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A catalyst formed in situ from Mo[N(t-Bu)(Ar)]; 1 (Ar = 3,5-dimethylphenyl) and CH,Cl, in toluene effects cross metathesis reactions of
functionalized alkynes that are beyond reach of more traditional promotors. An application to the synthesis of prostaglandin E, (PGE;) 19 and
the acetylated PGE derivative 18b shows the compatibility of this method with sensitive substrates.

As compared with the metathesis of alkenes that has seen aather harsh conditions (13040 °C)° that preclude ap-

prolific growth during the past decadieyetathesis of alkynes
is still in its infancy. Only recently it has been shown that

plications to elaborate and highly functionalized substrates.
Therefore we were prompted to investigate if more

this transformation holds great promise for advanced organicefficient catalysts upgrade the profile of this particular
synthesis and polymer chemistry. In particular, various transformation. Most promising is the molybdenum complex

applications to ring-closing alkyne metatheki$,alkyne
homodimerization,cyclooligomerizatiorf,or polymerization
reaction$ display a remarkably wide scope. A largely
unexplored field of application, however, is alkyne cross
metathesis (ACM). The very limited number of successful
examples reported in the literat@reely on a structurally
unknown catalyst formed in situ from Mo(C&and phenol
additives; though optimized by BurfiZthis system requires
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Mo[N(t-Bu)(Ar)]s 1 (Ar = 3,5-dimethylphenyl) activated in
situ by CHCl,,*'%because this reagent combination performs
particularly well in macrocyclization reactiofg.
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The superiority of 1/CH,CI, is evident from the ho-
modimerization and prototype cross metathesis reactions
compiled in Table 1. It is remarkable that substrates bearing
electron-donating or electron-withdrawing substitutents are
converted with similar ease. Note that alkyng@s8 es-
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Table 1. Comparison of Homodimerization and Alkyne Cross
Metathesis Reactions of Substituted Propynyl Benzene
Derivatives Promoted by Two Different Catalyst Systems

X CI/\z/\\\/\’mx “
€> — - 6 =

ACMI
homodimerization
- 2 butyne
X X
substrate homodimerization ACM
1 Mo(CO)  1°
FiC
Or—=— 3 » 1w
NC—®+ 4 58 15 70
OMe
Q% 5 68 0 67
COOMe
Ch=— 6 % o @
O
= 7 46 0 47
/\

“ Activated in situ with CH,Cl, in toluene at 80°C; b Activated in situ with p-
chlorophenol (30 mol%) in 1,2-dichlorobenzene at 140°C, cf. ref. 9d.

Scheme 1. ACM of Substrates with a Set of Symmetrical
Alkynes 9a—d (1.5 equiv) Catalyzed bg (10 mol %)/CHCI,
in Toluene at 8CC

X
OMe OMe
. 1/CH.Cl, =
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X X yield
10a Me 72%
b Cl 67%
c CN 82%
d CH)OTHP 68%

even remains the largely preferred pathway if a 1:1 mixture
of propynyl benzend1 and the nonsymmetrical alkyrie
is exposed tal/CH,Cl, (Scheme 2); homodimerization of

Scheme 2. ACM of Two Non-Symmetrical Alkynes (1 equiv
each) Catalyzed bg (10 mol %)/CHCI, in Toluene at 8CC
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the individual substrates does not seriously compete under
these conditions (only 9% of tolane derived frdath are
formed).

sentially fail to react or decompose in the presence of the The ACM reactions compiled in Scheme 3 deserve

traditional promotor system Mo(C@jp-chlorophenof?

The generality of ACM catalyzed b{/CH,Cl; is further
illustrated by Scheme 1 compiling reactions of substEate
with differently functionalized symmetrical alkyn€a—d.

The yields obtained and the selectivity for cross metathesis

over homodimerization d are excellent in all cases. ACM
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Scheme 3. ACM of C-Silylated Alkynes with 5-Decyne (1.5
equiv) Catalyzed byl (10 mol %)/CHCI, in Toluene at 8CC

5-decyne
1cat./ CH2C|2
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X yield

15a H 55%
b OMe 60%

¢ COOEt 65%

particular mention. Terminal alkynes or C-silylated alkynes
are not amenable to productive metathesis so far; in fact,
compoundl4a (X = H) does not homodimerize at all on
exposure tol/CH,Cl, under standard reaction conditions.
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Therefore we were surprised to find that this and related ||| 3D

substrates undergo smooth ACM with 5-decyne to afford
the desired cross metathesis produda—cin respectable
yields. To the best of our knowledge, these are the first
examples of metathesis reactions involving C-silylated start-
ing materials.

ACM of alkynes bearing only alkyl substitutents on the
triple bond can also be carried out, although they were found
to be slightly less efficient. This is evident from the
“scrambling” processes depicted in Schem& Fhey are,

Scheme 4. Scrambling of Functionalized Alkynes Catalyzed
by 1 (5 mol %)/CHCI; in Toluene at 8C°C'!
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however, synthetically useful if one of the reaction partners
is readily available and can be used in slight excess.
This possibility is illustrated by an application to the
synthesis of prostaglandin,E9 and the 159-acetylated
PGE derivative18b (R = Ac) (Scheme 5). Thus, reaction
of compoundl6a (R = TES) bearing a 2-butynyl group as
a truncatedu-side chaif? with an excess of alkyné&7 (2
equiv) affords the cross metathesis prodidin 51% vyield,;
homodimerization ofl6ais not observed at all under these
conditions. Subsequent Lindlar reduction I8a followed
by deprotection of the silyl groups with aqueous HF in THF
delivers PGEmethyl ested 9. The synthesis of the acetylated
analoguel8b (R = Ac) from 16b proceeds in a similar

Scheme 8
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a[a] 1 (10 mol %), CHCl,/toluene, 80°C, 51% (L8a), 44%
(18b); [b] Hx (1 atm), Lindlar catalyst, CKCl,, 87%; [c] aq HF,
THF, 88%.

rigorously distinguishes between the reactive alkyne unit and
the inert alkene entity 016.

In summary, it has been shown that ACM is a highly
selective and efficient transformation if the recently disclosed
catalyst systert/CH,Cl, is employed. This particular reagent
combination allows extension of the scope of this transfor-
mation to C-silylated alkynes and tolerates polar function-
alities as diverse as ether, ester, nitrile, trifluoromethyl,
aldehyde, acetal, alkyl chloride, sulfone, ketone, silyl ether,
and pre-exisiting alkene groups. Further studies on alkyne
metathesis effected by this and related catalysts will be
disclosed in due course.
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Supporting Information Available: Representative pro-
cedure for ACM, as well as full spectroscopic characteriza-
tion of all homodimerization and cross metathesis products.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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