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Enantiospecif ic Synthesis of 4-Alkoxyazetidin-2-ones 

Mario D. Bachi * and Akiva Gross 
Department of  Organic Chemistry, The Weizmann Institute of Science, Reho vot, Israel 

4-Alkoxyazetidin-2-ones were obtained by thermolysis of N-unsubstituted 4-alkylsulphinyl- and 4- 
benzothiazolylthio-azetidin-2-ones in the presence of a primary, secondary, or tertiary alcohol. The 
configuration of the incoming alkoxy group is controlled by the stereochemistry of the substituent at  
position-3 and a trans relationship between the two groups results. Thus, the thermally induced substitu- 
tion at position-4 of (3R,4R,5S)-4-(2-methoxycarbonylethyl)sulphinyl-3-phthalimidoazetidin-2-one 
(6) and (3R,4S)-4-benzothiazol-2-ylthio-3-phthalimidoazetidin-2-one (7) by ethanol and pentan-3- 
01 afforded stereospecifically the corresponding (3S,4S)-4-alkoxy-3-phthalimidoazetidin-2-ones (14) 
and (1 5). Similarly (3S,4R) -3-chloro-4-methylsuIphinylazetidin-2-one (1 7) was substituted by 2- 
methylbut-3-yn-2-01 to give (3R,4R) -3-chloro-4- (2-methylbut-3-yn-2-yloxy)azetidin-2-one (21 ) and 
by pentan-3-01 to give mainly (3R,4R) -3-chloro-4- (1 -ethylpropoxy)azetidin-2-one (22). Nitrogen 
protection followed by chlorine reduction of (22) afforded the enantiomerically pure (4R) - (1 -ethyl- 
propoxy)azetidin-2-one (27). 

The recent introduction of clavulanic acid (1) and of the 1- 
oxacephem derivative (2) ' into the medical practice suggests 
that compounds deriving from the general structure (3) may 
function as useful complementary agents to the classical 
penicillins and cephalosporins for the treatment of bacterial 
infections. Their synthesis is therefore of considerable interest 
and has been comprehensively In recent com- 
munications we have reported a new method for the synthesis 
of some racemic compounds of type (3).' This synthesis is 
based on the free-radical annelation of non-fused p-lactams 
(4), readily obtained from racemic P-lactams (9, in which R 
represents an alkenyl or alkynyl group. Extension of this 
method for the synthesis of compounds of potentially useful 
biological activity requires, inter afia the use of B-lactams ( 5 )  
having at yosition-4 the same absolute configuration as carbon- 
5 in clavulanic acid (1) and as carbon-6 in the oxacephem (2). 
We now report on a simple method for the stereospecific 
preparation of optically active 4-alkoxyazetidin-2-ones? 

Our synthetic approach stemmed from the observation ' 
that thermolysis of the (3R,4R,5S)-4-alkylsulphinyl-3-phthal- 
imidoazetidin-Zone (6) in the presence of 2-mercaptobenzo- 
thiazole afforded the trans-azetidinone (7) and the cis-azeti- 
dinone (8) in a 7 : 1 ratio. This transformation evidently 
involves the intermediacy of the azetinone (9) 7-10 which reacts 
with any nucleophilic reagent present in the medium. When 
the sulphoxide (6) was thermolysed in benzene at 60 "C in the 
absence of any externally added nucleophile, the azetinone 
(9) recombined with the sulphenic acid (lo), which was pro- 
duced during the thermolysis, to give quantitatively the 
thermodynamically more stable trans-sulphoxide (1 1). The 
high reactivity of the azetinone (9) requires the strict avoid- 
ance of water; otherwise it hydrates to give the 4-hydroxy- 
azetidinone (12) which is spontaneously converted into a mix- 
ture (by 'H n.m.r.) of its three open-chain tautomers (1 3a-c). 
A similar ring cleavage of another elusive 4-hydroxyazetidin-2- 
one has been previously reported." Heating the sulphoxide (6) 
with ethanol afforded in an irreversible reaction the (3S,4S)-4- 
ethoxy-3-phthalimidoazetidin-Zone (14) (84%), - 57", 
thus showing the effectiveness of the phthalimido group as a 
steric control element. The 4-ethoxyazetidinone (14) (88%) was 
also obtained on heating the 4-benzothiazolylthioazetidin-2- 
one (7) with ethanol in chloroform solution. Similarly, this 
benzo thiazolylthioazet idinone reacted with pen tan-3-01 to give 
the (3S,4S)4ethylpropoxy-3-phthalirnidoazetidin-Zone (1 5) 
(76%), [a],-,'o -42". The substitution of the benzothiazolylthio 
group by an alkoxy group reasonably involves a similar 
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ring; R' and/or R2 represents a substituent and/or a hydrogen atom 
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mechanism to that proposed for the elimination of sulphenic 
acid from the sulphoxide (6) except that the elimination of the 
mercaptobenzothiazole to give the azetinone (9) involves a 
six-membered cyclic transition state (16) as in the pyrolysis of 
xanthates l2 rather than a five-membered cyclic transition 
state as in the pyrolysis of sulphoxides. 

The P-lactams (6) and (7) proved to be suitable precursors 
for the preparation of (4S)-alkoxyazetidin-2-ones. For the 
preparation of 4-alkoxyazetidin-2-ones in which position4 
has the (R) absolute configuration, as in the bridgehead carbon 
atom of clavulanic acid (1) and of the oxacephem (2), it was 
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necessary to prepare a modified precursor bearing a steric 
control element in the opposite configuration to that occupied 
by the phthalimido group in the P-lactams (6) and (7) and which 
is can be readily removed or exchanged. (3S,4R)-3-Chloro-4- 
methylsulphinylazetidin-2-one (17) was found to fulfil these 
requirements. It can be readily obtained from the optically 
active methylthioazetidinone (18), which is prepared by the 
method of Thomas l3 from 6-aminopenicillanic acid. Thus, 
oxidation of the sulphide (18) with sodium metaperiodate in 
methanol-water afforded in a 1 : 1 ratio the two epimeric 
sulphoxides (19). The P-lactam nitrogen atom was unmasked 
to give the key compound (17) by a known procedure14 
involving ozonolysis of the double bond in methylene 
dichloride at -78 "C followed by methanolysis at - 10 "C 
of the resulting methoxalyl derivative (20). 

Heating the azetidinone sulphoxide (17) (two epimers) with 
an excess of 2-methylbut-3-yn-2-01 at  90 "C for 20 h afforded 
the (3R,4R)-3-chloro-4-alkoxyazetidin-2-one (21) (6873, [o(]D26 

+31". A similar alkoxylation of the azetidinones (17) with 
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pentan-3-01 (100 "C;  9 h) gave (3R,4R)-3-chloro-4-(1-ethyl- 
propoxy)azetidin-2-one (22) (5979, [.ID2' + 54". Since the 
pyrolysis of the P-lactam sulphoxides (17) to (3R)-chloro- 
azetin-Zone and methanesulphenic acid is a reversible pro- 
cess, the yield of the 4-(l-ethylpropoxy)azetidinone (22) was 
increased, and the reaction time decreased by adding a trap- 
ping agent for sulphenic acids. Thus, heating the P-lactam 
sulphoxides (17) with pentan-3-01 in ethyl acrylate (95 "C; 4 
h) yielded the 4-( I-ethy1propoxy)azetidinone (22) (70%) and 
the sulphoxide (24) (7973, while heating them with pentan-3-01 
(excess) and methyl propiolate (5  equiv.) in benzene (80 "C; 
7 h) resulted in the formation of the (3R,4R)-3-chloro-4- 
(l-ethylpropoxy)azetidin-2-one (22) (86%) along with its 
epimer (3 R,4S)-3-chloro-4-( 1 -ethylpropoxy)azetidin-2-one 
(23) (7"/,j, [alDZ0 + 16" and the adduct (25) (85%) of methane- 
sulphenic acid and methyl propiolate. 

The chlorine atom, which functioned as a steric control ele- 
ment, was removed from the 3-chloroazetidinone (22) by 
reduction with tri-n-butylstannane. For this purpose the p- 



J .  CHEM. soc. PERKIN TRANS. I 1983 1159 

lactam nitrogen atom was first protected with a dimethyl-t- 
butylsilyl group by treatment with dimethyl-t-butylsilyl 
chloride and di-isopropylethylamine in N,N-dimethylform- 
amide (DMF). Heating the protected P-lactam (26) with tri-n- 
butylstannane and a catalytic amount of azobis-isobutyronit- 
rile in toluene afforded the enantiomerically pure (4R)-( 1- 
ethylpropoxy)azetidin-2-one (27) (SO%), - 125". 

Experimental 
M.p.s were measured using a Buchi apparatus and are un- 
corrected. 1.r. spectra were recorded with a Perkin-Elmer 237 
spectrophotometer. 'H N.m.r. data were determined at 80 
MHz on a Varian FT-80A, at 90 MHz on a Bruker FT-HFX- 
10, and at 270 MHz on a Bruker WH-270 instrument. Low and 
high resolution mass spectra were recorded on a Varian 
MAT-73 1 (Double Focusing) spectrometer. Optical rotations 
were measured with a Perkin-Elmer 141 polarimeter. Unless 
otherwise stated, reactions were performed in dry solvents 
under argon. Column chromatography was carried out using 
Merck Silica Gel 60, 70-230 mesh. Preparative thin-layer 
chromatography was carried out on Merck Silica Gel Plates, 
60, F254. 

Isomerization of (3R,4R,5S)-4-[(2-Me~hoxycarbonylethyl)- 
sulphinyl]-3-phthalimidoazetidin-2-one (6).-A suspension of 
the cis-p-lactam (6) (100 mg) in benzene (10 ml) was heated at 
65 "C for 3 h. Upon cooling and concentration of the reaction 
mixture, the trans-p-lactum (1 1) crystallized out (100 mg, 
quantitative), m.p. 143-145 "C (decomp.), vnPax. (CHC13) 
3 410,l 800,1775,l 730, and 1 725 cm-'; 6 (90 MHz; CDC13) 
3.0-2.8 [m, S(0)CH2CH2C02], 3.67 (s, OMe), 4.96 (d, J 2.5 
Hz, azetidine H), 5.52 (d, J 2.5 Hz, azetidine H), 7.53br (s, 
NH), and 7.83 (m, ArH) (Found: C, 51.4; H, 4.1; N, 7.75. 
ClSHI4N2O,S requires C, 51.43; H, 4.03; N, 8.00%). 

Pyrolysjs of the j3-Lactam Sulphoxide (6) in the Presence of 
Water.-A solution of the B-lactam sulphoxide (6) (100 mg) 
in tetrahydrofuran, (THF) (10 ml) with water (2 drops) was 
heated in 

was heated  06 Tj
0 Tc 1.65 0toops) of the solution N, 
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16 h. The solvent was then evaporated and the oily residue was 
triturated with benzene. The crystalline material thus ob- 
tained was filtered and washed with small portions of benzene 
and CH2C12, to yield the azetidinone (17) [84 mg, 35% based 
on (19)], m.p. 141-142 "C (decomp.); vmax. (KBr) 3 100br, 
1 785, and 1 010 cm-l; 6[80 MHz; (CD3),SO] 2.61 (s, MeSO), 
4.84 (d, J 1.6 Hz, 4-H), 5.35br (s, 3-H), and 9.37br (NH). 
Upon addition of D20, the signal at  9.37 disappeared and the 
broad singlet at 5.35 changed into a doublet, J 1.6 Hz, m/e 104 
and 106 ( M +  - CH3SOH), 76 and 78 (ClCH=C=O+), and 64 
(CH3SOH+) (Found: C, 28.75; H, 3.8; C1, 21.25; N, 8.1. 
C4&C1N02S requires C, 28.66; H, 3.61 ; C1,21.15; N, 8.36%). 

(3R,4R)-3-Chloro-4-(1-ethylpropoxy)azetidin-2-one (22).- 
(a> A solution of the P-lactam sulphoxide (17) (1 50 mg) in pen- 
tan-3-01 (4 ml) was heated at 100 "C for 9 h. After evapora- 
tion excess of alcohol, the reaction mixture was chromato- 
graphed on silica gel (hexane-ethyl acetate 3 : 1) to give the 
azetidinone (22) (100 mg, 5979, a colourless oil; [aID2O + 54" 
(c  1.4, CH2C12); vmx. (CHCI,) 3 410 and 1 790 cm-'; 6 (270 
MHz; CDC13) 0.92 (t) and 0.93 (t) [ J  7.3 Hz, CH(CH2CH3),], 
1.55 [m, CH(CH2CH3),], 3.41 (quintet, J 5.9 Hz, OCHEt,), 
4.51 (dd, J 1.0 and 0.8 Hz, 3-H), 5.00 (d, J0.8 Hz, 4-H), and 
6.99br (NH); m/e 191vw ( M + ) ,  148 and 150 (M+ - NHCO), 
121 and 123 (M+ - C5H10), 104 and 106 (M+ - C5H110). 

(b) A solution of the P-lactam sulphoxide (17) (100 mg) in 
ethyl acrylate (3 ml) and pentan-3-01 (0.5 ml), was heated at 
95 "C for 4 h. Chromatography of the residue, obtained after 
evaporation of the solvent, afforded the azetidinone (22) 
(80 mg, 70%), physical data as in (a) and the sulphoxide 
(24)'' (70 mg, 79%); 6 (80 MHz; CDCl,) 1.27 (t, J 7 Hz, 
C02CH2CH3), 2.61 (s, CH3SO), 2.7-3.0 (m, CH,CH2CO2), 
and 4.18 (9, J 7 Hz, C02CH2CH3). 

(c)  To a suspension of the p-lactam sulphoxide (17) (200 
mg) in benzene (8 ml), methyl propiolate (500 mg) and pentan- 
3-01 (1 ml) were added. The reaction mixture was refluxed for 
7 h. The solvent and excess of reagents were evaporated and 
the residue chromatographed on silica gel (hexane-ethyl ace- 
tate) to give: (i) the trans-azetidinone (22) (190 mg, 84%); 
physical data as in (a). (ii) The cis-azetidinone (23) (17 mg, 

(CHC13) 3 410 and 1 790 cm-l; 6 (80 MHz; CDC13) 0.93 (t) 
and 0.94 (t) [J 7 Hz, CH(CH2CH3)21, 1.59 [m, CH(CH2CH3),], 
3.43 (quintet, J 5.8 Hz, OCHEt,), 4.91 (dd J 3.7 and 2.8 Hz, 
3-H), 5.25 (d, J 2.8 Hz, 4-H), and 7.0br (NH) [Found : (M+ - 
NHCO) 148.0645. C7H13035Cl requires ( M +  - NHCO) 
148.06551; m/e 148 and 150 (M+ - NHCO), 121 and 123 
(M+ - C5HI0), 104 and 106 (M+ - CsHllO). (iii) The most 
polar component was identified as the sulphoxide (25) (1 50 mg, 
85%) by comparison of its n.m.r. and i.r. spectra with those 
reported in the literature." 

7.4%), m.p. 80-81 " c ;  [ a ] ~ ~ '  +16" (C 0.9, CH2C12); Vmax. 

(3 R,4R)-3-Chloro-4-(2-m~thylbut-3-yn-2-yloxy)azetidin-2- 
one (21).-A suspension of the sulphoxide (17) (250 mg) in 2- 
methylbut-3-yn-2-01 (3 ml) was heated at 90 "C for 20 h. 
Excess of alcohol was evaporated and the residue chro- 
matographed on silica gel (hexane-ethyl acetate) to afford the 
title compound (21) (190 mg, 6873, m.p. 63-64 "C; [alD2(j 
+31" ( c  0.5, CHCI,); vmaX, (CHC13) 3 420, 3 310, and 1 795 
cm-'; 6 (80 MHz; CDCl,) 1.54 (s, OCMe2), 2.60 (s, HC-C), 
4.53 (dd, J 1.5 and 0.8 Hz, 3-H), 5.34 (d, J0.8 Hz, 4-H), and 
7.0br (NH) (Found : M +  187.0450. C8HloN0235Cl requires M +  
187.0401). m/e 187 (M'), 121 and 123 ( M +  - CSH6), 104 and 
106 (M+ - C,H70), 76 and 78 (ClCH=C=O+). 

(3 R,4R)-3-Chloro-4-( I -ethylpropoxy)- 1 -(t-butyldimethylsily1)- 
atetidin-2-one (26).-To an ice-cold solution of the N-unsub- 

stituted azetidinone (22) (190 mg) in DMF (4 ml), t-butyldi- 
methylsilyl chloride (1 62 mg) and di-isopropylethylamine (0.1 
ml) were added. After the reaction mixture had been stirred at 
0 "C for 45 min, it was poured into a solution of benzene-ethyl 
acetate (1 : 1 ; 10 ml), washed with water and brine, dried and 
evaporated. Chromatography of the residue over silica gel 
(hexane-ethyl acetate 5 : 1) afforded the title compound (26) 
(260 mg, 87%); vmax. (film) 1775 cm-'; 6 (80 MHz; CDC13) 
0.24 (s) and 0.29 (s) (%Me2), 0.90 [m, CH(CHZCH~)~], 0.97 
(s, CMe,), 1.4-1.75 [m, CH(CH2CH3),], 3.42 (quintet, J 5.6 
Hz, OCHEt,), 4.40 (d, J 0.9 Hz, azetidine H), and 4.78 (d, 
J0.9 Hz, azetidine H). 

(4R)-4-( 1 -Ethylpropoxy)- 1 -( t-butyldimethylsilyl)azetidin-2- 
one (27).-To a stirred solution of the chloro p-lactam (26) 
(120 mg) in toluene (6 ml), tri-n-butylstannane l6 (174 mg) and 
azobisisobutyronitrile (6 mg, 0.04 mmol) were added. The 
solution was heated to 90 "C for 1 h. The solvent was evapor- 
ated off and the residue was chromatographed twice on silica 
gel (hexane-ethyl acetate) to afford the azetidinone (27) 
(85 mg, 80%) as an oil; [a]D20 -125" (c 1.2, CH2CI2); v,, 
(film) 1 760 cm-'; 6 (80 MHz; CDC13) 0.22 (s) and 0.25 (s) 
(SiMe2), 0.88 (t) and 0.90 (t) [ J  7.7 Hz, CH(CH2CH3),], 0.96 
(s, CMe3), 1.3-1.7 [m, CH(CH2CH3)2], 2.78 (dd, AX part of 
ABX system, J A B  15, JAx 1.5 Hz; azetidine 3cc-H), 3.09 (dd, BX 
part of ABX system, J A B  15, J B X  3.4 Hz; azetidine 3P-H), 3.26 
(quintet, J 5.6 Hz, OCHEt,), and 4.22 (dd, J 3.4 and 1.5 Hz, 
azetidine 4-H) [Found: (M+ - Bu) 214.1283. CloH20N0228Si 
requires 214.1263 ( M +  - Bu)]; m/e 200 ( M +  - C5H11) and 
184 ( M +  - C5H110); the low resolution mass spectrum 
shows a weak peak, 271 ( M + ) .  
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