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Synthetic Organic Photochemistry: Macrolides from the 
Photolysis of py-Epoxy- ketones 

By ROBERT G. CARLSON,* JOAN HARMAN-ASHLEY HUBER, and DAVID E. HENTON 
(Department of Chemistry, University of Kansas,  Lawrence, Kansas 66044) 

Sztmmary The photolysis of 2-(oxiranyl) cycloalkanones is 
shown to be a useful method for the synthesis of un- 
saturated macrolides by a three-atom photochemical 
ring expansion. 

ONLY limited methods are available for the synthesis of the 
important class of compounds known as the macrolides. 
On the basis of our previous work,' we have examined the 
hypothesis that 2-(oxirany1)cycloalkanones (1), like their 
cyclopropyl counterparts,Ic would undergo a photo- 

7 c-=o n c=o 

CH = CH 

SCHEME 1 

chemical ring expansion via the sequence (1) 3 (4).2 We 
now report that such a sequence does indeed occur and 
that this method provides a useful method for the prepara- 
tion of macrolides. 

The required epoxy-ketones were prepared from the 
corresponding cycloalkene oxides as shown in Scheme 2. 
Because attempts to open cyclo-octene oxide with lithium 
acetylide, vinyl-lithium, or lithium divinylcopper(1) were 
unsuccessful the alternative route beginning with the 
addition of dichloroketen to cyclo-octene was used to 
prepare the cyclo-octanone derivative. The epoxy-ketones, 
obtained as mixtures of diastereoisomers, are relatively 
unstable and quite sensitive to acid and base. 

n =1-3 

SCHEME 2 
Reagents : i ; a, LiC r CH-ethylenediamine-Me,SO ; b, Na-liq. 
NH,, (NH,),SO, ; ii; a, m-ClC,H,.CO,H ; b, CrO,-Bpy, CH,C1,; 
iii; a, CI,CHCOCl, Et,N; b, Zn-HOAc, EhO; c, H,O,, HOAc; 
iv; a, NaBH,; b, NaOMe; c, CrO,.Spy, CH,Cl,. 

Photolysist of a 1% hexane solution of a mixture of the 
two diastereoisomeric 2-(oxirany1)cyclopentanones (5) $ 
until approximately 7 1 % of the starting material had been 
consumed5 gave three products (ca. 50% yield) which were 
separated by column chromatography (silica gel-AgNO,) 
and were characterized as 2-hept-5-enolide (6)  [65%, Vmax 
1760, 1640, and 690cm-l; 6 5.45 (2H, m) and 4.60 (2H, 

t Photolyses were conducted under nitrogen in a Vycor vessel mounted in the centre of a Rayonet Photochemical Reactor equipped 

3 All new compounds gave satisfactory analytical results and/or high-resolution mass spectral data. All spectral data were in 

tj The reaction was stopped at this point because further irradiation led to  the loss of aldehydic product. When the ring-expanded 

with RPR-3000 A lamps. 

accord with the assigned structures and n.m.r. spectra were simplified by decoupling experiments. 

lactones are the desired products the reaction can be extended and higher yields of the ring-expanded products obtained. 

All photolyses were followed by g.1.c. and cyclodecane or cyclo-octane was used as an internal standard. 
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d, J 1-8  Hz)], 5-vinylpentanolide (7) [25%, vmax 1750, 9.08 
and 930  cm-l; 8 5.00-6.00 (3H, m) and 4.75 ( lH, m)J, 
and E-hept-2-enedial (8) [S%, Vmax 2740, 1735, 1700, 1645, 
and 970cm-l; 6 9.20 (lH, t, J 1+5Hz), 8-90 ( lH,  d, J 8 
Hz), 6.20 (lH, d of t ,  J 7 and 16 Hz), and 5.50 ( lH,  d of 
d, J 8 and 16 Hz)]. Catalytic hydrogenation of (6)  pro- 

t CH- 

(15) n = 1 
(19) n = 2  

hv 

hv 
(5 )  - (6) + (7) + (8) (1) 

(9) --+ (10 + (11) + (12) (ca.50%overall) (2) 

(13)-+ (14) + (15) + (16) (ca. 50%overall) (3) 

(17)- (18) + (19) + (20) (ca. 50%overall) (4) 

(ca. 52%) (ca. 25%) (ca. 24%) 

(ca. 42%) (ca. 26%) (ca. 19%) 

(ca. 50%) (ca. 36%) (ca. 7 %) 

hv 

hv 

duced heptanolide and n-heptanoic acid, both of which 
were identical with authentic samples. Catalytic hydro- 
genation of (7) gave a mixture of n-heptanoic acid and 5- 
ethylpentanolide identical with an authentic sample pre- 
pared by Baeyer-Villiger oxidation of 2-ethylcyclopentanone. 

Similar photolyses of epoxy-ketones (9),  (13), and (17) 
gave the products indicated in equations (1)-(4). In each 
case the photoproducts were obtained in GU. 50% yield and 
their relative composition was based upon g.1.c. analysis 
of the crude photoproduct. The products were charac- 
terized as before. 

In  all the photolyses of the epoxy-ketones the major 
ring-expanded product arises by the pathway in Scheme 1 
and the method is most useful for ring expansions to the 
ten- and eleven-membered ring systems. As in the ring 
expansion of the cyclopropyl ketone+ the E- and Z-isomers 
are photochemically interconverted. The formation of the 
anomalous one-atom photochemical ring expansion products 
(7) and (11) was unexpected and it is not yet clear how they 
are formed. It may, however, be significant that none of 
the anomalous products are obtained in the photolysis of 
(13) and (17) but that the E-lactones are obtained in these 
cases. This suggests that  either the E-diradical arising 
from (5 )  and (9) is diverted to other products (e.g., enedial 
or anomalous product) or that the E-lactone is thermally 
unstable and undergoes an oxy-Cope rearrangement to 
give (7) and (11). 
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