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Pentannulation of aromatic rings has emerged as an importantScheme 1

reaction in the arsenal of the synthetic organic chemist. Several Ry oj{"

methods have been developed to achieve this transformation, most R °_<0 M " #oe

notably, the Nazarov and KarpDrieding reactions, which form %Rz D | D
1-indanoned:2 These processes commonly employ either strong 1 eM "

protic or Lewis acids that eschew acid-labile functionality or require o~ n,“3\(° R, n;
prohibitively high temperatures. Alternatively, 2-indanones may be R')jio or ©)j° ’"se""’"

prepared via €H insertion fromo-diazo ketone precursors, which W g, WP R, *
are not ideal substrates because of their acid-, photo-, and thermal- 3a 3b

lability.® Due to these limitations, there remains a need for catalytic
processes that effect pentannulations from readily available and 7able 1. Optimization Studies
robust starting materiafs.
We are interested in the synthesis of highly functionalized OAc conditions® /\:} _COEt
indenes as intermediates in natural product synthesis and envisioned Q)X O‘ OAe* \")\/ ’

CO,Et PhMe (o 2 M)

a strategy that employs readily obtained propargylic esters for this C,10h COEt 7. p= Ac

purpose (Scheme 1). The sequence would involve an initial, ° TbR=Et

potentially reversible metal-catalyzedexedig cyclization of an product ratio

ester carbonyl (se&) onto the alkyne to provid@, followed by entry catalyst additives (6:7:8)

C—0 bond cleavage to afford the metalloarbenoids3a/b.5> At 1 [RUChL(CO)]2 1:7:0

this stage, preferential irreversible—El insertion into the aryl 2 PtCh 302

moiety of 3b would then yield4.5 i EESEEEEE;E ai Z%Tgfalc“on
Over the past decade, increasing attention has been paid to the g PtCL(PPh), p-benzogquinone trace

activation of alkynes using transition metal complexes to generate 6 PtCh(PPh), PhlI(OAc) 4:0:1

metallo—carbenoid intermediatés. The reactivity of the resulting 7 PtCL(PPh), PhIO >9:0:1

meta!lo—carbenoid in the r.najor.ity of these systemslis found to. be a All reactions were run with 10 mol % catalyst loading and 20 mol %
heavily dependent on the identity of the metal. In this communica- additive.? Product ratios are based on integratiortdfNMR resonances.
tion, we report the development of a pentannulation of propargylic ¢ Reaction was allowed to cool to 2& evey 3 h and analyzed by TLC,
esters, which we believe proceeds via-Parbenoid intermediatds.  which resulted in some exposure to air.
This methodology displays excellent generality and provides Pt metal center might modulate the reactivity of the catalyst and
efficient access to important substructures for complex molecule perhaps improve selectivity. This notion led us to use commercially
synthesis. available PtGJ(PPh),. Disappointingly, this catalyst led to a
Our studies began with propargylic acet&teeasily prepared complete recovery of starting material under the reaction conditions
from acetophenone in two steps (see Supporting Information). On (PhMe, 100°C, 24 h, entry 3) when the reaction was left
the basis of ample literature precedefdr the generation of undisturbed during this period. To our surprise, repeated exposure
metallo—carbenoids from alkynyl precursors, we examined the of the reaction mixture to air (during TLC analysis) led to almost
reaction of several transition metal complexes with this substrate. exclusive formation of the desired indene product. On the basis of
Various temperature (60120 °C), solvent (1,2-dichloroethane, a hypothesis that oxidation, presumably of the phosphine ligands
MeCN, PhH, PhMe), and catalyst (IrCI(CO)(PhRhCI(PPh)s, or metal, plays a key role in the generation of an active catalyst,
Pd(OAc), Rhy(OAC),, Rh(TFA), [RhCI(CO)),) combinations we studied the addition of several common oxidants (entri€g)5
resulted in either no discernible reaction, decomposition, or complex to the reaction mixture, from which iodosobenzene emerged as the
mixtures of products, of which only trace amounts could be optimal reagent? As far as we know, this constitutes the first report

attributed t06,1° 7a/b, and8 (Table 1). of the use of PtG(PPhy), to activate alkynes. As shown in Figure
Interestingly, the use of [RugICO)]. as catalyst led to the 1, the desired pentannulation products are easily obtained utilizing
formation of7aand7b as major products (entry It is important our optimized reaction conditions (10 mol % of P{BIPh),, 20

to note that this catalyst, which was employed in a single, isolated mol % of PhlO, 0.2 M in PhMe, 100C, 8 h). Methyl and ethyl
example of indene formation from a propargylic carboxylate by esters as well as acetate and benzoate propargylic esters readily
Uemura et al’, proved to be unproductive for our desired participate in this reaction. Substitution of other groups (e.g., alkyl,
transformation. On the other hand, Rtfed to a significant increase  phenyl, or silyl) for esters at the terminus of the alkyne did not

in the amount of the desired indeBealong with diene8 as the lead to productive reactivity, pointing to the necessity of an electron-
major byproduct (entry 2% Despite this initial success, solvent, deficient alkyne for this transformation. Several substitution patterns
temperature, and additive variations did not provide any noticeable and aromatic and heteroaromatic nuclei are tolerated as substrates
improvements. We reasoned that the introduction of ligands on the and provide good yields of the desired products.
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OAc PICI,(PPhs), (0.1 equiv) of these transformations, unambiguously identify the catalytically

% ___Phio©2equiv) _ O‘ 0Ac active species, and broaden the scope of these reactions are currently
CO,Et

PhMe(”M)vw‘"’c 8h ongoing and will be reported in due course.
5 62% yield 6 CO.Et
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Figure 1. Pt-catalyzed cyclization of propargylic esters. For a full References
description of reaction Qetalls, |ncIL_Jd|ng the identity of prqpargyllc ester 1) For reviews, see: (a) Habermas, K. L.; Denmark, S. E.; Jones, @td..
substrates, see Supporting Information. Products were obtained as a mixture React.1994 45, 1-158 (Nazarov). (b) Karpf, M.; Dreiding, A. $Helv.
of olefin regioisomers £17:3 ratio). In each case, the major product is Chim. Actal979 62, 852-865 (Karpf-Dreiding).

shown. (2) For recent examples of 1-indanone synthesis, see: (a) Shintani, R.;
Okamoto, K.; Hayashi, TJ. Am. Chem. So€005 127, 2872-2873. (b)

We have al xplored nonaromatic- ubstrates: in one cas Yamabe, H.; Mizuno, A.; Kusama, H.; lwasawa, N.Am. Chem. Soc.
e have also explored nonaro c-based substrates; in one case, 208 127 32483240

a cyclopentadiene 1g) is formed as the sole product from (3) For an example, see: Nakatani, Retrahedron Lett1987 28, 165—
propargylic acetaté?7 in good yield (eq 1). In contrast, the related 166.

b 19 vields 21644 lusivelv vi d allvlic-eH (4) For recent examples, see: (a) Nakamura, I.; Bajracharya, G. B.; Wu, H.;
su Stfat yielas ‘exclusively via a presumed allylic-< Oishi, K.; Mizushima, Y.; Gridnev, I. D.; Yamamoto, Y. Am. Chem.
insertion, while20 provides isomeric product®2a and 22b via Sﬁc 2004b12(id 1?423—15430 b red . g
competitive formal allylic and vinylic insertion (eq 2. ®) ge%r?\;gon%'é o~ gﬁ\éig&rrgg?'yr}%me a required step as the product may

e (6) Propargylic esters as substrates to access carbenes and-feztdienoids
Me OAc PLCI(PPhy), (01 equiv) have peen prewously.proposed See: (a) !:rey_ L. F.; Tillyer, R. D.; Ouellet
PhIO (0.2 equiv) ohe P, S. G.; Reamer, R. A.; Grabowski, E. J. J.; Reider, B. Am. Chem. Soc.
| X —_— 200Q 122 1215-1216. (b) Mamane, V.; Gress, T.; Krause, H.r$toer,
PH CO,Et PhMe (0.2 M), 100°C,8h  Ph A. J. Am. Chem. Soc2004 126 8654-8655. (c) Harrak, Y.; Bi-

18 C0.Et aszykowski, C.; Benard, M.; Carlou, K.; Manetti, E.; MogjeV.;
Me Me Dhimane, A.-L.; Fensterbank, L.; Malacria, Nl. Am. Chem. So2004
126, 8656-8657

Me_ OAc same conditions .
S aseq1 OAc + OAc (2 (7) For arecent review, see: Nevado, C.; Echavarren, ASyuhthesi2005
co " o T rcosen 167-182.
n

17 64% yield

CO,Et H (8) For seminal contributions, see: (a) Rautenstrauchl, @rg. Chem1984
nOe 49, 950. (b) Mainetti, E.; Moufig, V.; Fensterbank, L.; Malacria, M.;
19 (n=1) 21a (0% yield) 21b (73% yield) Marco-Contelles, JAngew. Chem., Int. EQ002 41, 2132-2135.
20(n=2) 22a (52% yield) 22b (26% yield) (9) A single isolated example of indene synthesis from a propargylic
o . . . ) carboxylate via a Rucarbenoid has been reported. See: Miki, K.; Ohe,
In a preliminary study to identify the active catalyst in these w0 K.E Uemgra, SJ. Org. Chefm%OfO?. 68, 8505-8513. A A
. : : 10) Obtained as a 17:3 ratio of olefin isomers; major is shown. This mixture
reaCt'F’”S' we have undertaken qsene%l_léﬂ\lMR and preparat_lve was saponified to give the-ketoester exclusively (see Supporting
experiments. NMR spectroscopic studies were performed in 1,2- Information).
i - 16 i (11) Optimization and mechanistic studies of this transformation are underway.
dichloroethanes, (1,2-DCEd,),™ in which PICL(PPh), was found (12) For related precedent, see: Cariou, K.; Mainetti, E.; Fensterbank, L.;

to be completely soluble. The starting complex displays an apparent Malacria, M. Tetrahedron2004 60, 9745-9755. _
triplet centered ab 15.7 ¢ = 1836 Hz). Upon treatment with PhIO  (13) Attempts to prepare a complex of P#@ind PRPO in situ in various

o . solvents did not lead to any improvements in yield as compared te PtCl
at 100°C, a signal that corresponds to OBRH 28.4) as well as alone. Other oxidants that were tried include Nal3, and NMO.

other downfield signals¥37.9, 42.8, 43.9, and 72.2) was observed, (14) Asingle diastereomer, established by nOe to be that shown (see Supporting
. N ’ ’ N Information), was obtained.
suggestive of further oxidation of the-Rnetal center. On the basis (15) Recently, an elegant study describing the synthesis of nonaromatic

of these findings, we were prompted to consider Pt(IV) catalysts §0r$p0tmd':8 gat,gd t% eds 1 gngo%gvisz Yreggcr)tzt%_dss%e?’eiwslhi_, X.; r%orlin, D.
. . . . . . . ., loste, . . AM. em. SO f . e Insigntiu
and additive combinations that might mirror our in situ generated mechanistic hypothesis put forth in this account cannot be ruled out for
catalytic specie¥’ Thus, treatment db with 10% PtC} as a catalyst ”}ﬁ formattion olfléti gl, oa 22tan|<j| may als?heXfplain tthe for(matizog of dthe
H : : H other pentannulatead prodaucts. FHowever, the formal idplbf(via an
_(0'2 Min PhMe, ]jooc’ S h? results in a Qonvers'on to the dgs_wed 24), for example, would require a seemingly unlikely isomerization of
indene product in 35% yield, along with several unidentified cyclopentadien@1ato the diene21b. e
byproducts. Interestingly, the addition of RPfR0 mol %) e, o PiCLPPh), @1 equ) | Me IR o
. . . . le, c i
completely inactivates the catalyst, resulting in no reactfa@n ﬁ“:ﬂj—‘:“:’c—; N ol —
. . . e (0. ), °C,
the other hand, introduction of 20 mol % of ORRloes not impart CO,Et uy
any deleterious effects to the reaction and provides the desired " e 2 e
indene products in 42% isolated yield. These preliminary investiga- > UTp— one
tions suggest the possible intermediacy of a Pt(IV) species as the OEt A reou
active catalyst? Furthermore, our studies point to a clear advantage do o
H i H a 21b
in utilizing the moisture tolerant and robust PiEIPh), as a (16) Propargylic ester substrates are. readily converted under our reaction
precatalyst (compared to Pifto effect a high-yielding conversion cprrcciiltlons in lgtDCE tcz_ the desflred pdrqdusrt]sM albeit in lower isolated
: : : : ylelas comparea 1o reactions pertormea in e.
of propargylic esters (e.gb) to highly functionalized pentannulated (17) PtCh exhibits catalytic activity similar to that of Pt€and may even be
compounds. more efficient. See: (a)Fstner, A.; Stelzer, F.; Szillat, H. Am. Chem.
; : i Soc.2001, 123 11863-11864. (b) Kobayashi, S.; Kakumoto, K.; Sugiura,
In conclu_5|on, we. haye developed an effl_cu_ant meth_od for M. Org. Lett.2002 4, 1319-1322. (c) Pastine, . J.. Youn, S. W.. Sames,
pentannulation using in situ generatee-Barbenoid intermediates D. Org. Lett.2003 5, 1055-1058 and references therein.

that arise from readily available propargylic esters. In addition, we (18) Presumably, PRloutcompetes the alkyne substrate for open coordination
! : i sites on the metal center.
have demonstrated that P#EPh) is a practical precatalyst to (19) The oxidation state of the active Pt species is still under investigation.

effect these transformations. Further studies to probe the mechanism JA053192C
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