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A variety of N-substituted 2-bromo-1H-indole-3-carboxaldehydes incorporating an alkyne-containing tether on the indole nitrogen have been
converted to the corresponding tert-butylimines, which have been subjected to palladium-catalyzed intramolecular iminoannulation, affording
various annulated y-carbolines in excellent yields.

Pyrido[4,3b]-5H-indoles, commonly known gscarbolines, agent! and the indolonaphthyridon&, which acts as a
which are condensed analogues of the ellipticine/olivacine conformationally restricted 5-Hreceptor antagonist.
anticancer agents, have been studied extensively because of
their potential biological and pharmaceutical importahce.
However, there are relatively few synthetic studies of

y-carboline derivatives having wide scope and generality, N

and the synthesis of new alkaloid derivativeg/edarboline 7 L
with an additional ring fused across the 4- and 5-positions o

is rare? Two closely related examples of this type of ; R_MQRB )

heteropolycyclic system having interesting biological activity

are the pentacyclig-carbolinel, which is a cardiovascular
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Annulation processes have proven to be very useful in
organic synthesis due to the ease with which a wide variety
of complicated carbocycles and heterocarbocycles can be
rapidly constructed. In our own laboratories, it has been
demonstrated that palladium-catalyzed annulation mefhods
can be effectively employed for the synthesis of inddles,
isoindolo[2,1-alindole$, benzofurans, benzopyran§, iso-
coumaring;19 a-pyronesi®t indenones? pyridines!? iso-
quinolines!® and polycyclic aromatic hydrocarbotfsHow-
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ever, palladium-catalyzed intramolecular annulation has not We were excited to see that under these reaction conditions,
been well explored mainly because of the difficulty of the palladium-catalyzed intramolecular iminoannulation pro-
assembling a halide, a carbooarbon triple bond, and other  duced a 93% yield of the desiredcarbolined4ain only 10
necessary elements into the appropriate positions into a singlen (Table 1, entry 1). It is noteworthy that transformation of
molecule®® the aldehydes to the correspondingrt-butylimines is

Recently, we have developed a general synthesis of 3,4-essentially quantitative, requiring no further purification and
disubstituteg3- andy-carbolines by the palladium-catalyzed characterization of the starting imines used for the subsequent
iminoannulation of internal acetylen&While certainf- palladium-catalyzed annulation, as we have observed in our
and y-carbolines could be prepared in good to excellent previous work'®1’ Thus, by employing a one-pot protocol,
yields, the regioselectivity of the reaction was too sensitive namely imine formation, followed by a palladium-catalyzed
to the nature of the internal acetylenes to be of broad intramolecular iminoannulation, we have been able to
applicability® Alternatively, by readily incorporating an  synthesize a variety of annulatgecarbolines (Scheme 1).
alkyne-containing tether onto the indole nitrogen, subsequentThe results of this investigation are summarized in Table 1.
palladium-catalyzed intramolecular iminoannulation should  As seen in Table 1, by employing 2-bromékindole-3-
enable regioselective construction of two rings in a single carboxaldehydes with a trimethylene tether from the indole
step and provide the well-recognized entropic advantage ofnitrogen to the carboncarbon triple bond, the parent
promoting stubborn reactions. Our own interest in carboline isocanthine skeletdab can be readily constructed (entries
synthesis therefore prompted us to examine the synthesis ofl—5). This route allows easy access to a variety of substituted
a variety of annulateg-carbolines. Herein, we report the isocanthine derivatives and tolerates various functional
successful synthesis of various annulajedarbolines by groups. For example, tethered indoBzs-e containing aryl,
palladium-catalyzed intramolecular iminoannulation (Scheme alkyl, hydroxy, ether, ester, and pyrimidyl functionalities all
1). afforded the desired annulation produdts—ein excellent
yields (entries 1-5).

Interestingly, by employing indol@f with a tetramethylene
tether, we have been able to isolate an annulgtedrboline

O Scheme 1 4f with a seven-membered ring fused to the 4- and 5-posi-
m 1. #BulNHa N tions in a 90% vyield (entry 6). We have also been able to
NTB o m NN R obtain an annulategt-carboline4g with a five-membered
M ring in a 91% vyield, by employing indol&g with a
dimethylene tether (entry 7). It is worth noting that ring
3a4

i systems similar to carboline$f and 4g have never been
efficiently prepared by either an intramolecular Diefdder
reactiont® or electrocyclization of a 1-azatriefgsince those

The tert-butylimine of indole3a was first prepared and  reactions require significant straining of the tether to achieve
employed in the palladium-catalyzed intramolecular imi- the necessary transition-state geometry, especially in the case
noannulation under the reaction conditions used in our earlier of a five—five ring juncture.
intermoleculary-carboline synthesi¥. Considering that an Furthermore, other types of tethers have also proven to
intramolecular reaction might provide an entropic advantage, be successful in this intramolecular annulation chemistry.
we decreased the reaction temperature from 125 t°@00  For example, both indolgh with a tether containing an aryl
moiety and indole3i with a tether incorporating a cyclo-

(b)(zgﬁ?))cllzaglcé ‘R\-(ucr; YEU"‘K' -E'Fe}é}]\} iﬁ\mM CB?”‘@%"‘%’,?Q&%S@ g%%g- pentenyl group afforded the desired annulatechrbolines
7652. 7 T U 4h and4i in 88 and 94% yields, respectively (entries 8 and
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Table 1. Synthesis of Annulateg-Carbolines by Palladium-Catalyzed Intramolecular Iminoannul&tion

entry aldehyde annulation product % yield
time (h)
CHO
[ — N
Br
NN R
X
R
R R
1 Ph 3a 10 Ph 4a 93
2 nCeHyy 3b 24 CgHys 4b 95
OMe OMe
3 3¢ 18 \'/©/ 4c¢ 95
OH OH

g = g
x Br__nCgHyg 7+CeHig

s

CHO
e
8 Brj/ 3h 24 4h 88
CHO SNV
I h L
9 N Br// 3i 14 P Ph 4i 94

a Representative procedure: the aldehyde (0.25 mmol)teriebutylamine (1 mL) were placed in a 2 dram vial. The vial was flushed with Ar and
carefully sealed, and the mixture was heated at°IDfbr 8 h. The mixture was cooled, diluted with ether, and dried over anhydrosM®eand the solvent
was evaporated. The residue was dissolved in 5 mL of DMF and transferred to a 4 dram vial containing 5 mol % Pd@D#oc) % PPk and NaCOs
(0.25 mmol). The mixture was then flushed with Ar and heated at°@#or the indicated time.

ladium-catalyzed intramolecular annulation of aldehgie  triple bond by an exo-dig addition, producing a vinylic

under the conditions of Yamamoto’s indenol synth¥sid palladium intermediate, which then reacts with the neighbor-
not afford any significant yield of the desired alcohol or the ing imine substituent to form a seven-membered palladacy-
tautomeric ketone. clic immonium ion salt. Subsequent reductive elimination

We proposed a mechanism for this palladium-catalyzed produces dert-butylcarbolinium salt and regenerates Pd(0).
intramolecular iminoannulation chemistry that is similar to As previously suggested by Heé&kthe tert-butyl group
that of our earlier intermolecular iminoannulatiofig® apparently fragments to relieve the strain resulting from
Specifically, oxidative addition of the indole bromide to Pd- interaction with the substituent present on the neighboring
(0) produces an organopalladium intermediate, which then carbon.
intramolecularly adds across the tethered caftmarbon
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Scheme 2
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In conclusion, an efficient synthesis of various annulated
y-carbolines by palladium-catalyzed intramolecular imino-
annulation has been developed. A wide variety of function-
alized 2-bromo-1H-indole-3-carboxaldehydes participate in
this process to afford the desirgdcarbolines in excellent
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yields. This chemistry has also been extended to palladium-
catalyzed intramolecular carboannulation, which produces
the desired heterocycle in a moderate yield. Further inves-
tigation into the scope and limitations of this palladium-
catalyzed intramolecular iminoannulation and extensions to
other intramolecular annulation chemistry are under way.
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