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Access to the correct isomer1 of P-methyllanthionine is a 
prerequisite for the synthesis of fragments of heterodetic 
polycyclic peptides, such as nisin.* A reasonable approach 
requires the preparation of threo- P-methyl-D-cysteine. For- 
mation of the thioether bridge is anticipated to be accom- 
plished by a substitution or addition reaction on a suitable 
alanine derivative before or after incorporation into the 
peptide chain. 

Carter et al.3 prepared the diastereoisomeric pairs of S- 
benzyl-P-methylcysteine which they called amino acids A and 
B and which have been assigned the threo and all0 configu- 
rations, respectively. 

Hoogmartens et al.4 began with the same method of prep- 
aration and by derivatization and crystallization with the aid 
of optically active bases resolved each of the pairs into the 
respective D and L amino acid. 

This procedure is elaborate if only one of the four possible 
isomers is desired. Yields of the final product are low as the 
result of lack of stereospecificity in the synthesis. 

We have devised a stereospecific synthesis outlined in the 
scheme (R1 = tert- butyloxycarbonyl; Rz = tosyl; R3 = acetyl) 
below. Good yields of the desired isomer are obtained by 
a series of simple steps in a relatively short time. The crucial 
step involves an SN2 displacement of tosylate by thiolacetate 
anion. Although the products of such reactions are often 
mixtures resulting from elimination, 0-alkylation of thiol- 

acetate, or S N 1  mechanisms, no evidence for these processes 
was observed here. Examination of the crude reaction mixture 
after hydrolysis and S-benzylation showed the only sulfur 
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containing product to be threo-S-benzyl-P-methyl-D-cys- 
teine. A small amount of unreacted atlo-0- tosyl-D-threonine 
was also present but had no effect on the subsequent steps. 

The reactions were also applied to do-DL-threonine and 
gave pure do-P-methyl-DL-cysteine as determined by S- 
benzylation and amino acid analysis. 

Experimental Section 
Melting points are uncorrected. Elemental analyses were performed 

by the Microanalytical Laboratory of the National Institutes of 
Health. Optical rotations were measured with a Perkin-Elmer Model 
141 polarimeter. 

Amino acid analyses were performed on a modified Phoenix ana- 
lyzer using the Moore, Stein, and Spackman system. S-Benzyl-0- 
methylcysteines were analyzed on a 60 X 0.9 cm column using pH 4.25, 
0.2 N Na citrate buffer a t  a flow rate of 60 ml/h. Elution volumes of 
the threo and allo isomers of S-benzyl-(3-methylcysteine are 163 and 
187 ml, respectively. 

Countercurrent distribution was run in a 200 tube Craig machine 
with lower and upper phase volumes of 10 ml each. 

D-Threonine Methyl Ester Hydrochloride (1). D-Threonine, 
180 g, [(uIz3D +30.5" (c 1, water) [lit.' [CY]% +28' (c 1-2, water)], 
obtained from Pierce, Rockford, Ill., was refluxed twice for 1 h in 1.5 
1. of 2 N HC1 in methanol to give 205 g (98%) of 1 as an oil which 
crystallized on standing under vacuum. 

N-Benzoyl-D-threonine Methyl Ester (2). 1 (205 g) was ben- 
zoylated without further purification by the dropwise addition of 175 
ml of benzoyl chloride (1.5 mol) to a solution in 1.5 1. of water-dioxane 
(2:l) over 1 h using 5 N NaOH to maintain a pH of 8.5-9.0 and an ice 
bath to keep the temperature a t  30 "C. The dioxane was removed 
under reduced pressure and the aqueous phase extracted with ethyl 
acetate. Evaporation of the solvent yielded 285 g (80%) of crude 2. 
Recrystallization from benzene gave 220 g (63%) of pure 2, mp 92-94 
"C, [(ul2'D -22.0" (c 8, ethanol) [lit.5 mp 96.0 'C, [CY]~'D -23.2" ( c  6, 
ethanol)]. 

Methyl c~s-D-2-Phenyl-5-methyl-Az-oxazoline-4-carboxy~ate 
(3). 3 (205 g, 0.875 mol) was prepared by treating 2 with thionyl 
chloride (twice distilled from triphenyl phosphite6) according to the 
literature.5 

do-D-Threonine (4). Crude crystalline 3 (205 g) was hydrolyzed 
in 1 1. of 6 N HC1 at 90 "C for 5 h. Workup according to the literature5 
yielded 76 g (65% based on 2) of pure 4, [a]"D -32.5" (c 8, 1 N HC1 
in water) [lit.5 allo-L-threonine [aIz7D +32.5" (c 8.2, 1 N HCl in 
water)]. 

do -D-Threon ine  Methyl Ester Hydrochloride (5). 4 (75 g, 
0.625 mol) was esterified in the same manner as D-threonine. The yield 
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was 103 g (97%) of crude crystalline material from which 1 g was re- 
crystallized from methanol-ether to give 0.9 g of pure product, [aIz3D 
-23.1' ( c  5 ,  methanol), nip 115 "C. Anal. Calcd for CsHIzN03Cl: C, 
35.41; H, 7.13; N, 8.26; C1,20.91. Found: C, 35.33; H, 7.39; N, 8.45; C1, 
20.70. 

do-Boc-D-threonine Methyl Ester (6). Crude 5 (103 g, 0.61 mol) 
was dissolved in 1 1. of dry (Linde 4A) dimethyl sulfoxide and 170 ml 
(1.22 mol) of triethylamine was added with vigorous stirring. After 
the addition of 90 ml (0.67 mol) of tert-butyloxycarbonyl azide the 
mixture was stirred for 48 h a t  room temperature. The volume was 
reduced to 200 ml under vacuum before 1 1. of ice water was added. 
Following acidification to pH 2.5 with citric acid the solution was 
extracted with five 200-nil portions of ethyl acetate. The combined 
extracts were washed with NaHC03 solution. Evaporation of the 
solvent after drying over NazS04 gave 124 g (87%) of a pale yellow oil, 
[aIz3D +14.4' (c 5.0, ethanol). Anal. Calcd for CloHlgNOs: C, 51.49; 
H, 8.21; N, 6.00. Found: C, 50.80; H, 8.53; N, 5.80. 

do-Boc-0-tosyl-D-threonine Methyl Ester (7). 6 (124 g, 0.53 
mol) was dissolved in 400 ml of pyridine (distilled and stored over 4A 
sieves) and cooled to 0 "C. Tosyl chloride (133 g, 0.70 mol, recrystal- 
lized from petroleum ether) was added in portions over 10 min to 
maintain a temperature of 0-5 'C. The solution stood a t  5 'C for 30 
h and was then poured onto 1 1. of crushed ice and stirred for 0.5 h. The 
oily precipitate was extracted into 1.5 1. of ether and washed with 
ice-cold 0.01 N HC1 (5-6 1.) to an acid reaction and finally with water 
to neutrality. Evaporation of the ether after drying over NapSol 
yielded 189 g (91%) of crude 7. Although the racemic compound 
crystallized readily, 7 resisted and was purified by extraction into 
cyclohexane-petroleum ether (1:l) a t  37 'C and precipitation in the 
cold. Final yield of purified product 147 g (71%); homogeneous by TLC 
and showing the same Rf  as the crystalline racemate; [CU]'~D +4.2' (c 
8, ethanol). Anal. Calcd for CliH25NOjS: C, 52.70; H, 6.50; N, 3.62; 
S, 8.28. Found: C, 53.48; II, 6.58; N, 3.53; S, 9.33.x 

tbreo-Boc-S-acetyl-S-methyl-D-cysteine Methyl Ester (8). 
7 (90.8 g, 0.227 mol) was dissolved in 300 ml of DMF (purified by 
passage over a column of acidic A1pO:j Brockman activity I and stored 
over 4A sieves). The solution was divided equally among five 100-ml 
Kjeldahl flasks. 

Potassium thiolacetate was prepared by the addition of a 10% excess 
of thiolacetic acid to a methanolic solution of KOH. The solvent was 
removed on a rotary evapclrator and excess thiolacetic acid under high 
vacuum. A water solution of the salt had a pH of 5.5.  

After cooling to 0 'C, the Kjeldahl flasks were cleared of oxygen by 
alternate application of vacuum and nitrogen; 7.8 g (0.07 mol) of po- 
tassium thiolacetate was added, and each flask was again flushed, and 
prior to sealing under vaciium equipped with a magnetic stirring bar. 
The reaction was allowed to proceed with stirring at  room temperature 
for 36 h although a copious precipitate of potassium tosylate appeared 
within 0.5 h. The contents, of the reaction vessels were combined and 
the DMF removed in vacuo. The residue was extracted with 250 ml 
of ethyl acetate and washe'd with three 150-ml portions of water. Upon 
evaporation of the ethyl acetate 53 g (75%) of an orange oil was ob- 
tained, [cx]'.~D -55.6" (c 5, ethanol). Examination of an analytical 
amount by amino acid analysis after hydrolysis and oxidation with 
performic acid revealed the presence of 90% of the expected amount 
of B-methylcysteic acid and 10% of threonine. The product was con- 
sidered pure enough for the subsequent steps in the synthesis. For 
the purpose of characterization 3 g was subjected to 1250 transfers 
in a countercurrent, distribution machine [solvent system chloro- 
form-benzene-methanolLwater (1:1:1.5:0.5)] to yield 2.2 g of a pale 
yellow oil, K = 0.105,99?/, pure by amino acid analysis, [aI2"D -66.1' 
(c 5, ethanol). Anal. Calcd for C12H:!1N05S: C, 49.47; H, 7.26; N, 4.80; 
S, 11.01. Found: C, 49.38; H, 7.57; N, 4.74; S, 12.63.8 7 (100mg),K = 
0.092, was also isolated. A fraction comprising the intersection of the 
incompletely resolved thiol ester and tosylate accounted for another 
500 mg. Amino acid analysis showed this fraction to-be 70% thiol 
ester. 
tbreo-2-Amino-3-mercapto-~-butyric Acid (9). Crude 8 (50 

g, 0.172 mol) was exposed for 0.5 h to 100 ml of trifluoroacetic acid at  
room temperature. The acid was evaporated in vacuo and the product 
dissolved in 150 ml of 12 Iq HC1 and heated to 65 'C for 5 h. Evapo- 
ration of the solution gave a yellow oil which solidified on lyophili- 
zation. The material was (dissolved in 900 ml of ethanol and treated 
with 1 equiv of ",OH. IJpon cooling 12.4 g of a white, crystalline 
product was obtained. A further 2 g remained in the mother liquor, 
overall yield 65%. The product (300 mg) was allowed to react with 
benzyl bromide in liquid ammonia to give in 80% yield (2S,3R)-2- 
amino-,3-benzylthiolbutyric acid on precipitation from neutral 
aqueous solution and crystallization from ethanol. The compound 
was pure by amino wid analysis, [ C Y ] ~ ~ D  -76.2' (c 1, 1 N HC1) [lit? 

[*Iz5D -72.0' ( c  1,l  N HCl)]. The disulfide desired for the prepara- 
tion of derivatives was obtained by air oxidation of 7.0 g of 9 over a 
period of 4 days in 200 ml of aqueous ammonia a t  pH 8.6. After re- 
crystallization from water+thanol5.6 g (80%) of a white hemihydrate 
was obtained. The product was homogeneous by amino acid analysis, 
[a]"D -414" (c  1, 1 N HC1). Anal. Calcd for C~H17N20.5 &: C, 34.77; 
H, 6.20; N, 10.14; S, 23.20. Found: C, 34.69; H, 6.10; N, 10.06; S, 
22.64.8 

Registry No.-1, 60538-15-0; 2, 60538-16-1; 3, 60538-17-2; 4, 

9, 43083-49-4, D-threonine, 632-20-2; benzoyl chloride, 98-88-4; 
thionyl chloride, 7719-09-7; tert- butyloxycarbonyl azide, 1070-19-5; 
tosyl chloride, 98-59-9; potassium thiolacetate, 10387-40-3; P-meth- 
ylcysteic acid, 60538-22-9; (2S,3S)-2-amino-3-benzylthiolbutyric acid, 
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In an effort to prepare biologically more selective prosta- 
glandin congeners, a program was initiated in our laboratory 
involving the synthesis of congeners in which the 15-hydroxy 
function was shifted to other positions in the /3 chain. In a 
previous report we have described the synthesis and biological 
properties of prostaglandin analogues wherein the 15-hydroxy 
group is moved to the c16, (217, and CZO position or is replaced 
by a hydroxymethyl group.2 Another group has reported 
compounds wherein the hydroxy group is placed a t  C14.3 We 
now describe a convenient synthesis of prostaglandin conge- 
ners wherein the hydroxy function has been shifted to the C13 
position. After this work was completed, two reports appeared 
concerning the synthesis of 13-hydroxyprostanoic acids which 
do not contain the 11-hydroxy ~ubs t i t uen t .~  Our synthesis, 
which is different, is also applicable to the synthesis of 13- 
hydroxyprostaglandins which contain this biologically im- 
portant 11-hydroxy group. 
dl-9-Oxo-13-hydroxyprostanoic acid (2) is conveniently 

obtained by the benzophenone sensitized photoaddition of 
1-octanol to the cyclopentenone l5 using a 350-nm light source 
and a Pyrex reaction vesseL6 Since 1-octanol also serves as the 
solvent, the product is isolated by sodium hydroxide extrac- 
tion, which also serves to epimerize any 8-is0 isomers to the 
corresponding 8-normal isomers, followed by silica gel chro- 
matography. 13-Hydroxyprostaglandin 2 is obtained as two 
C13 epimers, separable by thin layer chromatography. The 
major side product of this reaction has been identified as the 
conjugate reduction product 3. 

In a similar manner photoaddition of 1-octanol to 4-hy- 
droxycyclopentenone 47 gives, after extraction with sodium 
bicarbonate solution and silica gel chromatography, dl-9- 


