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Recently, gole-carbenoid species have been proposed as inter- Table 1. Au(l)-Catalyzed Rearrangement of Homopropargyl

mediates in gold-catalyzed enyne rearrangemieAsditionally, Sulfoxides
the reaction of gold complexes with propargyl esters has been enty sulfoxide conditions®  product yield
developed as an alternative approach to metal carbenoids capable . s

R R . . 1 4 Ry=NO, Rp=H A 2 5 71%
of effecting olefin cyclopropanatiof? however, to date, the reaction R _@,g‘i// - m .
of electrophilic metals with alkynes has not been amenable to the > 8 RizRoOMe A Ry , |
generation ofr-carbonyl carbenoids analogous to those traditionally o
formed in situ from transition-metal-catalyzed decomposition of 3 Ph—é—// 8 A

o-diazocarbonyl compounds.We recently described a rearrange-
ment of homopropargyl azides to pyrroles in which gold(l) promotes
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acetylene and subsequent loss of the leaving group<L&) (eq
1).% On the basis of this reactivity principle, we envisioned that
o-carbonyl metal carbenoids could be generated from alkynes via

"Bu
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a gold(l)-catalyzed rearrangement in which sulfoxides serve the Pr=¥
role of nucleophile (Nu= O) and latent leaving group (L& R.S). i
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1 L=PhsP (34%) 2 il o 3 0 Et 0
ffﬁg@f/‘g“hp (25%) 2 Conditions: (A) sulfoxide (0.2 M in CbCly), 5% IMesAuCl, 5%
= 0,

AngFa rt; (B) sulfoxide (0.2 M in CHCIy), 5% PhPAuUCI, 5% AgSbk,
b At 60 °C in dichloroethane wit 5 A sievesS With 5 A sieves.

In order to explore this hypothesis, homopropargyl sulfoxide
was treated with 5 mol % of BRAUCI/AgSbk in dichloromethane. subsequent cycloisomerization of propargy! ket@igeq 3)1°
Gratifyingly, this reaction produced 1-benzothiepin-4-@&ere- S
S

. . . . . . . 5% PhzPAuCI
in only _34% _yleld (eq 2). Wh_|Ie switching to an.electron-deﬁment = A;SbFs Me
phosphine ligand resulted in a decreased yield, the use of an 6% A o & 22 N
N-heterocyclic carbene (IMes) ligated gold(l) complex as catalyst =
dramatically improved the yield of ketor&to 94%. Under these Me
went the gold-catalyzed rearrangement to benzothiepinones (Tabld'0mopropargyl sulfoxides is detailed in Scheme 1. Coordination
1). The reaction proceeded smoothly when the aryl group of the Of cationic gold(l) to the alkyne induces nucleophilic addition of
sulfoxide was substituted with electron-withdrawing (entry 1) or the sulfoxide oxygen. When the alkyne is terminal or substituted
electron-donating groups (entry 2), although the latter underwent With an electron-withdrawing group, &odig cyclization of the
at the homopropargyl (entry 3) and propargy! (entry 4) position of yieldipg intermediatéS. On the ot.her hand, when the alkyne is
the sulfoxide is tolerated; however, the latter required slightly Substituted with an alkyl grougS is generated by a éndodig
elevated temperatures to affod in 76% yield. Notably, one cyclization. After cyclization, gold(l)-assisted sulfide release pro-
diastereomer (illustrated) of phenyl-substituted propargy! sulfoxide Scheme 1. Proposed Mechanism of Au-Catalyzed

sumably via the desired-carbonyl carbenoid intermedia2galbeit Mmo //Me

conditions, a wide range of homopropargy! arylsulfoxides under- A proposed mechanism for the gold-catalyzed rearrangement of
the gold-catalyzed rearrangement with increased yield. Substitution"ucleophile onto the internal carbon of the alkyne is favored,
(£)-12 was significantly more reactive than the other in the gold- Rearrangement

(I)-catalyzed rearrangement, affordicg in 94% yield (entry 5Y. ph P ,\

The triphenylphosphinegold(l)-catalyzed reaction of a sulfoxide 0‘\ R
(14) containing an alkyne substituted with an electron-deficient aryl q \ﬁ‘ ﬁ/
groug (entry 6) or an ester (entry 7) produced the anticipated

benzothiepinone$5 and17in 63 and 91% vyield, respectively. In

sharp contrast, the gold(l)-catalyzed reaction of alkyl-substituted - /

alkyne 18 afforded benzothiopin&9 in 64% yield (entry 8. On S 0 / 19 3 \Ph.0. R
the basis of this reaction, 1,4-diyi2® was converted to fura@2 Q_Q;R m@
in 56% yield by a gold(l)-catalyzed sulfoxide rearrangement and 26 N 24 AUk
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duces gole-carbenoid intermediat4 or 26. The observation that
gold(l)-catalyzed rearrangement of sulfimid@éproceeded in 88%
yield to furnishN-tosyl enamine28 (eq 4) is consistent with the
proposal that the carbonyl oxygen in the product is transferred from
the sulfoxide. Finally, carbenoid®t and26 undergo intramolecular
Friedel-Crafts alkylation to produce the observed products and
liberate the cationic gold(l) catalyst.13

@_s’/NTs //
27

Gold(l) complexes also catalyze the conversion of propargyl
sulfoxides toa-thioenones in high yields (eqs 5 and!6)n this
case, (dimethylsulfide)gold(l) chloride proved to be the optimal cata-
lyst,*> affording enone81 from propargyl sulfoxide€9 with excel-
lent tolerance for substitution on the alkyne and the sulfoxide.
Additionally, secondary and tertiary propargyl sulfoxides react under
these conditions to provide trisubstituted (eq 6) and tetrasubstituted
alkenes'® For example, sulfoxid82 underwent gold(l)-catalyzed
rearrangement to enord3 in preference to cycloisomerization of
the 1,5-enynédIn analogy to the mechanism described in Scheme
1, this rearrangement is postulated to proceed through gold(l)-
promoted sequential 8ndaedig cyclization/cleavage of the-8D
bond leading to gold(h carbenoid intermedia®&0 which undergoes
a 1,2-sulfide shift.’18
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In conclusion, we have developed a series of gold(l)-catalyzed
rearrangements of alkynyl sulfoxides to benzothiepinones, benzo-
thiopines, or-thioenones. The reactions are postulated to proceed
via an a-carbonyl gold-carbenoid intermediate formed through
oxygen atom transfer from the sulfoxide. Importantly, these inter-
mediates show reactivity (electrophilic aromatic substitution, 1,2-
thio migration) analogous to those generated from metal-promoted
decomposition oft-diazocarbonyl compounds. In a broader sense,

_ 5%MepSAuCI
CH20|2
99% (1.6:1 E:2)

Me

the reactions reported herein provide an entry into metal carbenoids (14) For the rearrangements of aryl propargylsulfoxides, see: (a) Majumdar
and support the importance of these intermediates in metal-promoted

rearrangement of alkynes. Further investigation into the mechanism
of these transformations and the nature of the intermediates is
ongoing.
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