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Abstract of Thesis

Tetrahydrocarbolines  (THCs) such as  tetrahydro-fcarbolines (THBCs) and
tetrahydro-y-carbolines (THGCs), are one of the most predominant features of a vast array of
naturally occurring alkaloids. Since THCs exhibit the wide range of biological as well as
pharmacological activities, THCs have been attractive targets for a long time. In particular, after
the discovery of Pictet-Spengler (PS) reaction of tryptamine derivatives, syntheses of THCs have
evolved dramatically, parallel to the asymmetric process using chiral organocatalysts. However,
the quest for the synthesis of more complex and enantiopure THCs as well as relative derivatives
has been still demanded. In this work, I established two non-metallic constructions of chiral
spirooxindoles and 7H-azocinoindoles without losing stereoselectively.

Chapter 1 : Efficient Organocatalyzed Synthesis of Spirooxindoles via Enantioselective PS

Reaction/Oxidative Rearrangement Sequence

Chiral spirooxindoles are also attractive heterocycles and widely found in various biologically
active compounds and natural products. Although considerable progress has been made in the
asymmetric synthesis of diverse spirooxindoles, their facile construction is a long-lasting
challenge in synthetic chemistry.! In Chapter 1, I established the enantioselective synthesis of
spirooxindoles via organocatalyzed PS reaction,23 followed by oxidative rearrangement, starting
from readily available tryptamine and isotryptamine. I found that chiral squaramide catalyst4 1
promotes the PS reaction of tryptamine with isovaleraldehyde affords THCB 2 after Boc
protection of the PS product in 89% ee. Oxidative rearrangement of THBC 2 proceeded smoothly
with NaClO 5H20 to afford spiro(2-oxy)indole 8 in 93% yield keeping high stereoselectivities
(88% ee, 17:1 dr) (eq. 1). Since a lower migration propensity of a-carbon of THGC 4, spirooxindole
5 was obtained by using oxone® via a semipinacol-type rearrangement in 94% ee and 10:1 dr from
isotryptamine in two steps (eq. 2). In this study, one-pot synthesis of spirooxindoles and the Wnt
signaling inhibitory activity of the obtained optically pure spirooxindoles involved in colorectal
cancer are also described.
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Chapter 2 : Stereoselective Synthesis of 1H-Azocinoindoles via Chiral Organocatalyzed

Amplification

Chiral tetrahydroazocinoindoles are a structural fragment in many alkaloids displaying a
broad range of biological activity. Although the major efforts by synthetic organic chemists have
been directed toward the development of methods to synthesize analogs of natural products,! few
asymmetric syntheses of tetrahydroazocinoindoles have been reported to date. In Chapter 2, I
report the first asymmetric synthesis of tetrahydroazocino[5,4-blindoles 8 via
auto-organocatalyzed amplification.2 I found that asymmetric autocatalysis on ring expansion3 of
10-70 % ees of THBCs* 6 with methyl propiolate (7) produced tetrahydroazocino[5,4-blindole 8 in
34 to 60% yields and up to 94% ee without using any chiral reagents, together with recovery of
unreacted 6 in 29 to 42% yields with 7 to 37% ees. In this work, the substrate scope, limitations
and plausible reaction mechanism are also investigated.

- 0}

% CO,Me

Ts CO.Me benzoic acid recovery of unreacted 6
=zt (10 mol %) 6a (R = H, 42%, 7% ee)
. 7 — +  6b (R =CO,Me, 45%,15% ee)
MeOH 2c (R=F, 36%, 37% ee)
R 3.0 v , 36%,
6a (R = H, 10% ee) (-0eq) 20°C,72 h 2d (R = Br, 29%, 37% ee)
6b (R = CO,Me, 31% ee 8a (R =H, 34%, 86% ee)
6c ((R —F 70% ee) ) 8b (R = CO,Me, 38%, 94% ee)
6d (R = Br, 70% ee) 8c (R=F, 55%, 91% ee)
8d (R = Br, 60%, 94% ee)
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