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REACTIONS OF ENYNES WITH ADSORBED METAL-CARBENES
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Summary Adsorbed on silica-gel or on other adsorbants (MgSQ4, NaxS04, or NazCOj3), but not in
homogeneous solution, pentacarbonyl(methoxyethyhdene)chromium combines with simple enynes to give
bicycto[3 1 OJhexanes The method's usefulness 1s llustrated by the synthesis of a variety of previcusly
unknown structures from simple hydrocarbons, ethers, and amines

Acetylenes, unlike unactivated olefins, combine with external metal-carbenes that are stabilized by
heteroatoms ' The resulting vinyl-metal-carbenes react with various olefins,? but most easily with those to
which they are attached 2.3 These principles are the basis of a number of transformations, including three that
cychze enynes, shown in Scheme | 47

Scheme |

We report here a procedure (eq 1) that greatly improves the preparation of structures like 2, whose
synthesis from metal-carbenes was discovered and developed by Hoye S The process, tried because Smit
found that adsorption on silica facilitates Pauson-Khand reactions,8 1s to adsorb the dernvative of the metal-
carbonyl on solids and use no solvent

CH,
>=Cr(CO)s

X/\E CH3;0 - ]
\— Silica gel o o) ()

ca 70 °C,
2-3h

Table | compares three methods for combining 1-hepten-6-yne with metal-carbenes The procedure in
the third ine I1s the one that Hoye and Rehberg discovered works best for enynes substituted by two carbo-
methoxyls at the fourth carbon from the acetylene-end,5¢ but with the unsubstituted enyne it forms no carbocy-
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Table! Vanation in Products when 1-Hepten-6-yne Reacts Under Different Conditions with 1 mole of

CH
3>=Cr(c:0)5 [X = CHg or (CHaJaN*+ ]2
X0

X Conditions Products and Yields
0
SO /\/\/\)j\
CHe 70°C,3h o
4 (36%)° 5 (51%)b
CH;CN (0 05 M),
CHa 70°C,3h
4 (8%)° 6 (41%)°
==
(CHg)N* - THF (033 M), <5%4,5,0r6,9 g \
67°C,12h
O (59%) @

aThe yields were determined by TH NMR analysts (10 s relaxation delays, tnethyl phosphate internal standard)

he products were 1solated by extracting the silica gel with ethyl acetate (soxhlet extractor) Flash chromato-
graphy on siica then gave 5 preceded by a mixiure of 4 and a small amount of 5 Pure 4 was obtained by
preparative-GC  CAfter reaction, the CH,CN was stripped  After refluxing in 0 125% HCI in aqueous acetone
(1 3) and strippi dq solvent, product 6 was separated from 4 by flash chromatography Reference 6 reports a
31% yield of 6 SAqueous workup The enyne's acetylene 'H NMR at 8 1 93 was gone ®lIsolated by prepara-
tive GC NMR'sat8y4137(d, J=68Hz),496(dq, J=15,67Hz),and6 97 (brd,J=13 Hz), and dc 77 4
ppm, and an IR peak (CHCI3) at 1761 cm~! match those of the butenohde in which the sidechain is buty! rather
than penteny! 5

cles The procedure in the second line 1s the one used by Wulff and Kaesler & It gives 6, as they described,
accompanied by another product, a small amount of 4 In contrast, our procedure, line 1, gives a large amount

Table I Examples of Equation 12

Enyne Conditions Product (yield)
CH30,C — CH;0,C
)<: 63°C, 3 h m (94%)®
CH30,C = CH,0,C
7 11
s
0 _ 63°C,3h 0 5 (85%)¢
8 12
Fl—— o
PhCH~N 80°C,2h PhCH,-N I (51%)9
9 13
CH; —_ CH,
- 70°C, 2 h 5 (50-54%)°
CH - CH
10 14

4Reactions were performed using equivalent amounts (1-2 mmol) of enyne and metal-carbene and 4~
5 g of sifica gel per milhmole  Products were 1solated by soxhleting with ethyl acetate or ether (20 mL)

batter concentration and filtration with EtOAc through a small amount of silica gel, the product was
essentially pure ('H NMR)  ¢The yield accordmg to TH NMR analysts using n-decane as the mternal
standard Isolated by preparative-GC  “Obtained by flash chromatography ¢The yield according to TH
NMR analysis using trniethy! phosphate as the internal standard Isolated by preparative-GC
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of 4, along with a dienone that may arse by a process similar to one discovered by Macomber 9

Table il indicates the generality of the procedure and its potential, for with the exception of 1 1,50 all the
products were previously unknown Some of these—4, 5, and 14—were identified by synthesizing them in
other ways, 10 while 12 and 13 were identified on the basis of their spectra 12 With the exception of 9,12 all the
starting enynes—1-hepten-6-yne,'4 7,15 8,18 and 1017—are known compounds

Experiments were also performed to see whether adsorbants other than silica would be effective, and
Table Il records the yields obtained in studies that started with 10  The observation i1s that MgSO4 and
NayS0y4 are very effective, that alumina is not, and that whereas the more acidic adsorbants give 14, NaxSOy
and NapxCOs give the encl-ethers (15 in Scheme [)

Table Il Yields Obtained in the Reactions of 10 with Pentacarbonyl{methoxyethylidene)chromium
on Different Adsorbants?

Product Product
Adsorbant (yield) Adsorbant (yreld)
silica gel 14 (50-54%) MgSO4 14 (86%)
acidic alumina any (<10%) NazS04 15 (48%)
neutral alumina any (<10%) NasCO3 15 (25%)
basic alumina any (<10%)

2Reactions were carned out at 76-80 °C using 1 equiv of metal-carbene and 10 mL of adsorbant per mmol of
enyne After extracting with 20 mL of EtOAc and spiking with 1/8 equiv of {(EtO)3P0O, the yields were deter-
mined by 1H NMR analysis (20 s relaxation delays} Structure 15 (see Scheme 1) signifies the enol-ethers of
14, determined to be a 5 1 mixture of Zand Eisomers (see footnote 18) it was isolated by flash chromato-
graphy on silica gel, elutng with 1 9 ethy! acetate/hexane (1% triethylamine), and gas chromatographed

How do the adsorbants exert their effect? Simple removal of CO from the metal does not seem to be
the key, for N-methylmorpholine oxide, which does remove such CO's'® and induces Pauson-Khand reac-
tions,20 does not bring about the transformation in eq 1 21 A possible mechanism, analogous to previous
proposals B2 1s that anchoring constrains the conformation to promote the availability of the olefin to the
metal-carbene, increasing the likelihood that this olefin will react rather than the acetylene of another
molecule While we do not know what happens to the metal-carbene when it 1s warmed on the adsorbants,
our alternative hypothesis 1s that when an oxygen in 16 coordinates a cation on the surface, the electrophilicity
of the carbene increases, and with 1t the selectivity for reaction with alkene rather than alkyne 22

Experimental Procedure The conversion of 8 to 12 tlustrates the methodology Silica gel (Woelm
32-63 um, 8 g) was combined with the metal-carbene (500 mg, 2 mmol) in hexane (40 mL), and the solvent
was removed at reduced pressure The yellow, coated sihica gel under nitrogen (note not oxygen as in ref 8)
in a 100 mL round-bottomed flask was shaken while immersed in an oil bath at 63 °C with enyne 8 (2 mmol)
and n-decane (0 33 mmol) The shaker was a VIBRAX-VXR from IKA Works (Cincinnat, Ohio) After 3 h,
soxhlet extraction with 20 mL ether gave material, which TH NMR analysis (using the intensity of the decane
resonance at 50 88 as a reference) showed to contain an 85% yield of 12 It was isolated by preparative GC
on 5% SE30 on Chromoseorb W-HP
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