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Introduction:

Over the last decades, our laboratory focused on the use of Lewis acid catalysts including the transition metal
complex to invent the new chemical transformation reactions. Among them, we are generally interested in the
reaction catalyzed by "Palladium” which is a pivotal techniques for chemist to generate carbon-carbon and carbon-
hetero bond forming reactions. During the course of investigation, we have recently discovered some of very
interesting reactions which I would like to describe my work in the three different categories (Scheme 1): First
category involves the palladium-catalyzed reaction of alkynes/allenes with carbon and heteroatom nucleophiles,
leading to the formation of carbon-carbon and carbon-heteroatom bonds which generally proceeds via r -
allylpalladium intermediate (Type I, eq 1). Second category involved the transition-metal making the complex with
7 -electron of alkenes or alkynes multiple bonds, which makes feasible the attack of Nu™ to an electron deficient
carbon to give an organometal intermediate having a C-Nu bond (Type II, eq 2). Third category involves the direct
simple formation of metal vinylidene intermediates from the terminal alkynes has made possible the transfer from
stoichiometric to catalytic reactions, and now organometallic vinylidenes are at the heart of selective transformation

of terminal alkynes with atom economy (Type III, eq 3).

Scheme 1.
General Scheme for the Transition-Metal-Catalyzed Addition of nucleophiles to a Carbon-Carbon
Multiple Bonds
Type |
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X=0,NR, S, CR; M = early transition metals (Cr, Mo, W....)
= late transiton metals (Ni, Pd, Pt...)
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Chapter 1. Palladium/Benzoic Acid Combined Catalytic System for the Allylation of C- and O- Pronucleophiles
with Allenes and Internal Alkynes

Pd(0)-benzoic acid combined catalysts system for the addition of carbon and oxygen pronucleophiles to allenes
and internal alkynes, respectively, is described (egs 4 & 5). For example, phenyl allene 1 undergoes smooth addition
with diethyl malonate and benzyl alcohol to give the corresponding products 3 in 90% and 71%, respectively. On the
other hand, mixture of 1-phenyl-1-propyne 4 and acetic acid 5 also furnished the allylated product 6 in 81% yield.
The addition of a catalytic amount of carboxylic acid is crucial, in this palladium catalyzed reaction, for obtaining
the allylation products in high yields with regio- and stereoselective manner. The proposed mechanism for the

. present reaction is depicted in scheme 2.

5 mol% Pd(PPh3)4

e o+ " -
Pr’ H Nu 10mol% PhCO,H ~ Ph” > Nu @
. COZEt 1,4-dioxane, 100 °C 3
u <goEOBn 12h,
(1.2 equiv) o
5 mol% Pd(PPh
Ph——= + CH;COOH ( 3)a Ph/\/\O/U\CH )
4 (1.5 equiv) 5 1,4-dioxane, 100 °C 5 3
12h, 81%

Scheme 2. Proposed mechanism for the addition of C- and O-nucleophiles with allenes
and alkynes
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The initial step is the hydropalladation of alkynes 4 with the hydridopalladium species B generated from Pd(0)
and benzoic acid (catalytic cycle I). The resulting vinyl palladium species A would produce phenyl allene 1 and the
active catalyst A via 7 -elimination. Hydropalladation of 1 with B presumably gives the = -allylpalladium species C
which reacts with nucleophiles to give allylation products along with the hydridopalladium species B (cycle II). In
case of allene only, another conceivable pathway is that the Pd-catalyzed addition of benzoic acid to allene 1 takes
place first and then the resulting cinnamyl benzoate reacts with H-Nu in the Tsuji-Trost allylation manner to give the

products 3. In short, in case of alkynes cycle I and I operates while in the case of allenes only cycle II operates.
Chapter 2. Palladium-Catalyzed Intramolecular Asymmetric Hydrocarbonation of Alkynes
Palladium-catalyzed intramolecular asymmetric addition of carbon pronucleophiles with alkynes tethered by

carbon chain having diacyanomethine at the terminus of carbon chain, leading to the formation of optically active

five and six members carbocycles with good to high enantioselectivities and good to high yields, is reported. In the
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presence of 5 mol% Pd.dba;.CHCl; and 25 mol% (R,R)-RENORPHOS in benzene at 100°C, substrate 7 undergoes
the smooth cyclization to afford the product 8 in 70% yield with 65% enantiomeric excess (eq 6). On the other hand,
when the amounts of palladium precursors and ligands were increase from 20 to 100 mol%, respectively (condition
B), better chemical and optical yields were obtained. This represents the first example of the asymmetric addition of

carbon pronucleophiles to alkynes.

—==—Ph
Condition A : 70%, 65% ee =
CN Ph (6)

CN Condition B : 80%, 90% ee NC CN
7 8
Condition A: 5 mol% Pd,(dba); CHCl;, 10 mol% PhCO,H, 25 mol% (R,R)-RENORPHOS in
benzene, 100 °C, 72 h. Condition B: 20 mol% Pd,(dba);-CHCl3, 40 mol% PhCO,H, 100
mol% (R,R)-RENORPHOS in benzene,100°C, 72 h.

The general mechanism of this reaction is believed to proceeds in similar way as described in Scheme 2.

Chapter 3. Palladium-Catalyzed Dimerization of Conjugated Diynes: Synthesis of (E)-1,2-Divinyl-
diethynylethenes (DVDEEs) having Donor and Acceptor Chromophores at the Terminus of Alkyne

(E)-1,2-Divinyldiethynylethenes (DVDEEs) having donor and acceptor chromophores at the terminus of alkyne
unit 14 were synthesize by the palladium/HOAc catalyzed dimerization of the conjugated diynes 9 bearing an Si-
group at the terminus of alkyne (R' position) followed by desilylation and subsequent Sonogashira reaction of the

resulting terminal alkyne 11 with aryl iodides (Scheme 3) is described.

Scheme 3.

n-pr,
P cat. Pd(PPhs), KOH/MeOH
—:‘—.—__—'\ :
9 nPr - CH,CO,H, 40°C %
10 -Pr

1= ; i
R = MeaSh, ElsS DVDEE
(--Pr),Si A potential NLO material

EDG EWG
/©/ /©/ Sonogashira
0 P cross-coupling

12 13 —_—

EWG: electron withdrawing group
EDG: electron donating group

EDG

D/A substituted functionalized DVDEE molecules
D = donors, A= acceptors

14

Chapter 4. Total Synthesis of Indolizidine (-)-209D: An Application of the Intramelecular Hydroamination

Reaction

Palladium-catalyzed highly efficient synthesis of indolizidine (-)-209D via the intramolecular hydroamination of

e -amino alkyne 15 has been accomplished. The alkyne 15 in the presence of 5 mol % Pd(PPhy); and 10 mol %
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benzoic acid and 2 equiv of triethylamine in 1,4-dioxane at 100°C for 12 h led to the formation of cyclized product
16 as a single diastereomer which on further hydrogenation gave the natural product indolizidine (-)-209D in 85%
yield (eq 7).

5 moi% Pd(PPhs)s H
Pd-C/MeOH, Hs

H 10 moi% PhCO,H @
=n-Bu T oo o,
N Et3N (2 equiv) 85% nBu
H 1,4-dioxane n-Bu”
15 100°C. 12 h 16 indolizidine (-)-208D
74%

A plausible explanation for the observed diastercoselectivity in the intramolecular hydroamination reaction is
made on the basis of 1,3-diaxial interactions. As depicted in Scheme 4, two transition states A and B are
conceivable. In the model E, the = -allyl palladium complex would be in an axial position, therefore it suffers from a
severe 1,3-diaxial interaction. On the other hand such a 1,3-diaxial interaction is not present in the transition state D,
as the  -allyl palladium complex is oriented in an equatorial position. This explains the exclusive formation of the

desired diastereomer.,

Scheme 4. Proposed transition states for the observed diastereoselectivity

(formed exclusively)
16

Chapter 5. Silver(l)-Catalyzed Cyclization of Alkynones: Incorporation of Allenes into the Isochromenes

The silver(I)-catalyzed reaction of alkynones with alcohols represents a general tool for the synthesis of 1-allenyl
isochromenes. The reaction of 17 with various alcohol 18 (2 equivs) in CH,Cl; in the presence of AgSbFs, (5 mol %)
at 35 °C gave the desired product 19 in good to high yields (eq 8). The reaction most probably proceeds through the
benzopyrylium cation I, which would be formed by the nucleophilic attack of carbonyl oxygen to the silver
coordinated alkynes. The benzopyrylium ion formed in this way would undergo subsequent trapping with alcohols.

The protonation and regeneration of the Ag(I) catalyst produce the annulation products (Scheme 5).
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Scheme 5. Proposed mechanism for cyclization reaction
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Chapter 6. PtBr,-Catalyzed Transformation of Allyl(ortho-ethynylaryljearbinel Derivatives into Funetionalized

Indenes. Sp’ C-H Bond Activation

The PtBr,-catalyzed transformation of 1-ethynyl-2-(1-alkoxy-but-3-enyl)-benzene 20 into functionalized indenes
21 in good to moderate yields is described. The reaction proceeds most probably sp’ C-H activation by Pt-vinylidene

complex {eq 9).

A H
N Z 5 mol% PtBr, RS T
R . Solvent, 120 °C >
X
12h R1
20 R' (C-H Activation) 24
R! = OMe, OBn, Ph R!= OMe, OBn, Ph

A plausible mechanism is outlined in Scheme 6. The interaction of PtBr, with the terminal alkyne of substrate 20
gives an alkyne-PtBr; 7 -complex, which gradually isomerizes via the migration of the terminal hydrogen from « -
carbon to the adjacent internal ;3 -carbon atom, as observed in the other metal alkylidene complexes, to form the
platinum vinylidene intermediate F. It is most probable that the endo-carbocyclization of intermediate F takes places
via a second H transfer (or vie C-H activation/C=M mtathesis) to form the five membered metal vinyl species G.

Finally, reductive elimination of PtBr, forms final product 21.

Scheme 6. Proposed mechanism for the endo-carbocyclization via sp’ C-H bond activation
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Chapter 7. Synthesis of Isoquinolines via Electrophilic Cyclization from Azido-Alkynes

This chapter describes completely new method for the synthesis of isoquinoline derivatives 23 via the transition
metal catalyzed cyclization of alkynylazide 22 (eq 10). On the other hand, this result encouraged us to examine the
electrophilic cyclization of alkynylazide 10 by electrophiles other than organopalladium compounds in order to

obtain 3,4-substituted isoquinoline 24 (eq 11).

TN
R— (10)
AN o
R
R
R P Ny 23
X X TIN
R R—u
22 NP R (1M
R = alkyl, alkenyl and aryl E
E =1, ICI 24

—168—



MXBEDHERODEER

WA T 7 A 2 V7B EEANEC X 5 RE-REEE R ORE-~T 0 R HEUL A
AR EN TV AR, TNLORININEEI B OARL LT T MAL ) I —OHEE»L b BN
I Tdh b EVZ A, KEWiZB VW TNirmal Kumar Pahadild /S5 27 A flui 4 F W73 D % BIsE L,
INSDOFEEHCTHERRRY ORI 72,

FE1ETIE, NIV LA—REFHREOLMBREH VG Z L2, REBIOEERE O RKEEST
LyRGTHNTMEFr~MIINT A2 2 RN LTwh, 7 MUERYISIERERII G TH b i—
TrostiUB 2 & ) B E N T W72, 4RSS NSNS TH L 2 &b & ) BEFRRW LT
JIVIZATVDERTFETHE EVZ D,

F2ETIE, NI TVYLMBEEHCEZTAR Y OSFART L K4V RIEEIED B DWW Tk~
N TV b, RENORPHOS % NF BN & L THRINT A Z L I2 & D AFIEIN®% TH 7 IV iRFERILEY
PEONLEZ ExBHLNIT LT,

EI3BTIE, NT VLM R VLR Y A o B E W BRI R U OE T 4
TEHETAHIEIN T IF NI T VOERIIDOWVTHERLEN TS, TS D5TFEHE 2 XIEHIEE
PIEEERETAHI E0s, TOEEERESE L TERIZET 5.

wAETE, FAe Fa 7 3 2L E B v 72 Indolizidine (-)-209DD A ER LT\ 5, B4

ANZALDBNIZEDE T T AT VAEREOBBEOBELZ LML T b,

EHETIHPRMBICL AT VE ) P OBRIBICE Y TV VB2 AT A4 V70 A Y DERUSIC
DVTIRARSENT WD, SO BEILFIHZ e LokE, A7V a—LhBEREEE L THYAS
CENHARETHALIEZHLMIL 72,

BOBETIEIHESMBICL A4 Y FULEMOERIICICHA L TERON TS, §Eflle A=A L0
BEfc & D CORIBIEAEE =) 7 U8R r @ BRE L TRIAT L LIRES TV S,

EBTETET Y RTILVF ALEWOREFHIRLISIZL 24V E ) YOEBIZOWTHRE L TW
Bo FEZA—nTA40F ) IEARTHAE LTEETH L D5 F0OWBRMEHFEE L TR
Ehb,

Pk, ARG ICARLY:, ARABIL¥OFHICERT A2b0TH Y, BHHET L THIEEE)
FIHIICIZLELSEOERE ) EFREAETAIEEZR LTS, LT, Nirmal Kumar Pahadi 3£
DFCITE L (F%) OFMEHLE LTAELHRD S,

—169—



