the 

secondary or tertiary alcohols on the episulfonium ion intermediate, e.g. 38. It is remarkable that the 

secondary alcohol in 33 is sufficiently protonated to give the episulfonium ion 38 and hence the 

rearrangement 39 because both competing protonation and decomposition of the tertiary alcohol in 33 and 

steric hindrance to the cyclisation disfavour this route. Under prolonged reflux, the dioxa compound 35 

decomposes whereas 36 is stable. This is presumably the cause of the lower yield of 35. 

MeMgCI TsOH 
28, 31 ~- 

Et20 X~..,/J ' CH2CI2 

33; X = O, 96% 35; X = O, 76% 
34; X = S, 99% 36; X = S, 98% 

\ ®  

o . , j  • o . j  • 

37 38 39 

The cyclisation of the secondary alcohols 27, 29, 30, and 32 is fully stereospecific and goes in 

excellent yield. This is perhaps less remarkable though we have shown that an alternative pathway involving 

I1,41-PhS shift occurs easily when the corresponding primary alcohols are treated with TsCI in pyridine. 23 

The efficiency of the [1,2]-PhS shift must be very high - indeed it must compensate for the equal protonation 

of the two secondary alcohols in 27, 29, 30, and 32, and more than compensate for the greater tendency of the 

tertiary alcohols to be protonated and lost in 33 and 34. In simple open chain systems, kinetic measurements 

suggest 24 that [1,2]- and [1,4]-RS participation are about equally efficient. Fortunately that is not the case 

here. 

PhS OH OH PhS... PhS OH OH PhS... 

CH2CI2 CH2CI2 
27; X=O 40; X=O, 94% 29; X=O 42; X=O, 96% 
30; X=S 41; X=S, 99% 32; X=S 43; X=S, 99% 

Preliminary approaches to the 1-oxa-7-thiaspiro[4.4]nonane system were equally successful except in 

the important area of stereochemistry. The spiro carbon atom is now a stereogenic centre and we were unable 

to separate the diastereoisomers of 47 to 49. This is not important if the PhS group is to be removed 

subsequently 25 but it did detract from the route as a synthetic method. Even the one reaction to give a single 

product 50, the [1,4]-PhS shift referred to above, goes in only 50% yield. 

In conclusion, the assembly of spirodecanes with two oxygen atoms not having an acetal relationship, 

i.e. being 1,5-related rather than joined to the same carbon atom, or their thia-analogues, can be achieved in 
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high yield by phenylsulfanyl migration with full control over relative or absolute stereochemistry. 

heteroatom, oxygen or sulfur, interferes with any of the rearrangements. 

BuLl CH2CI2 LDA 
44 45, 95%, 1:1 48, 70% 

To. 
- - o .  

48, 85%, 1:1 
48, 99%, 1:1 

48 

Neither 

?' 

~ CO=Et 

47, 90%, 1:1 

TIICI SPh 

pyrldlne 
50t 50% 
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