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This dissertation describes a computational study on

- . . . . . . 10 mol % Pd{OAc), —
o-endo trig type cyclization of B,y unsaturated carboxylic PN O 11 mol % P,R,R-i-Pr- SPRIX /&
acids using Pd-SPRIX catalyst and consists of three /\/\gH 2 equiv BQ R 0
. o ) : DCE. 30°C ‘t-butenolides
chaplers: The Tirst chapter describes the urprecedented ' yield up to 96 %
B . - - . - E-3-alkenoi i ’
activation of olelins that was displayed by Pd-spiro alkenoic adds (up to 80 % ee)

bis (isoxazoline)s (SPRIXs) complexes in the enantioselective oxidative cyclizations. [n 2010, we reported
5-endo irig cyclization of P,y-unsaturated carboxylic acids' via anti Baldwin’ s rule.? To have more
insight about this unique 5-endo-trig type cyclization, the reaction mechanism by using DFT calculations
adopting the B3LYP/6-31G(d) level of theory with ECP approximation (LANL2DZ)* for the palladium center

was studied. Tn chapter 2, three possible pathways have been successfully located and examined on their
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potential energy profiles for distinet chemical models: neutral pathway “a° ; which consists of an
alkenoate anion (RCO,”), an acetate anion (Ac07), a palladium (TT) cation (Pd''), and a SPRIX ligand, and

cationic pathway
“p . . £ Cyclization TS H Jon
5 consisling c') ~ 2 ch, iPr- il -Pr
an  alkenoic  acid NN NPT N N~y -Pr

\ Himinati
(RCOH), AcOm,  Pd* 0 Fa, e (P.RRui-Pr- SPRIX)
D, Ae0T, i <~ 0COCH; AR -
and a SPRIX 1igand, on S " Ho’éo

and neutral pathway

e’y consisting 330
of RCO,, AcO7, Pd*, £
an acetic acid(Acom), §
and a SPRIX ligand. 20

Finally the pathway

[€ is found to be
best to describe the 10
Pd-SPRIX-catalyzed
enantioselective

5 endo-trig itype 0
cyclization and the
energetics obtained

for this pathway 10

agrees well with the

experimental observations.
The pathway “c” involves the intramolecular nucleophilic attack of the carboxylate moiety to the
carbon-carbon double bond activated by the coordination of Pd-SPRTX, and the reductive P-hvdride
elimination from the resulting organopalladium intermediate. The overall reaction coordinate showed that
the cyelization transition state TS-le is the enantio-determining step as well as the RDS, therefore
the prevalence of # rather than & isomer of the cyclized product was confirmed theoretically and it agrees
with the experimental findings. The reductive P-hydride elimination TS-2c possesses a seven membered
cvelie structure, in which the acetate ligand plays a key role to lower the activation barrier. The SPRIX
ligand is found to behave as a hemilabile ligand due to its rigid framework 1o facilitate the elimination
step. The difference between the reactivity of the Z-alkenoic and A-alkenoic acids could be explained
by our theoretical model. Also the present theoretical study suggests the higher reactivity of the Pd-SPRIX
that facilitates the formation of m—complex compared to
Pd-#-Bu-Box 1ligand that will affect the overall
activation energy.

In chapter 3, we focused on TS-ilc (£} and 1S-ic

order to design a new SPRIX ligand that increase the

enantioselectivity of the y-butenolides and we found that Ly, and Ly, could increase the enantioselectivity

of the product theoretically by increasing the energy difference between the cyclization TS of both #

and 5 isomers to 5.6 and 5.5 kecal/mol, respectively.
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FMRFEER. NSPTVA-AEDERA Y FFEVY Pk (Pd-SPRID) ZfEEE L TERFTT S
By — REEFIAIV R BRI D, S-endo-trig MBCKINIC L By-T7 7 /U NEO EREE 2 ER 2N
B L, CORIBR, EXFFHIY VAT (box) . SPRIX PSLOARFRMTERND &R
IRASERT Lxty, MEEHEIL, PAWCHRIWNBAR T > > v )Lk (LANL2DL) 28 U = BE LB (B3LYP)

ZHWT, SPRIX LOREHBES P b?‘ﬂ“‘/@ﬁ?:t‘/@ﬁ{ﬂwﬁé%ﬁéb?‘:@kf;i&(@%%%ﬁ
o bR, AR S-endo-trig MBRACKISH, RILBREEp-—E FU MEEO., —D0BBREEZRML T
BT T2 EEzHEAE LR, BEERTHDIF > FARREOHEERTLH 2BV ORILIBE
IZBWT, box M FERNWEEEPL, [BOHEME TRREPETLUAWREREASMITSH I &
WCHRMLTWD, -t YU FHBOBRBETIE, BE O 4 BREBRECERL, BFBEOBEELRE T
BREBRBOFNVIFINT-WICHERTHZ 2R, ABIERSOBEEEHEME L,
THRHBEZEL. FHAREERMTFOTYA CHRFEL, 2201V T OENEORDDIC -7
FNBEEATFNVEEFORMFIEBVNTENWREFRENAFETEZ 2RV EL TV S,
IOXDKHEZIFENENFEEZHAVT, Baldvin A5 BEEET LIS WEINDE
S—endo-trig IR G OB EZMIAT 2 & &I ERWAERICE O W FRABTEMT DR 27
ST EIERMLE, XoT, FwmXiZHEL (H%) OFEUBRILELTTAHMESZ DO ERD S,



