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The notion of synthesizing prostaglandins by dialkylation of 
an a,0-unsaturated ketone goes back to the early days of the field.1 

The first success in a fully functionalized setting was realized by 
Stork and Isobe.2 Major advances in conciseness and efficiency 
have been introduced by Noyori,3'4 Johnson,5 and Corey.6 

While there have been countless variations, a common theme 
is apparent. Addition of a nucleophilic version of the C13-C2O 
("lower-chain") to C12 generates a C8-C9 enolate which is trapped 
with an electrophile suitable for construction of the C7-C1 

("upper") chain. In these schemes, the R enantiomer is employed. 
The stereochemical rationale of this method is that the organo-
metallic nucleophile (Nu) attacks anti to the OP group and the 
electrophile attacks C8 anti to the "lower" chain installed at C12. 
The proper configuration at Q 5 is achieved either from the use 
of a suitable educt7 or by reduction of the C15 ketone.7'8 The 
general outlines of the previous three-component strategy are 
implied in Scheme I, where PGF2n is the goal system. 

In this paper we disclose a new strategy wherein the C12-C13 

bond is established from an electrophilic version of C13, and the 
C8-C7 bond is fashioned from a nucleophilic version of C7. As 
will be seen, this method has significant advantages in terms of 
simplicity of building blocks and reactions. Either isomer at C15 

becomes readily available by stereochemical communication.9 

The success of the route arises from the confluence of several 
rather interesting findings. The first is that a group transfer 
reaction of (S)-enone 2 (vide infra) with the silylketeneacetal 
derivative 3 occurs cis to the OTBS group to produce the specific 
enolate equivalent 4.1CU1 This compound reacts with (Z)-12a or 
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(£)-octenal12b (5 and 6, respectively) under catalysis by TiCl4 to 
produce the C12-C13 syn aldol products.!3,14 In each case, the 
aldehyde has entered trans to the carbethoxymethyl group at C8. 
In each instance, the aldol process involves a second group transfer 
reaction of the triethylsilyl (TES) unit. Each aldehyde attacks 
trans to the resident group at C8, and a syn C12-C13 siloxyaldol 
system is produced in an essentially stereospecific reaction. In 
each instance selective cleavage of the TES function is achieved 
with maintenance of the OTBS group.15 For the product derived 

(11) All new compounds were characterized by 'H NMR, IR, mass 
spectrometry, HRMS, and/or elemental analyses. 
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from 4 + 5 (Z-series), this selective desilylation is accomplished 
upon exposure of the system to the aldol reaction conditions 
(TiCl4-CH2Cl2, -85 0C, 30 min). For the product derived from 
4 + 6 (£-series), a subsequent reaction of the siloxy transfer 
product with aqueous AcOH-THF achieves the same result. The 
resultant alcohols are acetylated (Ac2O; Py; DMAP) to afford 
acetates 7 and 8 in the indicated yields. 

The pathways from compound 7 and 8 to PGF2n were very 
direct indeed. Reaction of compound 7 with Pd(MeCN)2Cl2 led 
to allylic transposition of the acetate with the formation of the 
£1 3 1 4 double bond and installation of the required 15S stereo
chemistry (see compound 9) in 72% yield.16'19 At this stage20 

reduction of the C11 ketone with sodium borohydride is stereo-
specific in the desired sense. Acetylation provided compound 11 
in 74% yield (53% overall yield from 7). Cleavage of the TBS 
group and lactonization was accomplished through the action of 
TBAF. Reaction of 12 with DIBAL resulted in formation of the 
lactol with deacylation to give compound 13 in 72% overall yield 
from 11. Reaction of 13 with phosphorane 14 under the usual 
conditions gave, in 53% yield,21 PGF2a (1) whose infrared and 
NMR spectra as well as optical rotation and chromatographic 
properties were identical with those of an authentic sample.22 

The same type of allylic transposition occurred even more 
rapidly23 with the E isomer 8. The rearrangement is unidirec
tional,24 and the C13-C14 double bond emerges cleanly trans. The 
stereochemistry at carbon 15 is of course R. Again, reduction 
of the C11 ketone with sodium borohydride is stereospecific af
fording compound 16 which was protected as its tetrahydropyranyl 
ether 17 (69% overall yield from 8). Desilylation as above is 
accompanied by lactonization, and compound 18 is obtained in 
84%o yield. This substance is clearly a very valuable intermediate 
for preparing prostaglandins of the 1 SR series. We have used it 
to cross over to the natural series by inverting the stereochemistry 
at carbon 15. This was accomplished as follows. Deacylation 
of the 18 epiacetate afforded (98%) the ISR alcohol 19, which 
was inverted in a standard Mitsunobu reaction25 to the 155 
benzoate 20 in 73% yield. Treatment of this compound with 

(15) A major complication arises if the TBS group is cleaved at this stage. 
With the C1] ketone still in place, /3-elimination occurs to give the enone. 
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(28) This assessment is not meant by way of a comparison with the effi
ciency of previous excellent efforts (ref 2-6). A detailed analysis of the 
implications of our work for commercial production relative to the existing 
methods has not been undertaken. The attraction of our route stems from 
the easy availability of all of its components and the ease of their assembly. 
In that vein we note that, as of this writing, the (5)-enone 2 is more readily 
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diisobutyl aluminum hydride resulted in reduction of the lactone 
and debenzoylation, affording compound 21. Reaction of this 
compound with Wittig reagent, 14, followed by cleavage of the 
THP protecting group (aqueous acetic acid), again afforded PGF20 

(1), this time in 46% yield from 20.21 

These routes offer major advantages in terms of conciseness, 
availability of all the building blocks, and simplicity of the re
actions. Not the least advantage is the ready access to the required 
(S)-enone 2. The diacetate 22, available in multigram scale from 
cyclopentadiene,26 is converted through the action of acetyl
cholinesterase27 in 89% yield and, essentially total optical purity, 
to the monoacetate 23. Protection of the alcohol as its TBS 
derivative through the action TBSCl and imidazole in DMF 
affords 24 which on simple hydrolysis (sodium methoxide) leads 
to 25. The latter is oxidized with manganese dioxide to the 
optically pure (S)-enantiomer 2. The overall conversion of 22 
to 2 is achieved in 70% yield. This chemistry provides an emi
nently practical route for the total synthesis of prostaglandins 
and congeners thereof.1* Experiments directed toward taking 
advantage of this new capability will be described in due course. 
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We report pulse-probe transient ultraviolet resonance Raman 
(UVRR) spectra of photolyzed carbonmonoxy hemoglobin 
(HbCO) which provide direct evidence that the R —- T quaternary 
structure change occurs in ~20 us. This process coincides with 
the transition from fast to slow recombining Hb1 and with the 
final optical transient of photolyzed HbCO molecules.2 The 
UVRR spectra are interpreted as responding to H bonding changes 
of aromatic groups at the a^2 interface of the Hb tetramer. The 
transient signals also indicate the formation of a structural in
termediate associated with the R -* T transition. 

Figure 1 shows a fragment of the UVRR spectra of oxy- and 
deoxyHb excited at 229 nm with an H2-Raman-shifted pulsed 
Nd: YAG laser.3 The spectra contain bands which are associated 
with ring modes of tyrosine (Tyr), î a/sb = 1617/1601 cm"1, and 
tryptophan (Trp), W3 = 1555 cm"1.4'5 These spectra have suf
ficient signal/noise to expose the slight differences between oxy-
and deoxyHb. The difference spectrum reveals a downshift (1.5 
cm"1) of the Trp band and upshifts (2 cm"1) in the Tyr bands. 

'Present address: Harrison Spectroscopy Laboratory, MIT, Cambridge, 
Massachusetts 02139. 
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