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CONYERSlON OF LAD-TONES TO THE HIGHER HDMOLGGGUS a, 6-lRJSAlURATED LAGTONES MA 

HYPERVALENT IODfNE OXIDATIGN OF l-TRIMEDlYLSlLYLOXY-2.DXApt.l.O] CYCLOALKANES 

R.M. Moriarty,* R.K. Vaid, T.E. Hopkins, B.K. Vaid and 0. Prakash’ 

Chemistry Department, University of Illinois at Chicago, IL 60660 

We report the ring expansion of lactones via oxidation of the derived trimethylsilyloxycyclopropanols to 

the higher homologous a, p-unsaturated lactones (la-d+2a-d). 

(PhtC)n 

(n-Bu)4N F in THF 

CH2C12 

la,n=l;lb,n=2; 

lc, n = 3; Id, n = 9 

Pa-d, n = 1,2,3,9 3 

By way of background, similar reactions of 1-trimethylsilyloxybicyclo[n.l .O]alkanes derived frgm ketones 

(3) have been reported but the lactone system has not been transformed in this manner. Considering the 

general case studied for ketones and exemplified by 3, bond cleavage in the sense of b yields the ring-expanded 

product and this has been observed using FeCl3 to yield 6-chloroketoneS. 2 Subsequent dehydrohalogenation 

using NaOAc yields the higher homologous a, p-unsaturated ketone. Also electrolysis proceeds via b bond 

cleavage.3 Bond a cleavage occurs with Znl2,4 base,6 halogen, 6 Hg(OAc)2,’ AgBF46 or Cu(BF4)2,6 SnCl46 

and TiCi4.1° 

1 -Trimethylsilyloxy-2.oxa or 1 -trimethylsilyloxybicyclo[n.l .O]alkanes’ ’ were prepared by the 

reaction of the corresponding 1-trimethylsilyl enol ethers’ 2 with CH212/ Et2Zn in cyclohexane. Treatment 

of 1 -trimethylsilyloxy-2-oxa bicyclo[n.l .O]alkanes (1 a-d; 0.01 mole) with iodosobenzene (0.01 mole) and 

(n-Bu)4N.F (0.01 mole) in dichloromethane resulted in the direct formation of ring homologated a, p- 

unsaturated lactones (2a-d) in good yields (Table l).13 Similarly, 1 -trimethylsilyloxy- 

bicyclo[3.l.O]hexane (4) and 1-trimethylsilyloxytricyclo [4.1 .12e5. 0] octane (6), upon reaction with 

(Ph10)n/(n-Bu)4N.F, yielded 2-cyclohexen-l-one (5) and 2-oxobicyclo[3.2.l]oct-3-ene (7). 

respectively. 
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C+-si (CH3)3 (n-Bu)4N F in THF 0 + Phl 
/ 

4 CH2Cl2 5 
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(n-Bu),,N F In THF 

OSi(CH3)3 CH2Cl2 4J \ + Phl 

6 7 0 

It has been well established that the hypervalent iodine oxidation of ketonic silyl enol ethers yields the 

product of a-functionalization,14115 while 7-functionalization occurs with 2-(trimethylsilyl)furan.1 6 

In a strictly formal sense, these reactions correspond to an umpolung of the enotate system, and homoenolate 

systems,17 respectively, with the generation of the “synthetic equivalent” of an a, 9 and y-carbonyl cation. 

e$-Si(CH3)3 = _ /\\” pSi(CH3)3 + + . . 

b FSi(CH3)3 = 
+ 

/ 

c 

&Si(CH3)3 _ 

\ 
7 

The reactions reported herein involve 8-functionalization and concomitant elimination. A possible mechanistic 

pathway is the following: 

- 0-_;-Ph 7 

@ 

W$-Ph 

b a 
3 

=aH 

0 St(CH3)3 
-FSi(CH3)3 ’ 

t+ LX 0 
F‘ N(n-au)4 

This process corresponds to a bond cleavage and is the sole reaction route in the lactone series. The 

analogous oxidation in the ketonic series, with systems larger than 4, i.e. 1 -trimethylsiloxy[n.l .O] 

cycloalkanes, where n = 4,5,6,7, does not proceed purely with a bond cleavage; b bond CleWage occurs to 

yield exocyclic substitution products. In summary, the valuable homologation-oxidation works excellently for 

lactones, but ketone homologation is not generally Useful. 
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Table.1 Ring Homologated a, &Unsaturated Carbonyl Compounds from Oxidation of la-d, 4 and 6 With 

(PhlO)n/(n-Bu)4N-F. 

Reactant Product 

_____________ ____ 

la1 2a 72 

[Lit] (Neat: cm-l) 
______-___-_--_----------------~---~-~~--~---~~~~-~~~~~~~~~ 

lb’ Pb 75 

oil3 

[I 0301 

lOmm] 

oil214 

IC’ 2c 62 oi~215 

Id’.6 Pd 76 oi~2.5 

47 5 

67 7 

72 

73 

oil2 

[166%]8 

oil2 

[94-9901 

1 7mmlQ 

% Yield b.p. IR ’ H-NMR (CDCl3; 6) 

1724(C=O) 

1624(C=C) 

2.50(m,2H,CH=CHCH2),4.44(t,2H.0CH2), 

6.05(m,l H,OCOCHCH), 7.1 O(m,l H, COCHCH). 

1720( C-O) 

1626(C=C) 

1714(C=O) 

1637(C-C) 

172O(C=O) 

1633(C=C) 

1666(C=O) 

161 G(C=C) 

1670(&O) 

163O(C-C) 

1 .9g(m,2H,0CH2CH2CH2),2.60(m,2H,ocH2- 

CH2CH2CH=CH).4.33(t,2H,OCH2CH2),5.55(m, 

1 H,COCH=CH),6.45(m,l H,COCH&H). 

1.7g(m,2H,OCH2CH2CH2),1.65(m,2H,OCH2CH2) 

2.3g(m,2H,CH2CH=CH),4.40(t,2H,0CH2), 

5.16(dd,l H,COCH),6,26(m,l H,COCH=CH). 

1 .12-l .72(m,l 6H,6xCH2),2.30(m,2H,-CH2), 

4.2(t,2H,OCH2),5.45(m,lH,COCH),6.12(m,lH, 

COCH=CH). 

1.60-2.7(m,6H,3xCH2),6.14(m,l H,COCH=CH), 

7.15(m,l H,COCH=CH). 

1.2g-2.30(m,6H,3xCH2),3.OO(m.2H,2xCH), 

59(dd,l H,COCH=CH),7.35(m,l H,COCH=CH). 

~___~__~___________----~~~~~~~~~~~~~~~------~~~~~~~~~~~~~~~~~~~~~~~__________ 

1 1 a, b.p.=26-26oC10.05mm: 1 b; b.p= 36-36oC10.05mm; 1 c. b.p.=42-44oC10.06mm; Id. b.p.=66- 

69oc10.05mm; 6, b.p.-25o-26oC/O.O5mm. 2Products were purified by column chromatography using 

neutral alumina and hexane:dichloromethane as eluents (9:l). 3L.J.Haynes and E.R.H.Jones, J.Chem. Sot, 

954 (1946). “H.J.Reich, J.M.Renga and I.L.Reich. J. Am. Chem. Sot., 97.5434(1975). 5Compounds 

showed satisfactory carbon and hydrogen analysis. ‘jThe macrolactone required for the synthesis of Id was 

prepared according to procedure developed by Bidd et al., I.Bidd, D.J.Kelly, PMOttley, O.I.Paynter, 

D.J.Simmonds and M.C.Whiting, J. Chem. Sot., Perkin Trans. 1, 1369 (1963). 7S.Miyano, Y.lzumi, H.Fujii 

and H.Hashimoto, Synthesis, 700 (1977). *Aldrich Catalog 1966. QS.I.Murahashi, K.Okumura, T.Naota and 

S.Nagase, J. Am. Chem. Sot., 104, 2466 (1962). 
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