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Abstract: The molybdenum-promoted cycloisomerization of terminal alkynes tethered to nitrogen
nucleophiles is described. Reaction of N-carbamoyl alkynylamines with (Et3N)Mo(CO)s affords cyclic
enecarbamates. Similarly, cyclization of 2-¢thynylaniline gives the isomeric indole heterocycle,
although N-3-butynylaniline affords the cyclic metal azacarbene product. © 1997 Elsevier Science Ltd.

The reaction of terminal alkynes with many transition-metal complexes facilitates rearrangement to
vinylidene carbene complexes. In alkyne substrates bearing hydroxyl groups (1a), the electrophilic sp-
hybridized carbon atom of the vinylidene carbene intermediate 2a undergoes nucleophilic addition of the oxygen
atom (Scheme 1). The products of metal-promoted alkynol cyclizations are generally the stoichiometric
oxacarbenes 3a (path a),! although several years ago we discovered that (triethylamine)molybdenum
pentacarbonyl induces a unique synthetic transformation to the cycloisomeric enol ethers 4a (path b).2 We are
also interested in extending these cyclization reactions to the preparation of nitrogen heterocycles. QOur recent
inadvertent observation of pyrrole product 6 from the reaction of the N-carbamoyl-substituted alkynyldiol 5
with (tetrahydrofuran)tungsten pentacarbonyl3 motivated studies of the extension of cycloisomerization
reactions to carbamate-protected nitrogen nucleophiles (X = NCO2R).4

Scheme 1. Pathways for cyclizations via metal vinylidene complexes
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Our initial explorations on the reactions of N-(phenylmethyl)-3-butyn-1-amine3 with Cr, Mo, and W
carbonyl reagents gave a disappointingly complex mixture of products, whereas the N-(acetamido) and N-(p-
toluenesulfonamido) analogs were inert to these reaction conditions.5 However, N-(t-butoxycarbonyl)-3-butyn-
1-amine (7)7 exhibited the appropriate balance of nucleophilicity vs. basicity apparently required for successful
cyclization with (triethylamine)molybdenum pentacarbonyl 8 affording the cycloisomeric enecarbamate 8°
(Scheme 2). Cycloisomerization of 7 into the cyclic enecarbamate product 8 could also be accomplished by
reaction with chromium hexacarbonyl / trimethylamine N-oxide (in situ formation of trimethylamine-chromium
pentacarbonyl).10 In contrast, the azacarbene product 911,12 was obtained upon reaction with
(tetrahydrofuran)-tungsten pentacarbonyl,!3 but this carbene was readily converted into enecarbamate 7 upon
reaction with triethylamine. The homologous substrate 10 did not react with chromium or molybdenum
pentacarbonyl reagents, but reaction with (THF)W(CO)s gave a modest yield of six-membered ring
enecarbamate 11. The 2-alkynylanilines 12 and 1314 also underwent facile cycloisomerization to give the
corresponding indole products 14 and 15. The high-yield cycloisomerization of 12 could be accomplished
with catalytic quantities of the metal carbonyl reagent, whereas cyclizations of the aliphatic aminoalkyne
substrates 7 and 10 require more equivalents of metal carbonyl reagent to obtain good yields of cyclic products.
Apparently this indole synthesis is favored not only by the thermodynamic stability of the aromatic product, but
also by the reduced basicity of the aniline precursor 12 relative to aliphatic amines.

Scheme 2. Cycloisomerizations of alkynylamines
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However, the N-(3-butynyl)aniline 1613 underwent cyclization in the presence of one equivalent of
tricthylamine-molybdenum pentacarbonyl to afford only the azacarbene 1716 (40% yield + 55% recovered 16),
even in the presence of tricthylamine. We have been unable to productively convert this carbene into a metal-
free organic compound such as the corresponding enamine product 18.

(EtaN)Mo(CO)s Mo(CO)s

H
O f e, @é + OO
16

Representative procedures for azacyclizations:

N-(terr-Butoxycarbonyl)-2-pyrroline (8): Mo(CO)g (0.5 mmol) was placed in a 18 x 150 mm borosilicate test
tube; freshly distilled Et3N (2 mL) and Et0 (8 mL) were added and the contents dissolved by stirring. The
reaction mixture was then photolyzed (350 nm, Rayonet photoreactor) for 20 min under N3. The reaction
vessel was removed from the light source, alkynyl carbamate (7, 0.5 mmol) was added and the reaction mixture
was stirred for 20 h under Nz at 20°C. Cyclic enecarbamate product 8 was isolated by evaporation of solvent
followed by flash chromatography on silica gel (pentane / Ety0 / 2% EtyNH). The product exhibited 'H and
13C NMR spectra which were identical to the literature 92

N-(tert-Butoxycarbonyl)-2-tetrahydropyridine (11): W(CO)g (5 mmol) was placed in a 100 mL airfree reaction
tube fitted with a reflux condenser and purged with N3 for 1 h. Freshly distilled THF (25 mL) was added and
the solid dissolved with stirring. The reaction mixture was then irradiated (350 nm, Rayonet photoreactor) for 2
h under N2 with stirring. The reaction vessel was removed from the light source, alkynyl carbamate (10, 1.0
mmol) in THF (5 mL) was added, and the reaction mixture was stirred at room temperature for 20 h, followed
by heating to reflux for two days. Enecarbamate (11) was isolated by evaporation of solvent under reduced
pressure at 10°C followed by flash chromatography on silica gel (pentane / Et20/ 2% EtpNH). IR (free film
from CH3Clp) 2977, 2930, 2848, 1741, 1699, 1652, 1358, 1254, 1167, 1115, 1053, 994, 878, 768 cm"1; 1H
NMR (300 MHz, CDCl3) [spectra indicated 1.5 : 1 mixture of amide rotamers] 5 6.83, 6.73 (1H, br m); 4.89,
4.87 (1H, br m), 3.53 (2H, br m), 2.02 (2H, br m), 1.82 (2H, m), 1.48 (9H, s); 13C NMR (75 MHz, CDCl3)
5 191.2, 125.7, 125.3, 105.7, 105. 3, 80.5, 42.6, 41.5, 21.8, 21.5; MS (70eV, LREI) 183, 127, 110, 83, 68,
57, 41; HRMS calcd for C19H17NO2 183.1259: found 183.1285.
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