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Abstract: Two new syntheses OP L-homoserine and its derivatives are described and a 
rearrangement which aonverta an L-homoserlne derivative into a protected &-azetidine 
carboxylic acid is discussed. - 

&-homoserine (11. &-azetidine carboxyllc acid (2) and their derlvatlves are important amino acids 

both chemically’ and biologically.z We now give full experimental detalls of two stereospeciPic 

synthesis of &-homoserine and its derivatives from the inexpensive amino acids L-aspartic acid’ and 

&-methionine” respectively, and also we describe a novel rearrangement which converts an 

L-homoserine derivative into a protected L-azetidine carboxylic acid. 

OH 

&-Aspartic acid was converted into its dibeneyl ester’ (3a) and then into N-trityl &-aspartic 

acid dibenzyl ester’ (4a). Treatment of dlester (4a) with DIBAB in toluene gave N-trityl-L- 

homoserine lactone (51 in 50-601 yield. In our communication on this sequence,’ the ‘H n.m.r. 

spectrum of (5) was fully assigned based on the absence of coupling between two of the protons. 

However after publishing that paper we were informed of deuterium labelling experiments which 

disagreed with the assignment given,’ we hence performed a series of n.o.e. experiments on (5) 

(Table 11 which showed that the correct aesignments are aa shown in Figure 1. Lactone (5) could be 

deprotected with triPluoroacetlc acid to give k-homoserine lactone as lts hydrochloride (Scheme 11. 

HI Ha 

f_zbd (4 

a. R,=Bn, R2=Bn, X=TsO 

b. R,=Me, &=Me, X=Cl 

c. R,=Me, &=%I, X=Cl 

Figure 1 Scheme 1 
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n.0.e. ($1 (6~) 1.2 H, 1.6 H, 3.4 H, 3.8 H. 
Irradiate (assignment) (6~) 

4.1 H, 

1.2 H, 23 9 6 -1 

1.6 H, 16 0 0 5 

3.4 H, 7 0 3.5 0 

3.6 H. 5 0 3 27 

4.1 H, 0 9 0 35 

Table 1 

The nature of the esters in compound (4) appears to be unimportant since both the dimethyl 

ester (4b) and mixed dlester (4~) were reduced to lactone (5). The diester (3~) was synthesised in 

two steps by treatment of L-aspartic acid with methanolic hydrogen chloride to give C4-methyl 

L-aspartate hydrochloride.’ followed by isobutene and concentrated sulphuric acid, rather than the 

four ateps required by the literature method.’ N-trltyl compounds only could be reduced: starting 

material was obtained with a i-butyloxycarbonyl (Boc),” benzyloxycarbonyl (2)” or tosyl group on 

nitrogen. When the solvent was changed to tetrahydrofuran, no reduction of dieater (4a) occurred. 

We envisaged that acid (2) should be available from lactone (5). The lactone ring was opened 

with hydrogen bromide in ethanol which proceeded with loss of the trltyl group to give the unstable 

bromo amino ester hydrobromlde (6), which was converted into the known, stable N-tosyl derivative 

(7) ” for characterisation. 

a. AI= E -C6H,Me 

b. AI= C,H, 

C. Ar= p -c,H,No, 

Treatment of bromo ester (6) with sodium hydride in dlmethylformamide however gave only an 

unidentified white solid and none of the desired L-azetidine carboxylic acid ethyl ester could be 

isolated. It was felt that a better leaving group was required, so O-tosyl L-homoaerine benzyl 

ester (8a) wae synthesised. This synthesis proceeded via a route developed separately by two of 

us.* 

In this way &-methlonine was converted into the potassium salt OP N-Boc L-homoserlne. Reaction 

with benzyl bromide gave N-Boc &-homoserlne benzyl ester as an impure oil which could not be 

purlPied without extensive lactonisation. However reaction with e-toluenasulphonyl chloride gave 

the stable N-Boc C-tosyl L-homoserine benzyl ester (9a). Deprotection with rtolueneaulphonic acid 

gave annnonium salt (8a) as a white solid (Scheme 2). 
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a. 

b. 

C. 

Scheme 2 

Treatment 01 (8a) with diizopropylethylamlne in dichloromethane dld not give the expected 

L-azetidlne carboxylic acid benzyl ester, but gave N-tosyl L-azetidlne carboxylic acid benzyl ezter 

(10) as an unstable 011 in 40% yield. 

To investigate the mechanism oP this rearrangement, the benzenezulphonyl derivative (8b1 wa8 

synthesized by an analogous route to (8a1. It could not be rearranged even under more Porclng 

conditions than (8a), since only recovered starting materlal uaa obtained after refluxing (8bl with 

diizopropylethylamine in dichloromethane Por 10 days and relluxing (8b) with sodium hydride in 

dimethylPormamlde caused decompoeitlon. 

OTS 

It was Pelt that sulphene (11) might be an intermediate in this reaction, although it had not 

previously been detected under such mildly basic conditlonz.‘* Hence the deuterated derivative 

(12) was zyntheelzed Prom (8a) by treatment with acetic acid-d i, but rearrangement under the 

condltiona described above gave no deuterlum incorporation into the toeyl methyl group oP axetidine 

(10). 

The mechanism oP this reaction must at some 8tage involve S-C bond cleavage oP the sulphonate 

ester. This is known to be quite common for aryl zulphonates but not to occur as readily with 

alkyl or nitro-aryl zulphonates.” Hence we attempted to zynthezise the mesylate analogous to (9) 

and the rnitro derivative (9c). However both oP these compounds were Pound to be unstable to 

chromatography, preventing u3 Prom Purther investigating the mechanlzm oP this reaction. 

EXPERIMENTAL 

Melting points were determined with a Buchi 510 capillary apparatus and are uncorrected. 
Optical rotations were recorded on a Perkin-Elmer 241 Polarimeter. I.R. spectra were recorded on a 
Perkin-Elmer 681 zpectrophotometer; broad (br). weak (~1. medim (ml, and strong (81 band8 are 
reported. ‘H n.m.r. spectra were recorded on Bruker AA! 500 MHz, BH 300 MHz, or AM 250 MB2 
spectrometers uzing the residual solvent peak a.8 internal standard and are in CDcl, unless 
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(t, CH,Fh), 126.8, 127.8, 127.9, 128.0, 128.1, 128.2, 129.3, and 129.5 (d, ArCI!), 134.5. 135.0. 
136.7, and 143.2 (s, ArCI. 169.5 (a, Co,), 169.6 (a, CO.)t m/z @‘X) 485 @I+%+), 468 (m+). 332. 
91. 

Ethyl 2-amino I(-brmo L-butyrate hydrobromide .(6) 
HBr gaas was paeeed through a solution oi lactone (5) (1 g, 3 mMo1) in ethanol (5 al) for 1 

hour. The solution was then stirred at RT Por ,18 hours and the ethanol rePwved in vaouo. The -- 
product wae Whed wit-h hexane to remove trityl mida. giving a brown oil (6) which was too 
unstable to further purify. Yield 260 mg (30%); wx (neat) 3400 br, 2900 br, 1745 s, and 1230 
cm- ’ m; m/z (DC11 210 and 212 @Ui’), 136. 138, 116. 

Ethyl N-tosyl 2-amino 4-bromo L-Butyrate (7) 
To hydrokomlde (6) (110 mg. 0.4 &!ol) in CH,Cl, (5 ml) was added p-toluenesulphonyl chloride 

(88 mg, 014 u&(01) and triethyla&e (2 ml, exce8sj. -The solution was sTirred at RT for 18 hours 
and the CH,Cl; evaporated in vaouo. -- The product was chrornatugraphed (10s EtOAc/CH,Cl,) to give 180 
mg oP product (7) which was recrystallized Prom ether by addition oP hexane. yield 140 mg (951); 
6H 1.1 (3H, t, J 7.3 Hz. CR,). 1.6-1.8 (2H, m, CHIBr), 2.0-2.4 (2H, m, CH,), 2.4,(3H, s, CH,Ph), 
3.5 (lH, t, J 6:5 Hz, NCH). 4.0 (2H, q, J 7.3 Hz, CCH,), 5.3 (lH, br. NH), 7.3 (2H, d. J 8.3 Hz, 
ArH m-to SJ,T, 7.7 (W, d, J 8.3 HZ. ArH-E-to SO,); m/z (DC11 381 and 383 WNH,‘). 364 and 366 
@Ui+T. 273, 198. 

L-homoserine 
L-Methionlne (7.5 g, 50 mHo1) was dissolved in water (500 ml) and methanol (50 ml) in a 

pressire bottle. The solution was cooled with ice/salt and methyl bromide (100 ml, excess) was 
added. The bottle was sealed and the solution stirred at RT for 24 hours. The bottle was opened, 
excess methyl bromide was allowed to evaporate and the solution was concentrated to 200 ml & 
vacua, using ethanol to azeotrope the water. Potassium hydrogen carbonate (5 g, 50 mMo1) was added 
andhe aqueous eolution rePluxed Por 5 hours with evolution oP dimethyl sulphide. The resulting 
cooled solution contained L-homoserine and was used without further puriPication. 

N-Boc potaesium L-homoserine 
To the aqueous solution of L-homoserine obtained above was added dioxan (200 ml), pOta8SiUm 

hydrogen carbonate (5 g, 50 P)(olT and dl-t-butyl carbonate (12 g, 55 OHol). The SolutiOn waa 
stirred at RT Por 18 hours and the solve& removed with ethanol in vacua. The resulting white 
solid was used without Purther puriiloatlon. 

N-Boc L-hcmoserine benzyl ester 
The N-Boc potassium L-homoserlne obtained above was dissolved in DMF (50 ml) and benzyl 

chloride (6 ml, 52 mHo1) iias added. The solution was stirred at RT Por 48 hours and the DMF was 
removed with xylene in vacua. -- The products were partitioned between CH,Cl, and aqueous sodium 
carbonate solution. The organic phase was washed with water, dried (MgSO,) and evaporated in vacua -- 
to give a yellow oil which could not be puriPied and slowly lactonised at 4%. 

N-Boc 0-tosyl L-homoserine benzyl ester (9a) 
N-Rot benzyl &-homoserlne (1 g) obtained above was dissolved in CH,Cl, (10 ml) and g- 

toluenesulphonyl chloride (0.9 g, excess) was added, Pollowed by triethylamine (2 ml, excess). The 
solution was stirred at RT Por 3 hours, washed with aqueous citric acid and aqueous sodium 
carbonate, dried (HgSO,) and evaporated to give a yellow oil which was chromatographed (35 
EtOAc/CH,Cl,) to give a colourless 011 (9a). Yield 550 mg (305 Prom L-methlonine) (Found: C.59.5; 
H.6.4; N.2.7. C,,H,,NO,S requires: C,59.6; H,6.3; N.3.0); Caldo +5.2q0 (c 12.3 in CHCl,); vmax 
3380 m, 3020 w, 2980 m, and 1720 cm-’ s; 6H 1.4 (9H, s, C(CH,),), 2.0-2.4 (2H. m, CH,), 2.45 (3H, 
s, CH,Ph), 4.0-4.2 (2H, m, CH,OTs), 4.3-4.4 (lH, m, NCH), 5.1 (2H, s, CH,Ph), 5.1-5.3 (lH, br, NH). 
7.2-7.4 (7H, m, ArH), 7.7 (2H. d, 2 8.4 Hz, M o-to SO,); 6C 21.4 (q, CH,PH), 28.1 (q, (CH,),), 
31.3 (t. CH,), 50.5 (d, NCH), 64.7 (t, CH,OTs), 66.2 (t., CH,Ph), 79.9 (8, CMe,). 127.8, 128.2, 
128.3, 128.4. and 129.7 (d, ArCH). 132.6, 135.0, and 144.7 (a, Arc), 155.0 (8, NCO,), 171.3 (s, 
CO,); m/z (F.D) 464 (MH+). 

0-Toayl L-homoserine benzyl ester tosylate (8a) 
To (9a) (500 q g, 1.1 nMo1) in ethanol (2 ml) wa8 added e_tolueneeulphonic acid monohydrate 

(240 mg, 1.2 mE(ol). The ethanol was evaporated in vacua. replenished, _- evaporated and the resulting 
oil was crystallized under high vacuum for 18 hours. The resulting solid (8a) was used without 
further puriilcatlon. Yield 560 mg (951); vmax 3700-2500 br, and 1745 cm-’ 8; 6H 2.2 (W, q, J 6.2 
Hz. CH,), 2.4 (6H, 8. 2x CH,Ph), 3.3 (lH, t, J 1.6 Hz, NCH). 4.2 (2H, t, J 6.1 Hz. CH,Ms), 5.1 
(3.H. br 9. NH,). 5.2 (2H. dd, J 6.7 and 3.4 Hy, CH*Ph). 7.2 (2H, d, J 8.1-HZ, ArH m-to SO,). 7.3 
(5H. 9, ArH), 7.4 (2H, d, J 8.T Hz, ArH m-to SO,), 7.7 (W, d, J 8.1-HZ, ArH o_to %,I, 7.75 (2H. 
d, i 8.4 Hz. ArH g-to SO,): m/z (DC11 36x &lH+), 192, 102, 91. 

N-Tosyl L-azetidlne carboxylic acid benzyl ester (10) 
To tosyl derivative (8-a) (100 mg, 0.3 lpnol) in CH,Cl, (5 ml) was added dllsopropylethylamine 

(2 ml, excess). The solution was stirred at RT Por Pi& days, waehed with aqueous-sodium carbonate, 
dried (MgSO,) and evaporated in vacua to gte a yellow 011. _- Chromatography (51 kWOHKH,Cl,) gave 
(10) as a colourless oil. Yield 15 mg (40%): Calfi -13.5O (o 8.8 in CHCl,), %ax (neat) 3030 w, 
2920 w, 1745 8, and 1145 cm-’ 8; 6H 1.6-1.8 (lH, m, CHI.), 2.1-2.3 (lH, CH,), 2.4 (3H, s, CH,Fh), m, 
3.5 (lH, dd. J 8.9, and 4.6 Hz, NCH), 4.1-4.3 (2H, m, CH,OTs), 5.1 (W, 8, CH,Ph), 7.1-7.5 (7H, m, 
ArH), 7.8 (2H. 
(t. CHIN), 67.1 

d, J 8.3 Hz, ArH SO,); 21.5 (9, CH,Ph), 33.2 ct., CH,). 50.9 (d, NCR). 66.9 o_to 6C 
(t, CH,Ph), 127.9, 128.2, 128.4; 128.6, and 129.8 (d. ArCH). 135.4, 140.1, and 

144.7 (8, Arc), 173.9 (s, CO,); m/z (DC11 363 @l+NH,+), 192, 102, 91. 
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N-Boc 0-benzeneeulphonyl L-hwoaerine benzyl ester (9b) 
The method was a8 for (9a), using N-&c &-homoaerlne benzyl eater (3 g) and benzene&phony1 

chloride (3 ml, excess). 
a3 a colourleea oil. 

The product was purified by chromatography (3$-EtOAc/CH,Cl,) to give (9b) 
Yield 1.5 g (30% from L-methionine); (Found: C,58.5; H,5.89; N.3.4. 

C,,H,,NO,S requires: C,58.8; H.6.0; N,3.lS); ti ax (nujol) 3380 q , 1750 e, and 1710 cm-l 8; 6H 1.4 
(9H, s, (CH,),), 2.0-2.2 (lH, m, CH,), 2.2-2.4 (lH, m, CHa), 4.0-4.2 (2H. m+ CH,QSO,). 4.3:4.4 (1H. 
m. NCH), 5.1 (W, c. CH,Ph). 5.2 (lH, d, J 7.2 Hz, NH), 7.3-7.9 (10 H, m. ArH); 6C 28.1 (9, 
(CR,),). 31.4 (t. CH,), 50.6 (d, NCH), 66.4 (t. CH.OSO,), 67.3 (t. CH,Ph). 80..0 (8, OCMe,). 125.9, 
127.7, 128.2. 128.3, 128.4. and 129.1 (d. ArCH). 133.7, and 135-.0 (a, Arc), 155.0 (8, NC&), 171.2 
(8, CO,). 

0-Benzenesulphonyl benzyl L-homoserlne tosylate (8b) 
The method was aa for (8a) using (9b) (0.33 g, 0.7 mHoI). Yield 0.42 g (992); vmax-(nujol) 

3400 w, and 1740 cm-i a; 6H 2.0-2.2 (W, m, CH,), 2.3 (3H, 8, CH,Ph), 4.0-4.2 (3H, m, NCH and 
CH,OSO~), 5.0 (2H, dd, J 16.2 and 12.5 Hz. CH,Ph). 7.0-8.0 (14 R, m, ArR), 8.4 (W. br 81 NV,). 

Prep. and rearrangement or deuterated derivative (12) 
To (8a) (100 mg, 0.2 Mel) uaa added acetic acid di, the solution wad stirred at RT for 10 

minutes and the acid uaa evaporated in vaouo with toluene. 
give (12). 

_- 
(12) was then cycliaed as above, 

The process was repeated three times to 
except that after two day8 dl-t-butyl carbonate (100 

mg, 0.24 aMo1) was added and the solution stirred at RT for a further 24 hoiirs. The solution wan 
washed with 10% aqueous citric acid and with saturated sodium carbonate solution, dried (MgSO,) and 
evaporated to give a yellow 011 which wae chromatographed (CH,Cl, then 31 HeOH/CH,Cl,) to give (9a) 
and (10). ‘H NW? shoved no deuteriw incorporation into the tosyl methyl group ot either product. 
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