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Abstract: 3-Methyl4phenylthi~l~~~4.6)~. [4.7]dakca~s. IS.1 I ]hcx&axx and the corresponding 
20~s (ISC~OIES) cm bo made from cyclohcpa-. ocm-. and dodeamnc by chain extension lo the 2-phenylthio- 
cmb&khyde. slenorekcli~e aldol rcaclion and stcmospccific phenyltio migration with convol over the r&i& (3,4- 
syna~i)rdabsolutc(RorSarpoaitions3~4)stenochunisoy. 

Trost’s general synthesist of spirocyclic lactones from cyclic ketones, e.g. 4, by a single chain extension to 5, 

rearrangement to 6 and oxidation, gives excellent yields of l-oxaspiro[4.6]undecan-2-one 1 from cycloheptanone 

4. Other workers have used chain extensions with halides* such as 7 with SmI2, or acrylates 8; 2 = PhS etc.3 

or versions of 9 with various masked carbonyl groups4 to make spirocyclic lactones with medium-sized carbon 

rings, such as l-oxaspiro[4.7]dodecanan-2-one 2 or I-oxaspiro[4.1 Ilhexadecan-2-one 3. The few reported two 

stage chain extensionsS rely on carbonylation of a metal complex to introduce the carbonyl group of the lactone. 

None of these methods can easily be used to introduce chiml centres into the lactone ring (C-3 and C-4). 
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We tcport the first syntheses of single diastereoisomcrs and enantiomets of substituted ring systems 1 to 

3 and the related ethers with chiral cenaes in the hetetocyclic ring. Our approach6 initially extends the chain by 

addition of PhSCH$Ble 10 to the cyclic ketone. Rcanangement7 of adduct 11 to a 2-PhS-carbaldehyde 12 and 

a second chain extension by staeosclcctive aldol tcaction gives W. ‘Iwo chiml centrcs can be introduced in the 

aldol react&r with control over relative and absolute stcreochernistry and transformed stereospecifically with 

inversion at the &g&on terminus (C-4) during cyclisation with PhS migt%tion via an episalfonium (thiiranium) 

ion which captures an intramolecular nucleophile. Thii approach using Heathcock’s unri aldol naaiod from 

cycloheptanone (scheme 1) , reduction to the diol 14 and reanangemcnt in acid, gave the spirocyclic ether 3- 

methyl-4-phenylthio-1-oxaspiro[4.6lundecane 17; n = 7 (10096). Direct acid-catalysed rearrangement of the 

aldol on&U; n = 7 gave a mixture of the ally1 sulphide syn-15; n = 7 (45%) and the lactone 3-methyl-4- 

phenylthio-1-oxaspiro[4.6]undecan-2-one anti-16; n = 7 (44%): the hindercd aryl ester participates less 

effectively than the oxazolidinone in the cyclisation of 19 below. 

Scheme 1: Ar = 2,6dimethylphenyl, n = ring size. 
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Formation of 11 and rearrangement to give l2 arc both successful with medium sited carbocyclic rings, 

n = g and n = 12. leading to the spimcyclic ethers 3-methyl4phenylthio-1-oxaspiro[4.n]alkanes 17 (scheme 2). 

Hcathcock’s wui selective aldol reaction8 with the lithium enolate of 2.6dimethylphenyl propionatc gives good 

yields of the racemic anti aldols 13; n = 8 and 12. This stereos&&e aldol reaction Seems to be particularly 

suitable for aldehydes with large substituents next to the carbonyl group. The steric hindrance caused by the 

conformationally flexible medium ring is perhaps less of a problem in aldehydcs 12 as the PhS gmup at C-2 of 

the aMchy& incmases reactivity by adopting a Felkin confmtion with the C-SW bond parallel to the p abitals 

of the carbonyl group. Reduction to the diols cmti-14; n = 8 and 12 followed by acid catalyscd rcatrangemcnt 

gave the sphucyclic ethers u&17; n = 8 (76%) and 12 (100%) in good yield. The anti stereochemistry was 

deduced iiom NOE experiments. The lactones 16; n = 8 and 12 can again be formed in poor yield by 

matrangement of the aldols 13: racemic and-1Q n = 12 was used in the detcnnination of the optical purity of the 

(3s. Sf?) cnantiomer below. 



Sdteme a Syntbcsii of 3-Methyl4phcnylthi~l-oxasp~4.~e (racemic ah-17; n = 8) 

and 3-Methyl4pbenylthi*l-oxasp~4.1 I]hcxf&cane (mccmic anti-l’l; n = 12) 

Phs 

0” CHO 

12; n I 8 (k)ml/-14; n = 8 (k)rnti-17; n D 8 
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c; 

12; n = 12 (i)mtC14; n I 12 
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He&cock’s Lewis acid-catalyscd aldol pmcedurc~ with the Evans valinederivcd chiral auxiliary 18 was 

usefully diastacose~tive. With 3.0 equivalents of the Lewis acid (EtzAlCl) two aldol products (ZS,3R)-u1~i_19; 

n = 12 and (2S,JS)-syn-19, n = 12 were formed in a 70:30 ratio. As expected,~ increasing the amount of Lewis 

acid to 6.0 quivaknts improved the s&ctivity to 84~16 and the major (2S,3R>unri product was isolated in 58% 

yield. Cyclkation of this major product in excess acid gave the spirocyclic lactonc (and recovered chiral auxiliary) 

in one step. The enantiomcric excess was determined by NMR, in comparison with racemic anti-lactone, with 

Pirkle’s chii solvating agent I-(9-anthryl)-2.2.2~trifluorcthanol. 

-18 OC 

18 (2S,2R)-w1lc18; n I 12 

(2S,4F&811+1~ n = 1% 
82% ykkt. &8% 0.0. 
tab -28.F (c 0.2 In CHCId 

gS,2S~aymlQ; n r: 12 

The same procedure was much kss successful with the eight-mcmbued ring compounds. The aldoi reaction of 

18 with 12; n = 8 gave a mixture of all four diastcrcoisomcrs of 19; these were separated by column 

chromatography and identified by tH and 1X! NMR. The syn or a& aldol relationship is deduced from the 
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coupling constant between the hydrogen atoms on C-2 and C-3: 52.3 8.4 and 8.6 Hz for the two and aldols and 

52.3 5.5 and 4.9 Hz for the two syn aldols. The anti:syn ratio (HPLC) was 64:36 and hardly changed with 

amount of Lewis acid, while the diastereofacial selectivity was 44:20 for the and and 2 1: 15 for the syn aldols. 

The major product could be isolated in 32% yield, but this is not a practical method. The eight-membered ring 

also induces anomalous results in simple PhS migrations.lo 

1. I-Pr2NEt 
Bu2BOTf 
CH2C12, 0 

18 (2S,3R)-ant/-19; n = 8 

2. 12; n = 8, 
Et2AICI, 
-16 “C 

(2R,3S)-anrl-19; n = 8 

(2S,3S)-syn-19; n = 8 (2R,3R)-syn-19; n = 8 
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