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Aromatic rings and heteroaromatic rings are often found as frameworks in
pharmaceuticals. Therefore, modifications of these side chains are important organic transformation
to synthesize various drag candidates. In general, alkylations of side chains of these compounds are

carried out by use of stoichiometric amount of strong base and alkyl halides. However, the use of
alkyl halides and stoichiometric amount of strong base should be avoided from the viewpoint of green

chemistry. Under such social demands, the author investigated the development of a new heterocyclic
side chain modification method using the catalytic "Borrowing Hydrogen" methodology (BH method),
where alcohols were used as alkylating agents. As a result, several useful findings have been
obtained, including the development of a new alkylation method for the side chain of the
heteroaromatic ring using the Ru/In concerted catalysis.
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1. AFZEBAE 4 FI DY 5

TIVERST FUBERII LD LT AREROT LF AL, BEASRICBWNTEIEND
bRy HEMED—>TH D, — RIS, KREBIOT VX ALFI L LTTva—v & H
WDE, Na T ART VR ARE DFEAMA~DOFHEE, KA & OBUG & W 9 B Ak D LB
Wb, iz, TG DEBE CIHMEFERED D TEORKE VEIEMEEI 12D, Tk
Axa ) I —DBENDLRTENTET VX UBE LS TN 2720, 512, ~a b AL T rF e
DT NFXNMETHE, BERWEMLE OGN EARDEIREDO KBS LIZLIZRZ T 6, £
TRV BB\, FD7, T a— VEPFHERILT 52 L FDOFEET LI L
FNZ AN D REFI DT VX MALEDOBIR R D 53T 5. Borrowing Hydrogen # (LA, BH
E) 1L DER AT =TSRG O T LI NMALED O L S TH Y, KA E LTIET I OGN
ATV ALEW, 7 N, RERIe~T aBAL &7 ERN IR ST A BHIETIE,

O Bz LB T7 Vv a— b OPRKFILEIR, @ 4 Uz v R = ViR & SREERIDHE &

Jin, @ AR L 7o AR 22 SOG R E~DOKFERI OKFEOBR) 28T, Wit T
TOT N a—EHANWTEREFOT VX NALEIT) ZENRAETHD. ZOHFETIE, TREIN
LEVERN KOOI Th DI, LiloMBE 7271k L g U CEBIIZR 23R\ T
BY, Z7V—=2 I A M) —DRMMNSHE L. Foxld, RFEOBMIRSE T, 20 BHE
WCEES L T BRSO EIT> CTETEY, A2 R—=AFEHOAERIR T VX AL
(Eur. J. Org. Chem. 2013), KEZHI~T 0 BBLEW O T N F MBS (Eur J. Org. Chem. 2015), T
EIERIA—NNNEDB-T XTIV — VGRS (Bur J. Org. Chem. 2013), B X7 U7
b2 —)VEA®D anti-Markovnikov il & K 7 3 LIS (Chem. Commun. 2015) &V > 7= BH {EIZ
LD TFEBRFIELZRBELTCE . 26O RITVTRY, BHIEOHW LN HESCAES
RA~DI O ATHENE, RO RIS Fi RSB RERr T2 b DO Th -7 (AL
Flait, 2016).

2. WFEOBE®

D BH EICHED D8 m & HEEE D B O RIS L, ABFJE TiX Borrowing
Hydrogen 7512 X 5 5B BRMIE T VX VL EE ORI 7 VX AL OB 2 Bi5 L7z, BH {EEZF]
FH 32 BSOS 2 M D D WFFEHIE B LIS LT —J7, FIA S A REANLT I V8, IF
PERXRF L ANMEEMB L O NV R =L EMNIEE A ETH T, RBFIECTIFZERI S & 72 5 5
WEAIEH ) % sRiZAI & UCRIRT 26011%, B—FRMECRTIEA Y Oy La it s 42 2 4], RE—
AR CIX PUALO; OD—fililc & EF - TH Y (Oboraetal. J. Org. Chem. 2012, 77, 9429; Shimizu et
al. Tetrahedron Lett. 2013, 6094), filfifRsR - HWEHMA R &b+ IATPON TELTIREN TH -
fo. 20, BEMIZIE, Ova) VEEZRD LT V00X 2 U VB EERO L S 7 n R
m~7 v EHFEFICEDE L OCETF RS EFBRICED DM A F VDT L F AT DO T
HL, ORI E & b ICHE BRSO LEEARE AP ONITLH &, OFRFTLF
IS ~D BB A REFT 228, @VA—NEZHWLMEE A FAIED S 7 a7 VX LG
EEDMFRAME LTEIT, AFRICET LR

3. WD HE

fIBE SO OBAFE X, BORROFREE, MELORIN, MISFRMFORBEIZL > TTH. flxiE, ~7nm
BRAABHE A FIVIED T VX UG B EY fLTiC 720, BRIERIC K B 2 F o kegtm b
TiE7e <, Lewis 2% HW 2 A 721G ML FIEIC BBk 20 &, BH h 1 7 v &2 o3 g & £
FNFEEIEVEL T 5 Lewis BRI D [ 280 22 il SO i 2 5% 3 L 7. BH VA 7 V% F o9 fillflt &
LT, BHEELDOIZNETOMIERDOFT, & DITIREREAOT VX ALISITEBNT, ¥
—SRVT =0 ALY PA/C B D A U 2 AR X0 L AMESh RO TES ThH Z L
HLE Moo EnD, R TIEY—RLT =0 AR EE IR E U CRIRRE O %
1To7o. ZD1%, Lewis BEORGES, BUSERHEOREILEZITVY, Heff (CEE @ FEH O M 217 -
7= (Chem.Lett. 2019) . = DIEDy, BAFRAFERDE LN WISRIZE L TIE, RIZERY ZREIC
HEL, TOMEPGRINIGEE THIL, ZNEIHIT 5720 0MmE 21Tz, £, 2k
TERIZRBFFRICSE HIR D 72 &, BFFREFE OB OB IEICES DT, FOFEER, AR QB I W
QWG LTz (Heterocycles, 2019 ff1) .

4. WF7EEE

(1) Rw/In HZER9FEEIC L B 2- A F vk ) U UHH & ZF DRERIAD A FLVED T L F VAL
XUV VHEIILD ET AT o EFEBIIEELZIILD ETI2AAMEOFHKE L CEE
Tho. ~T e HEHRAEED A FIVIEOT VX ARIE, 85, n-Buli 72 EOMERIC L 507 1
M AR ~"a T A EDRISIC L D EB IR, (bFEmBEOBELNLETHD Z
EREIE OFEEY L HEH SN D R EOMBENR S 5. Z ORI E R, ABFFE T, 2-4
FFx U7 8N Lewis BRIZ XL D A FVENEMALS, TAT e REEMIGL, C=C fEH
IR D RSICHEB LTz (cf. Uozumi et al. RSC Adv. 2014, 4,57875). 37245, BHIEICRKIT
EHE 72 REH & VAR = VR & OS2I X DIEMAETIEZR L, 20 Lewis BRIZE D
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2 RUHCI(CO)(PPhgz)3 (7.5 mol%) and InCl3+4H,0 (50 mol%) were used, and the reaction E

was performed at 150°C and 72 h.

1. Ru/In BZEAMEEIC K% 2-%F /U LI & 2 DBERRIRD T L 2 — L& 7V F LRI &35 7 v S ALNE

R 2R E ML R T Z LI E D, 2-AF 2 ) VO 7 ) — 2 TR T VbR
AREIZZR D D TIH AWV E WO BRI A L T, & F I 2B ofE %, RuHCI(CO)(PPhs); %
BH %A 7 L Ofilfi & U CTHY, InCly-4H,0 % ~7 1 & B ORISH A TV FEDIEHEA L ARgE & LT
FAWNWDLZ ET,2-AF X ) Yo DORCDATIVa— L& T IVENAAE &4 DX DA A e
ThHH, NMR I 91% THIIO T VX ALK E L. RIETIE, 7vx (bl e LCidfE~
DOF—T NV a—ABNFHAGETHY, ~TaFH/RELTUIF IV VE A VX7 V8, *
XY E~ORBNAEETCH 72 (B’ 1, 73 2: Chem. Lett. 2019)

Q) =F LY a—LETLXMHIE TS
iR N- Ko = F AL

UA—NERET VX AMEHE L THWS Z &
T, Bz, 23-UAF AR FH Y LT

RuCl,(PPh3)3 (5 mol%Ru)
R Xantphos (6 mol%)
) KOBuU! 1%
\NH . Ho/\/OH OBu' (5 mol%)
7 Toluene, 120 °C, 22 h

3eq)

L) a— A nbIEZRAKOMAWNES
nhatEzoh5. TDX O RIEERGHOL
&, WRZEERE: ()OO JFERRICRIY RS % iR
ALz, LhLaens, =F L7 a—un
Lewis BRI Ot L 72 B Z L= TF L
U a— VORI 72 ERRE E 720, 5E
THBRBEIZIIES ) oT-. £2T, =F
Lo 7Y a— & BHIETTY VX bl E LT
FIAT 212 7= > TOIEREN 72 7 i & ST
T BT DX It 21T > 72, ZDRGETOH
T, BRIRT I TF Lo od— ORISR
BT, VT =0 Ml OFRIEIZ L Y T X
&/ 7 I AL EIRMICHEIT T 5 2 L2 R L7z, 37205, RuCl(PPhs)s/Xantphos il ik
HWb L, BBIk7 IOk Fax =T Ubd fim 9%, EOIEETHEITT 5 Z L nbhro T

ZORERIIFERMBEO T VX b LT —EET 500, =F L 7Y a—LORELO
HlIfEES Y, T KO FuxvaF i 2o nx X ) — L TCiERl, ZfigosF 1L
YY) a—= L EHAWTHERATEL LWV HICBWTAHARARTHDLENVZD R 1
Heterocycles, 2019).
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2. =FLrrYVa—nEzHnie FedroFu

(3) BOITOWing Hydrogen Yﬁ&: BITD @%/’i‘/{\ UK Asymmetric BH Reaction with Stabilized Ylide
DT NF MALRIS

SR OS2 Y B (DIZSZ L 7= REEK~DI oo+ PthYcOZE[ I/BINAP cat. Ph/\;COzEt
HAakatd 29 2T, AFALETERS =T me me
B EOMBEDT L FR LR T A sabled e e
ZFIM L7z BH FUSOFERBMHAE 2D, Lo

L 7L£ Zﬁ % 5 Lewis @‘Z‘L{‘&:— J: E) {E‘I‘i'fti)\!jﬂiﬁﬁ%ﬁﬁz This Work

Williams, et. al. Tetrahedron: Asymmetry, 2007, 18, 2845-2848.

LU 2D Z &R0, BT LV — LD N en o

FICHE S A RS ORS D& F o £ 22 L Jor ")

0, REERSOEMNKNEL -7, 22T, B

Bz A REARIDYER & LT, MEZEAY ROl _RuCl(PPhga, DPEphos (1™
Hafatt 52 &l L. BH EICED Y v g louene @ m), LBUOK N

U RofEAIE, ASE BH #EN b OEWRTZIR 66% yield

EWHFIRERR D20, TRIFEHmENTIS

TZhmotz, LnLAass, BHIECEW T B 3. BH KI5l 2 ATEA Y FORH



BEHEE L\ & SHAARFARADISHICONTIE, ZEA UV REHAWEZITEN Willams 512 K
> TBHEMEORMIIHE SN TWNDLZ LD, RAEARA~DIH EVWHIBENOEZ D LA
U R AW SOSHITod 5 (Williams et al. Tetrahedron: Asymmetry, 2007, 18,2845). % 2T,
FERABICT =4 DNECDMELTEA ) RO BHIETORM RG22 Lo Lz, FEx g
DOFER, RuCly(PPhs)s il AFAE T, ¥ L LT +BuOK Z W, 2-7aE A FLE YD L h 7
ToVRAT 4 NBREHM LR AR DA E R UAT A a— LRSS S, I
R 66% THIST DT NI IALKNRG L. KRiEL, BHIEZREWT, #ELELY RaEHWH)
DTOFEITHY, BHIEOS LR HFHOIEEEZ 6T O Th D, BIfE, & 058w b
ERFEA~DIEHZRFTL TV 5.
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