Bk 4 — 2 GREE-L (Fax0)

202 34 18 6H

JERHEEE - M TEER | FEES 7141816 % | | {EEHE

eE—%
JR O E A

K4 e ER

MXHNAEDEE (§1)

A4 | VAR R VEORRBEFIGEFA Lo a7 o REREOE ARG

(FEE 1,200 FEE)

ANRUVBEIRRICESFEL, ARESRMAHE L THMOND, WK e —BET
BRREHCE DRURBKISIIE AR FEBRIGE L TEIBICIR ST, L, B
REESOSIIRE 2 RB—IRBHEEZOW T A LER S D720, BliRERSBMECH LK
INSREDBLERRPRETH D, —FH, BMICHAR=NNELZEHETSE B —F Y AR ERIT
ANV =NV EEO LR EMNRIC L VB2 &ECHRBRAIETT S, ZOMEA2FA LK
SRR EREANCIRINTWAR, EZMB — 4 VY IR VBRI EE & LR E
REEALBUS DWEFNIIER ISRV, EFXFOFIRT HHEE CIIfTE, BBk E -4V
R DO ARFWAREEAIE SRS T L ORI % B W22 WBRIEAY 7 v BALRIS 2 8H4E LT
Lo FAXT N O TH ONTZH R E W TE =D VR B O B R BRAYE BB Bb B 03
fHE IR e =~y b OBE L SICOW TR 1T - 77,

FUI, 22—V U DNLERRY F U AEORRBEREREMUSICET 2R E21To 72, 2
— U DAEERIIIRREZICAE LA DA NS BN EL SN AEIC L 0 BB I RS
B9, ZORSEPERE(CISIUSHA LI E A EBE S THARY, EFIL YD
NVEEEE DO U F U AEIZXS U TSelectfluor 2 /Ef S ¥ 2T T v BRI AHBIZETTAE %
R L7z, Tz 2T N0DT AL E G BURBEN 7 v BLFUE 2R — 7 5 2 2 THEET % FiE
WDOWTHRETL, 2B T6%INERE RIFRNKRTHMMEZ B, M) 7ot o AFLF4
EEISIZ DWW T BB 21T o7, MY 74030 2 FAFFEITEE, BEELBERSFIZBWNT
FEREZEDIHANEETH D, EHEIIREFH N IAF 0 AFAFHEHEET. 2—V
UNVEEBR Y F U LA ARG I ERET R 7t a AFAFHUENBGFRINETCEBLNEE
R U,

Flo, BEMB -7 PR UVBROBBRBIT L F— VRS ABICETT AT L
Too EOBOEZRB —AF Y IR VBORKBOEREEIZIINE TR LA PHE
SNTIZRhoTeds, BARKRETH TN RF—LEZERFETHL N IALFa L VBB AT
NMEETThOE, HBICT A R A RISHETT2ENHLNE RoTe, EFTIALT IV
fREFET TR ZT ATt & ZABGFRINE, VT AT UABRREB L CFRENS BT
F U FABIRETHBO T L R— U IERE S L,

BEWNT, NIV LEER W =7 T VA RAFLORKREBEY 7 v BEGICET 3
Wt zdT -7, B—7 N7 VLT AFNVOESREBMEIC X ABREBAT U ALRISIEE < 7
RO TWDMR, REEET VLA OEREIGIZEHA LTI A YHEEINT
Wi, EFEIRRBBEICAE LDz —T U AT ) T— FRRBEICRETN T v EHEER S
WEETT v REEIEPEITTAOTIIRVWhEEZ, BIEE UTEOH, BT & LT
BINAPZ AWV ETNEAKIBIZH EL, BO e =7 dur b 2EINRTET,

HECACeRICEWOFEISEIT > T2, EHE OB T D9 I3 R sRizH
EHTDa—20ud b rOSREISICE Y ZRALEVVBELNIEEZRE L TWD, S
BEOLNEXF I LRI EVOFENEEEF R L, =T EREIER TV —F L - 75
TG, REBEWMEISZEITV, BFRYPT AT UVAEREB I UOINETHNDIE ST,




g4 —1 EREME (3E30)

Date of Submission (month day, year) :1/6/2023

Department of

Applied Chemistry | StudentiD Number | D141816

and Life Science Supervisors | Kazutaka Shibatomi
Naoki Haraguchi

Applicant’s name Ryouta Kawanishi

Abstract (Doctor)

Introduction of halogen-containing functional groups by decarboxylation reaction of

Title of Thesis carboxylic acids

Approx. 800 words

Carboxylic acids are abundant and widely available compounds. Therefore, decarboxylation
reactions that can functionalize carboxylic acids in a single step have been studied intensively as
highly useful reactions in organic chemistry. However, decarboxylation reactions generally require
harsh conditions or expensive transition-metal catalysts to cleave the strong carbon—carbon bond. In
contrast, f-oxocarboxylic acids decarboxylate easily due to the resonance stabilizing effect of the
adjacent carbonyl groups. Recently, there has been considerable research on the decarboxylative
functionalization of B-oxocarboxylic acids such as via Mannich and aldol reactions; however, reports
on decarboxylative functionalization using tertiary P-oxocarboxylic acids are limited. Our research
group recently reported the enantioselective decarboxylative chlorination of tertiary B-ketocarboxylic
acids using a chiral primary amine catalyst, and the catalyst-free decarboxylative fluorination of B-
ketocarboxylic acids. Based on this work, the expansion of the substrate scope of the decarboxylative
functionalization of tertiary carboxylic acids and derivatization of a-haloketone derivatives were
investigated in this study.

Catalyst-free decarboxylative functionalization of lithium 2-pyridylacetate is described in chapters
2 and 3. 2-Pyridylacetic acid undergoes decarboxylation as easily as B-ketocarboxylic acids owing to
the resonance stabilization from the delocalization of the carbanion into the pyridine ring. However,
there are very few reports on the application of this phenomenon to the decarboxylative
functionalization of 2-pyridylacetic acid in the absence of transition-metal catalysts. Additionally,
because fluorine is prevalent in pharmaceuticals and pesticides, the development of fluorination
reactions is important. Therefore, the decarboxylative fluorination of 2-pyridylacetic acid was
proposed.

First, lithium 2-pyridylacetate was synthesized from methyl 2-pyridylacetate by saponification. The
treatment of lithium 2-pyridylacetate with Selectfluor afforded the desired 2-(fluoroalkyl)pyridine in
good yield. Furthermore, 2-(fluoroalkyl)pyridines were obtained in good yields by saponification of
methyl lithium 2-pyridylacetates and subsequent decarboxylative fluorination of lithium 2-
pyridylacetates using the one-pot method. This reaction replaced the ester group with fluoride in a
single step. Furthermore, this fluorination could be applied to the trifluoromethylthiolation reaction.
The trifluoromethylthio group is strongly electron-withdrawing and highly lipophilic, and thus has
attracted attention in the pharmaceutical sciences and related fields. Therefore, decarboxylative
trifluoromethylthiolation was performed using the same method as the decarboxylative fluorination
of 2-pyridylacetic acids with an electrophilic trifluoromethylthiolation reagent. The desired 2-
(trifluoromethylthioalkyl)pyridine was obtained in good yield. Furthermore, we successfully
performed the trifluoromethylthiolation as a one-pot reaction, analogous to the fluorination reactions.

Decarboxylative aldol reactions of tertiary carboxylic acids with trifluoropyruvate is described in
chapter 4. As mentioned above, there are limited reports on the decarboxylative functionalization of
tertiary P-oxocarboxylic acids in the absence of transition-metal catalysts. In contrast, our research




group reported that decarboxylative functionalization of tertiary P-ketocarboxylic acids proceeds
smoothly in the presence of strongly electrophilic halogenating reagents. Based on this work, the
decarboxylative aldol reaction using trifluoropyruvates, which are highly electrophilic aldol
acceptors, proceeded smoothly with high diastereoselectivity. The desired aldol adducts were
obtained in good yields with moderate-to-good enantioselectivity when the reactions were carried out
using cinchonine, which is a chiral amine catalyst.

The decarboxylative fluorination of allyl-B-keto carboxylates with palladium catalyst is described
in chapter 5. Decarboxylative allylic alkylation of allyl-p-keto carboxylates has been studied
intensively since it was reported by the research group of J. Tsuji and T. Saegusa in 1980. However,
there are very few reports on the decarboxylative functionalization of allyl-B-keto carboxylates with
transition-metal catalysts, except for decarboxylative allylic alkylation. Based on this information,
the decarboxylative fluorination of allyl-B-keto carboxylates using transition-metal catalysts were
studied. Under optimized reaction conditions, the yield of the desired o-fluoroketone considerably
improved when EtOH and BINAP were used as the solvent and ligand, respectively. However, the
reaction was not enantioselective, even with chiral ligands.

Finally, the derivatization of chiral spiro compounds is described in chapter 6. In our previous
work, we have reported that hydroxylation, thiolation, and azidation of tertiary a-chloroketones
occurs via an Sy2 reaction. Furthermore, spirocyclic compounds were obtained in good yields via
Sn2 pathway by using an a-chloroketone having a nucleophile at the end of the side chain. Therefore,
the derivatization of the obtained spirocyclic compounds was proposed. The allyl alcohol analogues
were first synthesized by the 1,2-reduction of the spirocyclic compounds using DIBAL-H.
Etherification, Friedel-Crafts reaction, and hydrogenation over Pt/C of the obtained ally! alcohol
analogs proceeded smoothly and the desired derivatized compounds were obtained with high
diastereoselectivities and good yields.




