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Abstract: 4-(2'-Hydroxyethyljazetidin-2-one, an important synthetic intermediate 

for carbapenem, and its substituted derivatives have been synthesized from 4- 

acetoxy-2-pyridones by photolysis, catalytic hydrogenation, followed by basic 

hydrolysis in the presente of sodium borohydride. 

3-Oxo-2-azabicyclo[2.2.01 hex-5-enes2 (e.g., 2), photoisomers of 2-pyridones, 

are fused B-lactams. Using these photopyridones, successful syntheses of azeti- 

din-2-ones, which may serve as starting materials for the synthesis of carba- 

penen antibiotics, have been achieved by two groups. 2,3 However, these azetidin- 

ones are restricted for 3,4-disubstituted ones, since ozonolysis of the photo- 

isomers to cleave the C5-C6 double bond is the common way to access the azeti- 

dinone system. 

Here, we report an another way to use these photoisomers for the synthesis 

of azetidin-2-ones having a terminally oxygenated ethyl side-chain at the 4-posi- 

tion by the regioselective cleavage of the C4-C5 bond in these photoisomers. 

Thus, a solution of 4-acetoxy-1,6-dimethyl-2-pyridone 
5 

(&) in ether was -- 
irradiated 

6 
by high-pressure mercury lamp (Ushio 45OW, Pyrex filter) to give the 

photopyridone7 (22, mp 65.5-66.5"C) in 82% yield as a sole isolable product. 

Hydrogenation of the olefinic bond of lb over palladium on charcoal gave a 

single stereoisomer [mp 70.5-71.5"C, 6H (CDC13): 1.47 (s, 3H), 2.00 (s, 3H), 

2.10 (dd, J=5.2, 13.5 Hz, lH), 2.43 (dd, J=8.0, 13.5 Hz, lH), 2.73 (s, 3H), 3.68 

(d, J=8.0 Hz), 5.15 (td, J=8.0, 5.2 Hz, lH)] which was assigned the endo-configu- 

ration (zg>, since the coupling constant between the protons of C4 and C5 is 8.0 

Hz. Thus, as expected, hydrogenation occurs from the least-hindered face of the 

molecule (z$>. 

An attempted hydrolysis of 3b under basic conditions (1% K2C03/MeOH, room -- 

temp.) did not give the corresponding hydroxy derivative (i%), but afforded 1,4- 

dimethyl-2-pyridone8 (22) in 64% yield as a sole detectable product. The forma- 

tion of 52 is best explained by assuming the intermediacy of 1,4-dimethyl-4- 

formylmethylazetidin-2-one (@) formed by retro-aldol ring opening of the simple 

hydrolysis product (z-1. Retro-Michael ring cleavage 
9 

at the N-C4 bond in 22 by 
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a) 1% K2C03/MeOH. 

b) 1% K2C03/MeOH in the presente of NaBH4. 

abstraction of a proton in the active methylene function would then gives 22, 

which cyclizes to the final product (gh) 

Therefore, in order to obtain the azetidinone derivative from zg, the 

formyl function in 86 should be reduced, bcfore the above N-C4 bond cleavage -- 

occurs. Actually, treatment of 2$ by 1% K2C03 in methanol in the presente of an 

excess of sodium borohydride, followed by acetylation (Ac20-pyridine) gave 4- 

(2'-acetoxyethyl)-1,4-dimethylazetidin-2-one [ZS, oil, hH (CDC13): 1.37 (s, 3H), 

1.96 (t, J=6.5 Hz, 2H), 2.00 (S, 3H), 2.60 (d, J=14.5 Hz, lH), 2.68 (S, 3H), 

2.90 (d, J=14.5 Hz, lH), 4.09 (t, J=6.5 Hz, v(film): 1753 sh, 1735 cm 
-1 ] in 95% 

yield. 

The same three-step procedure has also been applied successfully to the 

synthesis of 4-(2'-acetoxyethyl)azetidin-2-one (2~). Thus, irradiation of 4- 

acetoxy-2-pyridone (la) in ether-acetonitrile (3:l v/v) gave the corresponding -- 
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photopyridone (22, mp 103-105°C) in 93% yield, which by hydrogenation (H2/Pd-C/ 

MeOH) gave 3a (mp 61.5-63OC) in 89% yield. Finally, treatment of & under the _= 
same conditions as above gave 4-(2 '-acetoxyethyl)azetidin-2-one 

10 
[&J-, mp 44- 

47OC, v(CHC13): 1755, 1735 cm-11 in 75% yield. 

Added to high overa11 yield 
11 and easy handling, this three-step synthetic 

method of azetidinone derivatives has wide applicability for a variety of sub- 

stituted derivatives of 4-(2'-hydroxyethyl)azetidin-2-one. Namely, if the C-3, 

C-5, or C-6 substituted 4-acetoxy-2-pyridone will be used as respective start- 

ing materials, 4-(2'-acetoxyethyl)azetidin-2-ones having either C-3, C-l', or 

C-4 substituent should be obtained. For example, from 4-acetoxy-3-allyl-2-pyri- 

done 2c) (Ic), -- 4-(2'-acetoxyethyl)-3-n_propylazetidin-2-one [zg', oil, 6H (CDC13): 

0.95 (t, J=6.7 Hz, 3H), 1.25-2.1 (m, 6H), 2.07 (s, 3H), 2.7-2.95 (m, lH, C3-H), 

3.38 (ddd, J=2.5, 6.0, and 6.8 Hz, lH, C4-H), 3.95-4.4 (m, 2H), 6.41 (bs, NH)] 

was obtained in high overa11 yield (77%). AS expected from epimerization of cis- 

3,4-disubstituted azetidin-2-one to trans isomer under strongly basic conditions 

(e.g., potassium tert-amylate), 12 - thermodynamically stable trans-configuration -- 

between C3-H and C4-H is assigned for 22', since retro-aldol reaction of 2,~' 

should initially afford the azetidinone enolate of &'. Small coupling constant 

(2.5 Hz) between these two protons in the nmr spectrum of 22' also supports 

this view. 

The short, efficient sequence described herein allow the preparation of 

analogues oí 4-(2 '-hydroxyethyl)azetidin-2-one 13 having a variety of substi- 

tuents either on azetidinone ring or on the side chain from 4-acetoxy-2-pyri- 

dones. Further application of this method to a variety of substituted 4- 

oxygenated-2-pyridones and further manupilation of the resultant azetidinones 

to new analogues of carbapenem antibiotics are in progress. 
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