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Ring-Closing Alkyne Metathesis: Application
to the Stereoselective Total Synthesis of
Prostaglandin E,-1,15-Lactone™**

Alois Fiirstner* and Karol Grela

Dedicated to Professor Giinther Wilke on the occasion of his
75th birthday

Among the few limitations that infringe upon the superb
overall application profile of ring-closing olefin metathesis
(RCM), the lack of control over the configuration of the
newly formed double bond constitutes a significant handicap
when applied to the macrocyclic series.'l The cycloalkenes
formed are usually obtained as mixtures of the £ and Z
isomers, with the E isomers dominating in most of the
recorded examples. 2 This constitutes a significant drawback
in many natural product syntheses as can be clearly seen, for
example, from the epothilone case.?!

To circumvent this inherent problem, we have recently
proposed an indirect but stereoselective approach to macro-
cyclic Z alkenes which comprises a ring-closing metathesis
reaction of diyne substrates followed by semireduction of the
resulting cycloalkyne products (Scheme 1).11 Schrock-type
tungsten alkylidyne complexes such as [W(=CCMes)-
(OrBu);]! as well as a newly discovered molybdenum
chloride species formed in situ from [Mo{N(Bu)(Ar)};] and
CH,CL[>7 were found to be efficient precatalysts for this
unprecedented type of ring-forming reaction.’! In terms of
functional group compatibility, these initiator systems exhibit
complementary behavior.

To gain a better understanding of the relevance and scope
of this conceptually new approach, we were prompted to
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Scheme 1. Stereoselective synthesis of macrocyclic Z alkenes by ring-
closing alkyne metathesis and subsequent semireduction.

extend our studies beyond model compounds and to venture
into the total synthesis of biologically significant and structur-
ally more demanding targets. We felt that prostaglandin
lactones such as 1-3, a rather unique class of natural products
isolated from the nudibranch Tethys fimbria,”'® would
provide an ideal testing ground in this respect.

PGA-1,15-lactone (2)

PGF»-1,15-lactone (3)

PGE> (4)

PGE,-1,15-1actone 1 as a prototype member of this family
exerts strong biological effects in vitro and in vivo, including a
significant decrease of gastric secretion when administered
intravenously in dogs (90 % at a dose of 100 pgkg=")['*I as well
as ichthyotoxic properties at 1-10 uygmL~! concentrations.’)
Furthermore, 1 is readily hydrolyzed into parent prostaglan-
din E, 4 by various esterases and therefore constitutes an
attractive prodrug for this physiologically highly active
metabolite.'’ I In view of differing enzyme activity distri-
bution in tissue, one may even envisage its sustained and
localized release. From the chemical point of view, the
instrinsically labile S-hydroxy ketone substructure of all
members of the PGE series towards acid as well as base
renders lactone 1 a formidable probe for the applicability of
the alkyne metathesis/Lindlar reduction strategy to sensitive
compounds in general.

The results of our investigations are summarized in
Scheme 2. Three-component coupling['?l as the most elegant
method for the construction of prostaglandin skeletons
accounts for a straighforward formation of the required
cyclization precursor 13. Thus, commercially available prop-
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Scheme 2. a) Et;SiCl, imidazole, DMF, room temperature, 24 h;

b) nBu;SnH, azoisobutyronitrile (AIBN; cat.), 130°C, 2 h, 73% (over both
steps); ¢) 1.) nBuLi, THF, —78°C, 1 h; 2.) Me,Zn, —78°C —0°C, 15 min;
3.) compound 7, —78°C, 1h; d) THF/HMPA, then compound 9,
—78°C— —40°C, 19h; e) HOAc, THF/H,O, room temperature, 3 h,
74 % (over steps c—e); f) S-heptynoic acid (12), diisopropyl carbodiimide,
DMAP cat., CH,Cl,, room temperature, 3 h, 94%; g) [Mo{N(:Bu)(Ar)};]
(Ar =3,5-dimethylphenyl) (7.5 mol %), CH,Cl,/toluene, 80°C, 16 h, 68—
73%; h) H, (1 atm), Lindlar catalyst, quinoline cat., hexane, room temper-
ature, 2 h, 86 %; i) aq. HF, MeCN, room temperature, 1 h, 88 %.

argyl alcohol 5 (ee =98 %) is protected as a triethylsilyl (TES)
ether prior to conversion into vinylstannane 6 under free-
radical conditions.' Tin for lithium exchange on exposure of
substrate 6 to nBuLi at low temperature followed by addition
of Me,Zn affords a zincate intermediate which undergoes
smooth conjugate addition to the known Michael acceptor 7
(ee=94%).1 Enolate 8 thus formed is quenched with
propargyl iodide 91! to afford adduct 10.1'°] Selective depro-
tection of the TES group of the crude material with dilute
HOACc in aqueous THF delivers compound 11 in diastereo-
merically and enantiomerically pure form in 74 % yield over
both steps (ee >99 % ).l This excellent result reflects the
high reactivity of 9 as the electrophile in this three-component
assembly. Subsequent esterification of the free OH group of
11 with 5-heptynoic acid (12)[>"1 in the presence of diisopropyl
carbodiimide and catalytic amounts of 4-dimethylaminopyr-
idine (DMAP) readily provides diyne 13 and sets the stage for
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the crucial macrocyclization by ring-closing alkyne meta-
thesis.

Gratifyingly, this key transformation proceeds very well
using the catalyst formed in situ from [Mo{N(tBu)(Ar)}]
(Ar=3,5-dimethylphenyl) and CH,Cl, in toluene at 80°C,[!
affording the desired cycloalkyne 14 in 68-73 % yield (four
runs).!8l Several aspects are noteworthy: The [Mo{N-
(tBu)(Ar)}s]-derived catalyst was previously shown to tolerate
esters, ethers, silyl ethers, ter-amides, thioethers, and pyridine
groups,’®l but its reactivity towards ketones was unknown.
Since the rather labile aldol substructure of substrate 13 is
fully preserved in the product, this example not only extends
this list by an additional electrophilic group, but clearly attests
to the mildness of the method in general terms. Careful
chromatographic inspection of the reaction mixture reveals
that no racemization takes place before or after ring closure
and the ee of the substrate (ee =99 % )!'7* and of the product
(ee =98 % )!'™! are also virtually identical. Finally, this exam-
ple nicely demonstrates that the catalyst rigorously distin-
guishes between the triple bonds (reactive) and a preexisting
double bond (inert) of the substrate.

Standard Lindlar hydrogenation of cycloalkyne 14 followed
by deprotection of the residual TBS ether with aqueous HF in
acetonitrile™ completes this total synthesis of the marine
natural product prostaglandin E,-1,15-lactone 1 which is
obtained in 28 % yield over the entire eight-step sequence."!
Its 600 MHz NMR spectra are in full agreement with the data
reported in the literature.>?!l By virtue of the known
enzymatic hydrolysis of this compound into prostaglandin E,
4 as well as by the known transformation of 1 into PGA,-1,15-
lactone 2,1%l formal total syntheses of these interesting
natural products have also been accomplished.

From the conceptual point of view it should be emphasized
that this novel entry into the prostaglandin series is inherently
flexible and has therefore strategic advantages over more
conventional approaches: esterification of compound 13 with
alkynoic acids other than 12 followed by ring closure of the
resulting diynes by alkyne metathesis opens a rather general
way for the assembly of prostaglandin libraries differing in the
a-chain which are difficult to prepare otherwise.[*!
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IR-Thermographic Screening of Thermoneutral
or Endothermic Transformations: The Ring-
Closing Olefin Metathesis Reaction

Manfred T. Reetz,* Michael H. Becker, Monika Liebl,
and Alois Fiirstner

Whereas combinatorial chemistry in the area of pharma-
ceutical research has reached maturity,!! the use of appro-
priate systems in catalysis still poses challenges.?l Recently we
reported the first cases of IR-thermographic detection and
parallel screening of enantioselectivity in transition metal
catalyzed and biocatalyzed organic transformations.’] The
test reactions chosen were all exothermic processes, enantio-
selectivity showing up as “hot spots” in the respective IR-
thermographic images. IR-thermography had previously been
used as a detection and/or screening system in achiral
exothermic reactions mediated by heterogeneous catalysts./!
Indeed, it was quietly assumed that only exothermic processes
can be assayed by this method.>*3 We now report that
exothermicity is not a requirement in IR-thermographic
screening of catalysts. Specifically, we demonstrate for the
first time that in appropriate systems endothermic or even
thermoneutral reactions can be successfully screened by time-
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