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Two new palladium catalyzed cascade reactions involving a 4-  exo-dig cyclocarbopalladation are described. These processes are shown to
convert bromoenediynes and bromodienynes into strained aromatic compounds in a single step.

The generation of complex molecules from simple starting unusual polycyclic compounds through an initiaéxde-dig
materials in a minimum number of steps is one of the most cyclocarbopalladation of bromopropargylic diélSpecifi-
challenging goals in organic synthesi3oward this end, cally, we have shown that aekodig cyclocarbopalladation,
cascade reactions using transition-metal-catalyzed processefllowed by a Stille cross-coupling, and finally a concerted
have become powerful tools for the construction of func- conrotatory 8zelectrocyclization allows the preparation of
tionalized polycyclic moleculesin particular, the develop-  highly functionalized tetracyclic compounds containing an
ment of new methods to generate cyclooctanoid ring systemseight-membered ring.

remains an attractive objectivéAlong those lines, we have In an effort to extend this method, we examined an
disclosed an efficient process that leads to the formation of intramolecular version of this reaction sequence. As il-

: : : — lustrated in Scheme 1, three different cascades were envis-
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Scheme 1. Strategies for the Synthesis of Cyclooctandids Scheme 2. First Experiments
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occur, which in all cases would be terminated by an 8
electrocyclization (path 4) to give the expected cyclooctanoid
compounds.

i ficiently. We expect the vinylstannane is serving as either a
As shown in Scheme 2, when substratesS were treated 556 or reducing agent in this transformation (vide infra).

with vinyltributylstannane in the presence of Pd(RR(LO These results were not expected but are understandable.

mol %) in benzene at 98C, the expected eight-membered o the several mechanistic possibilities, two are suggested
ring-containing products were not observed. Instead, severaliy scheme 3. Indeed, instead of realizing the Stille cross
unigue polycyclic aromatic ring-containing systemi-

11, 13—14, andl6) were isolated as the main products of

this transformation. The structures of these new compound

were determined through a combination of 1D and 2D

and**C NMR experiments. The fused four-membered ring _I__ 3
embedded in each of these products suggested that initial Z
4-exo-dig cyclocarbopalladation had proceeded as expected;
however, the subsequent transformations may have deviated R!
from the pathway outlined in Scheme 1.

During optimization studies, it was noted that several
structural features were required to obtain higher yields. First,
a terminal trimethylsilyl group on the alkyne is required to
obtain the aromatic product; indeed, only decomposition of
the starting material was observed if a terminal alkyne
compound was used. Second, the five-membered ring-
prOte,Cted dioll did ”‘?t give an)_’ product even after 40 h_ of agn electrocyclization.’Syn dehydropalladation elimination.
reaction (n= 0, starting material). Moreover, the reaction cHeck addition JAnti dehydropalladation elimination.
appeared to be dependent on the amount of vinyltributyl-
stannane used. Without it, or when used in small quantities,
the yield of the reaction decreased significantly (11, 12%, coupling (path 1, Scheme 1), or the seconexb-dig (path
16%). In comparison, when used in excess (5 equiv), the 2) or 5-exo-trig (path 3), a concerted disrotatory @ec-
reaction provide producll in 86% vyield. Although not  trocyclization on the palladated triere? occurred. The
incorporated into the final product, the vinyltributylstannane hydrogen and the palladium are in a cis configuratioh8n
appears necessary for the catalytic cycle to proceed ef-allowing a syn dehydropalladation elimination and giving

Scheme 3. Possible Mechanisms
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the final strained aromatic derivativeé (path a and b, 2 with Pd(PPR)4 (10 mol %) for 20 min at 130C in a
Scheme 3). A second mechanism is also possible; the reactionmixture of benzene and diisopropylamine gave a significant
could occur via a Heck-type addition after the initiak®e- improvement in the final yield. Different reaction concentra-
dig and 5-exo-dig cyclocarbopalladation. In this case, a raretions were used (0.02 or 0.1 M), and the results were similar,
but known anti dehydropalladation elimination d® could although less desilylation byproducts were observed at the
be operative (paths ¢ and d, Schemé 3). high concentrations.

In the past, regioselective construction of polysubstituted =~ As summarized in Figure 1, a variety of substrates were

aromatics has been achieved mainly through stepwise
introduction of substituents via electrophilic substitutions or
%O %O
Q ; ®] ;
o (0]
T™MS ™S
?LO; o QLO; oH o
o
n
T™MS ™S

cross-coupling reactions. These are useful methods, but
T™MS

particularly in the case electrophilic substitutions, high
regioselectivity can only be achieved by careful choice of ¢ §
reagents and synthetic route. Alternatively, transition-metal- @::o
catalyzed approaches employing single operation tricycliza- -
tions of bromoenediynes have been used to prepare carbocy- ™S
clic, as well as heterocyclic, angularly bis-annelated benzene 1on=1 8%

. . . . . 11n=2 89%
derivatives'®’ but none begin with a 4xo-dig cyclocarbo-
palladation, a transformation that eventually leads to func-
tionalized and highly strained products.

In our initial experiments, we showed that the vinyltribu-
tylstannane was necessary but not incorporated into the
product. As it may act as a base that regenerates the active
palladium species, we decided to replace the stannane with
organic bases. Several organic amines were tested (Table _
1). The most efficient additive was diisopropylamine, which F19ure 1. Synthesized compounds.

~o
Q
NBoc

TMS

24 50%

25 68% 50/50 26n=1 92%

27n=2 88%

50/50
59/41

28 anti: 46%
syn: 58%

treated under the optimized conditions to provide the
aromatic compounds in 502% vyields. After the 4xo-
7[‘ dig cyclocarbopalladation, a@xadig cyclocarbopalladation
4% followed by aromatization was shown to lead to products
22,26, and27, or alternatively, a &xo-dig cyclocarbopal-
ladation followed by aromatization provided the seven-

Table 1. Reaction Optimizations

71‘0
Q
Pd(PPha)s (10 mol %)

uW, 130 °C, 20 min + C
PhH/additives

2 10 TMs 21 H membered ring-containing produ2s.
- - . As indicated in Scheme 4, when the unprotected anti and
additives yield ratio 10721 3 additives yield ratio 10/21
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(1.6 equlv) 87%° 89/11 E 201 '.O.OEQTN 48% 100/0
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aThermic conditions: Pd(PRBh 90 °C, 3 h gave only 56% vyield.

syn diols 29 were used, the reaction resulted in the ring
the desilylated compoungil. opening of the strained cyclobutanediol to give compound
We reported previously that the yield of theeste-dig 28, in 46 and 58% yield, respectively, from the corresponding
cyclocarbopalladation was improved by the use of microwave @nti and syn diastereomers. _
irradiation while also shortening the reaction tifié much ~ The starting enediynels-8 and35—40are prepared easily
cleaner reaction was observed for these substrates as weff refatively good yields from the protected di@ and312°

under these conditions. Microwave irradiation of compound N @ sequence of 2—5 steps (Scheme S5). After removal of
the trimethylsilyl group with KCOs/MeOH, the free alkyne

(6) Lautens, M.; Fang, Y. QOrg. Lett. 2003,5, 3679. was metalated withn-butyllithium in THF at —78 °C

(7) (a) de Meijere, A.; von Zezschwitz, P.; Brase A8c. Chem. Res.  followed by addition of different aldehydes (paraformalde-
2005, 38, 413. (b) Schweizer, S.; Schelper, M.; Thies, C.; Parsons, P. J.; hyde 41 and 42)
Noltemeyer, M.; de Meijere, ASynlett2001, 920. (c) Meyer, F. E.; de ! ’
Meijere, A.Synlett1991, 777. (d) de Meijere, A.; Brdse, 5.Organomet.

gave producilOin 89% yield, as well as a small amount of

Chem.1999,576, 88. (e) Saito, S.; Yamamoto, €hem. Re»2000,100,
2901. (f) Trost, B. M.; Shi, Y.J. Am. Chem. S0d.993,115, 9421.
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Scheme 5. Substrate Synthesis
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dienynes51 and 52. Indeed, a sequence of aede-dig
cyclocarbopalladations6electrocyclisation, or a Heck-type
addition and dehydropalladation elimination should give the
corresponding aromatic compounds (Scheme 7). Bromodi-

Scheme 7. Related Strategy
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The starting enediyne35—37 are obtained from com-
pounds30and31 by desilylation and reaction with aldehyde
41 and42. Propargylic alcohol82 and33 were isolated in
87 and 73% yield, respectively. Intermedia82 was
transformed into the propargylic bromine in the presence of
CBry/PPh in 82% vyield. The desired enediynéds-8 and
38—-40 were obtained from compound@2—34 through a
Williamson etherification.

As illustrated in Scheme 6, identical conditions were

Scheme 6. Acyclic Compound Reactions
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applied successfully to the corresponding acyclgvinyl
bromide45 to give the aromatic tricyclic compoundg in

enynes were prepared in 4 steps from commercially available
cyclohexane-1,3-dioné8.

After bromination, formation of the enol ether with NaH
n THF, and reaction with triflic anhydrid®the resulting
triflate was subjected to a Stille cross coupling with the
vinyltributylstannane to afford compound81° Anti and syn
diol 51 were prepared by addition of a suitable protected
metalated propargylic alcohol on bromocycloalkenones fol-
lowed by deprotection and chromatographic separation of
the two anti and syn diastereoméfEhe cascade was realized
with the same conditions described earlier, and aromatic
compoundb4 was obtained. In these cases, the formation of
the aromatic derivatives were followed by the opening of
the cyclobutanediol moiety, and ketobé was isolated in
64 and 70% vyields. Wheb1 was protected as a dioxolane,
the cyclocarbopalladation &?2 produced compoun@3in
66% yield.

In conclusion, we have described a reaction cascade that
produces highly functionalized, strained polycyclic aromatic
compounds through a éxo-dig cyclocarbopalladation. The
reaction proved to be general, avoiding the use of trialkyl-
stannylated reagents, and will be applied on more sophisti-
cated systems, which will be published in the near future.
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Supporting Information Available: Experimental pro-

65% yield. When the reaction was carried out on the trans cedures, physical data. This material is available free of

derivative46, no trace of cyclized produdt7 was observed;
the starting material was mostly recovered. Compoutils
and 46 were prepared fron#3* and 44* with the same
reaction steps as described in Scheme 5l1fo8.

To generate other types of aromatic compounds by a

complementary strategy, we considered the use of bromo-
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