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An unambiguous synthesis of 10-thiofolic acid has been carried out in good yield starting from p-carbomethoxy 
thiophenol. Methods have been developed for the quantitative conversion of 6 to the bromo ketone 8. p-Carbome- 
thoxy thiophenol(3) and the acid (2) were found to be unstable in organic solvents in the presence of oxygen and 
were converted to the corresponding disulfides (4 and 5). A reduction procedure has been developed for the rapid 
and clean conversion of 14 to 15, and a procedure for the simultaneous cyclization-oxidation of 15 to 16. 10- 
Thiofolic acid (1) has been tested for its ability to inhibit the growth of two folate-requiring organisms and 
showed good antifolate activity. It has also shown moderate activity in preliminary screening against L-1210 leu- 
kemia in mice.23 

The synthesis and biological evaluation of homofolic 
acidlb and its reduced derivatives (20)293 have given impe- 
tus to the search for folic acid analogs which are altered in 
the region corresponding to the C9-N10 bridge in folic acid. 
A number of analogs in this class have been reported re- 
cently.4-10 I t  appeared to  us that  the replacement of the 
10-amino group of folic acid by a heteroatom would result 
in folate analogs whose tetrahydro forms213 could contrib- 
ute interference to  the thymidylate synthesis reaction 
owing to  their inability to form cyclic one-carbon interme- 
diates through positions 5 and 10. This paper details the 
synthesis and preliminary antifolate activity of such a com- 
pound, 10-thiofolic acid (1). 

At the outset, a convenient procedure for the preparation 
of p-carbomethoxythiophenol (3) was required. This was 
accomplished by a route previously described by Wiley,ll 
and the disulfide 4 was also isolated from the reaction mix- 
ture. Hydrolysis of 3 gave p-carboxythiophenol (2), which 
was converted to the disulfide 5 during crystallization. The  
quantitative conversion of N -  (2,3-epoxypropyl)phthalim- 
ide to the bromo ketone 8 was carried out by modifications 
of the original literature p r o c e d u r e ~ . l ~ - ~ ~  Reaction of 3 with 
8 in pyridine produced 9 in 75% yield, which was subse- 
quently converted to  the oxime 10. This compound was iso- 
lated as a 1:l mixture of the syn and anti isomers as evi- 
denced by NM R spectroscopy and thin layer chromatogra- 
phy. Since the eventual removal of this carbonyl protective 
group was required a t  a later step, no attempt was made to  
separate and identify the individual isomers. 

The NMR spectral observations also excluded a possibil- 
ity that  the product might be a thioketal formed by the 
reaction of 2 mol of thio ester with the carbonyl moiety of 8 
in preference to the nucleophilic displacement of the bro- 
mide by 3. 

Although several methods are described in the literature 
for the cleavage of the phthalimide function for compounds 
similar t o  10, including treatment with strong acids and 
bases, the use of hydrazine16 was preferred because of its 
ability to  cleave such systems under mild conditions. This 
was accomplished smoothly and in high yield. These reac- 
tions are summarized in Scheme I. Several attempts were 

Scheme I 
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Scheme I1 

1211 I101 

made a t  this stage to  cleave the oxime back to the ketone, 
but always resulted in the recovery of the starting material 
or tarred products unsuitable for further investigations. An 
attempt was made, however, to  hydrolyze the ester func- 
tion of 11 to  the carboxylic acid by standard procedures. 
None of these experiments gave the desired products, and 
consequently compound 11 was condensed directly with 2- 
amino-6-chloro-4-hydroxy-5-nitropyrimidine ( 12) in etha- 
nol to  compound 13 in excellent yield (Scheme 11). Reduc- 
tive cyclization of 13 by Raney nickeP6-19 catalysts was 
ruled out by the presence of sulfur and the compound's in- 
solubility in solvents commonly used for hydrogenations. 

The carbonyl function in 13 was deprotected easily by 
the use of a 1:l mixture of trifluoroacetic acid and 1 N HCl 
a t  60' for 20 min to the corresponding ketone (14). Treat- 
ment of ketone 14 with several reducing agents, including 
stannous chloride, and catalytic hydrogenation in DMF 
with Pt and Pd  did not accomplish the desired reduction of 
the nitro group as evidenced by the persistence of the ab- 
sorption due to  the 5-nitro group of 14. The resistance of 14 
toward reducing agents is not immediately apparent, but a 
neighboring group participation by the nitro group and the 
carbonyl group could presumably result in an ionic species 
(21). Therefore, the use of reagents such as sodium dithion- 
ite in highly polar solvents like DMF was considered for 
this reaction. In fact, an excellent reduction procedure was 
worked out which reduces compound 14 to  15 a t  50' in 15 
min. This behavior appears to be general to such systems, 
and we are presently investigating this phenomenon in de- 
tail. The reduction product was subsequently cyclized by 
the use of a pyridine-pyridine hydrochloride buffer in eth- 
anol for several hours, which also resulted in the spontane- 
ous oxidation of the cyclization product to  16 in 90% yield. 
Hydrolysis of 16 in the usual manner and subsequent work- 
up gave compound 17 in -50% yield after purification by 
ion exchange chromatography. The material showed a uv 
spectrum similar to  that  of pteroic acid, and the structure 
was confirmed by examination of the NMR spectrum of 17 
in TFA. 

The problem of attaching the glutamate moiety to 10- 
thiopteroic acid remained. This was accomplished in the 
following way. Briefly, 10-thiopteroic acid was converted to  
the mixed anhydride 18 by dissolving the compound in 
50:50 DMSO-dioxane and treating with 1 molar equiv of 
isobutyl chloroformate a t  0' in the presence of N-methyl- 

morpholine as a proton acceptor. t -  Boc-L-glutamic acid a- 
benzyl ester was attached to  the Merrifield chloromethyl 
resin by standard procedurelg and the amino group was 
deprotected as described earlierz0 to 19. The coupling of 
the active anhydride 18 to 19 was done overnight a t  room 
temperature. Cleavage from the resin and final purification 
was accomplished as described previously by this laborato- 
r ~ 5 * ~ ' 3  for similar compounds.21 

10-Thiofolic acid showed all the spectral charact#eristics 
expected of this compound and the structure was conclu- 
sively established by ultraviolet and NMR spectroscopy. 
Relevant among the spectral data are the NMR signals in 
DzO due to  the C, proton of the pteridine moiety, which 
appeared as a singlet a t  8.54 ppm, and the characteristic 
AB pattern of the resonances due to the aromatic protons 
as two clean doublets a t  7.8 and 7.4 ppm. The rest of the 
anticipated signals due to the Cg methylene protons and 
the glutamate protons appeared in the usual pattern. The 
uv spectrum of 10-thiofolic acid was as expected and was 
very similar to  that  of folic acid, showing A,, a t  369, 285, 
and 261 nm when run in 0.1 N NaOH. These spectral ob- 
servations are in perfect agreement with the required struc- 
ture (1). 

Both 10-thiofolic acid and 10-thiopteroic acid were test- 
ed for their ability to inhibit the growth of two standard 
folic acid requiring bacteria, Streptococcus faecium 
(ATCC 8043) and Lactobacillus casei (ATCC 7469). These 
studies employed Difco folic acid assay media for the spe- 
cific organism and were carried out in duplicate. For s. fae- 
cium, 9 X 
g/ml of 10-thiopteroic acid were required for 50% inhibition 
of growth as monitored turbidimetrically a t  650 nm. For L. 
casei, 8 X lom9 g/ml of 10-thiofolic acid gave 50% inhibi- 
tion. No inhibition of L. casei was seen with 10-thiopteroic 
acid a t  g/ml. In the L. casei inhibition studies, the 
folic acid concentration was 5 X g/ml and in the S. 
faecium i t  was 2.5 X 

g/ml of 10-thiofolic acid and 1.5 X 

g/ml. 

Experimental Section 
Melting points are uncorrected and were determined on a 

Fisher-Johns apparatus. NMR spectra were run in CDCl, on a 90- 
MHz Perkin-Elmer R-32 spectrometer with MerSi or TSP as in- 
ternal lock signal. Field strengths of the various proton resonances 
are expressed in parts per million and coupling constants as hertz. 
Peak multiplicity is depicted as usual: s, singlet; d, doublet; t, trip- 
let; q, quartet; br, broadened singlet or unresolved multiplet; and 
c, complex signal whose center is given. Uv spectra were deter- 
mined in a Beckman Model 25 spectrophotometer. Chromatogra- 
phy was carried out on DEAE cellulose in the chloride form with 
1.2 X 22 cm packing unless otherwise specified. A linear NaCl gra- 
dient in 0.005 M phosphate buffer pH 7, 1 1. each from zero to 0.5 
M NaCl, was used to elute the column. Mass spectra were run at  
Research Triangle Institute in North Carolina. Elemental analyses 
were by Galbraith Laboratories, Inc., Knoxville, Tenn?2 Yields 
represent the actual amount of pure compound isolated, assuming 
100% reaction. 

Preparation of p-Carbomethoxythiophenol (3) and Disul- 
fide 4. The synthetic sequence starting with 17.1 g of p-aminoben- 
zoic acid to the esterification step (as described by Wileyl') was re- 
peated. Crystals were formed while cooling this reaction mixture 
containing 3. These were removed by filtration. This compound 
was identified as disulfide 4 by observing the molecular ion in the 
high-resolution mass spectrum at 334.0336 (calcd, 334.0333): yield 
2.0 g; mp 124O; NMR 8.3 d, 7.84 d ( J  = 9 Hz, aromatic), and 4.2 
ppm (methoxyl). Anal. Calcd for C16H140462: C, 57.48; H, 4.19; 6, 
19.16. Found C, 57.34; H, 4.12; S, 19.36. 

Vacuum distillation of the filtrate at  11 mm gave 3 boiling at  
134-140°: yield 9.0 g; NMR 7.85 d, 7.35 d ( J  = 9 Hz, aromatic), 
3.85 (methoxyl), and 3.75 ppm (thiol). Anal. Calcd for CsH&S: C, 
57.4; H, 4.76; 0,19.04. Found: C, 57.28; H, 4.59; 0,19.21. 

Preparation of N-(3-Bromo-2-hydroxypropyl)phthalimide 
(7). In a typical experiment, 10 g of N- (2,3-epoxypropyl)phthalim- 
ide was dissolved in 75 ml of dry dichloromethane and gaseous hy- 
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drogen bromide was bubbled through until saturated, requiring 
approximately 20 min. The reaction mixture was evaporated to 
dryness under vacuum, and the crude product melted at 110-112': 
NMR 7.82, c (aromatic protons), 4.2, c (CzH), 3.95 and 3.55, dd (J 
= 8 Hz, CB and C1 methylene protons), and 3.02 ppm s (hydroxyl, 
completely exchangeable with DzO). 

Preparation of N-(3-Bromo-2-oxopropyl)phthalimide (8 ) .  
In an erlenmeyer flask, 10 g of the hydroxy bromide 7 was stirred 
with 400 ml of acetone at  room temperature. When all of the mate- 
rial was in solution, the solution was cooled to 15' and 100 ml of 
Jones reagent was added portionwise with stirring in such a man- 
ner that the temperature did not rise above 30'. After the addi- 
tion, which took 10 min, the mixture was stirred at room tempera- 
ture for 15 min, transferred to a round-bottomed flask, and evapo- 
rated to -150 ml under vacuum. The outside bath temperature 
was kept at  35'. Treatment of this reaction mixture with 1 1. of ice- 
cold water gave crystals which were removed by filtration and 
washed several times with distilled water until the filtrate was col- 
orless: yield 9.5 g; mp 151-152'; NMR 7.85, c (aromatic protons), 
4.80, s and 4.06 ppm s (C3 and C1 methylene protons). Anal. Calcd 
for C11HeBrNO:i: C, 46.81; H, 2.84; Br, 28.37; 0, 17.02. Found: C, 
46.92; H, 2.97; Br, 28.21; 0, 16.92. 

Displacement of Bromine in 8 by p-Carbomethoxythiophe- 
nol. Preparation of 9. In an oven-dried three-necked flask, fitted 
with a reflux condenser and nitrogen inlet, were placed 2 mmol 
each of bromo ketone 8 and thio ester 3. The reactants were slowly 
heated in a stream of nitrogen to 90' with the aid of an oil bath, 
and pyridine WEM added slowly from a dropping funnel until the 
mixture went into solution (-3 ml). The reaction mixture was then 
heated to reflux in nitrogen for 45 min, when crystals began to ap- 
pear. The reaction product was cooled and poured over 100 g of 
crushed ice, then stirred. The cream-colored solid thus obtained 
was collected by filtration and recrystallized from methanol: yield 
75%; mp 153-154'; NMR 8.05, d (J = 8 Hz, two aromatic protons 
adjacent to carbomethoxy), 7.38, d (J = 8 Hz, two aromatic pro- 
tons adjacent to sulfur), 7.85, c (four aromatic protons of the 
phthalimide moiety), 4.78, s and 3.92, s (methylene protons), and 
3.95 ppm (carbomethoxy). Anal. Calcd for C ~ ~ H ~ ~ N O S S :  C, 61.79; 
H, 4.07; 0, 21.68; S, 8.67. Found: C, 61.76; H, 4.13; 0, 21.54; S, 8.50. 

Preparation of the Oxime 10. Compound 9 (4.3 g) and 1.21 g of 
hydroxylamine hydrochloride were suspended in a three-necked, 
round-bottom flask and the flask was swept with a slow stream of 
nitrogen. To this was added 48 ml of 1:l pyridine-ethanol mixture 
and the mixture was refluxed for 2 hr. The reaction product was 
evaporated to dryness under vacuum and the resulting pale yellow, 
gummy material was treated with 25 ml of ethyl acetate and 24 ml 
of distilled water. After shaking vigorously, the contents were 
poured into a separatory funnel and the aqueous layer was dis- 
carded. The ethyl acetate layer was washed twice with 100 ml of 
distilled water. The ethyl acetate layer was then dried over anhy- 
drous sodium sulfate and filtered, and the filtrate was evaporated 
to dryness. The viscous gum thus obtained was recrystallized from 
methanol, yield 4.0 g, mp 135-136'. Anal. Calcd for ClgHl&O&: 
C, 59.38; H, 4.17; N, 7.29; S, 8.33. Found: C, 59.71; H, 4.27; N, 7.35; 
S, 8.32. 

Cleavage of 10 by Hydrazine to the Amino Ester 11. The 
oxime (3.8 g, 9.9 mmol) was suspended in a three-necked round- 
bottom flask with 100 ml of absolute alcohol and stirred under re- 
flux in a slow stream of nitrogen with repeated addition of four 
100-ml portions of alcohol when all the material went into solution. 
The solution was cooled to room temperature and 9.9 mmol of 95% 
hydrazine in 10 ml of absolute alcohol was added. This mixture 
was stirred for 72 hr in nitrogen at room temperature, then re- 
fluxed for 30 min. After the reaction mixture was cooled to o', it 
was filtered. The filtrate was evaporated to dryness and the resi- 
due was treated with 9.9 ml of 1 N HCl in 20 ml of water and 
stirred vigorously for 1 hr. The pH was adjusted to 3 by the addi- 
tion of more HCl and the mixture was filtered. The clear filtrate 
thus obtained was treated with 10% ammonium hydroxide so that 
the pH became IO. A white precipitate was formed in the solution. 
After cooling to O', the precipitate was separated by filtration, 
washed with water, and recrystallized from methanol: yield 1.6 g; 
mp 154-156'; relevant NMR signals in polysol-D at  7.86, d (J = 9 
Hz, aromatic), 7.45, dd (J = 9 Hz, aromatic), 4.0, s and 3.92, s 
(methylene protons attached to sulfur), 3.85, s (carbomethoxy), 
3.51, s and 3.39 ppm, s (methylene protons attached to amino 
group). Anal. Calcd for CllH14N203S: C, 51.97; H, 5.51; N, 11.02; S, 
12.60. Found C, 51.93; H, 5.39; N, 10.95; S, 12.51. 

Reaction of 2-Amino-6-chloro-4-hydroxy-5-nitropyrimi- 
dine with Amino Ester 11. Preparation of Intermediate 13. In 

an atmosphere of nitrogen, 560 mg of 12 was dissolved in 140 ml of 
absolute alcohol and refluxed with 700 mg of 11 for 30 min. After 
this period, 0.7 ml of N-methylmorpholine was added and the mix- 
ture was again refluxed for 30 min. The crystals which appeared at  
this point were collected by filtration, washed with water and a 
small amount of alcohol, and recrystallized from absolute alcohol: 
mp 185'; yield 1.05 g; A292/A34,1.08. Anal. Calcd for CI~H~&O&: 
C, 44.12; H, 3.92; N, 20.59; S, 7.84. Found: C, 43.9; H, 3.86; N, 
20.46; S, 7.74. 

Reprotection of the Carbonyl Group of 13. Preparation of 
14. In an erlenmeyer flask, 1 g of oxime 13 was treated with 50 ml 
of trifluoroacetic acid with stirring and slowly heated to 50' until 
all the material was dissolved. An equal volume of 1 N HCl was 
added and the flask was kept in a water bath at 60'. Crystals 
$began to appear slowly. After 20 min, the reaction mixture was 
cooled to Oo, filtered, and washed several times with water and fi- 
nally with absolute alcohol: mp 247-250'; yield 900 mg; A,,, (0.1 
N NaOH) 294 nm (c  16,011) and 332 (14,673). Anal. Calcd for 
C15H1&,06S: C, 45.80; H, 3.92; N, 17.81; 0,24.43. Found: C, 45.71; 
H, 3.77; N, 17.91; 0, 24.37. 

Dithionite Reduction of 14. The deprotected nitro compound 
14 was suspended in an erlenmeyer flask (350 mg) and dissolved in 
100 ml of purified DMF. The solution was heated to 50' and 5 g of 
solid purified sodium dithionite was added. Water was added to 
this stirring suspension, portionwise, while maintaining the tem- 
perature until all the dithionite went into solution. The mixture 
was allowed to stir for an additional 15 min, then diluted to 700 ml 
with ice-cold water. A white, fluffy precipitate was formed, which 
was collected by filtration, washed several times with water and fi- 
nally with absolute alcohol, and then dried under vacuum. The 
compound is unstable on exposure to air and rapidly degraded to 
products unsuitable for further work: yield 300 mg; mp >300°; 
A,,, (0.1 N NaOH) 335 and 280 nm; X2SO/A335 1.65. 

Simultaneous Cyclization-Oxidation of 15 to 16 and Hy- 
drolysis to 10-Thiopteroic Acid (17). The dithionite reduction 
product (15,300 mg) was added to a deaerated mixture of 25 ml of 
pyridine, 25 ml of absolute alcohol, and 5 drops of concentrated 
HC1 and refluxed in a nitrogen atmosphere for 2.5 hr. The solution 
was cooled to room temperature and allowed to stir in the presence 
of air for 48 hr. The contents in the flask were evaporated under 
vacuum to dryness. Distilled water (25 ml) was added, and the con- 
tents were evaporated again. Ice (50 g) was then added and the 
mixture was triturated with a spatula followed by filtration and 
several water washes. The uv spectrum of this compound in 0.1 N 
NaOH showed A,,, at 365, 280, and 260 nm, which is typical of a 
6-substituted, fully oxidized form of 2-amino-4-hydroxypteridine. 

The product thus obtained was transferred to a three-necked 
flask fitted with a nitrogen inlet and reflux condenser and 25 ml of 
0.75 N NaOH was added. It was refluxed in nitrogen for 2 hr. The 
solution was cooled to room temperature and adjusted to pH 7.2 
with 1 N HCl. The solution was then diluted to 1 1. with distilled 
water and applied to a 27 X 2.5 cm DEAE C1- column. The column 
was washed with distilled water and eluted with a linear NaCl gra- 
dient from zero to 0.5 M ,  in 0.005 M phosphate buffer, pH 7.0. 10- 
Thiopteroic acid eluted at  0.375 M NaCl concentration. All the 
tubes corresponding to this peak were pooled and concentrated to 
100 ml, cooled to Oo, and acidified to pH 3.5 with 1 N HCl. The 
precipitate thus obtained was washed several times with water and 
dried under vacuum over pz05 for 48 hr: yield 140 mg; A,,, (0.1 N 
NaOH) 369 nm (c 9638), 285 (21,068), and 261 (32,850); NMR 
(TFA with MeaSi as internal standard) 9.05, s (C7), 8.1, d (J = 9 
Hz, H2'60; 7.55, d (J = 9 Hz, H3,5'), and 4.62 ppm, s (Cg methylene 
protons). Anal. Calcd for C14HllN503S: C, 51.06; H, 3.34; N, 21.28; 
0, 14.59; S, 9.73. Found: C, 50.97; H, 3.40; N, 21.27; 0, 14.63; S, 
9.58. 

Solid-Phase Coupling of 10-Thiopteroic Acid with L-G~u- 
tamic Acid. Preparation of 10-Thiofolic Acid (1). t-Boc-L-glu- 
tamic acid a-benzyl ester was esterified to the chloromethylated 
Merrifield resin as usual. The resin ester, corresponding to 2 mmol 
of glutamic acid, was deprotected by the use of 20% trifluoroacetic 
acid in methylene chloride for 20 min at  room temperature, 
washed, neutralized, and kept ready for coupling (19). 

10-Thiopteroic acid (1 mmol) was dissolved in 20 ml of dry 
DMSO by heating. The solution was cooled to room temperature, 
an equal volume of dry THF was added, and the solution was 
chilled to 0'. Then 1.25 mmol of N-methylmorpholine was added, 
allowed to mix well by shaking, and kept at 0' for an additional 15 
min. To this solution was added exactly 1 equiv (1 mmol) of fresh- 
ly distilled isobutyl chloroformate and the reaction was allowed to 
proceed for 15 rnin at  0' to form the mixed anhydride (18). This 
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mixed anhydride (18) was then poured into the reaction vessel 
containing 19, and the coupling reaction was carried out by rocking 
the reaction vessel at  room temperature for 18 hr. After this peri- 
od, the reaction mixture was filtered and the resin-bound product 
was washed successively with DMSO, DMSO-THF mixture, and 
p-dioxane. 

The resin was then suspended in 20 ml of 1:l dioxane-2 N 
NaOH mixture, which was deaerated previously, and mixed well in 
a closed vessel for 1 hr at  room temperature and for 20 min at  50'. 
The filtered solution was diluted to 100 ml and slowly acidified 
with 1 N HCl at  0' to pH 3.5. The yellow precipitate of 1 thus 
formed was collected by filtration, washed several times with dis- 
tilled water, and dried under vacuum over P205: yield 80%; mp 
>300°; A,, (0.1 N NaOH) 369 mm (e  9638), 285 s (21,068), and 
261 (32,850); NMR (D20-NaOD with SDSS as internal standard) 
8.54, s (C7 H), 7.8, d ( J  9 Hz, H2+y), 7.40, d ( J  = 9 Hz, H3/5~), 4.42, 
t (CY proton of glutamate moiety), and 1.0-2.5 ppm, c (four protons 
of glutamic acid). Anal. Calcd for cl~HlsNeO&: C, 49.78; H, 3.93; 
N, 18.34; 0, 20.96; S, 6.99. Found: C, 49.69; H, 3.96; N, 18.46; 0, 
21.08; S, 6.99. 

10-Thioaminopterin, the 4-amino-4-deoxy analog of 1, has also 
been synthesized in this laboratory by a similar procedure and will 
be discussed in a later communication in this series. 
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The stereoselective total synthesis of (&)- and (-)-prostaglandin E1 (1) is described. Chromous sulfate reduc- 
tion of 7-(2-formyl-3-tetrahydropyranyloxy-5-oxocyclopent-l-enyl)heptanoic acid (3b) afforded the saturated al- 
dehyde lob, which was condensed with n- hexanoylmethylenetriphenylphosphorane (7) to form ll-o-tetrahydro- 
pyranyl-15-dehydroprostaglandin E1 (11). Reduction of 11 with thexyl tetrahydrolimonyllithium borohydride fol- 
lowed by hydrolysis gave 1. The mechanism of stereochemical control is discussed in detail. The total synthesis 
was extended to the preparation of (f)-w-homoprostaglandin E1 (32c) and (f)-15-methyl-w-homoprostaglandin 
E1 (32d). 

The  prostaglandins,za,b a family of oxygenated CZO fatty 
acids of widespread occurrence in animal tissues, exhibit a 
broad range of biological activitieszc and presumably play 
an important role in several physiological processes. Pros- 
taglandin El (PGE1, l ) ,  one of the most active and ubiqui- 

1 

tous hormones of this species, has been synthesized3-10 
chemically by several different groups, Some4~7,sb~gb of 

these total syntheses of PGEl  were stereochemically con- 
trolled. 

The  primary objective of our study was to  develop an ef- 
ficient general route to  new prostaglandin analogs which 
might possess more selective biological activities. This tar-  
get was partly achieved with a facile seven-step total synth- 
esissaJ1 of racemic PGEl  (1) and PGF1, (8) along with their 
stereoisomers as outlined in Scheme I. This scheme was not 
stereoselective in some steps. Thus, almost equal amounts 
of 5 and 6 were obtained after the Wittig condensation. 
Also, comparable amounts of ( f ) -PGE1 (1) and its 15 ep- 
imer (28) were formed in the reduction step. Some of the  
stereoisomer& exhibited interesting biological activities.lZ 

Later, large quantities of PGEl  were required for biologi- 
cal study. Owing to  the inevitable formation of the  stereo- 


