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Transition metal-promoted ring expansion reactions of 1-vinyl- Table 2. Scope of Au(l)-Catalyzed Ring Expansion?
cycloalkanols provide a powerful method for construction of a
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are potentially available from the corresponding rearrangement of CHCla, 1
1-alkynylcycloalkanols; however, only a few examples of transition  |20ty___substrate oat time product yield
metal-catalyzed expansion of 1-alkynylcyclobutanols to alkylidene- 1 HO_=-R R=Mex@) 10 M oL e (B 8%
cyclopentanones have been repofteéd.number of transformations 2 R='u @ 05 6n (N _98%
involving the addition of heteroatchmucleophiles orr-bonds to 3 X=p-Cl (8) 06 12n (9) 94%
gold(l)-_activated alkynes ha\{e recently been desc_ribed. We hy- | 4 Mo G XTPCRE(0 08 1o oo () ea%
pothesized that related cationic gold(l) complexes might be capable | s = X=pCN (12) 05 12n \t(\ (13) 98%
of catalyzing ring expansiémeactions by promoting migration of 6 X=p-OMe (14 05  12h (15) 97%
nucleophilico-ponds to alkynes. . ? ro. _pn metwsm 10 4mn o o @
On the basis of this hypothesis, treatment of alkynylcyclo- " = Retes an 10 48 \t(\ @ o
propanoll with 1 mol % (PPBAuSbF; produced desired alkylidene-
cyclobutanone in 95% yield as a single olefin isomer (Table1). @ B0 = g 10 5omin Ot( (18) 90%°
The yield and rate of the rearrangement was improved by employing
electron-deficient arylphosphines as ligands. For example, when | 4, HO =! (20) 10 &n O\t(\'

the cationic gold complexes derived from tris(4-trifluoromethyl-
phenyl)phosphinegold(l) chlorid@) were utilized as the catalyst, H
cyclobutanone2 was produced in 99% yield after only 25 min. " @ o
Conversely, the reaction was significantly less efficient when
complexes bearing electron-rich ligands were employed as catalysts.
With these results in hand, we examined the scope of the tris-
(4-trifluoromethylphenyl)phosphine gold(l)-catalyzed ring expan-
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88% yield (entry 10). Trimethylsilyl andert-butyldimethylsilyl
ethers also undergo gold(l)-catalyzed ring expansion in excellent | s
yields in the presence of 2 equiv of methanol (entrie®) The
alkyne need not be substituted, as demonstrated by gold(l)-catalyzed
conversion of alkynd8into 2-methylenecyclobutanori® (entry
9). Furthermore, cationic gold(l) compl@&promotes the selective

OH,

sion (Table 2). A range of alkyl-substituted alkynes afforded good 13 X\j?ﬁz (26) 10 10h >{\Eé:o @1 73%
to excellent yields of the expected cyclobutanone products (entries
1 and 2). Aryl substituents were uniformly well tolerated with HOH H
electron-withdrawing, electron-donating, and halide-substituted aryl 1 Clj 28) 20  24n (ﬁ:o (29) 66%
alkynyl cyclopropanols expanding with excellent yields (entries i A
3—6). Notably, iodoalkynyl cyclopropan@O0 smoothly underwent OHz

X . . S . 15 7 (30 20  20h (31) 72%
expansion catalyzed by 1 mol % providing vinyl iodide21 in 0

(

(32) 2.0

16h %o 33) 82%

aReaction conditions: 0:55.0% 3 in CH,Cl,, rt. ® MeOH (2 equiv)
added. Determined by'H NMR vs internal standard (mesitylené€):1
mixture of cyclobutanone/cyclopentenone.
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Table 1. Ligand Effects on Au(l)-Catalyzed Ring Expansion
migration of the more substituted carbon of 2-substituted cyclo-
P 110;?/\"92‘@6 o on propanols22 and 24 to afford substituted cyclobutanon@s and
HO{ _ w 25 (entries 11 and 12).
1 CHClo. 1t 2 Alkynylcyclobutanols were also found to be viable substrates
entry ligand (L) time yield® for gold(l)-catalyzed ring expansidrReaction of cyclobutands,
1 R=H 115 min.? 95%° prepared in two steps from cyclobutandhgrovided 2-methylene-
2 (R@p RZHe0 1% m:z: Pty cyclopentanon@7 in 73% vield (entry 13). Furthermore, bicyclic
4 8 R=CF, 25 min.? 99% cyclopentanon29 and spiro ring systent¥l and33 were likewise
5 t-BugP 24h 54%4 obtained with selective migration of the more substituted carbon
6 PhaAs 24h 16% of the cyclobutanol.
7 Me- N Neipy 24h 63% We envisioned two possible mechanisms for this rearrangement

aTime to 99% conversion df by *H NMR. P Determined by*H NMR
vs internal standard (mesitylené€)s% cyclopentenoné'.13% cyclopen-

tenone.
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(eq 1). In mechanisna, coordination of cationic gold(l) to the
alkyne moiety induces a 1,2-alkyl shift. Mechanidmnvolves
gold(l) activation of the cycloalkan®?to give alkyl gold(l) complex
that subsequently undergoes insertion into the alkyrigne E)-
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