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Total Synthesis of Prostaglandin Fzcl by 
Chirality Transfer from D-Glucose'** 

Sir. 

glandin PGF*,, (1) from D-glucose. 
We describe herein the successful construction of prosta- 

cno 

J 

The synthetic plan involves the assumption that the trans- 
formations shown by arrows on 2 could be effected. A molecule 
of type 2 should in turn  result from C-0 - C-C chirality 
transfer from 3. It  is this molecule which thus became our 
initial synthetic target. 

The product of the addition of H C N  to D-glucose, the 
commercially available3 D-glycero-D-guloheptono- 1,4-lactone 
(4), was reduced with aqueous sodium borohydride (pH kept 
a t  3-3.5 by simultaneous addition of 10% H2S04) to give 
(-90% yield) D-g~y~ero-D-gu~oheptose~ from which the re- 
quired 2,3,6,7-diisopropylidene-~-glycero-~-guloheptose (5) 

on 
on 
on 

O A C  

n o t  

4 - 5 6 

was formed5 in 75% yield together with 15% isomeric 
3,5,6,7-diisopropylidene derivative.6 Reduction to the corre- 
sponding diis~propylideneheptitol~ (sodium borohydride in  
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methanol, 10-15 "C, 1.5 h, then acetic acid to pH 7) was 
followed by acetylation of the primary alcohol to give 68 (1.2 
equiv each of acetic anhydride and pyridine, chloroform, -7 
OC, 18 h) and elimination of the adjacent hydroxyl groups by 
thermolysis of the dimethylformamide cylic acetal' derived 
from 6 in the presence of acetic anhydride to produce in -40% 
overall yield from 4 the acetoxy trans olefin 7 (purified either 

by vacuum distillation or silica gel chromatography): N M R  
(220MHz)65.07(dd ,J=6,16Hz,1  H ) 5 . 1 5 ( d d , J = 6 , 1 5 . 5  
Hz, 1 H).  Freeing of the secondary allylic alcohol required for 
chirality transfer from C-0 to C-C was done by following lines 
previously laid down in our synthesis of PGA2 from 
L-erythrose.2a Removal of the acetate with base was followed 
by formation of the mixed carbonate (1.5 equiv of methyl 
chloroformate, pyridine, 0 "C, 2.5 h) which finally led after 
hydrolysis of the isopropylidene groups (cupric sulfate, aqueous 
methanol, 24-h reflux) to the necessary terminal five-mem- 
bered carbonate (addition and removal of benzene-methanol). 
Transformation of the remaining vicinal glycol to its acetonide 
(acetone, sulfuric acid catalysis, 2 h at room temperature), and 
then neutralization with ammonia gas and silica gel chroma- 
tography (4090 ethyl acetate-hexane) now led, in -54% yield 
from -7, to the key intermediate 3: mp 69-70 o C ; ' [ a ] 2 5 ~  
+15.3' (c 1.88, C H 3 0 H ) ;  RfO.46 in ether; N M R  6 1.44 (3 
H ,  s), 1.47 (3 H, s), 3.5 (1 H ,  b r , O H ) ,  3.63 ( I  H , d d , J  = 7, 
7 Hz), 6.0 ( 1  H ,  ddd, J = 1.5,6.15 Hz) .  Establishment of the 
proper chirality a t  the eventual Clz center was effected by the 
ortho ester Claisen methodlo to give 8 (SO?? from silica gel with 

9 

CH2C12), on which the construction,of the allylic alcohol side 
chain was completed essentially by the sequence used in a re- 
lated case:2d basic hydrolysis of the cyclic carbonate, formation 
of the primary monotosylate,' protection of the secondary 
alcohol with ethyl vinyl ether, and coupling with lithium di- 
butylcuprate (10 equiv, ether, -40 "C, 2 h). The crude cuprate 
coupling product was then simultaneously deprotected and 
lactonized to 9 (aqueous sulfuric acid, T H F ,  15 h, room tem- 
perature) obtained from silica gel with 97:3 CH2C12-CH3OH 
in -35%overall yield from 8. The sirupy 9 had +42.6' 
(c 1.55, MeOH) and was a single substance by I3C N M R :  6 
14.7, 14.47, 31.78, 25.13, 37.09, 71.87, 126.21, 137.44,40.73, 
83.47, 61.39, 177.87, and 35.24 for carbonsI2 20 through 8, 
respectively. The trans 13,14 double bond i n  the IH N M R  
showed J = 15 Hz. 

Alkylation of the bis(ethoxyethy1) ether of 9 with the di- 
phenyl tert-butylsilyl etherI3 of 7-bromo-cis-5-hepten- 1 -0Il4 
(1 . I  equiv of lithium hexarnethyldisilazane, THF,  -78 "C, and 
then 3 equiv of bromide in THF-HMPA (final THF-HMPA, 
-92:s) at -40 to -20 "C, 2 h) gave 71% of the monoalkylated 
product 10 ( N M R  J8,12 = 16 Hz,  (511.12 = 7 Hz), together 
with 13% of the more rapidly eluted (silica gel, 10:5: 1 -2) cy- 
clohexane-pentane-ethyl acetate dialkylated material. 

The construction of the cyclopentanone ring from the lac- 
tone was carried out by the protected cyanohydrin m e t h ~ d . ~ ~ . ' ~  
Reduction of the lactone of 10 to the hemiacetal (diisobu- 
tylaluminium hydride), cyanohydrin formation ( H C N ,  eth- 
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anol, - 10 "C), and removal of the ethoxyethyl groups (50% 
acetic acid-THF, 35 "C) gave 11 in which the I3C N M R  
showed the olefin resonance at  6 128.6, 133.4, 138.0, and 126.3 
for carbons 5 ,  6, 13, and 14, respectively. Tosylation of the 
primary alcohol (1.5 equiv of TsCl in dry pyridine, --I 5 "C, 
1 h; -3 "C, 24 h; twice repeated on starting material reisolated 
from silica gel) now gave 1 2  in 37% overall yield for the four 
steps from 10. 

Cyclization was effected by treating the tris(ethoxyethy1) 
derivative 13 with -6 equiv of potassium hexamethyldisilazane 
(from potassium hydride-benzene, 5-h reflux) to give, in 72% 
yield from 12, the cyclopentane 14 (from silica gel with 10: 
5:l-2 benzene-pentane-ethyl acetate). Removal of the silyl 
protecting group with fluoride ion in T H F ,  followed by oxi- 
dation of the liberated primary alcohol, first with Collins re- 
agent to the aldehyde and then with silver nitrate-aqueous 
alcoholic potassium hydroxide, gave 15 in 83% yield from 
14. 

:'\ 
0.2 H R ' O  

- 15 R'  =A0J 
R ' =  H 

We draw attention to the fact that the protected cyanohy- 
drin (cf. 14) resulting from this particular acyl carbanion 
equivalent is especially serviceable here because of its com- 
patibility with strong oxidizing agents. Furthermore, the in- 
termediate cyanohydrin resulting from dilute acid treatment 
is equivalent, in many reactions, to the carbonyl which it masks. 

This is important when, as in 16, the corresponding ketone is 
particularly unstable. 

The synthesis was then easily completed by removal of the 
three ethoxyethyl protecting groups of 15 (50% acetic acid- 
T H F ,  5 h, 40 "C) to 16 which was transformed with lithium 
Selectride (THF,  -78 "C, 1.5 h )  to PGF2,, (1,73% from 15), 
characterized fully as its methyl ester (diazomethane). The 
synthetic substance was completely identical in TLC behavior, 
infrared, i H  N M R  (220 MHz), I3C N M R ,  and rotation with 
natural PGFr, methyl ester. The transformation of D-glucose 
into natural PGFln had thus been achieved. 
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