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A Photochemical Synthesis of a Thromboxane A2 Analogue via Intramolecular 
Trapping of an Oxacarbene by an Hydroxy Group 
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A spiro substituted 2,6-dioxabicyclo[3.1 .l]heptane (the thromboxane A2 ring system) has been prepared by 
intramolecular trapping of a photochemically generated oxacarbene. 

The 2,6-dioxabicyclo[3.1. llheptane ring system of thrombox- 
ane A2 (1) is very labile under acidic and mildly basic 
conditions.1 The recent syntheses of this ring system2 and of 
thromboxane A2 itself3 have overcome this problem by using 
the more stable 7-heterosubstituted dioxabicycloheptanes and 
removing the heteroatoms at a late stage. An alternative 
and novel strategy would be to trap a photochemically 
generated oxacarbene intramolecularly by an hydroxy group 
(Scheme 1). 0s iMe2Bu‘ 

Since, unlike cyclobutanones, unsubstituted cyclopentan- 
ones do not undergo photochemically induced ring expansion3 
the unusual photochemical behaviour of the spiro cyclo- 
pentanone system (2) was utilised.5 The required model 
compound (3) was synthesised from the corresponding bi- 
cyclo[3.2.0]heptanone (4)6 as shown in Scheme 2. 

Photolysis of the derived ketone ( 5 )  in aqueous acetonitrile’ 
afforded the lactol(6) which was subjected to a Wittig reaction 
and esterification. Under the conditions of the Wittig reaction 
silyl migration occurred8 to give a mixture of alcohols (7a) and 
(7b). Oxidation produced the ketones (8a) and (8b) which 
were separated by chromatography. Deprotection and reduc- 
tion of (8a) then afforded the required model compound (3). 

Photolysis of (3) in dry methanol using a 125 W medium 
pressure mercury arc and quartz apparatus gave as the major 
products the unsaturated aldehyde (9) and the hydroxy acetal 
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Scheme 2. Reagents: i ,  N-bromo-acetamide (NBA), HzO, Me,CO; ii, 
Bu,SnH, azoisobutyronitrile (AIBN); iii, ButMe2SiC1, imidazole, 
dimethylformamide (DMF); iv, hv, MeCN, H,O; v, 
BrPh3P(CH2),C02H, KOBu‘, tetrahydrofuran (THF); vi, CH,N,; 
vii, pyridinium chlorochromate (PCC) , NaOAc, CH,C17 then 
chromatography; viii, HF,  H20,  MeCN; ix, Pt, H,. 
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(10) which were isolated chromatographically in yields of 27% 
and 17% and fully characterised.f 

The oxetanes (11) and (12) were identified as minor 
products and in a separate experiment (Scheme 3) shown to 
arise by an intramolecular cycloaddition reaction of the 
initially formed aldehyde (9), which itself is presumably 
formed by rearrangement of a diradical intermediate (cf. 
Scheme 1). Photolysis of (3) in aqueous acetonitrile solvent 
gave the unsaturated aldehyde (9) and the lactol (13). The 
formation of (10) and (13) clearly indicated that the required 
oxacarbene intermediate (14) was being generated and 
trapped by the methanol and water respectively. 

Photolysis of the ketone (3) in dry acetonitrile and 
quenching the reaction with methanol up to four hours after 
the photolysis period gave the acetal(l0) (25%) and the lactol 

t Compound (10). Isomer cis 9-OH, 11-OMe: AH (250.13 MHz, 
CDC13) 1.90 ( lH,  m, H-8), 2.29 (2H, t, H-2), 2.89 ( lH,  br.d, H-9), 
3.23 ( lH ,  d, OH), 3.36 (3H, s, C-11-OMe), 3.52 ( lH,  dd, H-13), 3.67 
(s, COOMe), 3.72 (t, H-13), 3.84 ( lH ,  s ,  H-11); aC (62.9 MHz, 
CDC13) 8.4 and 10.1 (C-14 and C-15), 25.4 (C-lo), 39.9 (C-8), 51.3 
(COOMe), 55.1 (C-11-OMe), 59.3 (C-13), 74.2 (C-9), 105.5 (C-11), 

Isomer trans 9-0H1 11-OMe: 8“ 3.41 (s, C-11-OMe), 4.65 
(s, H-11); AC 5.5 and 7.0 (C-14 and C-15), 26.7 (C-lo), 40.8 (C-8), 
56.4 (C-11-OMe), 64.9 (C-13), 74.5 (C-9), 101.0 (C-11). 

174.1 (C-1). 

(13) (3%) as well as (9), (ll), (12) (32%). We conclude that in 
the absence of an external nucleophile the photogenerated 
oxacarbene (14) is trapped intramolecularly by the pendant 
hydroxy group9 to give the 2,6-dioxabicyclo[3.1. llheptane 
(15) which is stable in acetonitrile bur which suffers rapid 
methanolysis to give (10) under non-photolytic conditions. 
Although our evidence for the formation of the thromboxane 
A2 analogue (15) is strong, we have not succeeded in isolating 
it; presumably the additional ring strain arising from the 
spirocyclopropyl group makes it even less stable than throm- 
boxane A2 itself. 

We thank S.E.R.C. for a CASE award to S.  W. J . ,  and 
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