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Chapter 1

BRNOREESL, BRSO ICHIH S N2 il & O8Iz E8 T, iGHEHRL
CBBEBZAT 2 RBEEECSBMEIL, 22 N8R O ICHEIIR L 72 S
2179 2 EDHKD 7D, AEYOATHERI NS b DITIZEE O RIGHE %2 B
THIEDNARTH S, FFICZDHhTH, TFHNICEREOSEBTLEAE T2
BBl () 13, () —2OHEZEHEDOREL CTHIICIEELT 2, (b)
R OILE % DO BB CHIISIEELT 5. (o) —BoEE G L% 1T
STV L EEKZERMNCZENT 5, LB kAL TIIOMEZAE LT
WE 7, HEEDO L DITIIELKIGEET) 2 LN TE S (Figure 1),

(a)

CHICHS

Figure 1. Schematic representations of cooperation of multi-nuclear
in substrate activation.

— (M3

DI

M, M, = metal nuclears
S = substrate

s DL — Nk, &EZCIEREOM, S 6 I 174 £ 0%
JEFEARDORGEIC X > TIRES NS, 2D, HEKEEHERECMEICI T,



RN X Z B AY Vo8 7 BRI T, OGEREREZ 2 v ba—
W5 ETHELZERE L5 TV 5,

AFETIE, DK ) ITEN NG - $iREGET 2 o TG 217> T
V3 BN ERE - @SB D T, EEOMET —~Th s illithe A
Wb DEHNT S, FRAZEORBICIE, AR OMEIZOWTEHRT 3,

1-1. BERZSNER

HEE 13, BRI THORICES WRAILETH D, RADE FIZI
3 g DHEABIFEL T3, INoilighn% IFEEEICHW S, 5 Tld 300
VU EDRERDSHENC & > TEELAFKIGZ MBI L TWw 23 2 LI NTR 5%

T, (i) metallo-B-lactamase, (ii) bovine lens leucine aminopeptidase
aminopeptidase A 7% & ¢ aminopeptidase .  (iii) alkaline phosphatase . (iv)
phospholipase C (v) nuclease P1 7 &13, #HE DM A A ¥ H35iEMEPL & 7% D BER
RIS %NRIIAT>T0 B 2 LIS NLT W 5,

1-1-1. Metallo-B-lactamase’

Metallo-B-lactamase & (&, MIfEBENICEWT N 7 VY ARTF 35— DHEZE T
IB-7 7 5 LRIVEE DIMKIIEZ AT 5 SR O T TR IC High A A v 2
92772 B ILETA2HEDRIRTHSL, 2O TS, B fragilis ¥ S
Maltophilia WIZTFAET % Y4B IZ M oMsh ZiHEh E LT.B-7 72 2D
KRELITS>TLE Z EDHSN TS (Figure 2),



Figure 2. Structure of metallo-p-lactamase from B. Fragilis.

NS DIEMEFAL L, tetrahedral F5i& D HSH A 4 > & bipyramidal A5 o dfifh
A Z D3 hydroxide IZ X > THMEL 7 &k ) GG L > Tw 5,

SOGDBRZ. RTTOMEA A V037 78 DDAV HZVEITEANZ T 5 Z &I
o TiEMAL 2TV, IR GO T 7 ¥ LOEFRF I T S 2 &I
Lo TI ootz L 215 L2179 & BB O L E LD %H b H
LTWw3, Z L CTHML TV hydroxide 12 & - TRIEIKE R OBHERDS Z 1) |
D DKGFIZE > TEFED 7T b AL ETEERLOBAEDTOID & v ) 1K
W CRER OB DNHETT L TV % (Scheme 1),
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Scheme 1. §-Lactam hydrolysis by the metallo-p-lactamase from
B. fragilis.



1-1-2. Aminopeptidase*

N KD 7 2/ BERILDOVIW 2179 & v 8 7 B RIESFE DO H T | bovine lens
leucine aminopeptidase (bLAP) %> Aeromonas proteolytica leucine aminopeptidase
(AAP) b, IEMEHOICHEER RS L S TR R HIA S T 5,

o, S R ED Asp ® Glu 72 ED A VR F 2L E hidroxide 12
X o T2 oM A F ¥ DG L 72 H5HE 12 72 > TV % (Figure 3 and 4),

His 97 Asp 117
H o §
A /O)%O‘ ()
Zn \ZH\OH'S 256
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Figure 4. Structure of AAP



8 VN E S IREER AAP 12, Z DOEERISICE W T~ ollighA A v ThHL
RoNVFEDTEEALZ TV, ) —DDHlighA F > LD D& v 7 EDKER
GrEHACTEREHD 7 2 /) FEOFEEZIT> T 5 (Scheme 2), ¥ T OKTT% 2
DDA A v TIHEMAL LI 7 1 b AT 5 T LT K o THHE hydroxide % 42K
SHTEBY, INZREAIE LT7 S FEAEZREKEL, #EotiWiziT-o
TWw3,

Scheme 2. Peptide hydrolysis by AAP

1-1-3. Alkaline phosphatase’

RKEEH 72 £ L 535 alkaline phosphatase (%, 4 7% phosphate monoester
DRI Z TV, ) VIB~DEHaZ 1T ) [ Td 5, Alkaline phosphatase
3 Z2 OIEHERLIC R OMEMA A v &, v TR T AL VDT 2HiE
ZLT05, Ll 7 2Y YA F 32 OEIGICEEMS L TES
T, MM TRIGEIT o TR EE2TELEXZARWEETH S (Figure 5).



Figure 5. Structure of akaline phosphatase from Escherichia coli.

AREEZE D SOBHEREIZ DL T DRI > T % (Scheme 3),
HN
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Scheme 3. Phosphate monoester hydrolysis by alkaline phosphatase.



TEHEEAIC) YIBZ ATV EID AL &, T O0MA A v & Z D
ICHAET 2 Arg 166 23 VBT R 7 VI T2 & Bibz L FEE O1HMEAL 2479 o
ZL T, Ser 102 D7)V axy FEALDSRIZIKEE T 5 2 L2k > T, ZATIK
PR DEST, BEEL 227 L a ¥ FIREEOKS L, b7 1L
L CsRki%tE% b > 7 hydroxide 288 512 VBT AT L2 RIGIKEE L, Ser 102
DIMEEET B 2 LI X o TR EDSMES T, 2 LTV YDA T 5,

DX, REELFFAD Y v 58 7 B DSEREREE OIS HE T & 9 7%,
221 75 BOGEERE 12 X D | phosphate monoester DK 73 f# S %2 #Ef T S & T 5,

1-1-4. Phospholipase C°

Phospholipase C & 1%, YV YIREDIKDZGEZITH) T LIZk>T, ¥ 7 FHIUR
EILBT2X A FAv Xy v —L,7% 5 diacylglycerol &Y v BALEAL %2 AR
SELIMRTH D, ZoOMFEIF, ZomMERMIC=>0iiin A 2HL Tw
22 EDVREBFEELE-STED, 209 b D DOHi#id hydroxide ZH& 1 & -
TOMMEER . 2 LTH 5 D 7 BT I M D TSRS DYALE L T\ 2 K
&L 7> T\ % (Figure 6),

His 118

Figure 6. Structure of phospholipase C from Bacillus cereus.

Bacillus cereus P IZHEAET % T @ phospholipase C 2% phosphatidyl choline % 47 fi#
T OB T, SO A A VS —Do D F AR Y VI E FRHEEL L.
ZLTH) oMM A A D F A B Y INVHE X SITIEET 5 L v,
WS Lewis M1 & 2 L EIGMHALIT> T3, 2L T, MU 7F F Asn 134, Tyr



56, Phe 66, Glu 4 CHE DEIE., X & IIZHEH DN T-TdH % Asp 55 MfFHE & 72
DARDF L7 v b AL U €. RIEZKEE 2 08 UMK iR % T X &
TV % (Scheme 4),

H’H_g' Asn 134
;r’J : I
( Oy T =,
N e) O/QO
2/;/0 \ HO% Tyr 56
(@) /
jo'i ‘o\(I/O/\/N Ph-$ Phe 66
“‘H—/O ———————— P\\_,Q_H Me - Ne) 1'?1 Glu 4
H ,O\ le}
A o/Lf
DT 53
I\ .z ‘Zn—-- /%f
}5_ (o)g8 /,’ “O N N\—NH
N/ QI/ 7\
WLy - <N1;<
H

Scheme 4. Phosphatidyl choline hydrolysis by phospholipase C.

Z D & 9 IZ phospholipase C Tlk, HEHLMIZ=2bH 2 A 4 v 2 lisT
KEFHOLEFEE L ZIT V., S SIHIXTF F 2> TREAlOTEEALZ
19 £V TN E TN L BEEREE 134 L B 2 56BN I X - T, TEE
Gz fT> T3,

1-1-5. Nuclease P1’

Nuclease P1 &, 3 L 7z phospholipase C [ DF§E S N = 4% D dighiG MEAR A7
#HT HMEETH S (Figure 7).

Nuclease P1 (3} endonuclease D—FHTH ), —AH{ DNA LU RNA % &
WEPEREZ b > T, 3’-tarminal phosphate 7K & %2175 T 5,



Figure 7. Structure of nuclease P1 from Penicillium citrinum.

Z DRIHEREIX . FBEOREE % H 3 % phospholipase C & 1&#5 T84 0D Zn’
LA LHENT: Zn® T—ODMFEZIEHL L, Zn' IZF ATV VEE, Z2 L TGES
IZH D Arg 48 DR AR Y IVILE OO Z4UET 2 X ) I2iEE(L L TWw 5 (Scheme
5)e X 51 Zn' DELNLT-TH % Asp 45 134G hydroxide f A > D70 b %5 &
T KD ITTHEEAL L C DR RBZEEE S 5 2 LT X > TY YHUL® inversion
ZREOEDS OFMEEL T K, 2 DR Zn? IZEEE O ZEL ORI b H - T
W5,

-0 .
B Y 3
-0 T NS ;03 g 0—FP 0
0 ‘ R o OH | /\ 0
_§4<\® \ ,,_‘O/ - —_— _§4<\ ; / QS' ,
O— R ! Base o-__ @ 9 . % Base
Asp 45 ! / | '
p IH / ‘zel/ H H o
N HoQ HN: - NH
Arg4g8  )—NH Y Base
3-NH Base “%iNH

Scheme 5. Phosphodiester hydrolysis by nuclease P1.

NS SIGEhIER X, (1) TSR A A > D Lewis BBMEIC X D R ARV ILEED A
VAR ZVEEDTEMEAL, (2) REEHI L 22 2K U VIBHD 7L a — VAL D 43R
WAL, ) B E 22 7 L a— L7 I voLe 7y —Lt LCo%k#Elz, &
Bofighz v, 9 L METE I LIk > THEEMCZ WIS L Tn 3



7o, HLOMMERICIZMORIGEZ B L T 2°, M2 L
T3 Asp ¥ Glu E\WVo 77 2V BPKRTTF. 2L TREHRLED O S v
N?E%%%ﬁf T HEANEEEEHSTE D, 205 DWEEEPELN: % 17

2 & D IEERLDORNS DR, @B LoBEFEEOa Yy tu— L%
(FARN E%;—ﬁ)iﬁ%fﬂ")’(bB%

1-2. B Sl

FElORRLGESR X, 2 oEBOMIETL E 2Nz ) TS N 7 HIC
LD, EERNE VS RSP RS T TEREIRIN D O ERh 3R R R % fili
LTw3, TOXIITENIEELD, BC pH 72 EITHT 2 LEMEDIR S P,
T ELHERRE L Vo REOIEEL, BEEZZDF FARGRITIEHT
5283, BT LLBG TR, 207D, DL BEEOEEICL 5
ZEHBE R N FOHRICHELL, GEAEKTESICHV S 2 L23ITE 2 HKEE
il DBHFE B ICE > TH AT TV 5

1-2-1. Zn/linked-BINOL filit
Shibasaki & (X, -2 BINOL % 2 fiz[d]+: T 7% A+ 72 linked-BINOL HALfiz
F- & diethyl zinc 2> 5 R HTHAE I ¥ 7 Zn/linked-BINOL & \» %) AFFHfigh k% fik
IEDOBIFEZ T\, MENIEEAR 7V F— LV RIGDBIFEICEI L TWw» 3, 24
FTTIVE = VRIBTIE, RKEAE 257 by A7)0z X0 OBHEDE
enol silyl ether % ketene silyl acetal ~Z249" 2 2 & 23— TH > 72 D3, KT
BCDE) BEMMZIT) LR ZDEEDT Py CRIGZETIR S 2 L
HK 2720, IEWICEFERDOE WG E 7> T3 (Scheme 6),

(S,S)-Zn/linked-BINOL OH

Scheme 6. Direct catalytic asymmetric aldol reaction using Zn/linked-BINOL.

F ARG DOTENFTH % zine enolate Z FIH L THEZ 3 K&\ THIND G
aB-AEFT b Y ANDARE 1LA4-ME, 7V A S ) L TORE
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Mannich G THN TS, T DAFK Mannich KBTI, 4 3 VITEEW
Dpp fR#E % 2 2 L1 & ) A FR)0 T anti EIRINIC SOG % 3T &
¥, T ZORERE Boc "NEHT B2 LICK>Tsynfht, iz arv b
00—V LGz bHREIC L TV 5 (Scheme 7).

PPP-\H 0 OMe
anti RJ\Z/U\©
_PG (@] OMe / OH
N
)I + Hj\ij
R
OH
syn
R

OH

Scheme 7. Catalytic enantio- and diastereoselective
synthesis of f-amino alcohol via the Mannich-type reaction.

1-2-2. Westerhausen Hify %l

Westerhausen 5 (3 alkoxide ZEAGHRSN “Z8HA Z FURHEA L L, 2 2226 &K
SN % hydride ZEGHESG A 2 ikl & LTIV, silane & KR alkyne D JiizK
FWAH v 7Y v T %L{Fo T3 (Scheme 8)'2,
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/) N \
M QQN\ZNN /
€3 i ~ SiMes
0" Y
SiMe; Me SiMe,

Ph,SiH,
Ph,SiH(OMe)

~ 7 —
Ph,Si(CCPh), MesSi\(Z”\H/Z”w/snvle3 H
or Ph,SiH(CCPh) . _
SlMes SIM63 \\\
Ph
Ph,SiH(CCPh) — — ’
or Ph,SiH, N\ 4 SN 2
N._ N _N
Me3SiYZn Znﬁ/snvle3
SiMeS H SiMes
Ph

Scheme 8. Zinc-catalyzed dehydrocoupling
of phenylacetylene with diphenylsilane.

AR Tl E Fa s Ytz EDRIBOMIETE T, =i N TRIGHEST
XD ENUEETH S, 72, diphenylsilane ZFHEEH & L THW 1.3 F&HOD
phenylacetylene & )G %2171 7%, FEMYID diphenyl(phenylethynyl)silane 73
81%. MEJIGHIC X > TH 545 diphenyldi(phenylethynyl)silane 2% 7% & mono
ERAERNICE S 1, 2 @D LD phenylacetylene Z > % & di &AL
5B EVvole, WWERMETHUKENA Y 7)) v 7 2ERKL T 5,

1-2-3. LR HEZ O EH ARG

HIBRIEIEAL DA & b B b T 3 Lk E %2 AHA I HI § 2 g
7E. FFIZ epoxide & DILH AT X % polycarbonate K D43 HF 12 & A% i S ik
DS\ & 31, epoxide ° IB{LIRFE &\ o 7 RETH & Kzl %2 RIREE L.
BN 2B CHEL 2 HEAKIE%Z1T> T\ % (Scheme 9)",
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Scheme 9. Zinc-catalyzed copolymerization
of epxide and carbon dioxide.

DX DR X4, Coates & A3p-diketiminate HHEHEEA (1)™.
B-oxo-d-diimine HFHEEIE (2)° L Vo il ZPHFE L. Z DAhIZ H Nozaki (3)'°.
Lee (4)"". Hultzsch (5)'*. Harder (6)". Williams (7)*° & 75 & 25Kk & 7 fillie % % ¥
WL LU (Figure 8). & &I Ding & (% Trost & 23F#%E L 72 ProPhenol FCAZF-Hlish — %
filllt (8) &\ 7B DBFE % TV AR EFIC B W CHligh il oG H
MR INTnD,
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i-Pr

R R

F3C R|R CFs N -Pr Ph

N OLO N C Zn-OAc { >-'.,§Ph

o S/ ( HN

NC Zn  Zn ) CN 0 0 g

N Ox O N < Zn-OAc et 20, zn

N i-Pr (O
RIR Ph NH

R R i-Pr Ph
3
1 2
R = Me, Et, i-Pr
RI
Rl Rl

R = Me, Et, i-Pr
R'=H,F +BL
DIPP IIDIPP
Zn :>< Ph n
N\©/N N X0 x N;
X = (TMS) +Bu
X= OAc

Figure 8. Various dinuclear zinc catalyst on copolymerization
of epoxide and carbon dioxide.
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1-2-4. Zn/ProPhenol filtii
Trost & (&, JEMEHOE D OVARDSHIEIRIEE T, >l A v 2 XKfT&

% BIRANFT SCRFBLAL T ProPhenol DEkGEH 21TV AR ML DBAFE 217 -

T\ % (Figure 9)*,

O- /Zn‘o

ol T

5" Sl

Figure 9. Trost's ProPhenol ligand and
dinuclear zinc complex.

Z @ ProPhenol AABLALT- 1%, KRIRICFFET % proline Z AP & LTHW S
TENTE, BT THERDARAENLIMTFTYA v EkoTws, 356
WO A AV Ick>T7 AT e FET bridznZnmIaEEts 3
CETRIST VT AERNIC? V= VOB ZH#ET T2 2 LITHIL T3

(Scheme 10)*%%,

ProPhenol ligand
(5 mol%) Ph O_-l'~-Zn’o Ph
0 0 Et,Zn (10 mol%) oH O ph] A / opn
+ > . P N.
\HkH )J\Ph PheP=S (15 mol%) \(\)J\Ph N O
MS 4A .
o 62% yield

THF, 5 °C, 48 h 98% ee

activation state

Scheme 10. Direct asymmetric aldol reaction using Trost dinuclear zinc catalyst
and state of substrate activation.

FARMIER IR E LB G T D BIREIT o % Trost 5 OAICHE 5
T Z2DMMOWMZEE & O T, AF Mannich FIER, AF 7L F Z )UALBIR,
Friedel-Crafts 1= b 1 2 A 7 WALIIE®, A Henry SOGT, T A T VMBI
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Z O 7o B LG, SRR 7% EDRIBP, 2o ZInH L&
A EDPAF I N TV B, 512, Wi E < 7 RS 7 A0 BiE A
OISR AINBOR 0, = 7% 27 AW TS X B 7OV B — VIR e L
FUE. F%2 7> 7L — b & L CRBEREZ 2N S & T 72 7o il 5O 12 P 3
578, KRR T % rhls & L 72 BRI 22 Rl B D IEBHIC S RN L T\ %

1-2-5. WighPUR% > 7 A & —filit

Ohshima * Mashima & %, Zn(OCOCF3),*xH,0 % JE T TMET 2 &\ 9 il
BAETARI NS MY 7 Vv A ulfREBEIHRIU%Z 7 7 A% —DhF L
(Figure 10), B4 22l ISDBFE %175 T %7,

CF5

O

F4C | Zn CF
\(/ \'}\ 7/ 8 ;n IZn IZn ;n
\ O - R ’
FsC@;%n zln}gCFs OYO — Oj‘/o
0 0

Y

CF3
Zn4(OCOCF3)60

Figure 10. Trifluoroacetate-bridged u-oxo tetranuclear zinc cluster.

AR T, SO A VR ZVIEEEE R S 4, Hiffize X F L 270
ETN A=) 6 R 58RI AT IVEIEBREGRT 2 T AT VSO IZR L,
EOMELEE 2 RT3 2 L2 R L Tw 3 (Scheme 11)*, —MR T 2 5L
UG TR, BEEROEERL ) — VI AT AZH VL E, Bk
WG % HHE S 2 2 L DBRETH - 703, AR TIZIAERY D MeOH & 4t
WREMZ KT % i-PrO0 ZIAME L THWS Z 2k ), BICETRIGZ i
IIETWV5, X5 IZKBIRED i-Pr,0 B (b.p. =69 °C) FEEE T, 12T M5
& VI BRSSO, % OBEREZEL S 2 &k CIRACIEE R
FCRIGDHEIT L T 5,
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0]

0
FG
OMe Zn,(OCOCF3)sO FG o
(1.25 mol%) FG
M i-Pr,0, reflux up to 99% yield

Q or +
solvent free, 100 °C
HO FG MeOH

FG = silyl ether, THP ether, acetal, oxazoline, Cbz, Boc, Fmoc, etc.

Scheme 11. Transesterification of methyl esters under mild conditions
catalyzed by tetranuclear zinc cluster.

7o ARMBEOR F R R LAERE 2 G L TE D, —RIVISKREMEDOE T S
VHEPET MM BLTH, ERO I AT ABKIGD FFETT IV a—)
ZIBRZ T AT 5 2 EDAEEE %2> T\ % (Scheme 12),

O O-acylation N-acylation
Zn4(OCOCF3)6O

Ph™ “OMe (1.25 mol%) O O
i NN Ph)J\ N OH
Q i-Pr,O, reflux ~ Ph™ O NH, H
HO NH, up to 99% yield trace

Scheme 12. Acylation of alcohols in the presence of amines
using tetranuclear zinc cluster.

IoICZD7 I VR 7 IULDEITL 2w TR, HIWOZ ATV
KHSOGZE MR Z S 2R BH 2 2 2B FHAL, ThE2HFMAE LR T
WA G D ETEMAL DO L fThb T\ 3, ZDRE, aSHZEES BRI
AYID DMAP % CyNH, 72 EDMEN SR 2 R BT 2 2 L2 AL, 21
THRIGEDZ Lo RIS E S WIERE 2 EOINKRD [ E2fToTw3
(Scheme 13)*¢, HHFHVUEE 7 5 2 ¥ — 13 2 AURRDIFEDBRIC S . SOGR H Thut%
MEEDISAIL, i DR LT 2 Mg E 2 D 2 LV RIR
NTE, L2LIDE) BEMFAIZHV5E, ZnoDHlishicliiiids 2 &
WKL TEDERNICY 7 A8 —MEZ 7L, X0 iEEOE itz &
DRI TS I 2, MLOMEHIc kD AL Tw s,
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0 Zn,(OCOCF4)s0 Q N
(1.25 mol%) 0
OMe additive (20 mol%) HN or
> 2
¥ @ i-Pr50, reflux Improved yield \O
HO

additive

Scheme 13. Acceleration of transesterification by
DMAP or CyNH, additives.

S S ITARMIEER O RIGERSIC DO WCES & 1%, iUy 7 2 ¥ — L HED
FOCEZHER L T3 a7 7 28 =% v, WOBEHEZ EoFidkz H
WBZ LT ZITo TS, ZOFGER, RIED 7 7 A5 —DHHEZL
L., 7haxy FEBO MG L) T A7)V E 7V a—) Lz RSN

22 EICEoTRIBDEITL T AEMTHS 2 &2 L TWws (Scheme
14y,
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[Co4(OCOt-Bu)gOlo Ph (F’h
N /—‘/_\ _
7 tBu 1 +Bu
=N § /O‘<O =N § /O_—<O
= o — S
\/N\Co/ \C/ (e O -
(0] ~ ~

7 t-Bu
_ \N\ % /O~<o | § o tBu
| N—_ - \ / z — 0
Y /(f:o\ /C\O\N 1 /O\C{/

“N /o
— o]
o]
‘ /N\/\¢°\/ e
o’/ o o\ =
o) N=
O/g \ t-Bu
Ph |/

Scheme 14. Possible reaction mechanism of transesterification
using cobalt cluster (tetranuclear zinc cluster).

F MRV 7 T A 5 —fildix C ofbic b, AV ER U EBFEEAKER- TS ) T
Va—zZHOEEY XYY VARG P R, BERF VIR To 7L
A= NDT e FNRESIGE, TRF FE BILEED» S DBIRA — R 2 — |
BRSO 7 £, Bk 2 RIS UG 2 R 3 2 L ARG L Tw 5,

1-3. Asifii X OB
FROEREICIC, EFIXYIIZE TV — 7 TR S 10T\ 2 i ghiut 7
T A — DT 5FERZIT I R, XY ) — VRSB T 27> L
LG, 2 LCR-7 F T AT VDI AT VRIARIGDOBF #1707, /o0 A
fBEDFAL - DA 7 ) — =¥ 72T\, o SiEH il s L, D Lewis
D OGN D JIE T B OV THIRZ A L 72, 610, Aoz 5%
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DFEEATH) XL, HhUKL 7 7 A Y — O iEEFILTH B HHEh S % dol
& L 7R HSh M ORGEE 2T\ 2 0RRZ T 7,

Chapter 2 ClZ, FFIZMiSHIURL 7 7 X & — it %2 72 B 7 S VBRI 2
WTEEAL T3, BRIl X IcHighy 7 2 & —fillfix, = A 7 VASHE
7% EDROGITA LEN g EZ BT 2720, ZhzfHL <, Fgs
WIBIEZ 72 F LR E Lc, A7 LVa— V272 F LIRS L Tw 3,
ZZTEEIZ, RUMENRORL A TF ARG Z A WT I OMKIETH 5
Bt 7 2 F LRG0 7 o WBLRIEZZ T E UL, 72 W IRED Sl %
HHIcarytao—nV L) 2N MBICR 2 LEZ REAEBDE X8 ) —)L
ZHHE L THO T Y S MMURIGOE 2T > 72, ZDREHE. X5/ =1L D
K7 Bronsted LB AAET 25 ICB W TH IR 7 7 A % —IE &\
g E 2 B L, HiA OFBEZEL ) 2 LR BT F RG22 T S
25 Z LI L 72 (Scheme 15),

Zn,(OCOCF4)¢0
Q (1.25 mol%) Q
FG OAc FG OH

MeOH, reflux, 12 h

up to >99% yield

Scheme 15. Catalytic deacetylation using tetranuclear zinc cluster.

FARMEERIZ, VIROBEBRIOLORIMEDZ L W=7 v a— Lo 7k
FUAERICS . BEPERTH T 2 F AT 5 2 LB L 72 (Scheme 16),
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OAc OH

Zn4(OCOCF3)g0O
(2.5 mol%)
MeOH, reflux, 96 h

86% yield
OAC Zn4<OCOCF3)GO OH
(2.5 mol%) N
MeOH, reflux, 96 h (/
57% yield

39% of starting material
was recovered.

Scheme 16. Catalytic deacetylation of tertiary acetates.
Chapter 3 Tl HighlItL 7 7 2 ¥ —DENL FRIR DR 2179 729, fli4 D
BRI R 2 AT 2> gtk 7 7 A8 — DBz T\, Z Dfil
PR DT 217> 72, ZDRGE. Bl 112 X > T Lewis DI 21T 72
HEHhVUE: 7 7 A 8 — DI DMER DB FERETEMEZ FEBL L . & D R0 2 fil
BEDBHFEIZHE L 72 (Scheme 17),

R
s 0O O
o)
R.-OP7h 0. OMe Zn4(OCOR)60 o o
\G,zg\o Ve (1.25 mol%) -
ROz "zn O Q toluene, reflux | O
%6 6 ° HO A Me
I R = CF, 60%
R = CF2CF3 820/0

Scheme 17. Ligand effects of tetranuclear zinc cluster.

FLIRATOURBSIGE T AT V-7 I FRHILTIE, s 2 il o Lewis
BRPEREDS e 5 Z 2R L, ZHICE D Z 27 ILZHIE 7L a—)L & High
F v CHEMAL L TRIEDEIT L T AN, = A7) —7 3 FZHSOR I 2 e
(37 2 JROBEEREIC X > TRIBDEIT L T b v T2 RHZ L7,

S SICMIERDIERZIT I 72DIZ, B-F FZ AT N EREE LI AT LR
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B E T > TS B-77 F T AT IVIRIEEX F L vt 7 a t v oD
72 IO AR TO X R T IOVAMRIE DA HE 2 IEE TH 5 3,
HERVasz 7 7 A & — R 13 BRI v 7 SO S CTRORDSHETT § 5 729, B-
FRIATFNVERE L L2 AF AR GZ ) — Ak E12fE D BIRG %
FIER T LR ERL TS (Scheme 18),

(0] o
OMe Zn4(OCOCF3)0O O O
(1.25 mol%) J\
* () - 0
HO

toluene, reflux

Scheme 18. Catalytic transesterification of $-keto ester
using tetranuclear zinc cluster.

Chapter 4 Ti&, HEgnVUL 7 7 A & —filllz uic, Bl 2 MBEDOBAFE 2179 N
CHTRIAF RN "M DG & A ZIT> T 5,

HigpPut%z 7 72 28 —IF ERL L7280 . ISR TZED 7 7 25 —iEz 21l
SETIVaF PRI MG E R D ZODTEMERE & 7 o TRORDNEST
LTwa SN TE e, 20D, ZoEEhLz o e s Lciliin
B O MBGREr 21T o 7o, Z OMBERE TR, M%7 7 X 8 — TSR
TdH > T A & HEIC AN TR FICAFEMLZEATZ 2 LTk -
T, KDL DONFEZ I L 9 2 AF R & LTT 9 A v 2170w, BT
SRS &) TR ISR AR ERA 2 BEE L 72 (Figure 11),

Figure 11. Designed new chiral dinuclear zinc complex.

AR DG 21> T BB TlE, DMAP 7% EDIRINEIER D FE A I LT 7222
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Sk, ZDOLI)BHEEZID AT LEGEtEk->Tws, LaL, K
SEARICIIFEA DA R Y < A4 ARG SR E L THIDIAEF N T Wb 0, 2
DAL A2 FIH U 72 MERN R 7 &b IS AIAD 3G E > T B,
ZOFENTIE, FROY T Ivasy FEHAlOEF 7 FLZy PO
DDALZY +rB2AY TV T TEIEICES>TARRTELTFA L EH>THE
D, ZOFGHIAID ZoD2 =y FOHKWM I Ay 7V v T2fTH) T LITk-
THWDHFBIAZT LR - D &K %2 1T 5 72 (Scheme 19),

MeOOC COOMe H,oN NH,
\©/ e /\©/\
- = 5 = o} o
OH “TBS ( O N/\©/\ N OO
H H

+ —_—
—
=
( O O ( O COOH OH HOOC ‘O
e C
x OH
oH ———~ 0
=
S o)

Scheme 19. Synthesis of designed new chiral ligand.

S IR T o B 12 e illidh & DFHER 21T itk > T, il
AFr g LA D GBI L T 5,
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Chapter 2

VUL 2 7 2 % — it 2 e 727 & ABKOS

2-1. )i

TNhA—VORHERLE LT, T2 FNEPRY A NI ED T VIR
BLCHOONEZHDOD—DTHD', ZDIRELED AL & THLRHE LD
LEEATHED 5 RAVAEP TE 702 202 THIEC L 5N TR 52
LD LSRRGS G 2 B BREEAN D EDNHEN A WES . X D BREEAM VNS <
I S ICLBETHEG R - MRE RO B ROoNTV S, KICT
Va—)L e KA E LTV 2 227 VARG 2 - 72 il 7 & VAL IR
K%z KA E L THO ARG RSO R THE DEIE O R S . UGS
TEDEMTH 2 7- 0 & X VALPHEERL 2% £ DRIBIGEHHE 2 DIz BRER
HAEENF O E VI FHEZ R LT3, ZD7%OMk% % Lewis BRAEE, #1213
TNUAYEET VX P, KCNC, Sc(OTf);’, organotin dimmer® .
proazaphosphatranes’, Yb(OTf);'". tris(2,4,6-trimethoxyphenyl)phosphine''. acetyl
chloride'®, ZrCly"”, BE&" 7 &3 A 7V s&Ha s )in % M U 7 fldie it 7 2 - v
LB L T %, ZDHTYH Otera & DFHTEA Xfiliit[+-Bu,SnOH(Cl),], I3
Ht R 8 BSOS S 72 28 & i BB 2 B L T 5 5, Lo L A X133
DEVEEETH D . F AR TR OEE WIE I B W TIIEEME
CLIRETD 22%IEREZER T 2 DA T, IS ICBFEMEEZEL < §5 LEIK
JBTH BB DME T L TLE ) L wIHREZEL C05, 20K, Z0OX
D g G IEE 2RI T 2 F LT E 2 MBEDBAFEDE C KD 5T W
%

—77 Ohshima, Mashima & [3HigRVUEL 7 7 R & —fililit 2 T, A FILT R
TIVETNA—NDPERGEZIAT VAT 5 ) T AT VARG % B
FLTEL', 5122 ZIGH L7 EtOAc IBIEEZ 7T FLJRE L7 a—
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IV DRI 7 2 FOUALEGIZ b BB LT\ 317 AR 1 R S 2 46t ©
BOGHSEFT L, 2 2 6B 2 A ELBEREYIIMEE & MeOH D& & v ) JEFIC
BEFRMMEOESOKIGTH 5, 206 DFERFICB VT, M4 Lewis 8
il eI BEEEDME T T 2 & 9 2 7L a — L SERE 2 5 c B VLT b Al
EDOMBIEVEDS RS 2 EDARE L TR O NTE L, 2 2 THhIX, RIGHE
% BtOAc Do RKBHITH B 7L a— L ~ERZ, 7O NMLDOWRIGTH 5 i
7 U MEBIR DT Z 40U, — DO DB X > TT7 O NV FREDEMS EFL av
PR —ILVTELZEBNMERICRD ) 2D TIER W EEZ, AFRICETFL
726

2-2. Mk &L ER

I AT VKIS TH B 720, 7 nfbick>ThEC 7 a
—UBEORTIMMELTLE S, 2002 BT > ML NS 8 3 7
DIT, RGHIZBEREE L THGWS Z E2EZZBEAEREE LTI KWy Se
MeOH & EtOH 122 T, WA OWEf 217> % (Figure 1), MeOH (@, bp =
65 °C) X UN EtOH (M, bp = 78 °C) 3\ 3 91 b BRI Tl 2 REE DA |G 23
HEAZ D BOIRLRE TR T £ FNARIGDSER S e, £RWRIGEL Tw
72\ 50 °C DSEAFIZE W TDH MeOH (@), EtOH (A) & b 1T 6 IRFHEIFREE T 95% R
ERITEE L 72, REBARRORNE, MAESEA TI2E T, MeOH # X UF EtOH ERifit
G, R S MRS DMES T L e\ 2 E R HERR L T 5,

BEERESLCBI L X, YA VY a— by AT LTuR N T T T 4 —
EIRIEDR LR T 2 Ik 5T, L % MeOAc * EtOAc HHLD fRd4
TR BRI G & T, SHRARINIIRESEE LT, X Rkt K
ML CRIBHMT Z 5 MeOH RIS CRiit 2475 72,
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Zn,(OCOCF,)s0 (1)

OuN ROH (0.5 M) =

conversion of 2a [%]

Zn,(OCOCF,)s0 (1)

0 2 4 6 8
reaction time [h]

Figure 1. Time-course for the zinc cluster 1 catalyzed deacetylation
of acetate 2a to alcohol 3a under MeOH reflux (@), EtOH reflux (m),
MeOH at 50 °C (¢) and EtOH at 50 °C (A) condition.

RITHE —MIEOBE 2179 720, Hx D7 2 F ALK D BifRE 2 7> 7%
(Table 1), Benzyl acetate # V>, B4 L EREOHAEZBEE L & 2 A (entries
1-5). EaM:Z&M 259> MEM = —5 )L (entry 1), THP Z— 5 )L (entry 2). TBS =
—7 ) (entry 3) R ERFINGDWLRHET 5 Z L% TR FIVEDBIRGEDNE
Tl 7, PiviRi#L EI3Z DVARDEE S D6, T AT NIHIFIT & > THifk
HEINDE LR T FIRED AR ZERNICBIRGE T 5 2 L3 TE 7 (entry
4), Ti(Oi-Pr)y Z W 7c T A TIOVEHARIGTIEHEZ DT L £ 9 N-Boc ¥ N-Cbz
TREED Y AERICB W TE I NS DIRERE 2 HAL ) 2 & A RIGETHNY
Zf3 5472 (entries 6 and 7), Allylic acetate Td % 2j (entry 9) *° 2Kk (entry 10)
BT EICE TS IEHESFT L. geraniol (3k) 13B{LEMEA L bR S I I
THNYZE NIz, BEERIEZ5] & 2 LT\ benzyl acetate F{TH %
1-indanyl acetate (21) (entry 11) a-methylbenzyl acetate (2m) (entry 12) . B
JEFHEATE TR EDME T L 72, 7 entry 12 TlE 7 SMUIC Kk % ee DIET D
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Hoehrotz, MEAMIZIEAB STV 2n D X 9 BIEICE W TIZIGDE
D5, 48 IEID I T 67% REDIEETH > 7203 (entry 13), MBS
L7 TldZa, RIBKHZIER L 96 RFEHEIT 2 & 81%I0H £ TR E
L7 (entry 14), A7 04 FEIEZE T % 20 i MeOH 12X T % AfREDME < 27%
EWIHRIPCRICE ¥ 25 R TH o728 (entruy 15), VAHEZ EtOH ICEH T3 2 &
I &> TURIL 83% 12 F THE L 72 (entry 16),

Table 1. Zinc cluster 1 catalyzed deacetylation of acetates 2.2
Zn,(OCOCF3)g0 (1) (1.25 mol%)

R10Ac _ >  R'OH
MeOH, reflux, time 3
2

Entry Acetate Time [h] Yield [%]°
1 R2 = CH,OMEM 2b 12 97
2 . R2= CH,OTHP  2¢ 12 98
3 R2=CH,OTBS 2d 12 96

R2
4 R2 = CH,OPiv  2e 12 92
5 R2 = CH,NHAc 2f 12 98
6° H 29 18 >99

Boc” " """0Ac

N 2h 18 >99

7¢ N
Cbz" """ 0oAc

8 CHg(CH,)170Ac 2i 12 96

§

9 WOAC 9] 12 92

10 W 2k 12 96
X X OAc

OAc

11 @ 21 12 85
12 OAc 2m 18 98
(>99% ee) (>99% ee)
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OAc
13 ) 2n 48 67

14 2n 96 81

15¢ 20 18 274

16¢¢ 20 18 834

AcO

@ Reaction conditions: A solution of acetate 2 (3.0 mmol), Zn,(OCOCF3)gO (1)
(1.25 mol%), and MeOH (6.0 mL) was refluxed under an argon atmosphere.

b |solated yield. ¢ Reaction was performed on a 1.0 mmol scale. 9 Yield was
determined by 'H NMR analysis. € Reaction was performed with EtOH instead of
MeOH.

RIZ acetate & )AL K FIH S N5 RFEH T dH 5 benzoate 122V TH MR 21T
27z (Table 2), VT NDIEIZE\TDH., benzoate Prild acetate fa I LR T
LT RIGEME T L TE D, A LKSKREDIEE DS HETH > 7 b D DEIHE
THMYZE ST 3 (entries 1-5),

Table 2. Zinc cluster 1 catalyzed debenzoylation of benzoates 4.2
Zn,(OCOCF3)60 (1) (1.25 mol%)

R'OBz >  R'OH
MeOH, reflux, time 3
4

Entry Benzoate Time [h] Yield [%]P
1 R2 = NO, 4a 18 >99¢

2 /©/\OBZ R2 = CH,OMEM 4b 25 92

3 R R2=CH,OTHP  4c 18 97

4 R2 = CH,OTBS  4d 18 87

§
5 ©M OBz 4j 16 96

2 Reaction conditions: A solution of benzoate 2 (3.0 mmol), Zn,(OCOCF3)gO (1)
(1.25 mol%), and MeOH (6.0 mL) was refluxed under an argon atmosphere.
b|solated yield. ¢ Yield was determined by GC analysis.
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RIZ, TNETIZRAFSH)EZ G757 £ F UG TIEREETH -
7o SEARIIS R O =i D acetate DIIARFEICHRIK T 2 Z Lic L7, T ORRGEE
EROBREICZ L, FRBERIE R EDBALPT D, ThETHEAX
fildbt 2 R L7z 22%INE E W) bR BOLIERTH -0 P, FHOH
2METTH B EE AL D, £ l-adamantyl HiEEH T 2 HEICE W T, WKIG
TH 27 FIUUKEIZE GEFT L s> DI L 7, A7 X F UG
TlZ 86 % IR THM D 1-adamantanol (3p) #1525 Z &I L 72 (Scheme 1),
RIZT & b X O BBESIGHET LTV 2q 2 HE E L CHV IR 2175
728, WERIE 57% £ TPRREECTH o 70, EESOGAMEA 72 & 9 e @l I3 HERR X
N, EODIZEAEDERE LTS 52 ETE (93% brsm), T
W2 XD ARG IR S NEST LI WA Th h e b, Z
NETOMBRED OEEEZARTLIEDBTETCNLEE) I ENTE S,
X7V VAT Y PRV A AR PIZE W T Rupe 562D X 9 R %z
BT ZEPHONTVLIa-MICKEZEI VLT X)L 7 )La—)L 2r
IOV TOBR 2T 7", 2D, RMEERTIZZ D X 9 R G %2R S
T ERL, 96% LWV ) BIGRTHNY 2145 2 LI TEL,

Scheme 1. Deacetylation of tertiary acetates 2p-r.

OAc Zn4(OCOCF3)g0 (1) OH
(2.5 mol%)

MeOH, reflux, 96 h

2p 3p (86%)

Zn,4(OCOCF3)60 (1)
OAc (2.5 mol%)
MeOH, reflux, 96 h

2q 3q (57%, 93% b.r.s.m.)

it

Zn4(OCOCF3)g0 (1)
(2.5 mol%)

= > =
H MeOH, reflux, 48 h H

2r 3r (96%)

X5IHRBIC, AEBICB T3 7% S{LOBROMERZTI -0, 73 /%
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FHEARE O THET 21T > 72 (Scheme 2), &V ViFEMAZEEE LT T F
MEZzIT>7 L 2 A, N-Boc & 5a KU N-Cbz f& 5b F:IEIEETH HVY %2
5Z7, 61272 IUITHED ee DIETIZR 6 NT, A — X4 MEEDIEK
BREBFESRIINT T FVIEOBUREZERT 22 LB TE 2,

Scheme 2. Deacetylation of O-acetyl-protected L-serine
derivatives 5a,b.

OAc Zn4(OCOCF3)s0 (1) OH
J: (1.25 mol%) J:
P > P
H CO,Me MeOH, reflux, 12 h ” CO.Me
5a: P=Boc (99% ee) 6a (99%, 99% ee)
5b: P=Cbz (99% ee) 6b (95%, 99% ee)

2-3. $okS

AfgEC, HhVUEE 7 7 27—l E W/ 2 2 7 VR E R L, 7
L FNIEERY YA NWEOBRELITH) 2 LI LTz, ARIER IZIER ISR
M7 56 T CROBDHMEIT T 2 720, BYESFEPREANC I W IRESETH 5 THP
I—7 )L TBS T—7 )b, Piv L, N-Boc &, N-Cbz 7 EbHHAH 2 LR
T BTN A—N2{GE T EVRTE, FBHER 72 2tk &EDRISE
WHIEEET, BL7 > A LD A% BIRICEI TSI 2 2 LICH I L Tw 5,
X St D IR TIHKIENE CTH - 2 RINICE R W =o 72 T — gk W
THEWIE TR T F LT 2 2 LI L 72, AR RERTH 5
MeOH ZiFHE L LCH, C OBEEPEIZEY & LTAL 5 MeOAc & EDIRED
KA TH DO, IEFICEREFANEOE WIS TH 5, F 7 filuito ik bK<,
FKFIEELTETH 2720, IRARAT—INDAELTLHETTLAIZENTD
SBROMT 2 F IO Z ) ERZRIGICE DR 2MERTH L LEEH T L
MWTZE 5,
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Experimental Section

General information

Nuclear magnetic resonance (‘'H NMR, C NMR, and ""F NMR) spectra were
measured on a Varian MERCURY300-C/H spectrometer operating at 300 MHz (‘H
NMR), 75 MHz (*C NMR), and 282 MHz (*’F NMR), in 5 mm NMR tubes and Bruker
Avace 400 Spectrometer operating at 400 MHz (‘"H NMR) and 100 MHz (’C NMR), in
5 mm NMR tubes. All 'H NMR chemical shifts were reported in ppm relative to
internal references of TMS at & 0.00. All C NMR chemical shifts were reported in
ppm relative to carbon resonance in chloroform-d; at 6 77.00, THF-ds at & 25.20, and
DMSO-ds at § 39.70. The '’F NMR chemical shifts were reported in ppm relative to
external reference of a,a,a-trifluorotoluene at 6 —63.90. Low and high resolution mass
spectra were recorded by JEOL JMS-700. IR spectra were recorded on Jasco
FT/IR-410 spectrometer. Elemental analyses were conducted by Perkin-Elmer 24001I.
Melting points were measured using Yanaco micro melting point apparatus. GC
analyses were recorded on a Shimadzu GC-14A gas chromatograph with J&W
Scientific DB-5 column. Enantiomeric excess was determined by chiral HPLC
analysis with DAICEL CHIRALCEL OD-H column. All catalytic reactions were
carried out by the standard Schlenk techniques under an argon atmosphere. Methanol
and ethanol were distilled from corresponding magnesium alkoxide under an argon
atmosphere. Acetates 2 were prepared by standard acylation reaction of corresponding
alcohols using acetic anhydride in pyridine except 2p. Acetate 2p was prepared
according to the literature.® Alcohols 3b—e were synthesized by protection reaction' of
p-xylene glycol with 1 equivalent of protecting reagent using 1,4-dioxane as a solvent
due to the less solubility of p-xylene glycol. Alcohols 3g, h were prepared by standard
protection reaction of 6-amino-1-hexanol.' L-Serine derivatives 5a, 5b were prepared by
standard protection of L-Serine." The compounds 3i-3r were characterized by NMR, IR,

and mass spectroscopies and comparison with the commercial available authentic one.

Preparation of tetranuclear zinc cluster 1.
Under an inert atmosphere of argon, zinc trifluoroacetate hydrate (845 mg, 2.73
mmol as a monohydrate) was heated at 120 °C for 4 h under reduced pressure (<0.02

mmHg) to remove water. The resulting dry powder was then heated at 360 °C on a
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sand bath, and w-oxo-tetranuclear zinc cluster 1 was sublimed from the reaction mixture.
The zinc cluster was collected and stored under an inert atmosphere of argon (545 mg,
84%); white solid; IR (nujol NaCl, viem™) 2923, 1701, 1202, 856, 796, 730; *C NMR
(75 MHz, THF-dy, 35 °C) 8 117.0 (q, Jor = 288 Hz, CF,C0OO0), 163.8 (q, J.r = 38 Hz,
CF,CO0); F NMR (282 MHz, THF-d,, 35 °C) 8 —78.88 (s); MS (ESI) m/z (relative
intensity) 933 ([M+2H,0+H"], 3); Anal. calcd for C,F,;0,;Zn,: C15.08%; found C
15.52%.

General procedure for the deacetylation of various acetate catalyzed by a
tetranuclear zinc cluster 1.

Zn,(OCOCF;)O (1) (0.038 mmol), acetate 2 (3.0 mmol), and methanol (6.0 mL, 0.5
M) were refluxed for periodic time in an argon atmosphere. The resulting mixture was
concentrated and purified by silica gel column chromatography to give deacetylated

product 3.

4-(Methoxyethoxymethoxymethyl)benzylalcohol (3b)

o
\O/\/O\/O

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); colorless
oil; IR (neat NaCl, vicm™) 3445, 2881, 1516, 1456, 1422, 1366, 1200, 1172, 1044, 848,
808, 732; '"H NMR (300 MHz, CDCl,, 35 °C) & 2.16 (br, 1H, OH), 3.38 (s, H, CH,0),
3.5-3.7 (m, 4H, CH,CH,), 4.60 (s, 2H, CH,0), 4.64 (s, 2H, CH,0), 4.77 (s, 2H, CH,0),
7.3-74 (m, 4H, Ar); "C NMR (75 MHz, CDCl,, 35°C) & 58.88, 64.87, 66.88, 69.02,
71.72, 9471, 12692, 128.02, 137.17, 140.46; MS (EI) m/z (relative intensity) 137
(IM-MEMJ*, 80), 121 (100).

4-(Tetrahydro-2H-pyran-2-yloxymethyl)benzylalcohol (3¢)*'

Eo/\(ovijA

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); colorless
oil; IR (neat NaCl, v/cm™) 3419, 2942, 1351, 1262, 1201, 1119, 1031; 'H NMR (300
MHz, CDCl,, 35 °C) 6 1.5-1.9 (m, 6H, THP), 2.48 (br, 1H, OH), 3.5 (m, 1H, THP), 3.9
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(m, 1H, THP), 448 (d, J = 12.0 Hz, 1H, THPOCH), 4.62 (bs, 2H, benzyl), 4.68 (t, J =
3.6 Hz, 1H, THP), 4.75 (d, J = 12.0 Hz, 1H, THPOCH), 7.3 (m, 4H, Ar); *C NMR (75
MHz, CDCl,, 35°C) § 19.21, 25.36, 30.45, 62.01, 64.79, 68.47, 97.60, 126.87, 127.89,
137.49, 140.29; MS (EI) m/z (relative intensity) 222 ([M]*, 1), 121 (100), 85 (29);
HRMS (EI) m/z caled.for C,,H,;0; 222.1256 found 222.1280.

4-(tert-Butyldimethylsiloxymethyl)benzyl alcohol (3d)*

|
\Si/o\ =

K

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); colorless
oil; IR (neat NaCl, v/icm™) 3349, 2929, 2857, 1463, 1421, 1374, 1255, 1213, 1092, 1007,
838, 777; '"H NMR (300 MHz, CDCl,, 35 °C) & 0.09 (s, 6H, SiMe,), 0.94 (s, 9H, Siz-Bu),
1.92 (br, 1H, OH), 4.63 (s, 2H, benzyl), 4.73 (s, 2H, benzyl), 7.2-7.3 (m, 4H, Ar); °C
NMR (75 MHz, CDCl,, 35°C) § -5.27, 18.38, 25.93, 64.79, 65.13, 126.28, 126.93,
139.58, 140.89; MS (EI) m/z (relative intensity) 252 ([M]*, 1), 195 (100), 165 (35), 121
(33),91 (15); HRMS (EI) m/z calced.for C,,H,,0,51 252.1546 found 252.1536.

4-(Hydroxymethyl)benzyl pivalate (3e)

Lo e

o

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); colorless
oil; IR (neat NaCl, v/icm™) 3429, 2973, 2873, 1729, 1516, 1481, 1461, 1398, 1367, 1283,
1155, 1034, 1019, 805, 734; '"H NMR (300 MHz, CDCl,, 35 °C) 6 1.22 (s, 9H, t-Bu),
2.25 (br, 1H, OH), 4.67 (s, 2H, benzyl), 5.09 (s, 2H, benzyl), 7.2-7.4 (m, 4H, Ar); "C
NMR (75 MHz, CDCl,, 35°C) § 27.14, 38.76, 64.93, 65.78, 127.06, 127.93, 135.83,
140.74, 178.32; MS (EI) m/z (relative intensity) 222 ([M]*, 26), 121 (100), 91 (20), 57
(66); HRMS (EI) m/z caled.for C53H,305 222.1256 found 222.1245.
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N-Acetyl(4-hydroxymethyl)benzylamine (3f)

b

Purified by flush column chromatography (silica gel, EtOAc); white solid; mp 112-115
°C; IR (film NaCl, vicm™) 3276, 1632, 1540, 1417, 1014, 823, 601; '"H NMR (300 MHz,
DMSO, 35 °C) 8 1.85 (s, 3H, acetyl), 421 (d, J = 6.6 Hz, 2H, benzyl), 445 (d,J =54
Hz, 2H, benzyl), 5.06 (t,J = 5.4 Hz, 1H, OH), 7.2-7.3 (m, 4H, Ar), 8.23 (br, 1H, NH);
"C NMR (75 MHz, DMSO, 35°C) & 22.66, 42.04, 62.82, 126.51, 127.13, 138.04,
141.11, 169.13; MS (EI) m/z (relative intensity) 179 (IM]*, 77), 148 (18), 136 (27), 106
(100); HRMS (EI) m/z calcd.for C,,H,;;NO, 179.0946 found 179.0943.

tert-Butyl 6-hydroxyhexylcarbamate (3g)*

0N
>‘/ \ﬂ/ ~ NN 0H
o

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 1/2); white
solid; mp 38-39 °C; IR (film NaCl, viem™) 3345, 2933, 2861, 1693, 1538, 1455, 1392,
1366, 1277, 1253, 1173, 1056; '"H NMR (300 MHz, CDCl,, 35 °C) 6 1.2-1.6 (m, 9H,
CH,,OH), 144 (s,9H, t-Bu), 3.11 (dt,J = 6.6, 6.6 Hz, 2H, NHCH,), 3.63 (t,J = 6.3 Hz,
2H, CH,0H), 4.52 (br, 1H, NH); "C NMR (75 MHz, CDCl,, 35°C) & 25.29, 26.40,
2841, 30.07, 32.59, 4042, 62.66, 156.07; MS (FAB) m/z (relative intensity) 218
(IM+H]*, 20), 162 (70), 118 (100); HRMS (FAB) m/z calcd.for C;;H,,NO; 218.1756
found 218.1729.

Benzyl 6-hydroxyhexylcarbamate (3h)*

H
@\/O\H/N\/\/\/\OH

O
Purified by flush column chromatography (silica gel, Hexane/EtOAc = 1/2); white
solid; mp 83 °C; IR (film NaCl, v/cm™) 3335, 2941, 2860, 1685, 1530, 1362, 1290,
1254, 1065, 1037, 1007, 749; '"H NMR (300 MHz, CDCl,, 35 °C) 6 1.3-1.6 (m, 9H,
CH,,OH),3.19 (dt,J =6.6,6.6 Hz, 2H, NHCH,), 3.62 (t,J = 6.3 Hz, 2H, CH,OH), 4.72
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(br, 1H, NH), 5.10 (s, 2H, benzyl), 7.3-7.4 (m, 5H, Ph); "C NMR (75 MHz, CDCl,,
35°C) 8§ 25.30, 26.36,29.95, 32.56, 40.93, 62.68, 66.60, 128.05, 128.48, 136.69, 156.47;
MS (FAB) m/z (relative intensity) 252 ([M+H]", 26), 208 (40), 154 (65), 91 (100);
HRMS (FAB) m/z caled.for C,,H,,NO; 252.1600 found 252.1571.

1-Octadecanol (3i)
A T e e P S

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 10/1); white
solid; mp 57-58 °C; IR (film NaCl, v/cm™) 3212, 2953, 2916, 2847, 1461, 1063, 719;
'H NMR (300 MHz, CDCl,, 35 °C)  0.88 (t,J = 6.6 Hz, 2H, CH,), 1.26 (br, 31H, OH,
CH,), 1.57 (t,J = 6.6, 6.6 Hz, 2H, OCH,CH,), 3.64 (t,J = 6.6 Hz, 2H, OCH,); "C NMR
(75 MHz, CDCl;, 35°C) 8 14.07,22.67, 25.75, 29.34, 29.60, 29.65, 29.69, 31.92, 32.85,
63.10; MS (EI) m/z (relative intensity) 252 ((M-H,0]", 15), 224 (7), 139 (11), 111 (45),
83 (93), 55 (75).

Cinnamy] alcohol (3j)

©/\/\OH

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); white
solid; mp 30-31 °C; IR (neat NaCl, vicm™) 3356, 2865, 1664, 1494, 1449, 1204, 1092,
1069, 967, 745, 692; 'H NMR (300 MHz, CDCl,, 35 °C) 6 1.60 (br, 1H, OH), 4.31
(d-like, J = 6.0 Hz, 2H, OCH,), 6.35 (td, J = 15.9, 6.0 Hz, 1H, CH=CHCH,), 6.61 (d, J
=15.9 Hz, 1H, PhCH), 7.2-7.4 (m, 5H, Ph); "C NMR (75 MHz, CDCl,, 35°C) § 63.67,
126.46, 127.66, 128.57, 131.16, 136.72; MS (EI) m/z (relative intensity) 134 ([M]*, 80),
92 (100), 91 (70), 78 (47); HRMS (EI) m/z calcd.for C,H,,0, 134.0732 found 134.0708.

Geraniol (3k)

)\/\/K/\OH

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 8/1); colorless
oil; IR (neat NaCl, vicm™) 3335, 2918, 1669, 1444, 1378, 1238, 1093, 1001, 832; 'H
NMR (300 MHz, CDCl,, 35 °C) 6 1.50 (br, 1H, OH), 1.60 (s, 3H, CH;), 1.68 (s, 3H,
CH;), 1.68 (s, 3H, CH;), 2.0-2.1 (m, 4H, CH,CH,), 4.14 (d,J = 6.9 Hz, 2H, CH,OH),
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5.10 (m, 1H, C=CH), 541 (m, 1H, C=CH); *C NMR (75 MHz, CDCl,, 35°C) § 16.17,
17.58,25.56,26.37,39.49, 59.28, 123.43, 123.89, 131.62, 139.52; MS (EI) m/z (relative
intensity) 154 (M, 4), 123 (11), 93 (14), 69 (100); HRMS (EI) m/z calcd.for C,H,;0,
154.1358 found 154.1344.

1-Hydroxyindane (31)

OH

0

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); white
solid; mp 52 °C; IR (neat NaCl, viem™) 3336, 2939, 1607, 1478, 1459, 1329, 1213,
1096, 1056, 958, 742; '"H NMR (300 MHz, CDCl,, 35 °C) & 1.80 (br, 1H, OH), 1.9-2.0
(m, 1H, CH,),2.4-2.5 (m, 1H, CH,), 2.8-2.9 (m, 1H, CH,), 3.0-3.1 (m, 1H, CH,), 5.23
(t, J = 6.0 Hz, 1H, OCH), 7.2-7.4 (m, 4H, Ar); "C NMR (75 MHz, CDCl,, 35°C) §
29.77,35.94, 7644, 124.16, 124 .87, 126.69, 128.30, 143.30, 143.29, 145.02; MS (EI)
m/z (relative intensity) 134 ([M]", 60), 133 (100), 115 (28), 105 (25), 91 (22); HRMS
(ED) m/z calcd.for C,H,,0, 134.0732 found 134.0719.

(R)-1-Phenylethanol (3m)
OH

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); colorless
oil; IR (neat NaCl, v/icm™) 3349, 2974, 2927, 1494, 1451, 1369, 1303, 1204, 1078, 1011,
899, 761, 699; '"H NMR (300 MHz, CDCl,, 35 °C) 8 1.49 (d,J = 6.6 Hz, 3H, CH;), 1.81
(br, 1H, OH), 4.89 (q,J = 6.6 Hz, 1H, OCH), 7.2-7.4 (m, 5H, Ph); "C NMR (75 MHz,
CDCl,, 35°C) 8§ 25.05, 70.27, 125.34, 127.35, 128.40, 145.83; MS (EI) m/z (relative
intensity) 122 ([M]", 16), 107 (55), 79 (61), 77 (39); HRMS (EI) m/z calcd.for CgH,,O,
122.0732 found 122.0714; [0]Ps, +49.8 (¢ 1.1, CHCL); Enantiomeric excess was
determined by HPLC (DAICEL CHIRALCEL OD-H, hexane/2-propanol 98/2, flow 1.0
mL/min, detection at 254 nm) t; 13.9 min (R) and 17.0 min (S).
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D-Menthol (3n)

)&

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); white
solid; mp 41-42 °C; IR (film NaCl, vicm™) 3262, 2956, 2871, 1449, 1045, 1026; 'H
NMR (300 MHz, CDCl,, 35 °C) $ 0.82 (d,J =7.2 Hz, 3H, CH,),0.92 (d, J = 6.6 Hz, 3H,
CH;),093 (d, J = 6.6 Hz, 3H, CH;), 0.9-1.2 (m, 3H), 1.33 (br, 1H, OH), 1.4-1.5 (m,
1H), 1.6-1.7 (m, 1H), 1.9-2.0 (m, 1H), 2.1-2.2 (m, 1H), 3.4 (m, 1H, OCH); "C NMR
(75 MHz, CDCl;, 35°C) 8 16.16,20.96, 22.17, 23.27,25.92, 31.66, 34.59, 45.14, 50.22,
71.57; MS (EI) m/z (relative intensity) 138 ((M-H,O]", 20), 123 (22), 95 (47), 71 (51);
[a]” 559 +34.4 (¢ 1.0, CHCL,).

1-Adamantanol (3p)
OH

.

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 4/1); white
solid; IR (film NaCl, v/cm™) 3279, 2914, 2899, 2847, 1452, 1352, 1300, 1226, 1114,
1087, 980, 926, 812; 'H NMR (300 MHz, CDCl,, 35 °C) § 1.33 (br, 1H, OH), 1.6 (m,
6H, CH,), 1.71 (br, 6H, OCCH,), 2.14 (br, 3H, CH); "C NMR (75 MHz, CDCl,, 35°C)
0 30.78, 36.13, 45.41, 68.18; MS (EI) m/z (relative intensity) 152 ([M], 31), 95 (100);
HRMS (EI) m/z caled.for C,(H,O, 152.1201 found 152.1200.

2-Methyl-4-phenylbutan-2-ol (3q)

OH

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 19/1 to EtOAc);
colorless oil; IR (neat NaCl, vicm™) 3380, 3062, 3026, 2970, 1604, 1495, 1455, 1377,
1273, 1212, 1151, 1072, 1031, 927, 829, 769, 740, 699; '"H NMR (400 MHz, CDCl;,
35°C) d 1.29 (s, 6H, CH3), 1.3 (bs, 1H, OH), 1.8 (m, 2H, CH,CH,C(CHj3),0OH), 2.7 (m,
2H, PhCH,), 7.2-7.3 (m, 5H, Ph); °*C NMR (100 MHz, CDCl;, 35 °C) § 29.3, 30.8,
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45.7,70.9, 125.7, 128.3, 128.4, 142.6; MS (EI+) m/z 164.2 (IM'], 2), 146.2 (82), 131.2
(80), 91.1 (100), 59.1 (85); HRMS (EI+) m/z caled. for C11HigO 164.1201, found
164.1191.

1-Ethynyl-1-cyclohexanol (3r)

OH
of~
T~H

Purified by flush column chromatography (silica gel, hexane : EtOAc = 19 : 1 to
EtOAc); colorless oil; IR (neat NaCl, v/cm'l) 3381, 3307, 2936, 2860, 1451, 1332, 1258,
1158, 1070, 967, 904, 851, 647, 552; '"H NMR (400 MHz, CDCls, 35 °C) § 1.2-1.6 (m,
6H, CCH»(CH,);CH,(C), 1.6-1.7 (m, 2H, CH,CCH;), 1.8-1.9 (m, 2H, CH,CCH,), 2.0
(bs, 1H, OH), 2.47 (s, 1H, CCCH); °C NMR (100 MHz, CDCl;, 35 °C) & 23.1, 25.1,
39.8, 68.5, 72.0, 87.8; MS (EI+) m/z (relative intensity) 123 (M-17), 109 (30), 81 (92),
68 (66), 18 (100), HRMS (EI+) m/z calcd.for CgH;;0 123.0810, found 123.0797.

(S)-Methyl 2-(tert-butoxycarbonylamino)-3-hydroxypropanoate (6a)*
OH

0]
XOJLHQ(O\

)
Purified by flush column chromatography (silica gel, hexane/EtOAc = 3/1); colorless

oil; IR (neat NaCl, viem™) 3431, 2979, 1697, 1512, 1438, 1393, 1368, 1215, 1165, 1062,
916, 734; '"H NMR (400 MHz, CDCl,, 35 °C) & 1.46 (s, 9H, t-Bu), 2.48 (bs, 1H, OH),
3.78 (s, 3H, Me), 3.89 (dd, 1H,J =40, 11.2 Hz, CH,), 3.96 (dd, 1H, J =4.0, 11.2 Hz,
CH,), 4.37 (bs, 1H, CH), 5.46 (bs, 1H, NH); "C NMR (100 MHz, CDCl,, 35 °C) §
28.27,52.54,55.79, 63.47,80.34, 155.72, 171.29; MS (EI+) m/z (relative intensity) 220
(IM+H]*, 2), 189 (10), 160 (27), 133 (77), 57 (100); HRMS (EI+) m/z calcd.for
C,H,,NOs 220.1185, found 220.1174; [0.]"s59-9.1 (¢ 1.1, CDCl,); Enantiomeric excess
was determined by HPLC (DAICEL CHIRALCEL AD-H, hexane/2-propanol 90/10,
flow 1.0 mL/min, detection at 254 nm) t; 20.4 min (R) and 27.8 min (S§).
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(S)-Methyl 2-(benzyloxycarbonylamino)-3-hydroxypropanoate (6b)*
OH

Purified by flush column chromatography (silica gel, hexane/EtOAc = 3/1); colorless
oil; IR (neat NaCl, viem™) 3403, 2954, 1716, 1530, 1456, 1438, 1345, 1215, 1064, 777,
741, 699; 'H NMR (400 MHz, CDCl,, 35 °C) & 2.43 (bs, 1H, OH), 3.76 (s, 3H, Me),
390 (dd, 1H,J=40,11.2Hz,CH,),3.97 (dd,J=4.0,11.2 Hz,CH,),4 .43 (bs, 1H, CH),
5.12 (s, 2H, CH,Ph), 5.74 (bs, 1H, NH), 7.3-7.4 (m, 5H, Ph); "C NMR (100 MHz,
CDCl,, 35 °C) 0 52.65, 56.10, 63.24, 67.21, 128.08, 128.22, 128.52, 136.09, 156.23,
170.94; MS (EI+) m/z (relative intensity) 253 ([M]*, 8), 223 (4), 194 (5), 162 (10), 108
(42), 91 (100), 93 (64); HRMS (EI+) m/z calcd.for C,,H;NOs 253.0950, found
253.0934; [a]"s -8.2 (¢ 1.1, CDCL,); Enantiomeric excess was determined by HPLC
(DAICEL CHIRALCEL AD-H, hexane/2-propanol 90/10, flow 1.0 mL/min, detection
at 254 nm) t; 20.4 (R) and 27.8 (9).
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Chapter 3

WEHPUE%E 7 5 A — DN TR E B-7 FZ AT VDI AT IV
B

3-1. J¥i

Chapter 1 THiliR7z X 91z, AT B W TR IZSERERICE T 58
Ay R EORE S TE D, WHEOFBELREKOMEE, £-8RBOE
THEONE R & M ER R4 8 %2 JIE L TWwb, —7 Ohshima,
Mashima 5 (ZFFE L 72di8hVUi% 7 7 A% — %2 H\ T, T AT VKRG Z GO
T BREA RIEEER L TWw B, OB 5N1E Z OIS TED A
59, ZOMBEOREHCEANICHADH ) BfEICEHINSG LI [T
bH2EEZD, Lo LEEICEEEOARIMTAS L WIFREZAE L2250,
ARIEER IO VT Z ORI FDORRDOIEHIE R E > Tnkwv, 2 2 CHEE
(k. HiERPUR% 7 7 A Y — DR OB ARG 5 2 & &2 F 2, ik
%7 7 A8 — 3SR C ORI & 72 D SRS Z LT 5 2 L ovid
INTW B 70, AMBEGHI B W TR 12 X 2 2RO fIEIZREETH % &
BEZoN57, BRIIED R 24 OB %2 Ko 72 dighlitk 7 7 X %
—z G L., ZOMBNEEDORR 2175 72,

FHSRPURE 7 T A Y — KD 7 2 WE DILKREITH 7, -7 P AT
WD IATNVNEILEZ T o7, p-7 b T AT NIEZ ofEhic, KIgEicE
WEXAF LN E DDA N RoVHEEELTE D, MERILP 7L F il
7 ERRA BB EIT) S EDTE 3707, AEARICB W THERAEDE
fLfEchH D, L DERTHEICRS N EETH L, ZOLHI%Rp-7T T
ATNEERT 5720, AFILVIATILD X ) BRAEHKD B-7 F T 27 )L % JFER
ICZ AT IV )G 2 -l TERT 2 /%2 BB B-7 P2 AT VIid 7T b+ -
I = PR b - omiEE 2 v 5 T EDBHR R v E v ) jie, R
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ZHOWIEGEIEZ ) =V Z—TAPERLTLE) Lol . BRA 2
ROET 272 DIEFICHBEDOEH CHEETH D, PiESEM o sIs Db
HKBHEE %5, ZDLI T B-7 P T AT IND I AT IVAHSE % 4] 8 C filili
AT > 72 Dl%, Taber 512Xk % DMAP %Zfiltli & L CH\W721TdhH % (Scheme
D' L LAKETIE p-7 b ATV %2 =B BV RERH 5 & ki,
T A= D% CHAET B & TIRPCEEIME T T % & v ) RER DA L 72,
EIEEX F U UIALIC X FOVEDSEE T 2 W E TP REOIERT L2 HIY
Vedond, FMEEXF L Ui EOEEC=H 7 v a —vix 8
WEE Z W72 54613 2 K RIBDSHETT LR \w & v ) REDIFEL 72,

Scheme 1. Transesterification of p-keto ester using DMAP.

o 0 . DMAP (30 mol%) o 9
+ HOR -
R1MOMG toluene, reflux R1MOR3
R2 R2
3.0eq 1.0 eq up to 83% yield
R = alkyl R3 = alkyl
R2 = H, methyl

L2 LBBIC Goswami & 13V VBTV 3 =7 & % i v 72 OG22 8 L.
ZOMBERTIE B-7 P ATV RBRENELE ST, A BTV EDR
JEICBEWTEIETHNY 22 2 ISR L TWw3b (Scheme2)’s LArL., ®
1) =7V a — vz e SORMERIEYE TEfTE T, £ -7 F = AT L
DFE—FRYEDSZ L\ &0 ) REDEEL T,

Scheme 2. Transesterification of $-keto ester using Al(H,POy,);.

O O O O
Al(H,PO,)3 (0.50 mol%)
MO+ Hore S .
OR' neat, 80 °C OR?
1.0 eq 1.1 eq up to 94% yield
R! = Me, Et R2 = alkyl, allyl, benzyl
Z DAz B zeolite®, Zn’, NbyOs®, BiCly’, B,03/Zr0,'. Sn0O,"'. MnSO4MnCO;"
ZH\T B b T ATV DB T 2 FOVSHRRIE S ST w505, T

5DRIETH T AT I)IVAHAS G D Wi 2 F & & 5 72 DI — 5 D % i & H
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WBRBIENDH B P, WTNORIGED -7 P T AT IVOIE -RIERZ L v
V) FUICHEDORMIZ L T 5,

Z ZCHEHFIX, MR 7 7 A 5 — D Rl I T BRI 2 RO SRR &
AL 5 MeOH 23ABE & DILPHIC X D AU L TOHFiizfR o ¢ 5 2 L3 T
TLMICEH L, A%\ B-7 P AT VDI AT NKIKIGE(TI 2
EMTELDOTIE W EEZ, B2 iTo 72,

2-2. WighVut% 2 5 A 9 — DWH: 53

TR F OB IR O 2179 720, BFREIMEDORLE 2 HLRF
L— ML T2 AT 24 oMU 7 5 28 —DaRETo T, BE. L
FX¥L— M TFOETRIMEDHAKLE LTELAD 7 vy FLT VX LA LR
VIBOMRYEE % Table 1 12 LT 31,

Table 1. Experimentally determined parameters and
acidity constant (K,) at 298.15 K.

Acids Kj (Titration 1) Kj (Titration 2) K, (conductivity)
CF3;COCH 0.32 £0.02 0.26 +0.04 0.24 £0.05
CF3;CF,COCOH 0.38 +0.01 0.34 £0.02 0.29 +0.03
CF3;CF,CF,COOH 0.48 +0.02 0.36 +0.06 0.38 £0.02

Titration 1 and 2 are total concentration = 0.05 and 0.1 mol dm3, respectively.
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INFETOMEHIIE Y 7 A% — Ab) RIS IS T 2 HMETH 2 H LR
VIEHER Z RS TME T 5 2 TERL, AELLZDDEZT VLIV I TR
g5 &) LT, FFRASEHIII%Z 7 7 29 — (1a), bV 704 o B
WEHEIRE 7 9 A% — (Ab), v ¥ 7 )4 n 70 4 v BAuE Ut 7
T ALY — (o), 7% 7 )V aFRRZGHENIUEL 7 7 2 & — (1d) DVUREEH D §
Bz ERdDIEETER L 72 (Table 2),

Table 2. Synthesis of various tetranuclear zinc cluster.2

R
fo
o
Temp. R O-74-0
< 0.02 mmHg O/Zr}'\O
Zn(OCOR), S > 5 \O
ublimation <7 ~, -O™R
o 2n=5
OYO
R
1a-1d
R Temp. [°C] Yield [%]
1a CHj 250 79
1b CF; 320 79
1c CF,CF5 320 84
1d CF,CF,CF3 200 80

2 Zn4(OCOR)g0O was isolated by sublimation from the reaction mixture.

ZLTCInsDiEkRZHW, 4 DRIGIZE W TZ DR T ORI OG22
1o 7,
FIMEMREI A 7 V2B ICHG, 2 A7 VR )EZ 7> T % (Table 3),
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Table 3. Catalytic transetserification of aliphatic ester
using various tetranuclear zinc clusters.?

0 Zn4(OCOR)g0O e}
(1a-1d, 1.25 mol%)
A OMe + HOR? > OR?
| P (1.2 eq) i-Pr50, reflux, time
HOR?2 time Catalyst R yield [%]?P
1a CH, 7
1b CF S s
Ho@ ‘oh 3
1c CFCFy [ 69

1d CF,CF,CF; [ 29

1a CHg T 34

1b CFs I e2
8h

1c CF.CFy [ 68

1d CF,CF,CF; 1 28

HO

1a CHg 10
1b CFs D 46
25h
HO e CFRCF, [ 60
1d CF,CF,CF3 [ 12

a1 mmol scale, 1.7 mL of solvent was used. ? GC yield.

AMETZ BT, benzyl alcohol, n-hexanol, cyclohexanol W § 11D EH b JE

D Lewis BEMEFEEDSEG 1d 23 b EIEZ R L 72T Tl % <. Lewis B0

RO 1a L&V 1d EEEMES. TNFE ToORIE 7 7 27 —1b LD

Lewis BEHEREOTTV 1o 235k WK THINME 527, 0 k9 IKEB0
Lewis REHEASTR T & 38312 b BUBHEASE F L 7B & LT, R0 ol
DRMAHEZ SN B, 1 EAROIEEH L, &Y BRI ELY 7 1
+ ARG T 2 1T B8 e 2 AR L THE &7 L 25, KDL
IR CIIESERT Lo, SLEOWHBTIR AT L 2 AT 5 2 LHTEL

(Table 4),
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Table 4. Ligand steric effects on catalytic transetserification
using various tetranuclear zinc clusters.?

o) Zn,(OCOR)60 0

(1a-1d, 1.25 mol%)
X OMe + HOR2 > OR2
| _ (1.2 eq) i-Pr,0, reflux, time
HOR? time Catalyst R yield [%]P
1a CHs3 7
1b CF; 65
g 1c CF,CF 69
1d CF,CF,CF3 29
1e CF20H2CH3 40

a1 mmol scale, 1.7 mL of solvent was used. ® GC yield.

Lo T DIRICEIED Lewis I&MED3 < L TIRINER 273§ DU, Lewis RYED
A ELTZATVDANFZNIRB I ) FEHE LI N b DD, I TRIZAIT
HBETNAXY FORBMEMET LTL E > 727 PERICE I 12 OB 3K
TLEDEEEZONS, TOZEnr6db, INETHIMMUKLY 725 —DIX
JEREREITIE IC B W THEE ST E 72, A A v aURE A & KZH 2 [F 1
WAL L TN TRIGONET S % L WD EM T o N L v ) T LD
k% (Figure 1),
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Figure 1. Plausible reaction mechanism of transesterification
catalyzed by tetranuclear zinc cluster.

i X
.)k , HOMe R2 R' OMe
R “OR? |
O, /O\ o R2
R2 ‘Zn\ /Zn o !
o ! 0] 0] (@] Z‘ /O\Z
i /O /O ||:{2 (@] n\o/ n
~ HOR?
0] (0]

XAH o
R
R R

D EH T, AR TIXBIBED Lewis IBIEISRETAICHL AT ILE
REHTHL 7N aXY FOMAIHELRIET 2O, T AT LOEEE 7
NaXxy FORBIEDETDNT v AR OB R D EIEREZ R L7 L v
ZEMBTE S,

SHICHBFBRIAT N 2B ICFAROBHN 2T 24, 2H6IKBWVT
b d Lewis FEIEDNE 1d TIXPEREIME T T 2555 & 72> 72 (Table 5),
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Table 5. Catalytic transetserification of aromatic ester
using various tetranuclear zinc clusters.?

0 Zn4(OCOR)gO 9]
(1a-1d, 1.25 mol%)
| N OMe + HOR?2 > | X OR2
12¢e i-Pr50, reflux, time
ol = (1.2 eq) ol =
HOR? time Catalyst R yield [%]b
1a CH3 8
HO™ 1b CF 20
\© 10 h 8
1c CFQCFS 20
1d CF,CF,CF; M6
1a CHs 18
Q - 1b CFs 38

HO 1c CF,CFs 27
1d CF,CF,CF4 14
1a CHj, 3
1b CF4 10

25h

HO 1c CFQCF3 5

1d CF,CF,CF5 |1

a1 mmol scale, 1.7 mL of solvent was used.  GC yield.

F iUz 7 5 A Y —fildic X B2 T A F VAR TIE, Tra—L kD
KT 2 7 2 v RET AEMEICB O TH T AT L ZEIRNICER I N2
ZEBHIENTED , ZOEMFITB VLT LM 2ITo 7 (Table 6), 7 3 Vit
FHRFIZEWTY, INFETOZ RTINS & AR Lewis BIEIETE S
ENCRIZET T 2R EAD, WD A2 TIIPREDE R[22 R 3l
F2FFO 1b ® le PRWFERZR L7, F0TRORIBIZEWTH T I U
TIMMEEINEZ L&k >THEL 27 3 FEBIZBMN S D> 7,
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Table 6. Catalytic transetserification in the presence of amine
using various tetranuclear zinc clusters.2

2
o HOR Zn,(OCOR)60 o
(1.2eq) (1a-1d, 1.25 mol%)
OMe + > OR?2
HoNR?2 -Pr,0, temp., time
(1.2 eq)
R2 time temp. Catalyst R yield [%]°
1a CH, 29
& 1b CF ss
/\© 10h  60°C °
1c CF,CFs [T 40
1d CF,CF,CF; [ 28
1a CHs e
1b CFs e
10 h reflux
ks 1c CF,CFs [ 77
1d CF,CF,CFs [ 52

a1 mmol scale, 1.7 mL of solvent was used. ® GC yield. (Amide was not detected in

all cases.)

FHEIU% Y AT —1EZ TNV a— VIEFET TP I VR ATVICED T
PMET B, T AT IV-T I RRMIL#EIEETlE H 2 DMl 3 % 2 & 2R
LTWwW3, 22 TIORMFENRE, T AT IV-—7 3 FAIHIZOWT H S

5 LIl (Table 7)., Z D, —# Lewis BBPEE DR\ 1a D3R b SIEK
TT7IVFEBYELEZ B EBbhrot, COFEKELTEZIOGNS I LI,

IATNVRIGHAKRE DL AT N -7 I FRBRISITETHRETAITH 2 L
AT NVERBATH 27 2 3 ligh A A VB L TE D, COREALL 727
SVDRBEZ XD Lewis IEIEE DR CIBED NG 72 5720, 1a Wi b |

EEZRLIE W) 2 ETH S,
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Table 7. Catalytic ester-amide exchange reaction
of aliphatic ester using various tetranuclear zinc clusters.@

o) Zn4(OCOR)gO o)
(1a-1d, 1.25 mol%)
OMe + HoNR? > NHR2
xylene, reflux, time
HoNR2 time Catalyst R yield [%]P

1a CHg D

\© 1b CF4 7
1c CF,CF; [ 25
(12 ¢q) 1d CF,CF,CF; 1123
1a CHa s
Q . 1b CFs Y
H,N 1c CF,.CFs [ 47
(2.5 eq) 1d CFoCF,CFy [ 43
1a CHg e
O soh 1b CF, s
1c CF,CF; [ 18
(3.0 eq) 1d CF,CF,CF; [ 21

a1 mmol scale, 1.7 mL of solvent was used. ? GC yield.

FEBRIATNZIE L LIRS FARRIC, Lewis BIEEE DR 1a (XMoo fil
BEEHARTHEMNETH D (Table 8), i D D Lewis BEIEE DM EA37 S
VREAIOREEZE T IET0E Z EPMBBRTES, L L Lewis BBHEDS
W9 L ATHRRRIC S L TUEEAME T L T2 ald, 73 viieEik e
BLhZ L 722 W TR T 2 0 FRIIBDEEBI LT 5 DT hwh tEZI 6N,
MBI DE ) BTG ZES AR T 27 =2 138D &£ 25, fhofEafic
BLTbREonTidwizny,
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Table 8. Catalytic ester-amide exchange reaction
of aromatic ester using various tetranuclear zinc clusters.@

0 Zn,(OCOR)0 o
(1a-1d, 1.25 mol%)
ﬁOMe + HoNR? > /©)J\NHR2
solv., reflux, time
Cl Cl
H,NR2 solv. time Catalyst R yield [%]P

1a CHg s
H2N/\© Phel 16 h 1b CF5 19
1c CF20F3 -28

(1.2 eq)
1d CF,CF,CF3 [ 22
1a CHy 30
xylene 18 h 1b CFs 22
HoN 1c CFCF; [ 37
(2.5 eq) 1d CF,CF,CF; [ 32
1a CHy 26
xylene 43 h 1b CFs - 19
H,N 1c CF,CF; [ 13
(3.0 eq) 1d CF,CF,CF; 11119

a1 mmol scale, 1.7 mL of solvent was used. ® GC yield.
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2-3.8-7 F TA T INDI AT IV

AR DI R Z A, IHEX F L Mo 7 a b OREEESE < |
T = VEHLT S 2 LISk o TREFEDET T2 L o B &%
DB P T AT IOV T I AT VKNG ZTTH 2 & & L,

B-7 F T AT INDI AT NAMASIGDBE 217> T ITHh 72D £ M0
S DG 247> 72 (Table 9),

Table 9. Condition screening of transesterification
of B-keto ester.2

O O Zn4(OCOCF3)g0 (1b) O O
(1.25 mol%)
OMe *+ HOR?Z > OR2
solv., reflux, time
2a 3 4
(1.2 eq)
entry alcohol solv. time [h] yield [%]?P
1 Q i-Pr,0 48 88
2 HO toluene 48 86
3a
3 xylene 44 87
4 HO/\© i-Pr,0 42 88
5 3b toluene 45 89
6 O i-Pry0 42 65
HO
7 3j toluene 45 95

a 3.0 mmol scale, 5.0 mL of solvent was used. ? Isolated yield.

2 DIREEZ F >, methyl 3-phenyl-3-oxopropionate (2a) & n-hexanol (3a).
benzyl alcohol (3b). cyclohexanol (3j) DL A TIVAEMASIEZIT) &, VARDIEA
BoTwRVTILa—)L 3a & 3b TROLTNOEEICE W TH FAKRDOIEETH
W DH =72 -7 b T ATV EAKT 2 2 LI L7 (entries 1-5), L 2> L 3%
HREIIZEE N\ 3) Z H W7 BE . RO i-Pro B (bp=69°C) TlX 65% &
PR DICRICE F 2858 & o572 (entry 6), Z LT X D SR D toluene AL
(bp = 110 °C) Z kA7 & T A, ICKIZ 95%ICGE LATKBEED K & 2B I b
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WIRTEBRBEE V) 2T (entry 7)o A LD 225 toluene AR
fili i % D BRI & L e,

RICHE OB 217 ) e, ETT7NVa— VDRI ) —=v T %fT>
7z (Table 10),

Table 10. Substrates screening of alcohols
on transesterification of $-keto ester.2

(1.25 mol%)
OMe t HOR?2 > OR2
toluene, reflux, time
2a 3 4
(1.2 eq)
entry alcohol time [h] yield [%]?P
1 HO™ > "\ 3a 48 86

e
2 HO \© 3b 45 89
3 HO/\K 3c 44 89

4 HO ad 48 53
5¢ 65 86

6 HO / " 3e 48 N.D.
79 HO / Me 3f 48 82
8 HO S S OPIV 39 60 89
9 Ho N OTBS - 3n 48 86
10 o > OTHP 3 51 33

12 /C\ 3k 44 87
HO
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HO.,, ~_.
13 \p 3l 44 93

HO
15 R 72 61
n
16¢ HO 72 85
17¢ J< 72 46
30
18f HO 72 82

a 3.0 mmol scale, 5.0 mL of solvent was used. ? Isolated yield. ¢ i-Pr,O was used as
solvent. 9 1.5 eq of alcohol was used. € 2.0 eq of alcohol was used. /5.0 eq of alcohol
was used.

FFD 7N a—) L LT, n-hexanol (3a) 5 benzyl alcohol (3b). neopentyl
alcohol 3¢) Z W7 GEIEEICERTHINM 2155 2 L IR L 72 (entries 1-3),
Cinnamyl alcohol (3d) % JEHIC toluene IBHETHILZ 1T > 72556 (entry 4). Carroll
R < BLEKER &\ ) BIRIGDSHEfT LT L £ v, HIWYD 3% TL»fGoin
hrolz, ZZTLDPRDOME i-Pro ICEFZTRIGZIT) &, 2D K9 24l
BOGEANHIT & 86%IC RN L 72 (entry 5), KIZ7a V¥ )L 7)La—)
FIZ OV 2 T 7 L 2 A, K7 V¥ v %249 % prop-2-yn-1-ol (3e) 1 H
W% 5 277> 7 (entry 6), L2 LIRMEEDOSE VT IVX Y70 b v 2fifi
V> but-2-yn-1-ol (3f) TIZSIHIE RIFICHEAR 2%IRTHWY 2155 Z LS TE
7z (entry 7)o E 7-fREEIL DI & LT, 7 M REDHF T Piv IRiE (3g, entry
8). 7= TBS f£i# (3h, entry 9) X 2N 6 DEE#EREZEL S Z LS AT AR
HSOGZ TS B 2 ETE 703, BRVESAHICYS > THP PR3 (3i) I3 0 D5t
7L, 33%INRICHE £ 57 (entry 10), THP PR3&EICEH L CTlid, MEMIESAET B-7
F I ATV 2a & 3i721F % toluene BRI 9 % 721 C THP O siEfT L 72 Z & e
5. B-7T FZ AT NVOBEIC L > THfRL CLE-EEZ NS,

F 72 ko7 v a—) v L LT, cyclohexanol (3, entry 11), 4-heptanol (3K, entry
12). [-menthol (31, entry 13), l-borneol (3m, entry 14) 7 &% H\WTd, £ TREF
72 T SO FHEST L 72
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VRIS ERE W=k v a =ik, BEFED -7 P ATV D T AT IOVASHK
JECHEIGATRE 2 BNIIE N E S 2 5, % 2 CAMEER T s oRE oM % 1T
272, %7 adamantyl alcohol (3n) ZHEHICHWTHIGZIT->72 & 2 A, I
61%ICH £ BHGHR E o7 (entry 15), Z 2 TR DM EZHKWE L TT7 L a—
Wz 2 B TRIBZIT) & 85%IRICH 92 2 LIk L 72 (entry 16),
RIZ 3n £ D AERDEEDR XIS tert-butanol (30) ZH\ 72 2 A, RIED
IR T U 46%IRICE £ o7 (entry 17), 2 2 TIHICT NV a—)LDYER
B L s YETKIGZIT) LKL 82%F T EL (entry 18), Al 2ICE \»
TING =BT NI NDIZ AT IR ZIT) TERTELLEVW) L2

T B LRI L 7,

RIZZATNUNDIEED A7 ) —=v 7L LT, EFFah BT D B-7r
FZ AT NIZDWTHIRf 21T > 72 (Table 11),

Table 11. Substrates screening of esters
on transesterification of $-keto ester.2

Zn,(OCOCF;)s0 (1b)

o] /j (1.25 mol%) R 0 Q
R3ﬂ\OMe * HO™ ™™ toluene, reflux, time R3ﬂ\o

2 3a 4
(1.2 eq)
entry alcohol time [h] yield [%]?P
1 2 0 2b 48 81
MOMe
O O
2 2 42 87
O O
3 ij)\o,\ﬂe 2d 48 97
i it 2 48 81
4 e
t-BuMOMe
O O

5¢ 2f 68 93
MeOMOMe
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o) (o)
6° Y'Y 2g 68 73

o__0O

e

O O

7 2h 60 77
S e

H

9 O
8d -P. 2i 48 87
MeO
Me é OMe

0O O

9 2j 48 N.D.
N

(0]
10 2k 48 48
NC
\)]\OMe

O O

11¢ J\/U\ 2| 48 mixture®
tBuO OMe

a 3.0 mmol scale, 5.0 mL of solvent was used. ? Isolated yield. ¢ 2.6 eq of alcohol was
used. 9 Benzyl alcohol was used as nucleophile. € A mixture of dihexyl malonate,
tert-butyl hexyl malonate and hexyl methyl malonate was obtained.

7 FEEE X v (2b) RERAD BT P Z ATV TH S 2 2d, TR LI
HRORKE R 2e R E1X, BICETHINM %R 5 Z L3 TE 72 (entries 1-4), TA T
VRS & T & % dimethyl malonate (2f) > Meldrum’s acid (2g) X, 7L 2 —
Wz 26 BEMWE I LI TR AT VI N-HNY 215
EDITE 7 (entries 5and 6), £ 727 2 FHZFOHE (2h) RV VB XTIV
MEROH-E Q) 3. TATIVOAREZERNICKIGT S Z EICRIDL &
(entries 7 and 8), L2>LF AT AT N2 FHNICHT 2HE (2j) 1. F4 TR
TUIZEBOTHREEITLTCLEo7% (entry 9), F/3 7/ HE2HFT2HE
(2k) Tld, > 7 /73— N L 72 BIAEY DR S 4, IGERIE 48%I(C
HME 26K ER o7 (entry 10), F 72 tert-butyl TA T )L & methyl TR TV %2 H
T2 VB ATV (2) TIHERERES, WITNDPOZ AT ADBKIGL %
BIAEYPOTNOZ AT VS IGL W EXNREME L THROoNIERE %
27z (entry 11),

S S IHEEIGHIPH O L LT, o —EHAD LD NARICIRAG > 7 K
JEHEDZ L WIEISH L, A Lewis WAL D @il % o Tt 247
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- 7z (Table 12),
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Table 12. Accelerating effects
on transesterification of §-keto ester.2

Zn4(OCOR)gO (1)
(1.25 mol%)

(0] additive (20 mol%) o)
L + HOR? -
R3 “OMe toluene, reflux, time R3” “OR2
2 3 4
entry ester alcohol cat. additive time [h] yield [%]P
1 O O 1b - 48 60
o )
2 ib DMAP 48 65
2m 3a
3 (1.2 eq) 1c - 48 82
O O
4 1b - 48 1
HO
S Me Me ib  DMAP 48 36
20 3a
(1.2 eq)
6 1b - 48 19
O O
7 OMe HO" > 1b DMAP 48 78
Me 3an
8 2p (1.2 eq) 1c - 48 58
9 (1.5 eq) ib  DMAP 72 91
10¢ Q 0 1b - 45 8
)J\H/MOMe
N HO
11¢ 2 3a ib  DMAP 48 43
2q (1.2 eq)
12¢ (1.5 eq) ib  DMAP 72 41
13¢ (1.5 eq) 1c - 60 41
14¢ (2.2 eq) (1.0 eq) ib  DMAP 48 49

2 3.0 mmol scale, 5.0 mL of solvent was used. ? Isolated yield. ¢ i-Pr,O was used as
solvent.
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FP oA —DAFNHEEEAL 72 2m 2RE I ZEITo72E 25 (entry
1), 3 EEFDY) (Table 9, entry 1) IZHARFIGHEDIMET L 60%IE TH -
7eo 2 2TWERDIA E21TH 720, BINFlOBE 2179 2 & & L, dignrutk
7 IAY =k, T I UVHEREEMFICE T L= L DAREFERNICT LT
FRICEST. ZOT7 I VOFEBI AT IVKEKIGZIET 2 Z L2 5
DEoTw3 ' ZOMBERML, 7 3 VEZIFNA L U CARUER O 15
EDSHRECTH . Z DEMAIDHFTH DMAP % H Vo 72 i b 2D 15 LA
fTon s, TNZ2AREEICORHN TSI L L L, ZDOREIFIEE 65%T
HH. DMAP ZWHML B WEAEDPSIRIIRECWETLICERES ok
(entry 2), ZAUE, B-7 P TR TV 2m ITIETEME X F L AL EBIEEE D E»
0 R YBEEL, DMAP L WIHEHKIC k> Tli7a b fbaMfeshc ) —L
{LASEIT L 7272007 N 2 — )V DRGIZLENEZ DI ooz dThH B EEZ
5%, Z L TRICAEIETOHH L 72, XD Lewis BBMEE D&\ il dH
5 1e zHOTRIRZIT-> 7 & 2 A, PERIBIKRIFICUEE I N 82% & 7% > 7 (entry
3), RIZo-fH7 ZEHAD 20 ZHEHITSUGZIT) &, RIE D IARFEEIBEK L 72 7-
DIRITD T2 1% E ., BIEOHNY L5 2 %> 7% (entry 4), 72 DMAP
ZHMAIE LTHWV S & 36%ICIERIZSEE L7225, AR E L TRINET, &5
W7 0 % DREIEVIDEL L Twie (entry 5), ZDRIEMIX -7 P = AT L
D b VERLIZ TV 3 — USRI E L CHI E#L 2 B retro-Claisen JKIGHIZ & -
THELREEZONDLZATIVTH DT, Z Z T retro-Claisen B Z D 12 <
WHE E LT, BRRD -7 P AT 0 2p ZHOCTHERS L EZ A, DMAP
FEVRIN 19%I2 5 L, ISR BT 78%IERZ#ER L, BBMEE 71 b v of
WHEVEIZH L TIE DMAP AR DG 6315 2 £ 030 D> > 72 (entries 6 and 7).
F - 1c X UKD M EZ ZFH o7 H DD DMAP 1 EDRIRIZES o
7z (entry 8), I HIZTIVA—)LOLMEZPEL T 1.5 YERTKIGZITIHI Z LT
91%F CINEZM LI EITHIL (entry9). 222056 1 A7 v 7T BRKX
ftaEwmeh 7037 vFEELEE~ODGHPHEMAKLE RS
(S)-2-allyl-2-methylcyclohexanone (5) Z % T 5 Z &I L TV % (Scheme
3)14,150
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Scheme 3. Synthesis of (S)-2-allyl-2-methylcycloheanone.

An4(OCOCF3)60 (1 b)

(o) (o) (1.25 mol%) (0] (0]
DMAP (20 mol%)
OMe + Ho/\/ _ O/\/
Me toluene, reflux, 60 h Me
N 3n 4
P 15e pn
( @ 89%
O
Pdg(dba)s (1 .25 mol%)
(S)-tert-ButyIPHOX (3 mol%) i‘:{\\/
THF, 30°C,22h Me
5

59%

ZLTRIZo-PT V-7 b T AT NVEEORE 2757, a-¥ 7V -p-7 b I
AT N INETT AT URIIGIC & 2B )SIER I TE 5T, AH
BERFREICO D ST, —EIKDHEL T7La—L EDfiiaziT) & v
I i CTEHG AL E 11TV 7219, Methyl 2-diazo-3-oxobutanoate (2q) % Hi§h
% 7 A8 —DEGHEGAFTRIGEAT D & DREIMELT L 72729 i-Pr,0 THRILZ 1T
2728 25 8%INFETHWYINE 67z, X512 DMAP 27 % &£ 43%F T
IR A M L 7 (entries 10 and 11), 727V a— L% 1.5 Y&, KISKR]%Z 72
RFEC U 722S, S CTIEPERIZM BT 41%I3E L 2D (entry 12), 72Xk D
Lewis FEIEFED O 1e il Z2 F W CH PR DA FITIZTEDIS § 41%ICH £ 51
REZol (entry 13), TNSDKIETIX, a-F 7 V-p-7 b T AT ILDOBiZEEAL
WZHE < Wolff #5212 & - T 6 N 2 BIZAEYIDSHER I N7 7280  RIG T A 7OV iEF
ST ZIT o728 25,49% EPCRDOYGEIX R S 172 b D DIRIR & L T
EDIWHRIZHE E 57 (entry 14), L LAKIGIE, - TV -p-7 F T AT VDL
AT NG 2T 70 COHTH Y | §Hilid 2 2 LUk AR TH 5
EEZT03G,

3-4. Fokh

ARERECIFE L RIMEOR L 2 A VKX L — M 726 T 2 HiHat%
75 Ay —flit SR L. s & e TIMBEEOBE 2175 72, 7 DR,
IAT NG TIERETHTHE AT IV ERBATHLI T VaFL N
AR ICIEL L T3 2 & 2RI 25218 % Lo, fEkolignratz s 7
AZ =L Db Lewis BBUEEOEWMBEDTT X D EEEZ R T EW) 2 L2
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5L 7z,

E7Cid, g% 2 7 A 8 — i OEINEE OINK 2 H Y B-7 R
ATNEIHEL L TCZ AT VRGO 217> 72, ZDRGR, EHEXF L
VERICIBEEOE W TR Py R AL, — LT 3 2 L ko TRIBHEDE
TLRTWV B-7 FZ AT NICDWTH | IZIFH S CRISHMETT§ 2 Al
RDI AT V)BT BT, BICRTEMRIGZ#ER T 5 2 LN TE X,
AR ClE—, 7 va—niaiz, ENICER C 2N E TOMBRT
EHREECTH =W 7N a— LB FEICHWE Z L TE, 2271
a-PLICEEIED YD O KIGHED Z L WHEIZBI L T d . IFIAIS ARZEEE CES
PR L7tz HWa 2 k> TRIGETHNOZ ATV ZAKT 5 L
WL 7=,
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Experimental Section

General information

Nuclear magnetic resonance (IH, 13C, 1(’F) spectra were measured on a
VARIAN-MERCURY 300-C/H spectrometer operating at 300 MHz (lH NMR), 75.5 MHz (13C
NMR) and 282 MHz ("°F NMR), Brucker Avance 400 spectrometer operating at 400 MHz ('H
NMR) and 100 MHz (*C NMR), VARIAN Inova 400 spectrometer operating at 400 MHz ('H
NMR) and 100 MHz (°C NMR) or Brucker Avance 500 spectrometer operating at 500 MHz
('H NMR) and 125 MHz (*C NMR) in 5 mm NMR tube. All 'H NMR chemical shifts
were reported in ppm relative to internal references of TMS at & 0.00. All °C NMR
chemical shifts were reported in ppm relative to carbon resonance in chloroform-d; at &
77.00, THF-ds at § 25.20, and DMSO-ds at 8 39.70. The ’F NMR chemical shifts
were reported in ppm relative to external reference of a,a,o-trifluorotoluene at 6 —63.90.
Low and high resolution mass spectra were recorded by JEOL JMS-700. IR spectra
were recorded on a JASCO FT/IR-410 or SHIMADZU FTIR-8400 spectrometer. Elemental
analyses were conducted by Perkin-Elmer 2400I1. Mass spectrometric data were obtained
using on a JEOL SX-102 or Waters LCT Premier XE spectrometer. Melting points were
measured using Yanaco micro melting point apparatus. GC analyses were recorded on
a Shimadzu GC-14A gas chromatograph with J&W Scientific DB-5 column.
Enantiomeric excess was determined by chiral HPLC analysis with DAICEL
CHIRALCEL OD-H column. All catalytic reactions were carried out by the standard
Schlenk techniques under an argon atmosphere. Zni(OCOCH;)sO was prepared
according to literature.'” Zny(OCOCF;3)sO was prepared as the prevous report.'
Diisopropyl ether and tetrahydrofuran were distilled under an atmosphere of argon from
sodium benzophenone ketyl. Toluene was distilled under an atmosphere of argon from
calcium hydride. f-Keto esters 2a'® 2d", 2n*°, 2§*', 21, 2m*, 2n*, 20>, 2p"*, 2q*
and alcohols 3g”’, 3h*®, 3i*” were synthesized according to the procedure known in the
literature.  Other reagents were purchased from commercial sources and were distilled

before use.

Preparation of Zns(OCOR)O (1b-e)
Under an inert atmosphere of argon, Zn(OCOR),*xH,O was heated at appropriate

temperature under reduced pressure (<0.02 mmHg). Zns(OCOR)cO was sublimed from
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the reaction mixture. The product was collected and stered an inert atmosphere of algon.
(1b: 79%, 1c: 84%, 1d: 80%)

General procedure for the transesterification reaction, except for b-keto etser,
catalyzed by the zinc clusters.

A mixture of zinc cluster (0.0125 mmol), ester (1.0 mmol), alcohol (1.2 mmol) and
diisopropyl ether (1.7 mL) was refluxed for periodic time under an argon atmosphere.
Yields were determined by GC analysis using DB-5 column with nonadecane as a

standard.

General procedure for the transesterification reaction in the presence of amine
catalyzed by the zinc clusters.

A mixture of zinc cluster (0.0125 mmol), ester (1.0 mmol), alcohol (1.2 mmol),
amine (1.2 mmol) and diisopropyl ether (1.7 mL) was refluxed for periodic time under
an argon atmosphere. Yields were determined by GC analysis using DB-5 column with

nonadecane as a standard.

General procedure for the ester-amide exchange reaction catalyzed by the zinc
clusters.

A mixture of zinc cluster (0.0125 mmol), ester (1.0 mmol), amine and solvent (1.7
mL) was refluxed for periodic time under an argon atmosphere. Yields were determined

by GC analysis using DB-5 column with nonadecane as a standard.

General procedure for transesterification of P-keto esters catalyzed by the zinc
clusters.

A mixture of zinc cluster (0.0375 mmol), B-keto ester (3.0 mmol), alcohol (3.6
mmol) and solvent (5 mL) was refluxed for periodic time under an argon atmosphere.
The resulting mixture was concentrated in vacuo and purified by silica gel column

chromatography.

Spectral data

Zn4(OCOCF;CF3)60 (1¢)

white solid; mp 44-76 °C (detected unclearly); IR (NaCl film, v/cm'l) 1685, 1541, 1508,
1166, 734; F NMR (282 MHz, DMSO-ds, 35 °C) 8 -120.71 (s, 3F, CF,CF3), -84.05 (s,
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2F, CF>CF3).

Zn4(OCOCF,CF,CF3)s0 (1d)

white solid; mp 38-85 °C (detected unclearly); IR (NaCl film, v/cm'l) 1648, 1542, 1217,
669; "’F NMR (282 MHz, DMSO-ds, 35 °C) § -128.72 (s, 2F, CF,CF,CF3), -118.71 (q,
2F, CF,CF,CF3), -82.70 (t, 3F, CF,CF,CF3).

Hexyl 3-oxo0-3-phenylpropanoate (4aa)
O O
I RN

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 100/1 to 10/1);
colorless oil; IR (CHCls, viem™) 2932, 2862, 1736, 1690, 1643; 'H NMR (400 MHz,
CDCls, 30 °C) (keto/enol = 3.2/1) § 0.9 (m, keto 2H + enol 2H, CHj3), 1.3 (m, keto 6H +
enol 6H, O(CH;),(CH;);CH3), 1.6-1.7 (m, keto 2H + enol 2H, OCH,CH>), 3.99 (s, keto
2H, COCH,CO), 4.1-4.2 (m, keto 2H + enol 2H, OCH,), 5.67 (s, enol 1H,
C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, A4r), 7.6 (m, keto 1H, Ar), 7.77 (d, J =
7.2 Hz, enol 2H, Ar), 7.95 (d, J = 7.2 Hz, keto 2H, Ar), 12.58 (s, enol 1H, OH); °C
NMR (100 MHz, CDCls, 30 °C) & 14.1 (enol), 14.1 (keto), 22.6 (keto), 22.7 (enol), 25.6
(keto), 25.7 (enol), 28.6 (keto), 28.8 (enol), 31.5 (keto), 31.6 (enol), 46.2 (keto), 64.7
(enol), 65.8 (keto), 87.6 (enol), 126.2 (enol), 128.7 (keto + enol), 128.9 (keto), 131.3
(enol), 133.7 (enol), 133.8 (keto), 136.3 (keto), 167.7 (keto), 171.6 (enol), 173.5 (enol),
192.6 (keto); HRMS (ESI-TOF) m/z calcd.for C;sH,103 2491491, found 249.1486.

Benzyl 3-oxo-3-phenylpropanoate (4ab)
O O

SORAS

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; "H NMR (400 MHz, CDCls, 30 °C) (keto/enol = 5.2/1) § 4.04 (s, keto 2H,
COCH,CO), 5.20 (s, keto 2H, benzyl), 5.25 (s, enol 2H, benzyl), 5.73 (s, enol 1H,

C(OH)CHCO), 7.3-7.5 (m, keto 7H + enol 8H, A4r), 7.6 (m, keto 1H, Ar), 7.77 (d, J =
8.0 Hz, enol 2H, 4r), 7.92 (d, J = 8.0 Hz, keto 2H, Ar), 12.48 (s, enol 1H, OH); °C
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NMR (100 MHz, CDCls, 30 °C) & 46.1 (keto), 66.2 (enol), 67.3 (keto), 87.4 (enol),
126.3 (enol), 128.4 (enol), 128.4 (keto), 128.5 (enol), 128.7 (keto), 128.7 (enol), 128.8
(enol), 128.9 (keto), 131.5 (enol), 133.5 (enol), 133.9 (keto), 135.5 (keto), 136.0
(enol),136.2 (keto), 167.5 (keto), 172.0 (enol), 173.1 (enol), 192.4 (keto).

Neopentyl 3-oxo-3-phenylpropanoate (4ac)
O O

WOX

Purified by fluxh column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2963, 2870, 1736, 1690, 1643; 'H NMR (400 MHz,
CDCls, 30 °C) (keto/enol = 4.7/1) & 0.87 (s, keto 9H, #-Bu), 0.99 ()s, enol 9H, #-Bu),
3.84 (s, keto 2H, OCH>), 3.91 (s, enol 2H, OCH,), 4.02 (s, keto 2H, COCH,CO), 5.71 (s,
enol 1H, C(OH)CHCO), 7.5 (m, keto 2H + enol 3H, 4r), 7.6 (m, keto 1H, 4r), 7.80 (d, J
= 8.4 Hz, enol 2H, Ar), 7.96 (d, J = 7.6 Hz, keto 2H, Ar), 12.58 (s, enol 1H, OH); *C
NMR (100 MHz, CDCls, 30 °C) 6 26.4 (keto), 26.6 (enol), 31.5 (keto), 31.5 (enol), 46.1
(keto), 73.7 (enol), 74.9 (keto), 87.5 (enol), 126.2 (enol), 128.7 (keto + enol), 128.9
(keto), 131.3 (enol), 133.7 (enol), 133.8 (keto), 136.3 (keto), 167.7 (keto), 171.6 (enol),

173.5 (enol), 192.5 (keto); HRMS (ESI-TOF) m/z calcd. for C14H;903 235.1334, found
235.1342.

Cinnamyl 3-oxo-3-phenylpropanoate (4ad)
O O

0

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 30/1); yellow
oil; 'H NMR (400 MHz, CDCl;, 30 °C) (keto/enol = 5.3/1) & 4.04 (s, keto 2H,
COCH,CO), 4.8-5.0 (m, keto 2H + enol 2H, OH>), 5.72 (s, enol 1H, C(OH)CHCO),
6.2-6.7 (m, keto 1H + enol 1H, CH,CH), 6.6-6.7 (m, keto 1H + enol 1H, PhCH), 7.3-7.6
(m, keto 8H + enol 8H, A4r), 7.79 (d, J = 6.8 Hz, enol 2H, A4r), 7.96 (d, J = 7.6 Hz, keto
2H, Ar), 12.50 (s, enol 1H, OH); >C NMR (400 MHz, CDCl, 30 °C) & 45.8 (keto),
64.7 (enol), 65.8 (keto), 87.1 (enol), 122.5 (keto), 123.0 (enol), 126.0 (enol), 126.5
(keto), 128.0 (enol), 128.3 (enol), 128.4 (keto), 128.5 (keto + enol), 128.7 (keto), 131.2
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(enol), 133.2 (enol), 133.6 (keto), 134.2 (enol), 135.9 (keto), 136.0 (keto + enol), 167.1
(keto), 171.7 (enol), 172.8 (enol), 192.2 (keto).

But-2-yn-1-yl 3-oxo-3-phenylpropanoate (4af)
O O

O

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCl;, v/cm'l) 3024, 1744, 1690, 1620; 'H NMR (400 MHz, CDCl;,
30 °C) (keto/enol = 4.0/1) 6 1.8-1.9 (m, keto 3H + enol 3H, CH;), 4.04 (s, keto 2H,
COCH,CO), 4.7-4.8 (m, keto 2H + enol 2H, OCH,), 5.72 (s, enol 1H, C(OH)CHCO),
7.4-7.5 (m, keto 2H + enol 3H, 4r), 7.6 (m, keto 1H, Ar), 7.78 (d, J = 6.8 Hz, enol 2H,
Ar), 7.94 (d, J = 7.2 Hz, keto 2H, Ar), 12.34 (s, enol 1H, OH); °C NMR (100 MHz,
CDCls, 30 °C) & 3.5 (keto), 3.6 (enol), 45.6 (keto), 52.6 (enol), 53.6 (keto), 72.6 (keto),
73.0 (enol), 83.4 (enol), 83.6 (keto), 86.8 (enol), 126.0 (enol), 128.4 (keto), 128.5 (enol),
128.7 (keto). 131.4 (enol), 133.1 (enol), 133.7 (keto), 135.8 (keto), 166.8 (keto), 172.0
(enol), 172.3 (enol), 191.9 (keto).

Me

6-((3-Oxo-3-phenylpropanoyl)oxy)hexyl pivalate (4ag)

O O
@)J\)ko/\/\/\/o%
o
Purified by fluxh column chromatography (silica gel, Hexan/EtOAc = 100/1 to 10/1);
colorless oil; IR (CHCLs, viem™) 3024, 2955, 2870, 1721, 1690, 1628; 'H NMR (400
MHz, CDCls, 30 °C) (keto/enol = 3.5/1) & 1.20 (s, keto 9H + enol 9H, ¢-Bu), 1.3-1.4 (m,
keto 4H + enol 4H, CH,CH,(CH,),CH,CH;), 1.6 (m, keto 4H + enol 4H,
CH,CH,(CH,),CH>CH,), 3.99 (s, keto 2H, COCH,CO), 4.0-4.1 (m, keto 2H + enol 2H,
OCH>), 4.1-4.2 (m, keto 2H + enol 2H, OCH>), 5.67 (s, enol 1H, C(OH)CHCO), 7.4-7.5
(m, keto 2H + enol 3H, 4r), 7.6 (m, keto 1H, 4r), 7.78 (d, J= 7.8 Hz, enol 2H, Ar), 7.95
(d, J = 7.6 Hz, keto 2H, Ar), 12.56 (s, enol 1H, OH); *C NMR (100 MHz, CDCls,
30 °C) & 22.4 (keto + enol), 25.6 (keto), 25.7 (keto), 25.8 (keto + enol), 28.6 (keto), 28.7
(keto), 28.8 (enol), 38.9 (keto + enol), 46.2 (keto), 64.4 (keto + enol), 65.6 (keto + enol),
87.5 (enol), 126.2 (enol), 128.7 (keto + enol), 129.0 (keto), 131.4 (enol), 133.7 (enol),
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133.9 (keto), 136.3 (keto), 167.7 (keto), 171.7 (enol), 173.4 (enol), 178.8 (keto + enol),
192.6 (keto); HRMS (ESI-TOF) m/z calcd. for Cy0H2905 349.2015, found 217.0834.

6-((tert-Butyldimethylsilyl)oxy)hexyl 3-oxo-3-phenylpropanoate (4ah)

O O
o/\/\/\/O\SiJ<

/ N\

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
yellow oil; IR (CHCls, v/em™) 2940, 2862, 1736, 1690, 1628; '"H NMR (400 MHz,
CDCls, 30 °C) (keto/enol = 2.5/1) & 0.04 (s, keto 6H + enol 6H, Me), 0.89 (s, keto 9H +
enol 9H, ¢-Bu), 1.3-1.6 (m, keto 8H + enol 8H, OCH,(CH;)sCH,0), 3.6 (m, keto 2H +
enol 2H, SiOCH,), 3.99 (s, keto 2H, COCH,CO), 4.1-4.2 (m, keto 2H + enol 2H,
COOCH,), 5.67 (s, enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, A4r), 7.6 (m,
keto 1H, Ar), 7.78 (d, J = 6.8 Hz, enol 2H, Ar), 7.95 (d, J = 7.6 Hz, keto 2H, Ar), 12.57
(s, enol 1H, OH); *C NMR (100 MHz, CDCls, 30 °C) 5.1 (keto + enol), 18.5 (enol),
25.6 (keto), 25.7 (keto + enol), 25.9 (enol), 26.1 (keto), 28.6 (keto), 28.9 (enol), 32.8
(keto), 32.9 (enol), 46.2 (keto), 63.2 (keto + enol), 64.6 (enol), 65.7 (keto), 87.5 (enol),
126.2 (enol), 128.7 (keto + enol), 128.9 (keto), 131.4 (enol), 133.7 (enol), 133.8 (keto),
136.3 (keto), 167.7 (keto), 171.6 (enol), 173.4 (enol), 192.6 (ekto); HRMS (ESI-TOF)
m/z caled. for C,1H3504S1 379.2305, found 379.2281.

6-((Tetrahydro-2H-puran-2-yl)oxy)hexyl 3-oxo-3-phenylpropanoate (4ai)
O O

wowoﬁ

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCI;, v/cm'l) 3009, 2940, 2862, 1736, 1690, 1628; 'H NMR (400
MHz, CDCls, 30 °C) (keto/enol = 6.3/1) 6 1.2-1.8 (m, keto 14H + enol 14H,
OCH,(CH;)sCH,0, OCH(CH)3), 3.3-3.5 (m, keto 2H + enol 2H, COO(CH,)sCH,0),
3.7-3.9 (m, keto 2H + enol 2H, (CH,)§OCHOCH,), 3.98 (s, keto 2H, COCH,CO),
4.1-4.2 (m, keto 2H + enol 2H, COOCH,), 4.56 (s, keto 1H + enol 1H, OCHO), 5.67 (s,

enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, 4r), 7.6 (m, keto 1H, Ar), 7.77
(d, J= 6.4 Hz, enol 2H, A4r), 7.94 (d, J = 7.6 Hz, keto 2H, Ar), 12.59 (s, enol 1H, OH);
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5C NMR (100 MHz, CDCls, 30 °C) & 19.5 (keto + enol), 25.3 (keto), 25.4 (enol), 25.6
(keto), 25.7 (enol), 25.8 (keto + enol), 28.2 (keto), 28.5 (enol), 29.4 (enol), 29.5 (keto),
30.6 (keto + enol), 45.8 (keto), 62.1 (keto + enol), 64.2 (enol), 65.3 (keto + enol), 67.2
(keto), 87.2 (enol), 98.7 (keto + enol), 125.8 (enol), 128.3 (keto + enol), 128.6 (keto),
131.0 (enol), 133.3 (enol), 133.5 (keto), 135.9 (keto), 167.3 (keto), 171.2 (enol), 173.1
(enol), 192.2 (keto); HRMS (ESI-TOF) m/z calcd. for CyyH7;05 347.1858, found
347.1901.

Cyclohexyl 3-oxo-3-phenylpropanoate (4aj)
S Ne
©)J\/U\O

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCLs, viem™) 3024, 2940, 2862, 1728, 1690, 1636; 'H NMR (400
MHz, CDCIl;, 30 °C) (keto/enol = 4.4/1) 6 1.2-2.0 (m, keto 10H + enol 10H,
OCH(CH»)s), 3.97 (s, keto 2H, COCH,CO), 4.8-4.9 (m, keto 1H + enol 1H, OCH), 5.66
(s, enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, Ar), 7.6 (m, keto 1H, Ar),
7.78 (d, J = 6.8 Hz, enol 2H, A4r), 7.95 (d, J = 7.6 Hz, keto 2H, A4r), 12.65 (s, enol 1H,
OH); *C NMR (100 MHz, CDCl;, 30 °C) § 23.7 (keto), 24.0 (enol), 25.5 (keto), 25.6
(enol), 31.6 (keto), 32.0 (enol), 46.6 (keto), 73.0 (enol), 74.1 (keto), 88.1 (enol), 126.2
(enol), 128.7 (enol), 128.8 (keto), 128.9 (keto), 131.3 (enol), 133.8 (keto + enol), 136.4
(keto), 167.2 (keto), 171.5 (enol), 173.0 (enol), 192.9 (keto); HRMS (ESI-TOF) m/z
calcd. for C15sH905 247.1334, found 247.1328.

Heptan-4-yl 3-oxo0-3-phenylpropanoate (4ak)
S ON
©)J\/U\O

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCI;, v/cm'l) 3024, 2963, 2870, 1728, 1690, 1636; '"H NMR (400
MHz, CDCl3, 30 °C) (keto/enol = 4.1/1) § 0.8-1.0 (m, keto 6H + enol 6H, Me), 1.3-1.6
(m, keto 8H + enol 8H, OCHCH,CH,), 3.97 (s, keto 2H, COCH,CO), 5.0-5.1 (m, keto
IH + enol 1H, OCH), 5.65 (s, enol 1H, C(OH)HCO), 7.5-7.5 (m, keto 2H + enol 3H,
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Ar), 7.6 (m, keto 1H, A4r), 7.8 (m, enol 2H, Ar), 7.95 (d, J = 8.4 Hz, keto 2H, Ar), 12.66
(s, enol 1H, OH); >C NMR (100 MHz, CDCls, 30 °C) & 14.1 (keto), 14.2 (enol), 18.6
(keto), 18.8 (enol), 36.3 (keto), 36.6 (enol), 46.6 (keto), 74.1 (enol), 75.6 (keto), 87.8
(enol), 126.2 (enol), 128.7 (keto + enol), 128.9 (keto), 131.3 (enol), 133.7 (enol), 133.8
(keto), 136.3 (keto), 167.5 (keto), 171.4 (enol), 173.3 (enol), 192.8 (keto); HRMS
(ESI-TOF) m/z calcd. for C;sH2303 263.1647, found 263.1634.

(1R,25,5R)-2-Isopropyl-5-methylcyclohexyl 3-oxo-3-phenylpropanoate (4al)

0O O
wo\\\

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
white solid; '"H NMR (400 MHz, CDCl;, 30 °C) (keto/enol = 2.8/1) & 0.7-1.1 (m, keto
14H + enol 14H, OCHCH,CHCH,CH,, CH(CHj3),, CH3), 1.3-2.0 (m, keto 4H + enol
4H, OCHCHCH, OCHCH,), 3.97 (s, keto 2H, COCH,CO), 4.7-4.9 (m, keto 1H + enol
1H, OCH), 5.65 (s, enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, Ar), 7.6 (m,
keto 1H, 4r), 7.78 (d, J = 6.8 Hz, enol 2H, Ar), 7.94 (d, J = 7.2 Hz, keto 2H, 4r), 12.66
(s, enol 1H, OH); >C NMR (100 MHz, CDCls, 30 °C) § 16.0 (keto), 16.4 (enol), 20.7
(keto + enol), 21.9 (keto), 22.0 (enol), 23.2 (keto), 23.6 (enol), 25.9 (keto), 26.3 (enol),
31.4 (keto + enol), 34.1 (keto), 34.2 (enol), 40.6 (keto), 41.1 (enol), 46.5 (keto), 46.8
(keto), 47.2 (enol), 74.2 (enol), 75.6 (keto), 87.7 (enol), 126.0 (enol), 128.5 (keto +
enol), 128.7 (keto), 131.1 (enol), 133.6 (keto + enol), 136.2 (keto), 167.1 (keto), 171.3
(enol), 172.9 (enol), 192.5 (keto).

(1R,25,4R)-1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl 3-0x0-3-phenylpropanoate
(4am)

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/10 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2955, 2878, 1728, 1690, 1636; 'H NMR (400 MHz,
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CDCl;, 30 °C) (keto/enol = 4.2/1) 8 0.8-2.4 (m, keto 16H + enol 16H,
OCHCH,CH(CH,),, C(CH3),, CH3), 4.00 (s, keto 2H, COCH,CO), 4.9-5.0 (m, keto 1H
+ enol 1H, OCH), 5.71 (s, enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, 4r),
7.6 (m, keto 1H, 4r), 7.80 (d, J= 8.0 Hz, enol 2H, A4r), 7.96 (d, J = 8.0 Hz, keto 2H, Ar),
12.62 (s, enol 1H, OH); *C NMR (100 MHz, CDCls, 30 °C) & 13.5 (keto), 13.7 (enol),
19.0 (keto), 19.1 (enol), 19.8 (keto), 19.9 (enol), 27.1 (keto), 27.3 (enol), 28.1 (keto),
28.3 (enol), 36.7 (keto), 37.0 (enol), 45.0 (keto), 45.2 (enol), 46.6 (keto), 48.0 (keto +
enol), 49.1 (keto + enol), 80.2 (enol), 81.5 (keto), 88.1 (enol), 126.3 (enol), 128.7 (keto
+ enol), 129.0 (keto), 131.4 (enol), 133.8 (keto + enol), 136.5 (keto), 167.9 (keto), 171.4
(enol), 173.9 (enol), 192.7 (keto); HRMS (ESI-TOF) m/z calcd. for C19H,503 301.1804,
found 301.1795.

(3s,5s,7s)-Adamantan-1-yl 3-oxo-3-phenylpropanoate (4an)

o O

@**o@

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2916, 2855, 1728, 1690, 1597; 'H NMR (400 MHz,
CDCls, 30 °C) (keto/enol =4.2/1) & 1.6-1.7 (m, keto 6H + enol 6H, CHCH,CH), 2.1-2.2
(m, keto 9H + enol 9H, OCCH,CHCH,CHCH,, OCCH,CH), 3.88 (s, keto 2H,
COCH,CO), 5.58 (s, enol 1H, C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, 4r), 7.6
(m, keto 1H, Ar), 7.76 (d, J = 7.6 Hz, enol 2H, A4r), 7.94 (d, J = 8.4 Hz, keto 2H, Ar),
12.69 (s, enol 1H, OH); *C NMR (100 MHz, CDCls, 30 °C) & 30.8 (keto), 30.9 (enol),
36.1 (keto), 36.2 (enol), 41.1 (keto), 41.6 (enol), 47.5 (keto), 81.3 (enol), 82.1 (keto),
89.0 (enol), 125.9 (enol), 128.4 (enol), 128.5 (keto), 128.6 (keto), 130.9 (enol), 133.4
(keto), 133.8 (enol), 136.3 (keto), 166.4 (keto), 170.9 (enol), 172.9 (enol), 193.0 (keto);
HRMS (ESI-TOF) m/z calcd. for C19H»303 299.1647, found 299.1635.

tert-Butyl 3-oxo-3-phenylpropanoate (4a0)
o O J<
©)J\/U\O
Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
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yellow oil; '"H NMR (400 MHz, CDCl;, 30 °C) (keto/enol = 6.0 1) § 1.42 (s, enol 9H,
t-Bu), 1.43 (s, keto 9H, t-Bu), 3.89 (s, keto 2H, COCH,CO), 5.58 (s, enol 1H,
C(OH)CHCO), 7.4-7.5 (m, keto 2H + enol 3H, A4r), 7.6 (m, keto 1H, Ar), 7.76 (d, J =
6.8 Hz, enol 2H, Ar), 7.9-8.0 (m, keto 2H, Ar), 12.70 (s, enol 1H, OH); *C NMR (100
MHz, CDCl3;, 30 °C) & 27.9 (keto), 28.3 (enol), 47.3 (keto), 81.1 (enol), 82.0 (keto),
88.9 (enol), 125.9 (enol), 128.4 (keto + enol), 128.6 (keto), 130.9 (enol), 133.5 (keto),
133.8 (enol), 136.3 (keto), 166.7 (keto), 170.9 (enol), 173.1 (enol), 192.9 (keto).

Hexyl 3-oxobutanoate (4ba)
O O
o R N

Purified by flush column chromatography (silica gel, hexane/EtOAc = 30/1 to 10/1);
colorless oil; '"H NMR (400 MHz, CDCls, 30 °C) (keto/enol = 10.0/1) 8 0.9 (m, keto 3H
+ enol 3H, O(CH»)sCH3), 1.3-1.4 (m, keto 6H + enol 6H, O(CH>),(CH>)3), 1.6-1.7 (m,
keto 2H + enol 2H, OCH,CH,), 1.95 (s, enol 3H, COCHj), 2.27 (s, keto 3H, COCHs),
3.44 (s, keto 2H, COCH,CO), 4.1-4.2 (m, keto 2H + enol 2H, OCH,), 4.98 (s, enol 1H,
C(OH)CHCO), 12.10 (s, enol 1H, OH); *C NMR (100 MHz, CDCl;, 30 °C) § 14.1
(keto + enol), 21.3 (enol), 22.6 (keto), 22.7 (enol), 25.6 (keto), 25.7 (enol), 28.6 (keto),
28.8 (enol), 30.3 (keto), 31.5 (keto), 31.6 (enol), 50.3 (keto), 64.2 (enol), 65.7 (keto),
89.9 (enol), 167.4 (keto), 172.9 (enol), 175.5 (enol), 200.8 (keto).

Hexyl 2-oxocyclopentanecarboxylate (4ca)

O o
Mow

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2932, 2862, 1751, 1721, 1659; 'H NMR (400 MHz,
CDCls, 30 °C) (keto/enol = 20.3/1) 8 0.9 (m, keto 3H + enol 3H, Me), 1.3-1.4 (m, keto
6H + enol 6H, O(CH;)»(CH)3), 1.6-1.7 (m, keto 2H + enol 2H, OCH,CH>), 1.8-2.5 (m,
keto 6H + enol 6H, CO(CH>)3), 3.15 (t, J = 8.8 Hz, keto 1H, COCHCO), 4.1 (m, keto
2H + enol 2H, OCH>), 10.40 (s, enol 1H, OH); >C NMR (100 MHz, CDCl;, 30 °C) §
13.5 (keto + enol), 18.7 (enol), 20.6 (keto + enol), 22.1 (keto), 25.1 (keto), 25.2 (enol),
26.5 (enol), 27.1 (keto), 28.2 (keto), 28.3 (enol), 31.0 (keto + enol), 32.1 (enol), 37.6

75



(keto), 54.4 (keto), 63.5 (enol), 64.9 (keto), 99.9 (enol), 169.0 (keto + enol), 175.8
(enol), 211.7 (keto); HRMS (ESI-TOF) m/z calcd. for Ci2H05 213.1491, found
213.1494.

Hexyl 2-oxocyclohexanecarboxylate (4da)

O O
O/\/\/\

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/em™) 2940, 2862, 1713, 1651, 1613; 'H NMR (400 MHz,
CDCls, 30 °C) (keto/enol = 1/2.5) 6 0.9 (m, keto 3H + enol 3H, Me), 1.3-1.4 (m, keto
6H + enol 6H, O(CH»)2(CH>)3), 1.5-2.5 (m, keto 10H + enol 10H, CO(CH>)s, CH,CH,),
3.3-3.4 (m, keto 1H, COCHCO), 4.1-4.2 (m, keto 2H + enol 2H, OCH>), 12.23 (s, enol
1H, OH); °C NMR (100 MHz, CDCl;, 30 °C) § 14.1 (keto + enol), 22.1 (enol), 22.5
(enol), 22.6 (keto + enol), 22.7 (enol), 23.4 (keto), 25.6 (keto), 25.8 (enol), 27.2 (keto),
28.6 (keto), 28.8 (enol), 29.2 (enol), 30.1 (keto), 31.5 (keto + enol), 41.6 (keto), 57.4
(keto), 64.4 (enol), 65.4 (keto), 97.9 (enol), 170.2 (keto), 172.1 (enol), 172.9 (enol),
206.3 (keto); HRMS (ESI-TOF) m/z caled. for C13H2305 227.1647, found 227.1653.

Hexyl 4,4-dimethyl-3-oxopentanoate (4ea)

(0] O
o IR

Purified by fluxh column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCI;, v/cm'l) 2963, 2932, 2870, 1736, 1705, 1620; '"H NMR (400
MHz, CDCls, 30 °C) (keto/enol = 2.9/1) § 0.9 (m, keto 3H + enol 3H, Me), 1.2 (m, keto
9H + enol 9H, #-Bu), 1.3 (m, keto 6H + enol 6H, O(CH;),(CHy)3), 1.6-1.7 (m, keto 2H +
enol 2H, OCH,CH>), 3.53 (s, keto 2H, COCH,CO), 4.1 (m, keto 2H + enol 2H, OCH,),
5.04 (s, enol 1H, C(OH)CHCO), 12.35 (s, enol 1H, OH); >C NMR (100 MHz, CDCls,
30 °C) & 13.9 (keto + enol), 22.5 (keto + enol), 25.4 (keto), 25.5 (enol), 26.0 (keto), 27.4
(enol), 28.4 (keto), 28.6 (enol), 31.3 (keto), 31.4 (enol), 36.5 (enol), 43.9 (keto), 44.7
(keto), 64.1 (enol), 65.4 (keto), 85.5 (enol), 167.8 (keto), 173.4 (enol), 185.9 (enol),
207.9 (keto); HRMS (ESI-TOF) m/z caled. for C3H,503 229.1804, found 229.1805.
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Dihexyl malonate (4fa, 4ga)

O O
/\/\/\OMO/\/\/\
Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCLs, v/iem™) 2955, 2932, 2862, 1728; '"H NMR (400 MHz, CDCls,
30°C) 6 0.89 (t, J= 6.6 Hz, 6H, Me), 1.3-1.4 (m, 12H, O(CH,)»(CH>)3), 1.6-1.7 (m, 4H,
OCH,CH,), 3.36 (s, 2H, COCH,CO), 4.14 (5, J = 6.8 Hz, 4H, OCH>); >*C NMR (100
MHz, CDCls, 30 °C) 6 14.1, 22.6, 25.6, 28.6, 31.5, 41.8, 65.8, 166.8; HRMS (ESI-TOF)
m/z caled. for Ci5Hy904 273.2066, found 273.2062.

Hexyl 3-0x0-3-(pentylamino)propanoate (4ha)

O O

/\/\/\HJ\/U\O/\/\/\

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 5/1 to 1/1);
yellow oil; IR (CHCl;, V/cm'l) 3372, 3009, 2932, 2862, 1721, 1667, 1543; '"H NMR
(400 MHz, CDCl;, 30 °C) & 0.9 (m, 6H, Me), 1.3 (m, 10H, O(CH,).(CH>)s3,
NH(CH,)»(CH,),), 1.5-1.6 (m, 4H, OCH,CH,, NHCH,CH,), 3.3 (m, 4H, COCH,CO,
NHCH>), 4.13 (t, J = 6.6 Hz, 2H, OCH>), 7.10 (br s, 1H, NH); °C NMR (100 MHz,
CDCls, 30 °C) 8 14.0, 22.4, 22.6, 25.6, 28.5, 29.2, 31.5, 39.7, 41.2, 65.8, 164.9, 170.0;
HRMS (ESI-TOF) m/z calcd. for Ci14H2sNO3 258.2069, found 258.2079.

Benzyl 2-(dimethoxyphosphorylacetate (4ib)
O O

I
MeO’,P\)kO
MeO

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 10/1 to 1/2);
colorless oil; 'H NMR (400 MHz, CDCls, 30 °C) (keto/enol = 4.2/1) & 3.03 (d, Jup =
21.6 Hz, 2H, POCH,CO), 3.76 (d, Jur = 11.2 Hz, 6H, P(OCHj3),), 5.19 (s, 2H, OCH,),
7.3-7.4 (m, 5H, 4r); *C NMR (100 MHz, CDCls, 30 °C) & 33.3 (d, Jpc = 133.9 Hz),
53.0 (d, Jec =5.7 Hz), 67.2, 128.2, 128.3, 128.4, 135.1, 165.3 (d, Jpc = 5.7 Hz).
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Hexyl 2-cyanoacetate (4ka)

O

NCQLO/\/\/\

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 100/1 to 10/1);
yellow oil; IR (CHCl;, V/cm'l) 2932, 2862, 1751; '"H NMR (400 MHz, CDCls, 30 °C) &
0.90 (t, J= 6.6 Hz, 3H, CH3), 1.3-1.4 (m, 6H, O(CH>)(CH>)3), 1.7 (m, 2H, OCH,CH,),
3.44 (s, 2H, NCCH,), 4.21 (t, J = 7.0 Hz, 2H, OCH,); >*C NMR (100 MHz, CDCl,,
30 °C) & 13.8, 22.3, 24.6, 25.2, 28.2, 31.2, 67.0, 113.0, 162.9; HRMS (ESI-TOF) m/z
caled. for CoH14sNO; 168.1025, found 168.0977.

Hexyl 2-methyl-3-oxo-3-phenylpropanoate (4ma)
O O
[ X N
Me

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2932, 2862 ,1736, 1690, 1597; 'H NMR (400 MHz,
CDCls, 30 °C) 6 0.84 (t,J= 6.8 Hz, 3H, CH3), 1.2-1.3 (m, 7H, O(CH»);(CH.),, CHCHj3),
1.5 (m, 4H, OCH,(CH:),), 4.07 (t, J = 6.4 Hz, 2H, OCH»), 437 (q, J = 7.2 Hz, 1H,
COCHCO), 7.5-7.6 (m, 3H, A4r), 8.0 (m, 2H, 4r); *C NMR (100 MHz, CDCls, 30 °C) &
13.7, 14.0, 22.5, 25.4, 28.4, 31.3, 48.5, 65.6, 128.7, 128.8, 133.5, 136.1, 171.0, 195.8;
HRMS (ESI-TOF) m/z calcd. for CicH2303 263.1647, found 263.1637.

Hexyl 2,2-dimethyl-3-0x0-3-phenylpropanoate (4na)

O O

TR

Me Me
Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, v/iem™) 2932, 2862, 1728, 1682, 1597; 'H NMR (400 MHz,
CDCls, 30 °C) 6 0.8 (m, 3H, CH,CH3), 1.0-1.2 (m, 6H, O(CH»)2(CH>)3), 1.4-1.6 (m, 8H,
C(CH3)y), 4.0-4.1 (m, 2H, OCH,), 7.4 (m, 2H, Ar), 7.5 (m, 1H, Ar), 7.8-7.9 (m, 2H, Ar);
3C NMR (100 MHz, CDCl3, 30 °C) 13.8, 22.3,23.9, 25.2, 28.1, 31.1, 53.3, 65.5, 128.4,
128.6, 132.6, 135.3, 175.1, 197.6; HRMS (ESI-TOF) m/z calcd. for C;7H,503 277.1804,
found 277.1784.
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Allyl 1-methyl-2-oxocyclohexanecarboxylate (4pn)
O O

O/\/
Me

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; "H NMR (400 MHz, CDCl3, 30 °C) & 1.31 (s, 3H, CH;), 1.4-1.8 (m, 4H,
CH,(CH,),CH»), 2.0-2.5 (m, 4H, CH,COCCH,), 4.6 (m, 2H, OCH), 5.25 (dd, J=10.4,
1.2 Hz, 1H, CHCH,), 5.32 (dd, J=17.2, 1.6 Hz, 1H, CHCH,), 5.9 (m, 1H, CHCH,); *C
NMR (100 MHz, CDCl;, 30 °C) & 21.2, 22.6, 27.5, 38.2, 40.6, 57.2, 65.7, 118.8, 131.5,
172.7, 208.0.

2-Allyl-2-methylcyclohexanone (5)
@)

\\\‘\/
Me

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 100/1 to 40/1);
yellow oil; 'H NMR (400 MHz, CDCls, 30 °C) & 1.07 (s, 3H, Me), 1.6-1.9 (m, 6H,
COCHy(CH»)3), 2.2-2.4 (m, 4H, CCH,, COCH,), 5.0-5.1 (m, 2H, CHCH,), 5.7 (m, 1H,
CHCH,); ”C NMR (100 MHz, CDCl3, 30 °C) § 21.0, 22.6, 27.4, 38.6, 38.8, 41.9, 48 .4,
117.8,133.8, 215.2.

Hexyl 2-diazo-3-oxobutanoate (4qa)
O O
R T SN
N2

Purified by flush column chromatography (silica gel, Hexane/EtOAc = 60/1 to 10/1);
colorless oil; IR (CHCls, viem™) 2932, 2862, 2145, 1713, 1651; 'H NMR (400 MHz,
CDCls, 30 °C) § 0.9 (m, 3H, CH,CH;), 1.3-1.7 (m, 8H, OCH,(CH,),), 2.48 (s, 3H,
COCHs), 4.2-4.3 (m, 2H, OCH,); °C NMR (100 MHz, CDCls, 30 °C) & 13.9, 22.4,
25.4,28.1,28.6, 31.3, 65.5, 161.4, 190.1; HRMS (ESI-TOF) m/z calcd. for C;oH;7N,05
213.1239, found 213.1214.
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Chapter 4

HORAS AT Ml A% o bl 78

4-1. J¥ifi

INFETHRTEA LI, W% 7 7 2 & —fillitix v K = )V EE DM
bz TEHARRIBICBEWTRERBREZ EIFTw3, 216 DRIGIC
BTty 72 25—, HHOR >EMESEMEOREBEZIE,LL. TV
XY PIC k> THEBGEI N O DS A AV 2EED &2 D . SREGHI Lok
BHIOM ST % BTGS2 2 212 Xk > T2 N F TOMFR G2 filt#i L <
& 72 (Scheme 1),

CF;

Jo
o._.0.__O

|
FSC\(/ Zn 7/CF3 O,/Zn\o/Zn\O
o
I:30/(8,Zn Zn\oO CFs @4/6

O @)

OMe
hd

CF3

Scheme 1. Estimated activation model of catalyzed reaction
by tetranuclear zinc cluster.

L LHigRPUR% 7 2 2 89 — IZPUIEE Z D 2236 b KGR TIEZ oy
Bl 2 il U IR O R Ic 2§ 2 2 & OMBEEM 2R8I L Tw 2
2D, OO MBETEERETH 2 TG Z B L 7 $5HRREE & 1T o 7 filt
ICEER HERPURL 7 7 A — I3 RELDS D B EEAIE TH B EE A B, £ A
A2 #in s &, R ARG 2T 5 2 LTk o TR FIC X 557
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ROHFIHSEBE Y IGEAICC W EWVI RENDH L, ThoDI XD, Y
7VA 0 HEREARGHRERVURE 7 T A ¥ — 13 RIR £ L TUGE D A X 47 il
THDHEFH) I ENTES,

Z 2CHEFIT, W7 7 R 7 — O ST H 5 u-A X v i =
=y bxA L, RIGHLO SRS 2 HIfH T 2 2 FiEl A Fiish ko
THA V2T, ZDOERM ORI ORET 217 - 72,

4-2. FBIA A Mg LA Rt

b U 7OV a EERAE IRV 7 7 A S —1d, T aFxy FR 72/ XU R
THEEI N0l A A v 6% 5 p-A4 X Vit =y FDNEEFD
E D, MBEEZREL Tws, 22 TEFIE, Z0 p-A XVl K=
v FiEEFLE L, I sicIngE Tl s 7 A8 —CIEWEETH > 72 A
OS2 AT 9 72 DAF SRR A 2 £ - 708 7o e A s B8R o 79 A
v #4171 -> 7 (Figure 1),

> N\ Base ~— X

\;\“\ke‘ unit Li"/fe,

Chiral Chiral
unit unit
\Chelate Chelatej
un|t [~ / ™~ n — unit
\ /

OYO
R

Figure 1. Design of new dinuclear zinc chiral complex.

GRS 2 A L SCRILA. ol E LD 9 5 “Base unit”, S5 D AR D llf#
2479 “Chiral unit>, 205D 2=y k2 “Linker”, 72 JUGHD D5 12 i
£ 47 9 “Chelate unit”, 236 DVUFEHD 2= v M), ZNZIUTDONTD
AJHERES % % 2 7 (Figure 2), Base unit I IZHCNTERD S sp” BIDMEE 7 = A4 ~
DBLETH D, ZLTINA ABRIEEZEREL 72/ —V2hbheds21=y |
%% Z 7z, Chiral unit (Z1% Base unit 2> & {1TX% Linker DA & Z 15 LD T I
FVIAT X DT 2 2 &3 TE, SHIKAKFZEATES LI 7 21
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v, WhEBEEMR, ©F 7 FVEKR EZFE 27, Linker (213 7L FILEP
I—F7)N, 73V, TIVFEEZET 5L D%2%Z., Chelate unit 12 (3 HRERPURL
7 7R —ERIBRDANK X INVESDL FAT7 4 X VE ANV 7 5 F 2 VKA
EREZI,

Base unit Chiral unit
O e e UL
PN £e> >< \[;
e = T o
Linker Chelate unit
-%xCHgﬁs-—%«CHgNO—xcH»m%~€«ngmﬁ—«CH»m?—
0 40 ;fpo 280
?EJ\H—(CHZ)n—é— % (CHy),- JLQS \OléH OH OH

Figure 2. Options of each unit of the new chiral ligand.

o OERLOMAGDEIC L > TR I N2k Z, oL %2
THLAN T, A &2 R L 72, Z OG5, Base unit 1213 3,5 (712 kL
75’7%@“ %7 x /) — )ViFER%Z | Chiral unit 1213 E F 7 FILH% | Linker IZ 165 &
DD S 7 2 Ry %, Chelate unit 1213 F 3 I3HSRMIZ Y 7 A Y — LR U
ANEFINVIELZH LR PRETH S EEA SN, k. HE~DRL
WAz HS, N E COMRME Y 7 27 — Mo X 9 7% ?iﬁ@wmm U7
VAR T T — FRAF TR AV Y 2= P ROIMT & 7% 228, P
7?xy—m£mfé LIREREED 7 7 A5 — kmfﬁﬁﬁﬁ® Bz
L TWwa 7D, REMFICEWTHMEEEZREBTE 5 LEZ o7,
Z L T, Z 15 DIEE D EERIZ 9> T molecular mechanics calculation (CONFLEX)
2 & BZERHEDIRER & MEDmaw b 21TV, & 51T DFT calculation % F\>C
LEMEZ IR L R I RGNy 7 s A —vavzaT5 2 L0
93h>- 7z (Figure 3),

85



Figure 3. Structure of desired dinuclear zinc chiral complex
and the chiral ligand.

MEIC X 2 &, ok EIRRIEERE IR 333 A LEH S, ik s 7
A& =D 317 A LRFEOHHIIC: 2 L PREING, ZofighiiEEzy = /2 <
7T =B o DFE 2 FRRHIEWRL L OG21T) LK S 3.0-3.5 A D
HHETH D7D, 0o LFAKDIENRLEESHIGFTEZ 52, I 612 X ICEHRLR
BATEZEICED, EbLoN A4 AFERTEETLE D ONREREDF 2
—= V7% THIELNEETH S, 7., Chelate unit 25 A7 4+ F 2 I)LHP A
V73X NHEEEICTEILICLS>T, T ICEBOETEEZZI T
D, BAEA O R 2 @l 2 EIRNWICiM S0 T2 LB AETH 5 &
EZZbb,

4-3. RO TR D ke |1

AT LRI T I 2BRT3ICH70 ., IR Fikito 2 4% %
MR T 572, Chiralunit & D 7L XL 7NV TAEZEIRWY 7 = = )VEK
ZH L7 7OVEAL T I 24 L, dish & OSSR ARED» 2 et 45 2 L &
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L7: (Figured), #EBZDETNEMTFARED, RICEHELZEAT LI LICK
D, AEBNTF~EIBAT 2 2 LEDARETH 5,

0 0
(X AL
R R
[y o N

OH 11 OH

R = H, Alkyl or Aryl

Figure 4. Structure of model ligand.

ZDETIVENLT 1 (R=H) DG Z LT IR T (Scheme 2),

Couplmg
Reactlon Oy 0P HoN NH
+
O b
1 OH 2 3

COOH
Dehydration O

P — O
HoOC

4

o) 0 0 0
Reduction Amidation
B — N NF, — MeO OMe
OH OH

Scheme 2. Retrosynthetic analysis of model ligand 1.

1DOGRIE, 7 z=VE2HET52(7 ===y ) &, Base unit &
%572/ = NWMKBEEETE3 (72 / —L2=v ) D DODIBRM DS
BOBMZ X DT 2 23T E S, %72 213 diphenic acid 4 Z#BikE{L T2 Z LIk
DARTES EEZoNDS, 2 B3IGMEICEA, FABRL TAOLRF I LI LR 2
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72, RTTDANE X I NVEDARZ IG5 729 1C half ester Z )T % M5
DHEVEVIFREGL TS, 313, P7IFN5EZEILTLIEICL>THEDS
N SRPIZATN6%ZT I LTI EICkoTHEOND EEZT, ZOWE
JRIEATICEED ZE T VRN -1 DERZITH) 2L & LT,

4-4. EFTINVEN T 1 DEIK
Scheme 2 1278 L 723 G RUIBHTICHE D&, ¥ 7 2=V =vy F 2 DEKZEIT-
72 (eq. 1)o

COOH acetic anhydride 0._0._0
O (3.8 €q)
o (1)
neat, reflux, 18 h O Q
HOOC
4 2

84%

Diphenic acid 4 % /KRR T L, BikER(Ld %5 2 &1 X D diphenic
anhydride 2 % 84%ICE T/,

RIFLDT7 =) —N2=v b 3DEREIT T,

FTYIRATNG6%, T VLS BV T AT IZE VT ammonia & AT
V-7 SRR E D, 7 2 F 5 DEHZRAT (eq. 2)s

Q O NH; (excess) Q Q
MeO OMe NaCN(0.2eq)  hN NHe
MeOH, 50 °C, 42 h
OH OH
6 5

Lo LAKISIZETE T, HWOY 73 F s idERI e o7, ZOKK
& L TARKIGATIE ammonia DR DMED > 72 EE 2 617z,

ZITHHRYEZANKE VB TICEH L, ROSEICECAIVE VBT A
FZHERT5Z 8L, ZORMEDRIREZX S 7% (eq.3),
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0 @) @) 0]

HO oH  SOCL(.1eq g g
neat, reflux, 30 min
OH OH
7 8
90%

CHLVRYBIOIA R 8IE. UHNLRVEET BHEALF A = LIREERIZ B WL
TEIMT 5 2 & T, 90%IHRTHKT S Z IR L 7%,
MNTT Y E7KRKIBRT T8 D7 I LKL ZITo 72 (eq. 4)%

O @) 0 0
NH; aqg.
cl cl (60 eq) HaN NH,
. > (4)
0°Ctort,20h

OH OH

8 5
20%

7 2 MUBIGIZHEETT L 72 b DD, EFEPIDOBIKEDE ST X D EIEETD
DS T, PRI 20% EARIGRICH £ 25 & > 7,

%z ZT7 2 FALRBZAI % benzylamine & § 5 Z &2 & O B DB D 1)
%572, ¥ 72 benzylamine |F ammonia & O KEZMED R 72 9 [FIRFIC SO
DA ESHIFFTE %, Benzylamine Z 2, P T RAT IV 6 5 DffAL DERET 2
FALRIGZ 1T 272 (eq 5)s

BnNH, (excess)

>
?

neat, 100 °C, 1 h

O O O 0]
MeO OMe BnNH, (excess) BnHN NHBn o
neat, reflux, 6 days
OH BnNH, (3.0 eq) OH
6 cat. NaCN (0.3 eq) 9

>

MeOH, reflux, 6 days

% 9 benzylamine ZAHEE L. 100 °C DFEHTT S FMUKIGZITo 7205, Z
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DEETIISOSIIAET L 2 d> o 7o, 2 T CTRINEE % benzylamine 32IEiHE (b.p.
=183°C) ¥ CLEIKINZITo7, L2 L, TOEMBTHKIGITETL ed o7,
RIZe 7 AT P Y T A2 EEA GG 2T 7203, 6 6 b IGIEET L
hrolz, TNHDOMAEE LT, KEHEICK>THEML 2 EFR ELOaE 234
NERZNVBECHN IO Z Ik, AVRZVREORBTHEMET LA &
2, RIGEZETLTCw30RtEz o605,

KA i AK A A Al 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC'HCl) ZfH\W23 Z L2k D, ANVEFIINILET I VDOIMEERIGIZE > T
7 I F{LZEfTH Z LI L (eq. 6)s

BnNH, (3.3 eq)

o § W o
HO OH Et;N (4.0eq) _ BnHN NHBn o)
DMF, 0°Ctort, 12 h
OH OH
7 9

64%

AR TIEHFREDOIE NS B 7 I N 9%2E L2 LITRNL &,
PT7IF9O%LIAIH X > TEIGL, P73 v 11 DEREITS % (eq. 7)o

o) o)
BnHN NHBn LiAIH, (6.0 eq)
THF, reflux, 24 h @
OH
9 o)
BnHN NHBn BnHN/\QANHBn
OH OH
10 1
40% trace

L2 LRSS CIERIGIIZERE T, fRon/dbDiz—HD7 I MG
ADPEIGI N 10 EJFRID 9O BF LA ETH o, Z I TARKIGEM DO %
T, BT 7 2 Lo RESE 2R 5 2 & L L7 (Table 1),

90



Table 1. Condition screening of LiAlH, reduction of 9.2

O 0]
BnHN NHBN LiAlH,
THF, reflux, time
OH 0
9 J
BnHN NHBn BnHN/\©/\NHBn
OH OH
10 11
entry LiAIH, [eq] time [h] 10 [%]° 11 [%]b
1 3 84 40 54
2 6 84 17 71
3 10 84 14 60
4 6 24 40 trace
5 6 84 17 71
6 6 120 no data 86

@ Reaction condition: A mixture of 9 (0.8 mmol), LiAIH, and THF (10 mL) was heated under
an argon atmosphere. ? Isolated yield.

LiAlH, OFEEZ 2L IS KIBE T 572 & 25, 6 BUEDRD RWLiERE
7o 72 (entries 1 - 3), KIZ LiAIH; DIRIMEZ 6 S EICHE L., RICKHHE %2 21k
IE7E A, KIGKZEIXTIZERNET 11 BEoNE I ERTrLoT
(entries 4 - 6), ZDFEFIT K D | 120 KD ERIRIC L D 86%INE T 7 I v 11 %
BarZ IR 7,

ZLTINETIIBLANVEVRIEAY 2 L2 7 2V 11 DFFE B Z T,
T FIVELN. - DERERA T (eq. 8)%,
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OH
1 2

BnHN NHBn Oy 0. °
OO

EtsN (3.1 eq)

CHQC|2, rt, 18 h
Pr,NEt (3.6 eq) o o
CHQC|2, rt, 18 h O N N O
] Bn Bn
DMAP (0.3 eq) o o
iPr,NEt (3.5 eq) OH

. OH OH

DMF, rt, 48 h

DMAP (0.3 eq)
iPr,NEt (3.1 eq)

DMF, 90 °C, 24 h

TIVERED 7T b AT X B RIEMEDIR T % B < 72 912 triethylamine ¥/l
FUETHEt UG Z T 7208, HIYIZR o ko7, T 2T triethylamine DK
B DE TR AR L TV 2 AREEDRE Z S 7D T, RIHEE LT
X 5 ITRIEME DK Hunig’s base Z W T RIGZfT27%2, L2 LZH56DKIGD
ETE T, HWIIR S ko7, RICTDMAP 2l & L-CiRL ., fid X
IBZRATo 1D, 26 6 b RIBIEET L b o 7o, RIGHREEZ 90 °C I BTG %
7o 7203, REFTITE W TH KINTHET L o7z,

NSDRIEDEIT L oM E LT, 73V RICHFET ARV UL
DVEBENEZ SN, 22T 11 OF I WD OARRESEYU O
dibenzylamine & KAV R V[ 2 Difi Gz TV, SLARREE OB DM 2
1272 (eq.9).
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DMAP (0.3 eq) AN N O
- @ Bn

ProNEt (1.5 eq
DMF, 1t, 18 h 0 O
OH

13
60%

ZDRIGTIEAERYD 60% IR TH LN, ZOfRICKD, BFEDET
VI T DGR TRIGHSEST L 2o B, VEEETERS 72/ —
MoK K> Tl 7 a b oA b L, Kz b > TV R v IBiokY) %
BBRL 72D T3 v tEZ o5,

ZD &I, 7=/ = WHAKBEED FOCHERN R 2 F B L T 2 AJREME 37
Ll ZOKEHEDIREZ iR ICERLV— b OFBE 21T > 7 (Scheme

3)
Gabriel
@A 2 Reaction Br Br

TBDMS O\TBDMS
14 15
Radical TBDMS
Bromination Protection \©/
O\TBDMS OH
16 17

Scheme 3. Retrosynthetic analysis of diamine 14.
KD 7 2 7 Hlx Gabriel GHICE > TEHAL, ZOREE RS 15 &

3,5-xylenol F5EAL) 6 F P AN 7a B2z HOTERZIT) 2 2EAT, %
LCT7 =/ — KB DORE X TBDMS REETIT) . L ED X ) HL—
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FERKLZ, SOEBIL—FZ2HWE I EICED, BEOEWLS 2D
V) IEMTELD, ENCH -7 &) g Icksuxz 2zl L
MTES, /. KGR HT7 I THo72 11 £ 0 HIBHE D A3z
W37, BREEKY) & DFEA IR DBRD R E DR bR TE 2,
ZDEBIV— MRV, 317 O TBDMS fR# %175 72 (eq. 10)%,

TBDMS-CI (1.4 eq)
imidazole (2.0 eq)
> (10)
DMF, 50 °C, 12 h

OH ©. TBDMS
17 16
80%

A 80%IHK & EINHTitfT L, TBDMS FRiE(R 16 2152 Z L ITHIIL
726

RIZ16 D7 P AN 70 B-AUSIGEZIT 5 720 —MRIVICARFOGTIRAEREE LT
WIELRFEDH SN TV 508, ZOPWELRFEIZA Y v EIHEO B S & B

FEHEEINTES T, AFDVPR#EECH -7z, Z 2 CIE(LRFEICE D 5 UFR
ML & L T cyclohexane & benzene D D %z > SUSPEDE W 2 HRET L 72 (eq. 1),

NBS (4.0 eq) Br Br
BPO (0.04 eq)
> (11)
o cyclohexane or benzene o
“TBDMS 76°C, 72h “TBDMS

15

16

TLC IZ & > TRIGDMEITZMERR L, 72 REEMEL L 72K5 5 C TLC L To %Ak
D72 RIBIFRE T L7 & A3ZIT 547z, Cyclohexane ZiAHE L L THW 7
T3, HIWEE LN L ARy F3—%H% < LS9, benzene I5HETIZE / 71
EURDVBFEEYTH-T, L2LESLSDFEHRTHERDE> T, s
DERYDHEERE 21T 2 2B 20, EOARy b bEMEL . EH
VA% hexane DA & L7ZIRFIZE WT S ReflilE 1 ICEL , ZNENDAR Y + b
Pt L T\ 7z 7 O HEEDSINEECH - 72,

Z T THEHEREZTTD TICRDO GBS TH % Gabriel 21T\, 71 EHE
27804 NMMUL7RRICHREZIT) 2L & L7z (eq. 12),

94



Br Br potassium phthalimide
(1.2 eq)
>  complex mixture (12)
DMF, 90 °C, 24 h

o\TBDMS

15

L2 LAKIGTIE TLCICEWTESIZEL DARYy FBELCTLEN, 25
5THHEEVPHNECTCH >, ZDEDERYBTETLEF-oHHBE LT,
Z AN T a2 ITo B, 7o N EENGETT L T L E o bk E
HARFICERLTLES>TWVRADTIR RV EEZL LGNS,

PLbED k) REBEL D, 22 THLICHELV— FolE 217> 72
(Scheme 4),

Ing-Manske
H2N/\©/\NH2 Procedure & \QA)\J@
o

“TBDMS TBDMS
14
Mitsunobu
Reactlon /\©/\ Reduction )Ki;/\L
TBDMS TBDMS
19 20
TBDMS o) o
Protection
MO OMe

OH
6

Scheme 4. New retrosynthetic analysis of diamine 14.

73 ROBERBELRE 7O A NI GIC L > TEATAI L E L,
ZD191F, 6% TBDMSTR#EL 7220 2B LT A2 EICLoT/BZ L E LT,
HUTHEV, 976 D TBDMS {R# % 1T o7 (eq. 13)%
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0 0 @) O

Meo) OMe TBDMS-CI (1 2 eq) MeO OMe
imidazole (2.2 eq)
- (13)
DMF,0°Ctort,4h o
OH “TBDMS
6 20

96%

BORME 96% R THEA T L, HINY) 20 235 5 itz
RIZ 20 D LiAIH, BIT 21T 5 72 (eq. 14),

O O
MeO) OMe LiAlH, (1.5 eq) R HO/\Q/\OH "
Et;0,0°Ctort, 24 h
©-TBDMS ©-1BDMS
20 19

98%

A EBINHELT L. 98%IKETHINDEITIK 19 2 5 -2 72,
RANHIESC X o TKIBHD 7 ¥ a4 Wtz iT- 77,

phthalimide (2.3 eq)
DIAD (2.3 eq)
PPh3 (2.3 eq)
> 58% (15)

THF, rt, 24 h

phthalimide (3.0 eq)

0 0
HO OH DIAD (3.0 eq) N N
PPhs (3.5 eq)
THF, rt, 7 h

O raous o - rBDMS
phthalimide (3.0 eq) 18
19 DIAD (3.0 eq) 54%

PPhs (3.5 eq)

> 63% (17)
THF, reflux, 7 h

O 58% N & hFEEDIGRICE £ 572 (eq. 15), KIBH D TLC TIXJER
DERIIHERTETCVWE I EDS, ZOIRDETIZE 7% a4 W beibit:
LR TH 2 TPP (LA EICE T b DDBEEL TWAER O L EZ -,
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Z2ZTCINoDHEREREEICaYNN—Y a vy E L 0RO RELER LT
FOG%FT 27205, PEROM EIZR ST S4%IRICEHEF>TL 57 (eq. 16),
RICKIGIREZ EF TR EZHIE L2 EZ A, #HTTIRH 22K DA
EDR S, 63%IRE L7 (eq. 17)e L UIKIRE L THPERIZIHREETH D |
F7- NS HIEMETIE, KED PPh; Z v, PRI SEHEETEZ 00
HitBHEECchH D, A7 70~ b7 7 4 —kRHEEHNTT > THEEZT-
Tz, £, KREOREIEYPEL 206TH H KEAKICOAMETH S
EPS, IV—=FTOT7 IV HOEAZAALZEE L,

3L AIOTH; illIC X 2 Ry P ADKBEEDEE: 7 2 {LKIEEIT> 72 (eq.
18),

Cbz-NH, (2.0 eq) Cbz .Cbz
HO OH AI(OTf)5 (5 mol%) N N
> (18)
MeNO,, 80 °C

O\TBDMS MW (200W), 3 h O. TBDMS

19 21
None Detected

200 W @ Microwave Ji5 NG Z 1T 572, TLC ETIRERIOHEEIR S ik
D3, HEEEZIT> TOHIIR oo, TOEKE LT, KIGHIC
R D g7 EDRIIGB R 5T EZEZ 6N 5,

Kz, Kz BN . Z D& Gabriel GRB ETT I /LT 5 L)
AN — bt 2EZ T, 2 TETHEF A= VI X 2KBEDERLZfT-> 7

(eq. 19),

“TBDMS ©. TBDMS
19 22

ZHELDRIBIZE TS TLCIZBWTHEED ARy b 24E L. RGN Z
S>TW3 L) T, FEBYORLIBDETH > 7,

REE LT, Kz XD NVRGE L ThifEZz M L3¢, 20K 7 3 /&
B T L= EFEZ 7 (eq. 20),
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MsCl (4.0 eq) b
HO o  PGoed  wso OMs } Cl cl
> : (20)
CHQC'Q, -20°Ctort '

O. O. : O.
TBDMS 12h TBDMS TBDMS
19 23 22
None Detected 64%

TLC 2BV TR OWKZMER L., HEREE 21T L FAERYIZHRND 23
TiERL, AVLICE S SHEHEADET L EELZONDE 2 THoT, F
7oo B 2 oAbk, b9 FERE OV b EIEY T 6 il

ZDkHi, AL RICH ERSIEEMIL I o2 DIix, EiF EITK
IGHREZ B 2 LR In 2 EREfT- 2 2 ENFEREEELZONS, Z I T,
RNAEIRFERE BTG Z fT . A P AR DG Z AT (eq. 21),

- MsCI (4.0 eq)
HO OH EtuN (4.0 eq) MsO OMs
- (21)
CH,Cl,, -20 °C, 1 h

©. TBDMS O TBDMS

19 23
79%

20°C T 1 BEIRG 2 T2 725550, X Sk - HINY) 23 23 79%I0CK T
52 EDTEN, L LAREBMNEERAANLE T, RHEARIKE 572 b DD
MOFEET 2 12> TRAR[RN LML 72,

CDEIIT, B IEFALETHLDITH L, eq. 20 TH 6 N7 R 22 132
R[REETHHZ LD T0DED, INZRDORIEZIT) 72D DFHICH
WpH I Ll L7, £/, ZOERMRIED Bk SN /RETITRINFET22 %
52 2 ETER (eq. 22),

MsCI (3.0 eq)
HO OH BN 00 o) cl cl
> (22)
) CHCls, -20 °C to 50 °C )
“TBDMS 14h “TBDMS

19 22
90%

RIZ 22 D Gabriel BHIC L B 77 0 A IVFDEAZITo 7,
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O O
potassium phthalimide N~ N
(3.0eq)
> (23)
DMF, 90 °C, 12 h O O

cl cl O‘TBDMS
— 18
7%

O TBDMS | potassium phthalimide
(3.0€eq)
22 > 83% (24)
DMF, 90 °C, 1 h

90 °C IZfNEL 12 I IGZ T o7& 2 A, TLCIZBWTHFERHIMEAL TH
D.HWYID AR Y b IZHERTE 7 (eq.23), Lo LHEBERIZ 1T & INEKIE 7%
EARIDCRICE Eh, WERIC X DB o N EHEYDO NMR @BHTZ24179 &, 18 @
TBDMS fREDMRE I N7 b DDMERTE 72, 22T, LKA 2R 5 2
XD, BRERICOSEIT T AN KIBE 7 20 F 325 X ) EEEITI &
I 83% CHMND 18 2152 2 L 3T ERIEZRIGED M LIZHYI L7z (eq. 24),
RIZ7 F A INVEDORILREDRE 217> 72,

HoNNH5+H,O H,N NH,
(10.0 eq)
CH,Cl,, reflux, 24 h (25)

0 0 - rBDMS
H2NNH2'H20 14
N N (10.0 eq)
> 27% 26
(@] O MeOH, reflux, 4 h (26)
C)\TBDMS
H2NNH2'H20
18 (10.0 eq)
> 99% (27)

50°C,4h

¥ run Xy RERTRIGEITo 78, A RIGIEEFTE 3 EURHAIY
Wb o7 (eq.25), D F IO EEXD | WIEAECTH D XY ) =)L
NI AR Z OB ERAT 5 72 (eq. 26), ARSI TIEIGEAR 4 IR I3 E RO 5%
DHERTE, L2 LHEEZIT) & 27% PR EBINE E wWHIFERE Lok, B
Zol, KISEPAMELTECLE W, EFF7Y itk % TBDMS fR#EADK
BBEDHEIT L DTk whrtEZoN5, 22 TRINMEZFAFH T 5729,
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vruaxg AL ) = )VORARERTRIGZIT> 7 (eq. 27), IRATRER
RS E 99%INCK E, EINET7 a4 VHEZBUE#ET 2 2 LIS L 72,
Z LT, AW 14 3RS, RIIRGE 21T LT7 S 7 ot EiEZ -
TLEH ZEZBEEL. IMHCUMeOH VAKICIAED L, HIBEZ TR S ¥ RET
52 & EL7 (eq.28),

HoN NH, HCl-HoN NHy+HCI
1M HCI/MeOH
> (28)

O\TBDMS O\TBDMS

14 24

INFTOHHTHONLZY T I v 24 LKAV RVEE2 2\, HINOHE
EikE2E 572012, 4 O RIBEN TR OB %2175 72,
F9. S22 BTG E EE Z 6515 DMF R B W TERZIT-o 7~
(eq. 29),

HCI*H,N” NH,HCI O 0._0
- TBDMS Q

24
Hunig's base (4.8 eq N
DMAP (0. 3 eq) @AH
DMF, rt, 48 h 0
TBDM
OH ® oH
25
ND

48 WA= CTHOR 21TV 3 NMR IC X 2 [AEZ2fT> 703, £ DAY
HI TR Ao 7, RIT, DMF ISR D b= A NV FLRFENETHL EEZS
nayrun Xy EERICIRA, KIGZIT>7 (eq. 30),
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HCI-H,N~ NH,HCI O_0._.0
O rBDMS Q

24

Hunig's base (4.8 eq)
DMAP (0. 3 eq) \©/\
CH,Cly, rt, 48 h
OH OH
1

(38%)

FOGHE T, A7 LI K> THEZITI L/ 38%ICERTHIWY L b b4
BDBES N, L LaA35 NMR ARY RVIZEMET, 7% 0 % L AR
DEFIFNTVE I LD, ¥72NMR A7 b o, G-l D
ME SR Z E3b o7, I SICHIREWZ L2, 2=y D TBDMS
REEIZANMR AXR7 P A2 SR TE LD o7z, 2THUTOWTHRKAZ RS
. 25°CIZBWTHT D 1% HCIUMeOH HIZ B THEEID X 9 7 TBDMS 17
BRIBRE I N T 2 EBTh o8, ko T, 24 BARKIGZBIBT 2 Hi0 5
TBDMS fREDMRGE I N T Wz L b s,

2, ARRETFANID2 D DEADD S LEZ 5N D70, RIGIEELD %
c;{mnb“cmf’ DMAP D X 9 7= 7 S OVLAIBIAI D < T o5 SO 2 T3
% &% Z . DMAP #ERMGEMIC B W TERZIT> THAXZ (eq. 31),
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HCI-H,N" NH,+HCI O0,_0._.0
O r8DMS Q

24

Hunig's base (4.6 eq)
CH20|2 rt, 9h
without DMAP OH OH
1

ND

DMAP fEZMSEE TR, HIN 242 2 L3 TET. ARSIZIE DMAP @
WM ETH 5 EBbihi,

RIZ, JelE EDQHMNYDE S 7D LR TRIDE T 7%, KBEES A
WARF VIR Si RE LREZE T S, HEEZ2{T 05 T3 52 Aak
(eq. 32)
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Oo. o._.0O

HCI*H,N NHy+HCI
T OO

OH
24 2 (32)
0] 0]
Hunig's base (4.6 eq) ‘ ) O
DMAP (0.3 eq) ” H
CH20|2, rt, 42 h O OH HO O
OH
0] 0]
1
0] 0]
TBDMS-CI (7.5 eq) ‘ ) O
imidazole (10.6 eq) H H
DMF, tt, 24 h g o .
e by
0] PG o)
26 _
ND PG = TBDMS

Eq. 30 DEEMETH Yy 77 v T ROG TV, RIS K > T7 S vEZRRER,
¥ifiZ DMF (2957 L C TBDMS fRi#EZ2 11> 72, 24 IR TG Z TV, H
BEERL 21T o 25 HIY B S e o 7, R (A VR V) o4
BYbEsNT, fonERYOVTNHH W NMR AR bLEE 2 7,

RIZ, THF WABICREZRZ, KIE%EfT-57% (eq. 33)
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HCI-HoN~ NH,HCI Oy_0._.0
O rBDMS Q

24

Hunig's base (7.8 eq
DMAP (0. 3 eq)
THF, 50 °C, 18 h
OH OH
1

(28%)

(33)

AREBRTIX, WifgH I L6702 br T 7 4 —COHBZRA, 13D EE
A7L7uR b7 74=k0b =) 72 HITE, HELSEARY b
ZHHET 2 2 L TE e, THUTE DGR 28% CHIVY L b1 s NMR A X
7 P NVOEBMERSDL I EDTER, L»L NMR A7 FLIETG L, A
DEFNT0E T ERbYoT, F7, KFEETIE TBDMS HRDOH D L BDH
NEE=I7P0TNOEEYICS B s,

Ziud, ERTAR L7 X 912 HCUMeOH 1T K& - THifRH# X 117z R;Si-Cl 5,
CNDIKGRL CTHEL 7227 /=)L (RsSi-OH), 72 2 DD¥ T /) — il
KA L7y ue 4% v (RSi-OSiR;), HEAHELTHRY >u ¥ ¥ v
(R3Si-O-(SiR,-O-)n-SiR3) L e o 73 h T b7 a< + 77 7 4 — 8¢ H T b
Nz, ECOERYDOFHITRI DAATEDIEEEZ NS,

DX KAy 7Y v TG THEER ARV OFE R NE# 22 Bl & LT,
215 ® TBDMS REHRDEIEY DGR RIC R4 e#E2 IT L Tw 5
DTIER»EEZ N, 2T, 7904 )VONiti#ER. 73 v 2IEBE
W BENCSMARIGZTT) 2 EI2X D, TBDMS fRi#EZ R o 7IRRETH v 7)) &~
TRIG%ZIT) 2T & L L7 (eq. 34),
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o)
HoNNH,+H,0
N N 103'eq) HzN/\QANHz

@)

“TBDMS 50°C,6h O\TBDMS
18 14
89%
(34
2(25¢€q)
Hunig's base (8.2 eq N
DMAP (0. 3 eq) H
THF, 50 °C, 19 h O
OH TBD S OH
1
54%
7704 NVORHEH#Z 4 T 7L ary A=Y aVIDEL, Siick-oTE

Fo22 vzl RV, NMR ICX > TR Ao wZ L2 L., &

MR T2 2R RDA Y TV T RIGZEITS T2, DR, SRITEME
D HMNY % 54%IERTH S Z LI L 72,
F 72, BERNAREORE{LZITS 2

ET, WENHE 8% Th Yy Vv %k
719 2 EITHIIL T3 (eq. 35),

2 (2.5€q)
H.N NH, Hunig's base (7.9 eq N
2 DMAP (0. 3 eq) H
(35)
5 DCM, reflux, 19 h O
) - TBDM
TBDMS OH S OH
14 25
88%

K2 TBDMS A& D ifri# %115 7%, 9. Tetrabutylammonium fluoride %
mtﬁ&?%%&%ﬁot(maa
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o) 0
O N N O
OH
o Ho
TBDMS
0 O o) o)
. 0 0
TBAF (4.7 eq) ﬁ“@ﬁﬁ
THF, rt, 20 h OH
4 on "oy ]
0 0

1
22%

TBDMS R D PR IE 22% IR EARINGRICE F 2850 E e, 22Ty
IS COMK T FRIEIZ X % TBDMS D iifi# % il 7z (eq. 37)s

0 0
‘ N@AN O
H H
OH
o Ho
TBDMS
0 o) 0 0
2 g @
5% NaOH N/\Qﬁﬁ
MeOH, rt, 1 h
1t OH
g on My ]
o) o)

1
quant.

ARG TR, EENICBREILET L. BN T VEN 1 28T
A EITEIIL 7,

4-5. SHEIBHRIIOIC X % TSR DG
HIEE CICAREZ T =B FUEN T 1 2 v, #idh & OFEEARIC & b Hidh

4= =

TR BT 5 2 LT, AL ORRGTBRUTH 2 oEt 21T Tk

& L7z,
F9. HENRIIFEBHEEZH WA Z L E L, DUTNoFEclighoE A % kA

72 (eq. 38).
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ﬂ@ﬁ

OH OH
1

NaH (3 0 eq)

MeCN rt,2h
ONa

OAC ’2H20
(2.0 eq)
MeCN rt,2h O
/

O/ Zn\

O'

ARFETIE, IO NaH Z H O TR D 7 = 7 — VKB E K XA LR
FOVEZB 70 b AL L 7282, FERRIEER 2T 5 2 & CHign D B A Z T
STV 5, ZOREE, REHFHHICIEE>TXVRRwn2d, MSHIEICE T TD
L) BART PR SENT WS (Figure 5)

Figure 5. MS spectrum of 28 on eq. 38.

100~ 975.0382._
532.9567 973.0334
767.0909
6671398 789.0743
871.0790
534 9526 791.0781
873.0802 976 0364
|y
536.9501 793.0764
7491400
552 9012 875.0836
i 634.9050 687.0895 82311284 | 978.0362
614.961 903.7371
579.9965
0~ m'z

500 550 600 650 700 750 800 850 900 950 1000
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CHELDARY FLTIE, BRZORPEAINEEROE— 7 03% /S
5D, 971.0 \IZ OISR DEETR U 7R @4 2 2 L 3T &/, T
£ 0 ARBOGNC X THISG LSRR L 72 2 L Db o T,

LA OTET O M AR DGR 2T > 72 (eq. 39),

rj

OH OH O

1 Zn(OAc), 2H20
(2.0 eq
(39)
AcOH rt, 12 h
4
n\o
28

FERRIA SR C € TOVELAZ 1 ICEERRIESh 2 FH S ¥ 72, Z DAERUL T D MS
HETUTDAXRT F AR SINTW S (Figure 6).

Figure 6. MS spectrum of 28 on eq. 39.

100~ 6850931
787.0446
687.0923 869.0472
871.0483
785.0470
867.0464
= 689.0920
7910413 6730495
767.0995 9430101
941.0152|945.0118
] !
5038817 590.0927 843 0551 047 0002
5792917
6622319 ! 1:992 9731
AR .
0 m/z
500 550 600 650 700 750 800 850 900 950 1000
ZELDARY PUITEWTS 685.1 ICHIXHIENSH AL EL 6 N 503, Z Ofl

IZ 785.0 % 867.0 I EHISHEHAH KD E— 7 % K RoniTn s
NSRRI, BT VRN R G %mkkmfﬁﬁgﬁfwéiﬁﬁ
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52 EDTE, ARG O Z U2 MR T 2 Z LITHYIL 72,
ZDfEREZZIT. LN T4 D HMNTH - 72 Chiral unit 23+ 7 F LD

AR T DGR Z T 7,

4-6. RIS “BLEHA T DR

PRI A ISh A 1 ORI F2 AR 2 RErZRNE LTI, TV
b FREEEP RO 7 = ) =)=y F & Chiral 2= FZHEEKLThHY 7
VY795 L0)HETERZITI RO, 72/ =2y MIBELTEET
WEHADGR THE LM ZHWE 2 L Lz, # L CHitz’ Chiral 2=y
ERBEFT7FNLIZy FEART B0, USRI %572 (Scheme

3o

“OTf “"OH
oTf OH

Scheme 5. Retrosynthetic analysis of binaphthyl unit.

EF7F 0=y bOHMNY 281X, WIET 5P ALK EORBKELIZXD
251, toluene ERVAFEEE DR TIEAFKEID 7 2 SALANMEIT L 22\ 2 ED3HIS
NT023", ZDOYAILE V29 1E BINOL (31) DANLE =Kk > THRT
5l lrBEZ, LiloEAHRLV—F2E 2T,

Z DG RIENTIHE AR 2 FIIG L. £ 9 BINOL O TfERGEZ 1T > 72 (eq. 40),
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Tf,0 (2.3 eq) OO
pyridine (2.7 eq) “'OTf
DCM, 0 °Cto rt, 10 h OO ot

31 30
99%

TE ARSI T RIS EDSHEIT L 72, 2 L OBl S S Liiesic X 200K
IBZT> T3 (eq 4D,

Pd(OAc), (20 mol%)

dppp (20 mol%)
) Hunig's base (4.5 eq) )
“OTf MeOH (40 eq) “COOMe
( O Ot pMms0, 120 °C, CO (0.4 MPa) OO COOMe
90 h
X

30 32
72%

ARIOSEINES g2 vy, SE—BLREFHA T ICE W TRINZIT) 2 &
T30 DWIRIIGZIZL L TWb, Z LT KSRGS (eq. 42). % LT
LF A =iz X BWKELZFET (eq. 43). HINDOEF7F02=v | 28 DA
RIS L T3,

KOH (4.5 eq)

MeOH/H,0 = 6/1
reflux, 12 h

SOCl, (1.1 eq)
Hunig's base (2.2 eq)

DCM,0°Ctort, 18 h
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L2 L ﬁA&w—b?@irﬁﬁ@W@%ﬁ%Wﬁ*“@ﬁ%éﬁﬁ@éh
570, IR HHE > TRKEAKD LI SRS -7, 22T, K
mx%v7iQL&(&%%@@#ﬁmﬁg®x7—wfé&ﬁﬂ%ﬁ%t&
HHOV— F DFAFEIZH Y L T\ % (Scheme 6),

Scheme 6. Another synthetic route of binaphthyl unit.

Me —_— ”\/ ”\/
98% 90%

Br

93% 7%

Br

R
a0 ”\COOH 95% ~\COOMe
9 l I coome " X O COOH

—_—

87% OO COOMe 98/0 COOH

40

i "’COOH eq. 43

—_—

_—
39% yield COOH  97%
>99% ee OO

29

aNBS (1.3 eq), BPO (cat.), cyclohexane, reflux, 12 h, 98%. ® NaOAc (3.5 eq), DMF, 60 °C,
18 h, 90%. ¢ KOH (0.4 eq), MeOH, rt, 4 h, 93%. ¢ TPAP (1 mol%), NMO (1.5 eq), MS4A,
DCM/MeCN, 0 °C to rt, 19 h, 87%. € NaClO, (3.0 eq), NaH,PO, (1.5 eq), 2-methyl-2-butene
(10.0 eq), -BuOH/THF/H,0, rt, 24 h, 89%. f SOCI, (3.0 eq), MeOH, 0 °C to reflux, 5 h, 95%.
9 Cu powder (1.7 eq), DMF, 125 °C, 24 h, 87%. " KOH (4.5 eq), MeOH/H,0, reflux, 12 h,
98%. / (S)-cyclohexylethylamine (1.2 eq), Me,NH (0.9 eq), MeOH/H,0, 65 °C to rt, 3 h,

38% yield, >99% ee.
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256 DAV — FTlE, naphthalene FHERD 33 ZJHEHZ, a) 7 ¥ A
7aEfl, b) 7 b F AU, o) NMUKIHEEZTT2 > T Bn fZICKREZEA L
% Dt d) TPAP &1l e) Pinnick ME{LIC X > THEIL L T ) X FILIRE L 724, o)
Ullmann Z1 v 7Y Y JIC k> TEF 7 F VEKOKEZIT>Tw5, ZL 7T h
MARGIRL 72te. AET 2 v EDEHRIC X % ) HEDEEITWE, EF7F
Na1=vy FDEREITO T,

ZLT., INFEFTILARZEIfT2 272/ =2y b EEFT7F L=y |
DAy T v 7T, HNOFRIAZ SRR DA 217> 72 (Scheme 7),

Scheme 7. Synthesis of new chiral ligand.

O\TBDMS
14
O
a b /\©/\H
44% (over 2 steps) -
COOMe O MeOOC
TBDMS

42

iy
¢ d u“@”u

b

98% (over 2 steps) OO COOH  OH HOOC"

43

a) diamine 6 (1.0 eq), acid anhydride 2 (2.2 eq), i-Pr,NEt (10.0 eq), DMAP (1.0 eq), DCM,
reflux, 12 h. b) MeOH (20.0 eq), EDC-HCI (5.0 eq), DMAP (1.0 eq), DCM, 0 °C to rt, 18 h.
44% (over 2 steps). c¢) EtzN-3HF (10.0 eq), THF, rt, 6 h. d) KOH (4.5 eq), MeOH/H,0 =
1/1, reflux, 7h. 98% (over 2 steps).

Y7 2 ZIVORHEBED KGEEETY 7 2 v 14 £ BRALBIEKY) 28 D7 2 N1l
IO, Ay TV v SROEREMERL 7255, Lo L 2 OEYIEmIEDE < .
AL T 57 4 —ICXBEHUPNETH > 72720, MieHIZ iz X
FNIZRATNMALZEIT) Z L2k D 42 & L CHEERE#EZ{ToTWw3, 2L C
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TBDMS DR & = X 7TV DK EZTTH 2 2 X D HNOFHHAZ LR
BT 43 DA L 72,

4-7. FORAS AR AZHE 1 OIR & MG
ERED R TR & N7 HRIAA SCRIILAZ 72 Fl o s & DEFZRIC & 23T
AT S ISR D B 21T > 72 (eq. 44),

OO COOH OH Hooc™

43

1) NaH (3.0 eq)
MeCNrt, 2 h

2) Zn(OACc)*xH50 (2.0 eq)
MeCN, rt, 2 h, Ar

B L 72 SR % NaH ClE 7 1 b oAb L, # ZICHERSHER 2 I 2 % 351
K o THHIAZ M AL E SR L 72, 35 NS5 RO MRNTIE ES-MS % >
T, BonHNPE— 27 3B k> TEREN LD L RVL—EE R
L7z (Figure 4), ¥7-, iMoo stk z 4R T 2 X< | flloEHEIC O
THEEE T 720, A7) —= v TR T &EKIx, Migh & Wimic £ 4 >
PROEL S50 K9, Mn/Fe/Co/Ni/Cu Z LT Pd /sl A, Cullow
TH Zn [k, ZRZEHADSIEZRL L T 5,
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9891052

100-
987.1065.
985 1082
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100- |~
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Figure 4. ES-MS measurement of new chiral dinuclear zinc complex.

F 7= RIZ,

-
-0

\ —

B L 7T RNl h

miz

BdfF 1 2 Fl e TS o it 217 -

FTFT7Na— N ETIVHETIZBWLWT, TATALERERCZZNSDT VL
{t%47 57 (Table 2),
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Table 2. Catalytic acylation from ester in the presence of alcohol and amine.2

o]
HO™ """ 5 mol% catalyst Ej)k 0 TN
0 (1.8 mmol) on zinc
S PRIV G WP
= (1.5 mmol) HoN (1.8 mmol) 9h ©)ku
Me
Jo
Zn(OAc),*2H,0 M&T/;Jﬁ@ 7”Me A’ﬁg"
Me an 70 e ’ o—Zn z,,AO
OYO
Me
ester 37% 82% 10%
amide  1.7% 2.1% 4.2%

2 Determined by GC.

HEHVIRL 7 7 A9 —E 7N a— L 7 S UvDBHET L35I WT, Tva
— VBRI 7 UET 2 2 EBME SN0 2, 20 LB DI, HERPu%
77 AY —=TIET I a— oERWC 7o b L, F-MiR0% 7 7 A9 —%
PR A MESh SRR DR L & 2 RERR SR IC O VW T 7L a— LD 7 vl
DHEFT L Cove, FlIAFHEN IR IC O TH Z AT VD 03% AR L
T2 DIEMIIEL . BT TIEH 2057 2 F OB HHERE i Eh-0 M hPUf%
7R =L D BLWIERE LS 7,

FRRIC TV a— 7 S UvBHETIEMAICE T, 72 F2ERRIC 7L
%47 > 7= (Table 3),
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Table 3. Catalytic acylation from amide in the presence of alcohol and amine.?

N NN N NN
0 HO 5 mol% catalyst 0)
@ (1.8 mmol) on zinc
@N + >

H CPME (4.0 mL)
H2N/\/\/\ reflux (106°C) @)J\N/\/\/\

72h

Me |- Zn M l
Zn(OAC),+2H,0 {/ \g 0 \f ¢
Me g,Zn ’ 0~Zn Zn“0
o b

Y

Me
ester 2.3% 1.3% 1.8%
amide 0.95% 0.68% 2.6%

a Determined by GC.

73Rz E LEGE, 73 FOMME KGO 7 ORI RIDCRICH %

HEERE o7, Lo LEEBIHECHhPUR% 2 7 A% —13, T AT V& EEE
TARERL X HICZ AT DL AL Cote, —HHRAFTHEN A%k IZ
IATIVICHR7 I FBLCAERLTED, ERRDOXIICHROLE L 7 3 FAEK
MEzERT 5 EVIFERTH- 7,

N E TOMRITE W THRIAF IS A 113, 2RIt s L <o
ORI ZR LT LE>, L L, FEEHEHCHERIIEL 7 7 A 9 = R
TV & FERIIC AT 2 DK U HTEA IS R 11x s L IdRE 5
FIgEZER L, 7 2 FOERICE W T R >0 X b &Gt %2 s 35 HE
HFonrs,

Z T, TATN-7 I FRMR)ED OGS 2 et L, SEEGmrG 2o #Sc
- CAFBIB DR 21T > 7= (Table 4),
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Table 4. Catalytic ester-amide exchange reaction.abc

Me 5 mol% catalyst Me
Boc. AL H,N on zine Boc §
\H cooMe t+ 2 > N

i-Pr50, reflux, 96 h H

(0.5 mmol) (0.6 mmol) (0]
O | Zn’O Me /
Zn(OAc),*2H,0 o~ ’} 0 \f
M Zn ’ O‘Zn n“o
yield 26% 19% 55%
ee - - 0

a |solated yield b Ee was determined by HPLC. ¢ 19% yield in the none catalytic condition.

W B TR M T 19 % RRESOGINMES T 2 720, HishPU% Y 7 2 8 —
IR UG 2 FEBR L 202 72 2 &b 5, Z UK LHIBAEK
e SRR 11, SS%UCR E PIREDIRCHIIY 2 5 2 25 L & 0 | dish
VUt 7 2 A% — L1387 2 iS22 HH T2 2 EHo 2 ko7, L L
LY DNAFEZME L2 E 2 H, 0% ee ENHFTENIETL TR o7,
COMRITE D . BRI AEE R 1 132 OIEMEH L TRIGHSETT L C
WEHDD, B TIC & 2 KIBH~NDVEDOFEDY HLBARE L T2 ddA
BB OREPAT 3 TH 2 2 E3bhrot, 2 Do MK )G os %17
), REEERD 1 MBERDIAI R WA T2 L EZ SN DBEMEOEI L \»
IRTEOBER L TELY,
COX)RMEZZIT, ©F 7 FOVEMICKIGG~NORD L 2 KRELT 5
Wrrc B 2 B A L B2 & L, Bl lih TSR o A& R A 72,

4-8. {EPIEZ G A L 72 ¥ DK

FEHDRGET AT o R I SR o FicidEF 7 F L=y b
DHEIEL TS, TOXIREF 7FIVEKRD 3 O A3 EHEE B A ik
DHISNTED, ZOX) BEBHEOE AL MM TFOF 2 —= 7 HA]HE
Bikat Lo Tw5, Ko THROEHEEANIZ, 0 3 kY 3fricfr) 2 &
E L7, $EAT ZEBEL, BR-EHiAy 7V v 7 EOMIGTHESICE
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ATEDLEEZONSTHREIC, BRENKRIZLET S 2 o7V ¥
W22 BEATH I 2RMLEL, 2OXIREFT7F L2y b2
BT 570, LUT DRGSR 24T > 72 (Scheme 8),

Scheme 8. Retrosynthetic analysis of
3,3'-substituted binaphthyl unit.

"*CO0I-Pr
COO/-Pr

EREL L L CTEARMIZ I 3,5-dimethylphenyl 3£ %2 & 2, 246 13 Br{k 46 205
BAR-EW A Y TV WL THRT B 2 L 2E 272, T OMEIRNTICHE D,
FITHNRXIINIEDLREZ T 572 (eq. 45),

OO 1) SOCI, (14 eq) OO
“COOH reflux, 4 h “COOQI-Pr

>~ (45)

COCH 2) i-PrOH (13 eq) COOi-Pr
pyridine (3.0 eq)
reflux, 2 h

29 47
89%

EINRTHON RIS NVEZE i-Prifi#EdT 52 LI, T 3,3io7a
L Z1T 272 (eq. 46),
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OO Mg(TMP), (4.0 eq)
"“COOI-Pr Br;, (8.0 eq)
OO COOPr  tHE _78°Ctort, 12 h

47 46
90%

ATRETIEBS I, ICRICKRE R 7T VUELC D, Hwsd Mg 2#iLwd
DICHEZ B E L THIETH 2 Mg(TMP), DFEZHERIELTI LIk &
INRCLENC 7 'L E2IT) 2 EBTEDL LI ICRoT,

Fi, BEAR-—EHH Y 7V ¥ 7Tk 93% THIYIDO G L 7% (eq.

47)s
3.5-dimethylphenyl
boronic acid (3.0 eq)
Pd(OAc), (5 mol%)
PhsP (15 mol%) Me

K2003 (30 GQ)
H,0 (5.0 eq)

DMF, 90 °C, 24 h

LA L 45 DHIKGIEIGTIE, T AT I)VORRIENEDE 12 X 3 KB DA
RIS DR E 2. F 7RIS EE i-Pr TAT VDRSO Z L I D72 KOH
%° CsOH 7z £ DAL 2 > T H MK SO FITHETT L 72 D> > 72 (Table 5),
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Table 5. Condition screening of hydrolysis of 45.
Me Me

conditions

entry conditions yield

KOH (4.5 eq)
1 MeOH/H,0 = 6/1 trace (95% SM recovered)
reflux, 18 h

KOH (4.5 eq)
2 MeOH/H,0 = 10/1 trace (97% SM recovered)
reflux, 72 h

CsOH-H,0 (5.8 eq)
3 MeOH/H,0 = 10/1 trace (94% SM recovered)
reflux, 72 h

¥ - HighPut% 7 9 A% — %\ 72 MeOH VB HBE T TO T A 7 VAT X} L
TOHEIEEZ R L, i-Pr 22TV 2§ 2% 2 13k o72 (eq. 48),

Me
““@Me Zn,4(OCOCF3)g0
(2.5 mol%)
“COOI-Pr DMAP (40 mol%) (48)
COOi-Pr MeOH, reflux, 48 h

ND (86% SM recovered)

ZITIDiPr AT LVE, KOBIRERG BRI ATVNELST 52 LaE
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Z. TMSE fRi#EZH\ 5 2 & 2F 27, LD i-Pr Ri&lX., 70 LDEEDIE
Fic X 27 3 FUHERIIG % AR HIH S 2 720 T3, TMSE i
TlZ i-Pr # X ) VAREENREH—ODEL 2o TLE I, K0 Bifsi#EL
PTVIATNE LT INDRETIFL L EEZ 7,

DB ZIHEF T TMSE IRi#EZ 1T 572 (eq. 49),

OO 1) SOCl, (14 eq)
“COOH reflux, 12 h
COOH 5 TMSCH,CH,OH
(2.5 eq)
pyridine (3.0 eq)

29 THF, reflux, 12 h 50

""COOTMSE

(49)

TMSE #2313 F-ll 0 FIFE D IR THET L, 84 IR CTHMM %1572,
ZLThil 337tz o7 (eq. 50),

OO Mg(TMP), (4.0 eq)
“COOTMSE Br, (12.0 eq)
! ‘ COOTMSE 114, .78 :Ctort, 12

50

TMSE f£i#% 17> 7- 49 ® 70 BT, 130 i-Prif#E X ) b AEBWICE S
WM EEN TV B 720, HTREIEVOERBL L hoTL W, ZHUfEn
IR 68%ICHE F B E o7,

ZL TR BR—E Ay 7V v 71 83%IE (eq. 51). TMSE DJFifri# %
94% THEAT L (eq. 52). 3.3 DAICEMENSEA I N EF 7F L=y b 2 %24
95 EWTEIIL 7,
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3.5-dimethylpheny! ©
boronic acid (3.0 eq)
Pd(OAc), (5 mol%)

~Br PhgP (15 mol%) o Me

K2003 (30 eq)
""COOTMSE H,O (5.0 eq)

COOTMSE  pMmF. 90°C, 24 h

(81)

Br

Me
Me
COOTMSE THF, 60 °C, 24 h

Me

4-9. faHG

ARETIE, YT NV — 7 ThIFE S Lz Y 704 v BEg A shrasz 7 2
A7 — DR 26 L, SARBREL 2 Sl U A AR SOS A~ 5 2 &
% Z TSN SRR D T A VARG R AT o 7o, AEERICH W B SR
BOAL T 13k % 22 ERAL IS EHASL D ADHRETH D . SEHPOLDOETHE L E
REEZEEICay tu—VTE, ¥R LDz Ez22bsE s &
WKk TRLEZSBAREEZEATE S L) &, FRIEICRA 2RO T3EGTE &
> T35,

Z DN RO Z LR R T 2720, FTE TN DA Z T,
%L“C%@%T}b@ﬂh?%ﬁﬁb)f@f LD EIT o7 & 2 A, Bif T IicHE
oA I, I A DIBR 2R T 5 2 L TE e,

C D &) TR FEaEt D2 Y 2 WERR L 7288, HAYDFRIAF Hign %8
Rz AKT 2L, EF7FVEKEZAT 5 XFRMFOGR 2TV, £l
B L DEEEIK 217 75 o THRIAF M A DGR L7z, £7 2 Dk
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AR L 7B 21707 8 24, BHEDOBGICIHMEIEEZRD235 b,
HshVutz 7 7 2 7 —PREgdish & (358 7% 2 g2 884 5 2 & 2 72T
CEMTE, Pl D)5 L 2MERT A N TE 2, LL, 2
DS CTIRIRE DRI P, AFEROMEAL L EDORELHBELL., 2oz
SRS B 7 R T DO BRI E L 2 ) | BIEZ DERZIT>TWw 5,

Dk HIT, KEERIZFTEMICN LEBREDOBALED L) BhFa—=v 7
W&o T, M2 HIEE 2L EGH L > Twa 720, 2o b HINOf
B2 7 70 —F T2 DR THL EEZLND,

S AiEG 2 B HIDO RO ICAbE e F 2 —= v 7 2iT> k4
IR I NS XD I, T 7L — b ER o TV XS IREDIAD
STV ZEZEATNS,
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Appendix

A-1. FBIA A SCRICHL 12 W 2 0 & D3 IBIK

TN D B8 & DB DFERIZ O VTN ITRT,

Mn & DFEEIR 21T > 7oAl A Bz RO E— 2723965 ICKE B S T
B, ZOMICEEEKICE > TEL L) RifRE— 27 3B SN o7
(Figure Al and A2), F72IEDEHIRFHEODET I TH D, PRI L 560D
b Edbrol,

Fe £ DB TH. b4 L vyttt Z{bidfEdr -7z, £/ MS DA
R7 FPVTRIMKICHET 2 E— 7RO NT, 20D LOEDFRNE 5
—VERRNTE=IDRELZ 74 OFRIEICH 517z (Figure A3 and A4), i
Fe’'+H,0 L HEDMMETH D . IR T4 Y T2 —{tL T 2 W[EgELH
265,

Co & DB TIZ, SEFIEEIGEEE 2 3V F D ¥ v 7 8172 5 7o O D3,
REIHEOICENT 2T DEHTE 2, L2 L MS AT bLd 6 13 A%
RlicEINs E—7 3R ond,| A TFHEOE—I7DBRECHLNE DR
Tdh > 7 (Figure AS and A6), L2 LEFZIRIGDZEICZE S NBERIC, i[5 D
EIBIEEIT L TR 20Tl tEZ oS, KSR ELAPICHT L&
L7272, ZORHZRIEDEITL T3 XH)THDH, MSHIERTTH FTICE
I LTHELRUNTL 9 720, MS TR %R L E oS mis kN2 b
o, LWVLIH)HRENEZ S NS,

Ni & DT, FERERO> St LER o o7, £72 MS
ARZ FPUIZEWTS, SEERICHE T2 E— 23RS nd | B ko
E— I DBR 6N DA TH > 7 (Figure A7 and A8),

Cu & DEEERLCIE, FERE kA S DO LiZ Ao o7z, Lo L
MS A7 ML T, 799 ICEFHRO E— 7 3K E RS 15208, 1039 121
THEERICRIE SN S RERE— 73R 517 (Figure A9 and A10), U X
D, CulZARENLFIC X D RO TR TH 5 2 LI TFHETE S,

Pd ICBIL T, MS A7 P LICBWT BSERO B R IZMERTE ko T2
(Figure A1l and A12), BECAZF-iRGFDSEVURIIHOD Zn TIT> T b 720, 4 4 v
BORELENITED, Pd TIEBEEERDIEHI L B D EEZ 5N 5,
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Figure A1l. ES-MS measurement of complex forming with Mn (1).

Agura direct
AGR550-1 (4.574) Is (1.00,1.00) C54H36Mn2N209 2: TOF MS ES-
966.1182 5.32e12
100~
Mn,2*+Ligand3-+AcO-
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=
Mn(JA535)
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0""I""|“"|“"I"‘ T TTT T LML DL L B B BN B B B B
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100~
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I
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| | | ]
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. 602.2663 66?)@({5;095589 L 1 os7218 1099.4460 12658168 13257695 1438.3795
R I L B I L I I I e I L I I I I BN UL IS I I
AGR550-1 133 (4.559) 1: TOF MS ES+

965.3677 6.80e3
100~
ES+
966.3588
867.2097
=
!
! 967.3696
868.2062
531.3863
619.4385663.4666 I
968.3745  1081.3247 !
765.5342 l 12898123 1362.5497
VLT VTR S . L, I /
AU U R A R IR IR U R 1112
500 600 700 800 900 1000 1100 1200 1300 1400
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Figure A2. ES-MS measurement of complex forming with Mn (2).

Agura direct
AGR550-1 (4.574) Is (1.00,1.00) C54H36Mn2N209 2: TOF MS ES-
- 966.1182 5.32e12
1004
Simulation| Mn,2++Ligand3-+AcOr
967.1215
o\o_
Mn(=FiH)
968.1246
969.1276
LD I I I I L B A R A
AGR550-1 133 (4.574) 2: TOF MS ES-
100+ 957.2184 388
925.2208
963.1699
9332429  941.3797 977.3591
| 985.1442
] 947.1880 964.1748 987.3406
|
! I
948.2021 971.2277 | 1004 3465 |
988.3608 1015.3455
I
989.3596 1016.3254
0_
AGR550-1 133 (4.559) 1: TOF MS ES+
100, , 965.3677 6.80e3
ES+ : 3
Ligand>+3H*
+AcOH+MeCN+2MeOH
966.3588
3
|
967.3696
| !
] 935.1957 965.2000| | | 968.3745 |
925.1631 949.2064 ( 981.3367 987.1856 1006.2872
Lol N TR Dbl ol o J90Re8l2 1017.1964
O s L e U S S B R R SN e S maa B s na Rl 11174
920 930 940 950 960 970 980 990 1000 1010 1020
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Figure A3. ES-MS measurement of complex forming with Fe (1).

Agura direct
AGR531-1 (1.786) Is (1.00,1.00) C54H36Fe2N209 2: TOF MS ES-
968.1122 4.60e12
100~
Simulation Fe,2++Ligand3-+AcO-
969.1152
LI
Fe(5kk)
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966.1167
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1
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| | I I
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| 5994782 . 808.6392 |
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| 1091.2422  1237.2837
76.5 1322.3651 1489 6516
|
0
AGR531-1 53 (1.801) 1: TOF MS ES+
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O\O_
!
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| ! 8152207 0652480 1122918 11873173 13353743 1409.3661
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Figure A4. ES-MS measurement of complex forming with Fe (2).

Agura direct
AGR531-1 (1.786) Is (1.00,1.00) C54H36Fe2N209 2: TOF MS ES-
968.1122 4.60e12
100
Simulation
244 i 3- -
oo F€2°+Ligand>+AcO
=
Fe(FHH)
970.1179
966.1167
1 971.1205
O ""1“"]""I"‘ L R I L R R R R R R R RS LR RS LR RS
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of | 2458953 b310
|
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83 3038
0 A ‘ | N ‘ i
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< >
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! ! 1024.2571 )
946.9310957.0139 ‘ 042.2783
8
NI ,||u|[|uiu| I .|,\,\‘|,|,‘|,|u|!u 3l ,,mnﬁm 1 ﬁﬂ??ﬁ?ﬁﬁﬂﬂlﬂﬁ aill i I | L |n|\||| I |m|‘ . uh . i
940 950 960 970 1000 1010 1020 1030 1040 1050
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Figure AS. ES-MS measurement of complex forming with Co (1).

Agura direct
AGR530-1 (5.537) Is (1.00,1.00) C54H36C02N209 2: TOF MS ES-
- 974.1085 5.32e12
100
Simulation Co,2++Ligand3-+AcO-
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0\0*
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0
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Figure A6. ES-MS measurement of complex forming with Co (2).

Agura direct
AGR530-1 (5.537) Is (1.00,1.00) C54H36C02N209 2: TOF MS ES-
: 974.1085 5.32e12
100
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Figure A7. ES-MS measurement of complex forming with Ni (1).

Agura direct
AGR549-2 (2.699) Is (1.00,1.00) C54H36Ni2N209 1: TOF MS ES+
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Figure A8. ES-MS measurement of complex forming with Ni (2).

Agura direct
AGR549-2 (2.699) Is (1.00,1.00) C54H36Ni2N209 1: TOF MS ES+
100~ 972.1128 2.48e12
Simulation Ni,2++Ligand3-+AcO-
975.1122
e 976.1089 B
Ni(FER)
977.1097
978.1073
T r979.1082
OIIII"'I""I“"I"“l""""‘ UL AL L I AL B L AL DL LA B DL LA
AGR549-2 133 (4.575) 2: TOF MS ES-
100- I 963.1528 122
9471865  957.2125
I
ES- 1001.2405
] 977.3423
979.3429
|
950 8998 | | 1015.1906
| oa5.6656 9711997 980.3535 I 1013.2830
|
] 1.985 5049 994.9136 1015.7828
0 MMU
AGR549-2 167 (5.738) 1: TOF MS ES+
100- 965.3533 218
ES+ Ligand3-+3H+
966.3647
+AcOH+MeCN+2MeOH
LIS
967.3732
I
! ! ! I ' I
941.7438 955.8043 9 !647 986.6465 997.7239 1004.2262 1016 8297
0 ‘\l‘.]‘ |\‘\ ay .Lu " h. ‘I T ||'u|‘|nll ',‘ ! \tnlly ||l| ‘L ||Im My\ 1'{ TRTART l“ ”'u i m/z
940 950 960 970 980 990 1000 1010

132



Figure A9. ES-MS measurement of complex forming with Cu (1).

agura direct
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Figure A10. ES-MS measurement of complex forming with Cu (2).

agura direct
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Figure A11. ES-MS measurement of complex forming with Pd (1).

agura direct
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Figure A12. ES-MS measurement of complex forming with Pd (2).
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985.4562 1058.2719 1109.4042
1135.3386

1103.3695

il

1050 1075

1100

1104.3718

1105.3770

1125

1: TOF MS ES+
3.02e3

1147.3933

1148.3922

m/z
1150
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A-2. FORIAFTIEE %A %2 T o 7o i OS O RRRS

ARFEARSCCHEER L 72 OB LA b iSOG Ofs 217> T 3,

F97 I VBHEL RO TOI AT IV L% 1T > 72 (Table Al), A
FOGRTI, WEREHRER-CHiERIURZ 7 7 A 7 — 3SR CHIN %2 5- 2 7= DI L
FTHLAZT ISR TS AR % F T T - 7o SOBTAWR I E 8 L, il AR L Tk
W EDBDo T, ZDORMBIEEDFEELI T, FrElA A Hh sh k2 M
W RSB TIZHWIIE S e o 7z,

Table A1. Catalytic transesterification by various zinc catalysts.

5 mol% catalyst

(0]
on zinc
OMe *+ HO "> >
CPME (2.6 mL)
reflux ( 106 C)

(1.5 mmol) (1.8 mmol) 18 h
O
Me\(o| Zn Me \
Zn(OAC)2'2H20 n‘O 7/ O
> /
Me O ~zd Zn’O Me ’ °~Z"/ "2
yielda  94% 75% ND

@ |solated yield

RKIZ, PAa—LIEFEE FICBEWTIZ AT V-7 3 PRI G %215 72
(Table A2), 7 3 VDMFLET 2 R CTIIFHIAA N G OIBMR L . LD
IR ez, LrL, MS AR7 Mo bbhbd & B DT KILD BRI T
TSR DRI I e D PERIFMER RIEMEZ R TRER & o 7,
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Table A2. Catalytic ester-amide exchange reaction by various zinc catalysts.

o} Q 5 mol% catalyst Q
on zinc
= OMe + H,N >
| CPME (2.6 mL)
= reflux (106°C)

(1.5 mmol) (1.8 mmol) 70h

Me

fo o

oY) _o
Me IZn M
Zn(OAc),*2H,0 o— 4o \f ¢ I
IR I N
O O

e

Me

\

yield?@ 34% 34% 3%

2 |solated yield

gt o a7 =) F2ERE L7 3 F-X 27 VG Tl Ml
DET S UDEEL B \n7z 0 b, I3 0 FiElA s S R I3ARE 3 H
NP DAL R & L 7ed> > 72 (Table 3A),

Table A3. Catalytic amide-ester exchange reaction by various zinc catalysts.

0 5 mol% catalyst
Q.0 == 80
N N + HO
| H
=

CPME (2.6 mL)
reflux 106°C
(1.5 mmol) (1.8 mmol) 96 h
Me

0 | H H
090, = =
Me I"Zn |
Zn(OAG)+2H,0 o-&o TV == I N/

VO\ /0
Me CC)),Zn Zn’\oo Me O~Z? ?nAOQ
Y °-©
Me T
yield? 34% 28% ND

2 |solated yield
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FRMERO T S FREFERHC L 727 & FAgOn <, FERghsh - mishyusz o
7 A8 — i TIIRBER L BRI E L o ik L, il AFish —
MSERIZB LTI 2% L RINETIEH 2 b DD, HE—-HIWM%HE2 Z L3 TEL
(Table A4), I D FHIAA G AL T S > D K ) Bl EE DR T 5
BOTLPIBET 2 2 EBHET. 2) 0o kMOARKIGEIT) &) THD, ¥
LI AT NV=7 3 FRERIER 7 S FRHR)IG2 ED X 9 %7 2 ¥ RIKANC &
27 3 FAERKIGICEWT, HghUz 7 7 2% —72 £ X b b EimEtk %z m 3R
Elrotz,

Table A4. Catalytic transamidation by various zinc catalysts.

o 5 mol% catalyst
@ Q on zinc Q
N + HyN
©)J\ N ) @

CPME (2.6 mL)
reflux ( 106 C)
(1.5 mmol) (1.8 mmol) 98 h
Me

} o 0 NU.N o
O | H H
OT-zn-0 NN =4
Me I"Zn |
Zn(OACc),*2H,0 o—4"~o \f“"e PN I N\

o) -0, N
Me CC)),Zn Zln’\oo Me O~Z? ?nAOQ
Y 0.0
Me T
yield?@ trace trace 2%

2 Determined by GC.

BizIC, RBETOAFRN T2 R L AT Z T 72D, TAT IV
SRS « AT V=7 I FHSOREEAFTAL OREZRED I SOGT b AlaE 2,
FERRIG o 8 2 it L 72 (Table AS),

FTZATIOVRIRIGTIX, EREL 72 X ) IR T 72 v & v ) TED H
27 DT, ERMD DMSO i§IEZ W TKIGZ T2 7 (entry 1), KIGKRHEIX R
REZZE L 31%DAEBE2H b oo, HINYO N AEEIEFHR I T, B
SEITRER I NG D> 7, KISKEFHAIZERLE L GRRICH 6N, 72 F
WESEHETCZ AT V-7 & FRMRIGZ T > 72 (entry 2), L22L 26 6 DIBIC
EBWTHRICFHET L 72 d¥ ee 13 0% TH > 7, KIZ methyl p-chlorobenzoate & A
BRAEETLETIVEDIATIIV-T I FREKIL%# 1T > 7 (entries 3-5), L2
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L. REAOBIGETE O DSIARDBRAA ) & RIGHEDME N $ % Z575>, CPME -
toluene + PhCl 72 EVEhRUAEEZ TG THIERIFK . RIEE TOMEHI N T
bHote, T TREFHI%Z p-methoxyphenyl TR TIVICEH T 5 Z L2 X > T
ez B BEt 2177, JUTK D i-PnO BT 77% &SI THINY %
Bonsd k)i o7 (entry 6) LOLAFITHFEINT 0% ee THo7z, Z
DFER & U TIISRED T ETAFDCRD T3> T 3 A[REMEDE 2 o i
DT, VKR TRIBZITZ R VPR L7z & 25, i-PnO TRIGIREZ T3
E MR DIEIREEDS T30 OGS AR LT L F WIRIBDSET L 2 ko te, Z
T DIBMEDE Y MeCN THIGZIT WIS —RDIREBTRIBZIT> 7203, lid
DA TIX A RE DS FEHE S g, HIIIERIPGR & 22 > 7 (entry 7). Z LT
BIANCAFHLZEAL, KA Z LRI S kit % B 758 o
S 21719 & toluene *° PhCl A B\ THIRE CTRIGDHEA (entries 8-9), I
5 IR DK\ i-Pry0 Z VA W T O R E QIR CHNY %2 1572 (entry 10),
L2LOWTNDORIIZEWTD ee 1d 0% TH D, HINOAKIGITER I 1
o7z,

INFETOMGIC LD, REHEIZZD o IBRRICKDERAY v XU 7EICKD
BREOMRIDIEE 2D, X0 @EOBRELHE NI, £ 72\ RS
BT 2kE, RIBICE K DHlRH 5 2 L Bbhro>TER, £, HHWOD
AFBIRDSER S N ol T D6 IGHLANDESZF DR D Hi L 2342
LT HEEDHEL L TS 2R E B> 7,
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Table A5. Catalytic kinetic resolution on various catalytic reaction.
Zny-Lignad*-OAc

electrophile nucleophile (2.5 mol%)
+ > product
(0.5 mmol) (0.6 mmol) solv., temp., 96 h
entry electrophile nucleophile solv. temp  vyield [%]2 ee [%]?
Me
1 Boc . DM 50 31 0
o H}\COOPMP HO\Q S0
Me
2 - H,oN EtOAc  reflux 18 0
3 0 CPME reflux 2 0
Me
4 OMe toluene  reflux 4 0
HQNE\ _0OTBS
5 C PhCl  reflux 1 0
O M
6 © iPr,0  reflux 77 0
OPMP  H,N
7 MeCN 30 2 0
Cl
8 toluene  reflux 52 0
by
9 Boc.. PhCI refl 55 0
N"~COOMe H2N\Q w
10 i-Pr,0 reflux 55 0

a |solated yield. ? Determined by HPLC.
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Experimental Section

General informations

All manipulations involving air- and moisture-sensitive compounds were performed
under argon by use of standard vacuum line and Schelenk tube techniques.
Tetrahydrofuran, diisopropyl ether and toluene were distilled under an atmosphere of
argon from sodium benzophenone ketyl. Methanol was distilled from magnesium
methoxide. Hunig’s base, 1-hexanol, 1-hexylamine, benzylamine and methyl benzoates
were distilled under an atmosphere of argon from calcium hydride. Other solvent, DMF,
DCM and MeOH, were purchased as dehydration grade from commercial source and
dehydrated by activated MS 3A. Other reagents were purchased from commercial
sources and were used without further purification. Zns(OCOCF;)sO was prepared as
the previous report.'® Flash column chromatography was performed using silica gel 60
(0.040-0.063 mm, 230-400 mesh ASTM) or Cosmosil 75C;3-OPN, unless otherwise
noted, and monitored by thin-layer chromatography using Merck F254 silica gel plates
or Merck HPTLC Silica gel 60 RP-18 WF;s4s..

Phsical mesurements

Nuclear magnetic resonance ('H, "“C, "F) spectra were measured on a
VARIAN-MERCURY 300-C/H spectrometer operating at 300 MHz ('"H NMR), 75.5
MHz (*C NMR) and 282 MHz (’F NMR), Brucker Avance 400 spectrometer
operating at 400 MHz (‘H NMR) and 100 MHz (°C NMR), VARIAN Inova 400
spectrometer operating at 400 MHz ("H NMR) and 100 MHz (*C NMR) or Brucker
Avance 500 spectrometer operating at 500 MHz ("H NMR) and 125 MHz (*>*C NMR) in
5 mm NMR tube. '"H NMR chemical shifts were reported in ppm (9) relative to internal
references of tetramethylsilane at 0.00 or residual solvent resonances in chloroform at
7.26, dimethylsulfoxide at 2.49. *C NMR chemical shifts were reported in ppm (d)
relative to carbon resonance in chloroform-d; at 77.16, dimethylsulfoxide-ds at 40.45.
F NMR chemical shifts were reported in ppm (8) relative to external references of
a, o, o-trifluorotoluene at -63.90. IR spectra were recorded on a JASCO FT/IR-410 or
SHIMADZU FTIR-8400 spectrometer. Mass spectrometric data were obtained using on
a JEOL SX-102 or Waters LCT Premier XE spectrometer.
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General procedure for zinc-catalyzed reaction

A solution of zinc catalyst (0.075 mmol on zinc), electrophile (1.5 mmol) and
nucleophile (1.8 mmol) in solvent 2.5 mL in Schlenk tube was reflux for periodic time
under argon atmosphere. Yield was determined by GC or isolation. GC yield was
determined by area ratio of product and durene as an internal standard. Isoration was

performed by silica gel column chromatography.

Dibenzo|c,e] 0xepine-5,7-dione1

COOH acetic anhydride 0._0._0
O (3.8 eq)
O neat, reflux, 18 h O Q
HOOC
4 2

This compound was prepared according to the literature procedures'’. Purified by
recrystallization (acetic acid); white crystalline solid; IR (KBr disk, v/crn'l) 1736.0,
1597.1, 1442.8, 1288.5, 1219.1, 1072.5, 1041.6, 733.0, 694.4, 648.1; '"H NMR (300
MHz, DMSO-d, 35 °C) 6 7.55 (d, J = 3.7 Hz, 2H, CHCHCHCHCCO), 7.82 (dd, J =
3.8, 3.8 Hz, 2H, CHCHCHCHCCO), 7.93 (dd, J = 3.7, 3.7 Hz, 2H, CHCHCHCHCCO),
8.1 (m, 2H, CHCHCHCHCCO); *C NMR (75 MHz, DMSO-ds, 35 °C) 6 126.8, 129.4,
130.3, 130.3, 130.9, 142.9, 167.7; MS (EI+) m/z (relative intensity) 224 (M '], 17), 196
([IM-CO', 10), 180 ([M-CO, "], 100), 152 ([IM-CO, CO, ], 47); HRMS (EI+) m/z calcd.
for C14HgO3 224.0473, found 224.0471

Preparation of 5-hydroxyisophthaloyl dichloride

O O O O

b

neat, reflux, 30 min
OH OH
7 8
A solution of 5-hydroxyisophthalic acid (7) (1.11 g, 6.10 mmol) in thionyl chloride
(4.0 mL, 56 mmol) was refluxed on an oil bath while stirring for 30 min. Then the
solvent was evaporated and the residue was washed by tetrahydrofuran. The volatile

was removed in vacuo. 1.21 g (90%) of 8 was obtained as viscous yellow oil. IR (neat,
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viem™) 3078.8 (O-H), 1749.1 (C=0), 1699.9, 1592.9, 1445.4, 1293.0, 1203.4, 1146.5,
1094.4, 1001.8, 892.9, 758.9, 695.2, 540.9; '"H NMR (300 MHz, CDCl;, 35 °C) 6 1.94
(br s, 1H, OH), 7.88 (s, 1H, Ar), 8.3-8.4 (m, 2H, Ar); °C NMR (75 MHz, CDCl,
35°C) 8 124.4, 125.1, 135.2, 158.6, 168.2; MS (EI+) m/z (relative intensity) 218 ([M],
10), 183 ([M-CI'], 100), 155 ([M-COCI], 20); HRMS (EI+) m/z calcd. for CgH4Cl,03
217.9537, found 217.9540.

Preparation of 5-hydroxyisophthalamide’

O O 0] O
NH; aqg.
Cl Cl (60 eq) HoN NH,
0°Ctort,20h
OH OH
8 5

A solution of 8 (0.245 g, 1.1 mmol) in concentrated ammonia water (4.0 mL, 66
mmol) was cooled to 0 °C on an ice bath while stirring for 20 h. Then the reaction
mixture was extracted by dichloromethane. The organic layer was dried over Na,;SOa.
After filtration of the solution and the volatile was evaporated. 39.5 mg (20%) of 5§ was

obtained as yellow oil.

Preparation of N',N’-dibenzyl-5-hydroxyisophthalamide

BnNH, (3.3 eq)

° Tonzer” g
HO OH EtsN (4.0 eq) _ BnHN NHBn
DMF, 0°Ctort, 12h
OH OH
7 9

A solution of 7 (1.83 g, 10.1 mmol) and benzylamine (3.61 mL, 33.1 mmol) in 20
mL of DMF was cooled to 0 °C on an ice bath. To this solution were added
triethylamine (5.60 mL, 40.2 mmol), EDC-HCl
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 4.23 g, 22.1 mmol)
and HOBt (1-hydroxybenzotriazole, 3.01 g 22.3 mmol). After stirring for 2 h, the
resulting suspension was warmed to room temperature. After stirring for 10 h, the

volatile was evaporated and residue was extracted by EtOAc. The organic layer was
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washed with 1 M aq. HCI and brine, and dried over Na,SO4. The crude product was
purified by flush column chromatography (silica gel, Hexane : EtOAc =1:1). 230 g
(64%) of 9 was obtained as white solid. IR (NaCl film, vicm™) 3292.9 (O-H), 1646.9,
1591.0, 1540.9 (C=0), 1336.4, 1291.1, 1226.5, 1138.8, 890.0, 742.5, 696.2, 544.8; 'H
NMR (300 MHz, DMSO-ds, 35 °C) 6 4.29 (d, J = 3.0 Hz, 4H, methylene), 7.2-7.3 (m,
10H, Ph), 7.93 (s, 2H, Ar), 8.12 (s, 1H, 4r), 8.44 (br s, 1H, OH), 10.28 (br s, 2H, NH);
C NMR (75 MHz, DMSO-ds, 35 °C) 642.6, 116.7, 116.8, 126.6, 127.2, 128.2, 136.0,
139.5, 157.3, 165.9; MS (EI+) m/z (relative intensity) 360 ([M'], 80), 343 ([M-OH'],
75), 254 (IM-NHBn'], 27); HRMS (EI+) m/z caled. for C2H0N,03 360.1474, found
360.1454.

General procedure of reduction of 9 using LiAlH,.

0 o)
BnHN NHBn LiAIH,4 (6.0 eq)
THF, reflux, 24 h
OH
9 o)
BnHN NHBn BnHNDﬂNHBn
OH OH
10 1

To Ar-replaced Schlenk tube was added a solution of 9 in THF. To another
Ar-replaced Schlenk tube was added a suspension of LiAlH4 in THF. This suspension
was added to the Schlenk of the solution of 9 on an ice bath via cannura. Then the
suspension was refluxed on an oil bath for each time. When the reaction finished, to the
resulting suspension was added slowly water, 15% aq. NaOH and water (their ratio was
1 :1:3) and the suspension was filtered over a celite pad. The celite pad was extracted
by EcOAc using a Soxhlet extractor. Then the organic layer was combined and the
volatile was evaporated. The crude product was purified by flush column
chromatography (silica gel, EtOAt: MeOH =4 : 1).
3,5-((benzylamino)methyl)phenol (11). brown oil; '"H NMR (300 MHz, DMSO-ds, 35
°C) 0 3.58 (s, 4H, BaNHCH,), 3.62 (s, 4H, NHCH,Ph), 6.63 (s, 2H, Ar), 6.72 (s, 1H,
Ar), 7.2-7.3 (m, 10H, Ph), 8.19 (brs, 1H, OH), 9.12 (br s, 2H, NH); °C NMR (75 MHz,
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DMSO-dg, 35 °C) 6 52.1, 52.2, 113.0, 118.2, 126.4, 127.8, 128.0, 140.8, 141.8, 157.2.

Preparation of 2'-(dibenzylcarbamoyl)biphenyl-2-carboxylic acid

Oo. _o_..O

OO A

2 0
DMAP (0.3 eq) N O
- (T w
iPro,NEt (1.5 eq)
DMF, 1t, 18 h 0 O
OH

13

A solution of diphenic anhydride (2) (0.22 mL, 1.0 mmol) and DMAP
(4-N,N-dimethylaminopyridine, 39.1 mg, 0.320 mmol) in 4 mL of DMF in Ar-replaced
Schlenk tube was prepared. To the solution were added N,N-diisopropylethylamine
(0.26 mL, 1.5 mmol) and dibenzylamine (199 mg, 1.01 mmol) and this solution was
stirred at room temperature for 18 h. The volatile was evaporated and residue was
extracted by EtOAc. The organic layer was washed with 1 M aq. HCI and brine, and
dried over Na,SO4. The volatile was evaporated and the crude product was purified by
flush column chromatography (silica gel, EtOAc : MeOH = 4 : 1). 249 mg (60%) of 13
was obtained as white powder. IR (NaCl film, vem™) 3059.5, 3019.6 (O-H), 2930.3,
1717.3 (C=0), 1575.6, 1496.5, 1454.1, 1436.7, 1362.5, 1240.0, 1140.7, 1078.0, 994.1,
751.1, 699.1, 644.1; '"H NMR (300 MHz, CDCls, 35 °C) §4.11 (d, J = 15 Hz, 1H,
PhCH,), 4.35 (d, J = 15 Hz, 1H, PhCH,), 4.67 (d, J = 14 Hz, 1H, PhCH,), 5.02 (d, J =
14 Hz, 1H, PhCH>), 6.7-6.8 (m, 2H, Ar), 6.9-7.0 (m, 1H, Ar), 7.1-7.6 (m, 12H, Ar), 7.53
(td, J=8, 1 Hz, 2H, 4r), 7.79 (d, J = 6 Hz, 1H, Ar); >C NMR (75 MHz, CDCl, 35 °C)
047.3,51.4,117.8, 118.5, 125.0, 127.1, 127.8, 128.3, 128.7, 129.1, 130.1, 130.7, 133.2,
135.4, 137.1, 139.1, 163.1, 170.3; MS (EI+) m/z (relative intensity) 421 ((M'], 10), 330
([M-Bn'], 45), 225 ([M-NBn; "], 60); HRMS (EI+) m/z calcd. for CogH23NO3 421.1678,
found 421.1662.
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Preparation of tert—butyl(3,5-dimethylphen0xy)dimethylsilane5

TBDMS-CI (1.4 eq)
imidazole (2.0 eq)
DMF, 50 °C,12h

OH ©. TBDMS

17 16
A solution of 3,5-dimethylphenol (17) (367 mg, 3.00 mmol), TBDMS-CI
(tert-butyldimethylsilyl chloride, 611 mg, 4.06 mmol) and imidazole (410 mg, 6.02
mmol) in 20 mL of DMF was heated to 50 °C on an oil bath for 12 h. Then the volatile

was evaporated and residue was extracted by EtOAc. The organic layer was washed
with 1 M aq. HCI, sat. aq. NaHCO3 and brine and dried over Na,SO4. The volatile was
removed in vacuo. 566 mg (80%) of 16 was obtained as colorless oil. IR (neat, v/cm™)
3039.3, 3016.1, 2957.3, 2930.3, 2896.6, 2859.0, 1593.9, 1471.4, 1318.1, 1253.5, 1160.0,
1039.4, 1006.7, 962.3, 839.9, 780.1, 689.4, 672.1; '"H NMR (300 MHz, CDCl;, 35 °C) 8
0.17 (s, 6H, CHs), 0.98 (s, 9H, ‘Bu), .2.24 (s, 6H, Bn), 6.46 (s, 2H, Ar), 6.58 (s, 1H, Ar).
C NMR (75 MHz, CDCl3, 35 °C) 8 -4.3, 18.3, 21.3, 25.9, 117.9, 123.2, 138.8, 155.7;
MS (EI+) m/z (relative intensity) 236 ([M'], 20), 179 ([M-Bu‘], 100), 105
(IM-OSiMe,'Bu’], 13); HRMS (EI+) m/z calcd. for C;4H,40Si 236.1596, found
236.1584.

General procedure of bromination of 16.

NBS (4.0 eq) Br Br
BPO (0.04 eq)
cyclohexane or benzene

O-IBDMS 76 °C,72h O-rBDMS

16 15

To Ar-replaced Schlenk tube was added a suspension of 16 (236 mg, 1.00 mmol),
NBS (N-bromosuccinimide, 1.07 g, 6.00 mmol) and BPO (benzoyl peroxide, 8.6 mg,
0.037 mol) in 2.0 mL of benzene or cyclohexane and heated to 76 °C on an oil bath
while stirring for 72 h. After filtration of this suspension, the volatile was evaporated.
Residue was filtered over silica gel with hexane. The volatile was removed in vacuo and

the resulting residue was used for next reaction without further purification.
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Preparation of dimethyl 5-((tert—butyldimethylsilyl)oxy)isophthalate6

o) o) O O

MeO OMe TBDMS-CI (1.2 eq) MeO OMe
imidazole (2.2 eq)

DMF,0°Ctort, 4 h 5
OH “TBDMS

6 20

A solution of dimethyl 5-hydroxyisophthalate (6) (5.26 g, 25.0 mmol), TBDMS-CI
(4.59 g, 30.5 mmol) and imidazole (3.74 g, 55.0 mmol) in 20 mL of DMF was cooled to
0 °C on an ice bath while stirring for 4 h. Then the volatile was removed in vacuo and
residue extracted by Et,O. The organic layer was washed with brine, and dried over
NaSO4. The volatile was evaporated and the crude product purified by flush column
chromatography (silica gel, CH,Cl, only). 7.80 g (96%) of 20 was obtained as white
solid. mp 70-71 °C; IR (NaCl film, v/cm™) 3003.6, 2955.4, 2928.4, 2885.0, 2858.0,
1798.3, 1729.8 (C=0), 1596.8, 1449.2, 1340.2, 1245.8, 1192.8, 1112.7, 1025.9, 1002.8,
939.2, 894.8, 874.6, 839.9, 783.9, 755.0, 720.3, 669.2, 576.6; '"H NMR (300 MHz,
CDCls, 35 °C) 6 0.23 (s, 6H, Sit-BuMe,), 1.00 (s, 9H, ¢-Bu), 3.93 (s, 6H, OMe), 7.67 (d,
J=2Hz, 2H, Ar), 8.28 (t,J =2 Hz, 1H, 4r); °C NMR (75 MHz, CDCls, 35 °C) 8 -4.32,
18.32, 25.75, 52.45, 123.79, 125.47, 132.03, 156.10, 166.23; MS (EI+) m/z (relative
intensity) 324 ([M'], 12), 294 (11), 267 (100), 235 (30), 207 (10); HRMS (EI+) m/z
calcd. for C16H»405S1 324.1393, found 324.1385.

Preparation of (5-((fert-butyldimethylsilyl)oxy)-1,3-phenylene)dimethanol

o) o)
MeO OMe LiAIH, (1.5 eq) HO OH
Et,0,0°Ctort, 24h A@A
- rBDMS O TBDMS
20 19

A suspension of 1 M LiAlH4 in THF (23 mL, 23 mmol) added to a solution of 20
(6.49 g, 20.0 mmol) and THF (120 mL) on ice bath. Then the suspension was stirring
under room temperature for 24 h. To the suspension was added slowly water and 1 M
aqueous HCI. The product was extracted by Et;O. The organic layer was washed with
brine, and dried over MgSO,. The volatile was evaporated and the crude product was

purified by flush column chromatography (silica gel, CH,Cl, only). 5.27 g (98%) of 19
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was obtained as white solid. mp 102-104 °C; IR (NaCl film, viem™) 3242.7 (O-H),
2951.5, 2929.3, 2858.0, 1699.0, 1596.8, 1450.2, 1321.0, 1294.0, 1250.6, 1152.3, 1057.8,
1003.8, 936.3, 837.9, 783.0, 756.9, 697.1; 'H NMR (300 MHz, CDCl3, 35 °C) 6 0.20 (s,
6H, SiMe,t-Bu), 0.99 (s, 9H, #-Bu), 2.16 (br s, 2H, OH), 4.59 (s, 4H, methylene), 6.74 (s,
2H, Ar), 6.92 (s, 1H, Ar); °C NMR (75 MHz, CDCls, 35 °C) § -4.25, 18.31, 25.81,
65.10, 117.77, 118.30, 142.94, 156.23; MS (EI+) m/z (relative intensity) 268.2 ([M],
24), 211.1 ([M-t-Bu’], 40), 193.1 (100), 75.0 (74); HRMS (EI+) m/z calcd. for
C14H2405S1 268.1495, found 268.1522.

Preparation of
2,2'-(5-(tert-butyldimethylsilyloxy)-1,3-phenylene)bis(methylene)diisoindoline-1,3-

dione by Mitsunobu reaction’

phthalimide (3.0 eq) 0]
DIAD (3.0 eq)
HO OH PPh; (3.5 eq) N N
THEF, reflux, 7 h O @)
o\TBDMS O\TBDMS
19 18

A solution of 19 (806 mg, 3.00 mmol), phthalimide (1.33 g, 9.04 mmol) and PPh;
(2.76 g, 10.5 mmol) in 30 mL of THF was prepared. To this solution was added DIAD
40% in toluene (diisopropyl azocarboxylate, 4.80 mL, 9.12 mmol) and the solution was
refluxed for 24 h. Reaction solution was washed with 10% aqueous NaOH, 1 M
aqueous HCI and brine, and dried over MgSQO,. The volatile was evaporated and the
crude product purified by flush column chromatography twice (silica gel, CH,Cl; only).
988 mg (63%) of 18 was obtained as white solid. mp 166-167 °C; IR (NaCl film,
viem™) 2954.4, 2930.3, 2858.0, 1771.3, 1715.4 (C=0), 1597.7, 1465.6, 1429.0, 1392.4,
1346.1, 1321.0, 1254.5, 1188.9, 1167.7, 1106.9, 1028.8, 954.6, 840.8, 783.0, 757.9,
731.8, 712.6; '"H NMR (300 MHz, CDCls, 35 °C) 8 0.13 (s, 6H, SiMe,'Bu), 0.91 (s, 9H,
‘Bu), 4.75 (s, 4H, CH,), 6.79 (s, 2H, Ar), 7.07 (s, 1H, Ar), 7.7 (m, 4H, phthaloyl), 7.8 (m,
4H, phthaloyl); °C NMR (75 MHz, CDCl;, 35 °C) §-4.35, 18.29, 25.79, 41.42, 119.54,
121.54, 123.44, 132.30, 134.03, 138.21, 156.30, 167.97; MS (EI+) m/z (relative
intensity) 526 ([M'], 20), 469 ([M-Bu’], 100); HRMS (EI+) m/z calcd. for
C30H30N205S1 526.1924, found 526.1943.
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Preparation of (3,5-bis(chloromethyl)phenoxy)(zerz-butyl)dimethylsilane

MsCI (3.0 eq)
CHCls, -20 °C to 50 °C

© 14h O-IBDMS

“TBDMS
19 22

To a solution of 19 (8.07 g, 30.1 mmol), triethylamine (12.5 mL, 89.8 mmol) and
chloroform (70.0 mL) cooled by salt/ice was added slowly methanesulfonyl chloride
(7.00 mL, 90.4 mmol). The solution was stirred for 2 h on salt/ice, then it was heated to
50 °C by oil bath for 12 h. The reaction mixture was washed with 10% aqueous NaOH,
1 M aqueous HCI and brine, and dried over MgSQO,. The volatile wac evaporated and
the crude product was purified by flush column chromatography (silica gel, hexane :
EtOAc = 449 : 1). 8.38 g (90%) of 22 was obtained as colorless oil. IR (NaCl film,
viem™) 2955.0, 2862.5, 1597.1, 1458.2, 1327.1, 1257.6, 1165.0, 1026.2, 841.0, 779.3,
717.5; '"H NMR (400 MHz, CDCl3, 29 °C) 8 0.21 (s, 6H, Me), 0.99 (s, 9H, ‘Bu), 4.51 (s,
4H, methylene), 6.82 (s, 2H, Ar), 7.00 (s, 1H, Ar).

Preparation of
2,2'-((5-((tert-butyldimethylsilyl)oxy)-1,3-phenylene)bis(methylene))bis(isoindoline-
1,3-dione) by Gabriel synthesis

P O O
Cl Cl potassium phthalimide -
(3.0 eq) N N
o DMF, 90 °C, 1 h 0 e}
“TBDMS O.
TBDMS
22 18

A mixture of 22 (1.22 g, 4.00 mmol), potassium phthalimide (2.23 g, 12.0 mmol) and
DMF (20 mL) was heated to 90 °C by an oil bath for 1 h. To the reaction mixture were
added CH,Cl, and water. The organic layer was washed with 10% aqueous NaOH and
brine, and dried over MgSO,. The volatile was evaporated and the crude product was
purified by flush column chromatography (silica gel, hexane : EtOAc =7 : 3to 2 : 1).
1.74 g (83%) of 18 was obtain as white solid. mp 166-167 °C; IR (NaCl film, vem™)
2954.4, 2930.3, 2858.0, 1771.3, 1715.4 (C=0), 1597.7, 1465.6, 1429.0, 1392.4, 1346.1,
1321.0, 1254.5, 1188.9, 1167.7, 1106.9, 1028.8, 954.6, 840.8, 783.0, 757.9, 731.8,
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712.6; '"H NMR (300 MHz, CDCls, 35 °C) 8 0.13 (s, 6H, SiMe,t-Bu), 0.91 (s, 9H, 1-Bu),
4.75 (s, 4H, CH,), 6.79 (s, 2H, Ar), 7.07 (s, 1H, Ar), 7.7 (m, 4H, phthaloyl), 7.8 (m, 4H,
phthaloyl); °C NMR (75 MHz, CDCls, 35 °C) & -4.35, 18.29, 25.79, 41.42, 119.54,
121.54, 123.44, 132.30, 134.03, 138.21, 156.30, 167.97; MS (EI+) m/z (relative
intensity) 526 ([M'], 20), 469 ([M--Bu'], 100); HRMS (EI+) m/z caled. for
C30H30N,05Si 526.1924, found 526.1943.

Preparation of (5-((tert-butyldimethylsilyl)oxy)-1,3-phenylene)dimethanamine

0] O
H2NNH2'H2O
N N (10.0'eq) H,N NH.
@) (o} MeOH/CH2C|2 =11
o 50 °C, 4 h o
“TBDMS “TBDMS
18 14

To a solution of 18 (1.05 g, 2.00 mmol) in 30 mL of MeOH/CH,Cl, (v/v = 1/1) was
added hydrazine hydrate (1.00 mL, 20.1 mmol) and this solution was heated at 50 °C by
oil bath for 4 h. Then the volatile was evaporated and the residue was extracted with
CH,Cl;, and 5% aqueous NaOH. The organic layer was washed with water and brine,
and dried over Na,SO4. The volatile was removed in vacuo and 528 mg (99%) of 14
was obtain as colorless oil. 'H NMR (300 MHz, CDCls, 35°C) & 0.21 (s, 6H,
SiMe,t-Bu), 0.99 (s, 9H, t-Bu), 3.80 (s, 4H, methylene), 6.66 (s, 2H, Ar), 6.86 (s, 1H,
Ar); °C NMR (75 MHz, CDCls, 35 °C) 6 1.1, 25.8, 29.8, 46.4, 117.3, 118.8, 145.2,
156.3; MS (EI+) m/z (relative intensity) 266 ([M'], 7), 192 ([M-t-Bu, NH;'], 25), 132
(50), 75 (100); HRMS (EI+) m/z caled. for C14H26N,OSi 266.1814, found 266.1789.
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Preparation of
2',2""-(5-(tert-butyldimethylsilyloxy)-1,3-phenylene)bis(methylene)bis(azanediyl)bis
(oxomethylene)dibiphenyl-2-carboxylic acid

14

Hunig's base (7.9 eq) N
DMAP (0.3 eq) H
DCM, reflux, 19 h (o)

TBDM
OH
25

To a mixture of 2 (381 mg, 1.70 mmol), DMAP (&, N-dimethylaminopyridine, 25.3
mg, 0.207 mmol), Hunig’s base (N, N, N-diisopropylethylamine, 0.950 mL, 5.45 mmol)
and DCM (4.0 mL) was added a solution of 14 (183 mg, 0.688 mmol) and DCM (5.0
mL). The solution was refluxed by an oil bath for 19 h. The reaction mixture was
washed with 1 M aqueous HCI and brine, and dried over MgSO,4. The volatile was
evaporated and the crude product was purified by flush column chromatography
(cosmosil, chloroform : acetone = 97 : 3). 435 mg (88%) of 25 was obtain as white solid.
mp 112-114 °C; IR (KBr disk, v/em™) 3271.4, 3063.1, 2931.9, 2862.5, 2615.6, 1705.1,
1597.1, 1550.8, 1458.2, 1388.8, 1303.9, 1257.6, 1165.0, 1041.6, 841.0, 756.1; '"H NMR
(300 MHz, CDCls, 35 °C) 6 0.10 (s, 6H, SiMe,Bu), 0.96 (m, 10H, ‘Bu), 3.01 (s, 4H,
methylene), 6.25 (s, 2H, OC(CH),), 6.48 (s, 1H, CH(CCH,CH),), 7.1-7.4 (m, 16H,
NHCOCsH,CoHsCOOH), 8.00 (bs, 2H, NH), 9.3-9.5 (bs, 2H, OH); >C NMR (100
MHz, DMSO-dg, 29 °C) § -4.2, 18.9, 25.9, 42.8, 117.4, 119.4, 127.4, 127.6, 127.7,
129.1, 129.6, 130.0, 130.3, 130.4, 130.6, 132.9, 135.9, 140.7, 155.4, 169.2, 170.0; MS
(FAB+) m/z (relative intensity) 715.3 ([M-H'], 15) 657.2 ([M-Bu'], 3) 474.2 (10),
416.1 (9); HRMS (FAB+) m/z calcd. for C4oHa307N,Si1 715.2840, found 715.2811.
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Preparation of
2',2""-((((5-hydroxy-1,3-phenylene)bis(methylene))bis(azanediyl))bis(carbonyl))bis
(([1,1'-biphenyl]-2-carboxylic acid))

(0] O
A R g
OH
0. HO
TBDMS
0] O (0] O
2 49 ¢
5% NaOH QKQAH
MeOH, rt, 1 h OH
9 on "oy
O

@)

Y

1

25 (143 mg, 0.200 mmol) was added into the 5% NaOH in MeOH (2.0 mL) solution.
The mixture was stirred for 1 h . The reaction mixture was washed with 1 M aqueous
HCI and brine, and dried over MgSO,4. The volatile was evaporated and the crude
product was purified by flush column chromatography (cosmosil, chloroform : acetone
=97 : 3). 127 mg (quant) of 1 was obtained as the white solid. mp 140-143 °C; IR (KBr
disk, viem™) 3279.1, 2063.1, 2924.2, 1705.1, 1597.1, 1550.8, 1458.2, 1365.7, 1303.9,
1249.9, 756.1; '"H NMR (400 MHz, DMSO-ds, 29 °C) 6 3.20 (m, 4H, ArCH,NH), 5.29
(s, 1H, ArOH), 5.51 (s, 2H, ArOH), 6.2-6.9 (m, 16H, Ar), 7.4 (m, 2H, NH), 8.36 (s, 1H,
ArOH), 12.1 (bs, 2H, COOH); *C NMR (100 MHz, DMSO-ds, 29 °C) 6 42.5, 112.5,
116.4,127.1, 127.1, 127.3, 129.0, 129.1, 129.8, 130.2, 130.7, 131.6, 135.5, 139.8, 140.0,
140.7, 157.3, 168.5, 168.9.

Preparation of [1,1'-binaphthalene]-2,2'-diyl bis(triﬂuoromethanesulfonate)18

Tf,0 (2.3 eq) OO
pyridine (2.7 eq) “OTH
DCM, 0 °Cto rt, 10 h OO ot

31 30
Under argon, BINOL (31) (2.36 g, 8.2 mmol) was dissolved in 40 mL of dry DCM in
a 80 mL Schlenk flask. Distillated pyridine (1.7 mL, 21 mmol, 2.5 eq) was added and

the solution was cooled to 0 °C. Then triflic anhydride (3.0 mL, 17.8 mmol, 2.2 eq) was
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added slowly via syringe. The reaction mixture was allowed to warm up to room
temperature and kept stirring for 16 h. To the reaction mixture were added CH,Cl, and
IN aqueous HCI. The organic layer was washed with brine, and dried over MgSOs. The
volatile was evaporated and the crude product was purified by flush column
chromatography (silica gel, hexane : EtOAc = 19 : 1). 4.48 g (99%) of 30 was obtained
as white solid. '"H NMR (400 MHz, CDCls, 30 °C) § 7.25 (d, J = 2.8 Hz, 2H, TfOCCH),
7.4 (m, 2H, Ar), 7.6 (m, 2H, Ar), 7.6 (m, 2H, Ar), 8.00 (d, J = 4.0 Hz, 4r), 8.15 (d, J =
4.4 Hz, Ar); °C NMR (125 MHz, CDCl;, 27 °C) § 117.0, 119.5, 123.6, 126.9, 127.5,
128.1, 128.5, 132.1, 132.5, 133.3, 145.5.

Preparation of dimethyl [1,1'-binaphthalene]-2,2'-dicarboxylate'’
Pd(OAC), (20 mol%)

dppp (20 mol%)
Hunig's base (4.5 eq)
“OTf MeOH (40 eq)
OO OTf  pmsO, 120 °C, CO (0.4 MPa)
90 h

30 32

A pressure bottle was charged with 30 (279 mg, 0.500 mmol), palladium(II) acetate
(22.1 mg, 0.0984 mmol, 20 mol%), dppp (41.6 mg, 0.101 mmol, 20 mol%), Hunig’s
base (0.39 mL, 2.2 mmol, 4.5 eq), MeOH (0.81 mL, 20 mmol, 40 eq) and DMSO (2.0
mL). The mixture was stirred at 120 °C for 90 h under carbon monoxide atmosphere
(0.4 MPa). After being cooled, the reaction mixture was diluted with EtOAc. The
mixture was washed with 1N aqueous HCI, saturated aqueous NaHCOs, brine, and
dried over MgSO,. The volatile was evaporated and the crude product was purified by
flush column chromatography (silica gel, hexane : EtOAc =99 : 1). 137 mg (72%) of 32
was obtained as pale yellow solid. "H NMR (400 MHz, CDCls;, 30 °C) & 3.48 (s, 6H,
Me), 7.07 (d, J = 8.0 Hz, 2H, 4r), 7.22 (dd, J = 8.4, 8.4 Hz, 2H, Ar), 7.50 (dd, J = 8.4,
8.4 Hz, 2H, A4r), 7.93 (d, J = 8.0 Hz, 2H, Ar), 8.00 (d, J = 8.4 Hz, 2H, 4r), 8.17 (d, J =
8.4 Hz, 2H, Ar); >C NMR (125 MHz, CDCl;, 27 °C) § 52.00, 126.04, 126.84, 127.30,
127.41, 127.81, 128.01, 128.10, 133.05, 134.98, 140.44, 167.27.
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Preparation of [1,1'-binaphthalene]-2,2'-dicarboxylic acid"?

g ‘ ""COOMe KOH (4.5 eq) ' ‘ ""COOH

>
>

COOMe  MeOH/H,0 = 6/1 COOH
reflux, 12 h

32 29
To a solution of 32 (13.7 g, 36.9 mmol) in MeOH (100 mL) and H,O (20 mL) was
added KOH (9.54 g, 170 mmol, 4.6 eq) and the mixture was refluxed for 15 h. After
evaporating the MeOH, the residue dissolved in EtOAc and IN aqueous HCI and the

organic layer was washed with brine and dried over MgSO,. The volatile was
evaporated and the residue was recrystallized by EtOAc. 12.4 g (98%) of 29 was
obtained as colorless crystals. "H NMR (400 MHz, CDCls;, 30 °C) 8 6.88 (d, /= 8.8 Hz,
2H, Ar), 7.28 (dd, J="7.7, 7.7 Hz, 2H, Ar), 7.54 (dd, J = 7.7, 7.7 Hz, 2H, Ar), 8.04 (d, J
= 8.8 Hz, 2H, Ar), 8.08 (d, J = 7.7 Hz, 2H, 4r), 12.2 (bs, 2H, COOH); *C NMR (125
MHz, CDCls, 27 °C) § 125.60, 126.70, 127.53, 127.94, 127.99, 128.09, 128.38, 132.97,
135.48, 142.00, 172.33.

Preparation of dinaphtho|[2,1-c:1 ',2'-e]oxepine-3,5-dione1°

OO SOCl, (1.1 eq)
""COOH Hunig's base (2.2 eq)
OO COOH DCM,0°Ctort, 18 h

29

>

\

28

To a solution of 29 (1.23 g, 3.60 mmol) and Hunig’s base (1.15 mL, 6.6 mmol, 1.8
eq) in DCM (21 mL) was added SOCI, (0.30 mL, 4.13 mmol, 1.1 eq) at 0 °C over 15
min. After being stirred for 4.5 h at room temperature, the reaction mixture was treated
with 10% aqueous citric acid and extracted with DCM. The organic layer was washed
successively with saturated aqueous NaHCOs; and brine and dried over MgSQOy. After
evaporation of the solvent, 1.10 g (94%) of 28 was obtained as pale yellow solid. 'H
NMR (400 MHz, CDCls, 30 °C) 6 7.09 (d, J = 8.8 Hz, 2H, Ar), 7.28 (dd, J = 8.4, 8.4 Hz,
2H, Ar), 7.59 (dd, J = 8.4, 8.4 Hz, 2H, Ar), 7.97 (d, J = 8.4 Hz, 2H, Ar), 8.06 (d, J = 8.8
Hz, 2H, Ar), 8.20 (d, J = 8.4 Hz, 2H, 4r); °C NMR (125 MHz, CDCls, 27 °C) & 125.7,
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126.6, 126.7, 127.5, 128.0, 128.0, 128.1, 133.0, 125.5, 141.9, 172.2.
Preparation of 1-br0m0-2-(br0momethyl)naphthalene19
NBS (1.3 eq)
BPO (cat.)
> Br
Me cyclohexane, reflux, 12 h
Br Br
33 34

To a solution of 33 (25.0 g, 113 mmol) and N-bromosuccinimide (25.5 g, 143 mmol,
1.3 eq) in cyclohexane (100 mL) was added benzoyl peroxide (137 mg, 0.567 mmol, 1
mol%) and the mixture was refluxed for 12 h. The reaction mixture was diluted with
Et,0O and washed with 1N aqueous HCI, saturated aqueous NaHCO3 and brine and dried
over MgSO,. The volatile was evaporated and the residue was recrystallized by EtOAc.
27.7 g (98%) of 34 was obtained as pale yellow crystals. IR (KBr disk, v/iem™) 3433 .4,
3039.9, 1550.8, 1496.8, 1435.1, 1327.1, 1257.6, 1203.6, 979.9, 864.1, 810.1, 756.1,
275.3, 671.3, 578.7, 501.5; '"H NMR (400 MHz, CDCls, 29 °C) & 4.84 (s, 2H, CH,),
7.5-7.6 (m, 3H, Ar), 7.8 (m, 2H, Ar), 8.32 (d, J = 9.2 Hz, 1H, Ar); *C NMR (125 MHz,
CDCls, 27 °C) 8§ 41.4, 119.7, 126.9, 128.1, 128, 4, 128.5, 128.5, 129.1, 131.3, 134.8,
138.1.

Preparation of (1-bromonaphthalen-2-yl)methyl acetate'’
=
NaOAc (3.5 eq)
Br > X OAc
DMF, 60 °C, 18 h
Br Br
34 35

A solution of 34 (23.0 g, 91.6 mmol) and NaOAc (25.0 g, 305 mmol, 3.5 eq) in DMF
(130 mL) was heated at 60 °C by oil bath. After stirring the solvent was removed in
vacuo, the residue was treated with 1N aqueous HCI and extracted with EtOAc/Hexane.
The organic layer was washed with saturated aqueous NaHCOj; and brine and dried over
MgSO4. After evaporation of the solvent, the residue was purified by flush column
chromatography (silica gel, Hexane : EtOAc =30 : 1 to 20 : 1). 23.1 g (90%) of 35 was
obtained as colorless oil. '"H NMR (400 NMR, CDCls, 29 °C) d 2.16 (s, 3H, Me), 5.44
(s, 2H, methylene), 7.5-7.6 (m, 3H, Ar), 7,8 (m, 2H, 4r), 8.33 (d, J = 8.4 Hz, 1H, 4r);
BC NMR (125 MHz, CDCl;, 27 °C) § 21.1, 66.9, 123.9, 126.5, 127.0, 127.4, 128.0,
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128.3,132.4, 133.4, 134.3, 170.8.
Preparation of (1-bromonaphthalen-2-yl)methanol
KOH (0.4 eq)
OAc - OH
MeOH, rt, 4 h
Br Br

To the solution of 35 (5.56 g, 19.9 mmol) in 13 mL of MeOH was added KOH (449
mg, 8.00 mmol, 0.4 eq). After stirring for 12 h, the reaction mixture was diluted with
diethyl ether. The organic layer was washed with 1 N aqueous HCI, saturated aqueous
NaHCO; and brine, and dried over Na,SOs. The volatile was evaporated, and the
residue was recrystallize by Hexane/EtOAc and 4.40 g (93%) of 36 was obtained as
colorless crystal. IR (KBr disk, v/cm'l) 3240.5, 2854.7, 1504.5, 1458.2, 1327.1, 1064.7,
964.4, 810.1, 763.8, 733.0, 524.7; '"H NMR (400 MHz, CDCls, 29 °C) § 2.11 (bs, 1H,
OH), 4.99 (d, J = 4.8 Hz, 2H, methylene), 7.5-7.6 (m, 3H, Ar), 7.8 (m, 2H, Ar), 8.31 (d,
J = 8.8 Hz, 1H, 4r); °C NMR (125 MHz, CDCls, 27 °C) § 66.1, 122.6, 126.1, 126.7,
127.1, 127.6, 128.1, 128.3, 132.3, 134.2, 137.9.

Preparation of 1-bromo-2-naphthaldehyde
TPAP (1 mol%)
NMO (1.5 eq)
DCM/MeCN, 0 °C to rt CHO
Br 19 h Br
36 37

To the round-bottom flask were added 36 (18.4 g, 77.7 mmol), MS 4A (38.9 g),
N-methylmorpholine N-oxide (13.8 g, 118 mmol, 1.5 eq), dehydro-DCM (150 mL) and
dehydro-MeCN (32 mL). To the suspension was added tetrapentylammonium
perruthenate (273 mg, 0.777 mmol, 1 mol%) on ice bath. The reaction mixture was
stirred for 1 h on the ice bath, then it was stirred under room temperature for 19 h. The
volatile was evaporated, and the residue was purified by flush column chromatography
(silica gel, Hexane : EtOAc =8 :1to 5:1). 15.9 g (87%) of 37 was obtained as white
solid. IR (KBr disk, v/em™) 1682.0, 1319.4, 1211.3, 810.1, 756.1; "H NMR (400 MHz,
CDCls, 29 °C) & 7.3-7.9 (m, 5H, Ar), 8.5 (m, 1H, 4r), 10.67 (s, 1H, CHO); *C NMR
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(100 MHz, CDCl3, 29 °C) 8 122.5, 126.1, 126.7, 127.1, 127.6, 128.1, 128.3, 1323.3,
134.2,137.9, 202 .4.

Preparation of 1-bromo-2-naphthoic acid

NaClO, (3.0 eq)
NaH,PO, (1.5 eq)

2-methyl-2-butene
9% LRGP
H
CHO +BuOH/THF/H,O c0o0

Br r, 24 h Br
37 38

To the solution of 37 (15.3 g, 65.0 mmol) in THF (130 mL) were added ~-BuOH
(300 mL) and 2-methyl-2-butene (69.1 mL, 650 mmol, 10 eq). The mixture was added
the solution of NaClO; (17.6 g, 195 mmol, 3.0 eq) and NaH,PO, (11.7 g, 97.5 mmol,
1.5 eq) in water (60 mL). The solution was stirred for 24 h under room temperture, then
the organic solvent was evaporated. To the residue was added the saturated aqueous
NaHCO;3, then the water layer was acidified by HCI conc. The product was extracted by
diethyl ether, and the solution was dried over Na,SO4. The volatile was evaporated and
the crude product was purified by recrystallization (EtOAc). 15.1 g (89%) of 38 was
obtained by white solid. IR (KBr disk, v/cm™) 2962.8, 2870.2, 2823.9, 2777.6, 2592.4,
24998, 1666.6, 1597.1, 1458.2, 1396.5, 1242.2, 964.4, 756.1, 540.1; '"H NMR (400
MHz, CDCls, 29 °C) 8 7.6- 7.7 (m, 2H, A4r), 7.9 (m, 3H, Ar), 8.54 (d, J = 8.8 Hz, 1H,
Ar); C NMR (100 MHz, DMSO-ds, 29 °C) § 119.8, 125.4, 127.4, 128.1, 128.3, 128.6,
128.7, 131.3, 133.5, 134.4, 168.5.

Preparation of methyl 1-bromo-2-naphthoate'”

SOCl, (3.0 eq)
COOH  \1e0H, 0 °C to reflux COOMe

Br 5h Br
38 39

To a mixture of 38 (15.1 g, 60.0 mmol) in MeOH (145 mL) was added SOCI, (13.0
mL, 179 mmol, 3.0 eq) over 10 min under cooling on ice bath. The mixture was
refluxed for 5 h and evaporated. The residue was dissolved in EtOAc and washed with
saturated aqueous NaHCO; and brine and dried over Na,SO4. The volatile was

evaporated and the residue was purified by flush column chromatography (silica gel,
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Hexane : EtOAc =8 : 1). 15.1 g (95%) of 39 was obtained as white solid. "H NMR (400
MHz, CDCls, 30 °C) 6 4.00 (s, 3H, Me), 7.6-7.7 (m, 3H, Ar), 7.8 (m, 2H, Ar), 8.45 (d, J
= 8.4 Hz, 1H, 4r); °C NMR (125 MHz, CDCls, 27 °C) § 52.8, 122.8, 125.9, 128.0,
128.2, 128.3,128.3, 128.7, 131.4, 132.4, 135.3, 168.0.

Preparation of dimethyl [1,1'-binaphthalene]-2,2'-dicarboxylate'’

OO Cu powder (1.7 eq) OO COOMe
COOMe DMF, 125 °C, 24 h COOMe
o I

39 40

A mixture of 39 (9.30 g, 35.1 mmol) and copper powder (3.80 g, 59.9 mmol, 1.7 eq)
in DMF (14 mL) was stirred at 125 °C for 24 h. The mixture was filtered through a pad
of Celite and undissolved materials were washed with DMF. The filtrate and the
washings were combined and evaporated. The residue was dissolved with
EtOAc/Hexane and washed with IN aqueous HCI, saturated aqueous NaHCO; and
brine and dried over Na,SO4. The volatile was evaporated and the residue was purified
by flush column chromatography (silica gel, Hexane : EtOAc =5 : 1 to 2 : 1). 5.58
(87%) of 40 was obtained as white solid. "H NMR (400 MHz, CDCls, 30 °C) & 3.48 (s,
6H, Me), 7.07 (d, J = 8.0 Hz, 2H, Ar), 7.22 (dd, J = 8.4, 8.4 Hz, 2H, Ar), 7.50 (dd, J =
8.4, 8.4 Hz, 2H, Ar), 7.93 (d, J = 8.0 Hz, 2H, Ar), 8.00 (d, J = 8.4 Hz, 2H, Ar), 8.17 (d, J
= 8.4 Hz, 2H, Ar); C NMR (125 MHz, CDCl, 27 °C) & 52.00, 126.04, 126.84, 127.30,
127.41, 127.81, 128.01, 128.10, 133.05, 134.98, 140.44, 167.27.

Preparation of [1,1'-binaphthalene]-2,2'-dicarboxylic acid"?

g ‘ COOMe KOH (4.5 eq) ! ‘ COOH

>

COOMe  MeOH/H,0 = 6/1 COOH
reflux, 12 h

40 a1
To a solution of 40 (13.7 g, 36.9 mmol) in MeOH (100 mL) and H,O (20 mL) was
added KOH (9.54 g, 170 mmol, 4.6 eq) and the mixture was refluxed for 15 h. After
evaporating the MeOH, the residue dissolved in EtOAc and IN aqueous HCI and the
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organic layer was washed with brine and dried over MgSO,. The volatile was
evaporated and the residue was recrystallized by EtOAc. 12.4 g (98%) of 41 was
obtained as colorless crystals. "H NMR (400 MHz, CDCls;, 30 °C) 9 6.88 (d, /= 8.8 Hz,
2H, Ar), 7.28 (dd, J= 7.7, 7.7 Hz, 2H, Ar), 7.54 (dd, J = 7.7, 7.7 Hz, 2H, Ar), 8.04 (d, J
= 8.8 Hz, 2H, 4r), 8.08 (d, J = 7.7 Hz, 2H, Ar), 12.2 (bs, 2H, COOH); *C NMR (125
MHz, CDCls, 27 °C) 8 125.60, 126.70, 127.53, 127.94, 127.99, 128.09, 128.38, 132.97,
135.48, 142.00, 172.33.

Preparation of (S)-[1,1'-binaphthalene]-2,2'-dicarboxylic acid"?

= (S)-cyclohexylethylamine
~ (1.2 eq) ,
COOH Me,NH (0.9 eq) "COOH
Y O COOH  MeOH/H,0, 65 °C to rt OO COOH
3h
NS

4 29
To a suspension of 41 (7.55 g, 22.1 mmol) in MeOH (36 mL) were added Me,NH
(50 wt% solution in H,O, 2.08 mL, 19.8 mmol, 0.9 eq) and (S)-cyclohexylethylamine

(3.86 mL, 26.4 mmol, 1.2 eq) and the mixture was dissolved at 65 °C. To this mixture
was added boiling water (16 mL) and the mixture was gradually cooled down to room
temperature under mechanical stirring for 2.5 h. After further stirring at room
temperature for 1 h, the white solid formed was collected, washed with 40%
MeOH/H,0. The salt was dissolved in 10% aqueous NaOH and washed with DCM.
The aqueous layer was acidified by concd HCI and extracted with EtOAc. The organic
layer was treated with active charcoal and dried over Na,SO4. The volatile was
evaporated and the residue was purified by recrystallization (EtOAc). 2.92 g (39% yield,
>99% ee) of 29 was obtained as colorless solid. 'H NMR (400 MHz, CDCl;, 30 °C) §
6.88 (d, /=8.8 Hz, 2H, Ar), 7.28 (dd, J = 7.7, 7.7 Hz, 2H, Ar), 7.54 (dd, J= 7.7, 7.7 Hz,
2H, 4r), 8.04 (d, J = 8.8 Hz, 2H, 4r), 8.08 (d, J = 7.7 Hz, 2H, A4r), 12.2 (bs, 2H,
COOH); *C NMR (125 MHz, CDCl;, 27 °C) & 125.60, 126.70, 127.53, 127.94, 127.99,
128.09, 128.38, 132.97, 135.48, 142.00, 172.33; Enantiomeric excess was determined
by HPLC (DAICEL CHIRALCEL OD-3, Hexane/2-propanol/trifluoroacetic acid
90/10/0.1, flow 1.0 mL/min, detection at 254 nm) tg 8.9 (R) and tg14.6 (S).
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Preparation of methyl
2'-((3-((zert-butyldimethylsilyl)oxy)-5-(((S)-2'-(methoxycarbonyl)-[1,1'-binaphthale
ne|-2-carboxamido)methyl)benzyl)carbamoyl)-[1,1'-binaphthalene]-2-carboxylate

1) Hunig's base (10.0 eq) (|) O
DMAP (1.0 eq) J\ N
DCM, reflux, 36 h H

N
H

>
>

2) EDC-HCI (5.0 eq)
MeOH (20.0 eq) COOMe Q_ MeOOC
DMAP (1.0 eq) TBDMS
DCM, 0 °Cto rt, 18 h 42

To a solution of 22 (533 mg, 2.00 mmol), DMAP (243 mg, 1.99 mml, 1.0 eq) and
Hunig’s base (3.50 mL, 20.1 mmol, 10.0 eq) in DCM (25 mL) was added 28 (1.53 g,
4.40 mmol, 2.2 eq) and the mixture was refluxed for 36 h. The reaction mixture was
washed with 1N aqueous HCI and dried over MgSQO4. The volatile was removed by
evaporater and the residue was desiccated by toluene azeotropy. The product was used
for next step without more purification. To a solution of its product (1.84 g, 2.00 mmol),
DMAP (251 mg, 2.06 mmol, 1.0 eq) and MeOH (1.60 mL, 39.5 mmol, 19.7 eq) in
DCM (19 mL) was added EDC<HCI (1.92 g, 10.0 mmol, 5.0 eq) at 0 °C. After being
stirred for 18 h at room temperature, the reaction mixture was treated with 1N aqueous
HCIl and extracted with DCM. The organic layer was washed successively with
saturated aqueous NaHCOj; and brine and dried over MgSO,. After evaporation of the
solvent, the residue was purified by flush column chromatography (silica gel, hexane :
EtOAc=3:1to1l:1to1:2). 828 mg (44% over 2 sterps) of 42 was obtained as pale
yellow solid. '"H NMR (400 MHz, CDCl3, 30 °C) 8 0.12 (s, 6H, SiMe,#-Bu), 0.98 (s, 9H,
t-Bu), 3.46 (s, 6H, COOMe), 3.8-4.0 (m, 4H, Bn), 5.45 (s, 1H, Ar), 6.18 (s, 2H, Ar), 6.9
(m, 4H, naphthyl), 7.2-7.3 (m, 8H, naphthyl), 7.4-7.5 (m, 4H, naphthyl), 7.8 (m, 4H,
naphthyl), 7.9 (m, 4H, naphthyl), 8.03 (d, J = 8.4 Hz, 2H, NH); °C NMR (125 MHz,
CDCls, 27 °C) 8 -4.2 25.8, 29.8, 43.5, 52.6, 118.3, 119.5, 124.7, 124.9, 126.1, 126.9,
127.0, 127.4, 127.7, 128.1, 128.3, 128.8, 128.9, 132.3, 132.7, 133.1, 134.1, 134.9, 135.0,
137.6, 139.1, 155.8, 169.3, 169.3.
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Preparation of
2'-((3-(((S)-2'-carboxy-[1,1'-binaphthalene]-2-carboxamido)methyl)-5-hydroxyben
zyl)carbamoyl)-[1,1'-binaphthalene]-2-carboxylic acid

?k 0
N N
H H
OO COOMe O MeOOC™
TBDMS

42
O @)
1) TEA-2HF (10.0 eq) “‘\”\N N
THF, t, 24 h HﬁH
2) KOH (20 eq)
MeOH/H,0 = 6/1 COOH OH HOOC
reflux, 12 h

43

To a solution of 42 (475 mg, 0.503 mmol) in THF (8.2 mL) was added TEA+3HF
(0.80 mL, 5.0 mmol, 9.9 eq). After being stirred for 24 h at room temperature, the
reaction mixture was treated with 1N aqueous HCI and extracted with EtOAc. The
organic layer was dried over MgSO4. The volatile was removed by evaporater and the
residue was purified by flush column chromatography (silica gel, Hexane : EtOAc =1 :
3). The product (62.8 mg, 0.0758 mmol) was dissolved in MeOH (1.2 mL) and H,O
(0.2 mL), and the solution was added KOH (99.3 mg, 1.77 mmol, 23.4 eq) and reflux
for 12 h by oil bath. The reaction mixture was treated with 1N aqueous HCIl and
extracted with EtOAc. The organic layer was dried over MgSOs. After evaporating the
solvent, 43 (98% over 2 steps) was obtained as white solid. '"H NMR (400 MHz,
DMSO-ds, 30 °C) & 3.8 (m, 4H, Bn), 5.74 (s, 1H, Ar), 6.22 (s, 2H, Ar), 6.83 (d, J = 8.8
Hz, 2H, naphthyl), 6.94 (d, J = 8.4 Hz, 2H, napthyl), 7.16 (d, J = 8.0 Hz, 2H, naphthyl),
7.2-7.3 (m, 4H, naphthyl), 7.4-7.6 (m, 4H, naphthyl), 7.77 (d, J = 8.4 Hz, 2H, naphthyl),
7.8-8.0 (m, 4H, naphthyl), 8.0-8.1 (m, 4H, naphthyl), 8.11 (d, J = 8.4 Hz, 2H, NH), 8.5
(bs, 2H, COOH), 9.1 (bs, 1H, ArOH).
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Preparation of diisopropyl [1,1'-binaphthalene]-2,2'-dicarboxylate

1) SOClI, (14 eq) OO
reflux, 4 h "‘COO0I-Pr
2) i-PrOH (13 eq) COOFPr
pyridine (3.0 eq)
reflux, 2 h

29 47

A solution of 29 (1.84 g, 5.37 mmol) in SOCI, (5.6 mL) was refluxed for 4 h. The

solvent was removed and the residue was dissolve in i-PrOH (6 mL). To the solution

was added pyridine (1.50 mL) and refluxed for 2 h. The reaction mixture was treated
with saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was washed
with saturated aqueous NaHCOs and brine and dried over Na,SOs. The volatile was
evaporated and the residue was purified by flush column chromatography (silica gel,
Hexane : EtOAc=19:1t09:1to4:1). 2.03 g (89%) of 47 was obtained as white
solid. "H NMR (400 MHz, CDCl;3, 30 °C) & 0.44 (d, J = 6.0 Hz, 6H, Me), 0.75 (d, J =
6.4 Hz, 6H, Me), 4.7-4.8 (m, 2H, CHMe»), 7.12 (d, J = 8.8 Hz, 2H, naphthyl), 7.2-7.3
(m, 2H, naphthyl), 7.5 (m, 2H, naphthyl), 7.92 (d, J = 8.4 Hz, 2H, naphthyl), 8.00 (d, J
= 8.8 Hz, 2H, naphthyl), 8.16 (d, J = 8.8 Hz, 2H, naphthyl); >C NMR (125 MHz,
CDCls, 27 °C) 6 20.8, 12.2, 67.9, 126.3, 126.7, 127.6, 127.7, 127.8, 127.9, 128.6, 133 .4,
134.9, 139.8, 167.0.

Preparation of diisopropyl 3,3'-dibromo-[1,1'-binaphthalene]-2,2'-dicarboxylate™

OO Mg(TMP), (4.0 eq)
“COOLPr Br, (8.0 eq) o
I COOMPr g _78°Ctort, 12 h

47

Preparation of Mg(TMP),; To Mg turnings (194 mg, 7.98 mmol) in refluxing THF (8
mL) was added 1,2-dibromoethane (0.689 mL, 8.01 mmol, 1.0 eq) dropwise to form a
suspension of MgBr;. A solution of LiTMP in THF, prepared in a separate flask by the
treatment of distilled 2,2,6,6-tetramethylpiperidine (2.72 mL, 16.0 mmol, 2.0 eq) in
THF (8.0 mL) with a 1.6 M hexane solution of #n-BuLi (10.0 mL, 16.0 mmol, 2.0 eq) at

0 °C for 30 min. was successively transferred to the MgBr, suspension. Additional
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stirring at 0 °C for 2 h gave a THF solution of Mg(TMP),.

To a THF solution of Mg(TMP), prepared as described above (7.98 mmol, 4.0 eq) was
added 47 (854 mg, 2.00 mmol) in THF (8.0 mL) dropwise at 0 °C under argon
atmosphere and the mixture was stirred for 3 h at room temperature. After being cooled
to -78 °C, Br; (0.83 mL, 16 mmol, 8.0 eq) was added and stirring was continued for 24
h at room temperature. This mixture was then poured into cooled 1N aqueous HCI and
extracted with EtOAc. The organic layer was washed with saturated aqueous Na,SOs3,
NaHCOj; and brine and dried over Na,SO4. The volatile was evaporated and the residue
was purified by flush column chromatography (silica gel, Hexane : EtOAc =19 : 1 to
9 :1). 1.05 g (90%) of 46 was obtained as pale yellow solid. '"H NMR (400 MHz,
CDCls, 30 °C) 6 0.67 (d, J = 6.4 Hz, 6H, Me), 0.79 (d, J = 6.4 Hz, 6H, Me), 4.8 (m, 2H,
CHMe,), 7.19 (d, J = 8.4 Hz, 2H, naphthyl), 7.3-7.4 (m, 2H, naphthyl), 7.5 (m, 2H,
naphthyl), 7.81 (d, J = 8.4 Hz, 2H, naphthyl), 8.23 (s, 2H, naphthyl).

Preparation of diisopropyl
3,3'-bis(3,5-dimethylphenyl)-[1,1'-binaphthalene]-2,2'-dicarboxylate20
3.5-dimethylphenyl Me
boronic acid (3.0 eq)
Pd(OAc), (5 mol%)
PhsP (15 mol%) Me
KQCOg (30 eCI)
Ho0 (5.0 eq) "'*COOI-Pr
DMF, 90 °C, 24 h COO/-Pr

Me

45

Me

A mixture of 46 (579 mg, 0.990 mmol), 3,5-dimethylphenylboronic acid (450 mg,
3.00 mmol, 3.0 eq), Pd(OAc); (10.5 mg, 0.0468 mmol, 5 mol%), PhsP (41.3 mg, 0.158
mmol, 15 mol%) and K,CO; (412 mg, 2.98 mmol, 3.0 eq) in DMF (8 mL) was
degassed and backfilled with argon. This mixture was heated at 90 °C for 24 h. After
being cooled to room temperature, the resulting mixture was poured into saturated
aqueous NH4CI and extracted with Et,O. The organic layer was dried over Na;SO4. The
volatile was evaporated and the residue was purified by flush column chromatography
(silica gel, Hexane : EtOAc = 19 : 1). 584 mg (93%) of 45 was obtained as white solid.
'H NMR (400 MHz, CDCl;, 30 °C) & 0.54 (d, J = 6.0 Hz, 6H, CHMe;), 0.58 (d, J = 6.4
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Hz, 6H, CHMe,), 2.34 (s, 12H, ArMe), 4.4-4.5 (m, 2H, CHMe,), 6.99 (s, 2H, Ar), 7.16
(s, 4H, Ar), 7.3-7.4 (m, 4H, naphthyl), 7.4-7.5 (m, 2H, naphthyl), 7.86 (d, J = 8.4 Hz,
2H, naphthyl), 7.94 (s, 2H, naphthyl).

Preparation of bis(2-(trimethylsilyl)ethyl) [1,1'-binaphthalene]-2,2'-dicarboxylate’'

CONNET TG
“COOH reflux, 12 h “COOTMSE
COOH 2) TMSCH,CH,OH COOTMSE
(2.5€eq)
pyridine (3.0 eq)

29 THF, reflux, 12 h 50

To the flask containing 29 (4.50 g, 13.2 mmol) was added SOCI, (13.0 mL, 179

mmol, 14 eq) and refluxed for 12 h. SOCI, was removed by evaporation to give the acid
chloride. The solid thus obtained was then diluted with THF (30 mL) and cooled to 0 °C.
To the solution were added 2-(trimethylsilyl)ethanol (4.70 mL, 32.8 mmol, 2.5 eq) and
pyridine (3.20 mL, 39.7 mmol, 3.0 eq). After stirring for 12 h at room temperature, the
reacrtion mixture was treated with saturated aqueous NH4Cl and extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,4. The volatile was
evaporated and the residue was purified by flush column chromatography (silica gel,
Hexane : EtOAc = 15 : 1). 5.97 g (84%) of 50 was obtained as pale yellow oil. '"H NMR
(500 MHz, CDCls, 27 °C) 8 -0.10 (s, 18H, TMS), 0.40-0.47 (m, 4H, CH,TMS), 3.9 (m,
4H, COOCH,), 7.10 (d, J = 8.0 Hz, 2H, naphthyl), 7.1-7.2 (m, 2H, naphthyl), 7.5 (m,
2H, naphthyl), 7.92 (d, J = 8.0 Hz, 2H, naphthyl), 7.99 (d, J = 8.5 Hz, 2H, naphthyl),
8.16 (d, J = 8.5 Hz, 2H, naphthyl).

Preparation of bis(2-(trimethylsilyl)ethyl)
3,3'-dibromo-[1,1'-binaphthalene]-2,2'-dicarboxylate’'

OO Mg(TMP), (4.0 eq)
“COOTMSE Brp(120eq)
g ‘ COOTMSE  ThE .78 °Ctort, 12

50

To a THF solution of Mg(TMP), prepared as described above (12.8 mmol, 4.0 eq)
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was added 49 (1.73 mg, 3.19 mmol) in THF (13.0 mL) dropwise at 0 °C under argon
atmosphere and the mixture was stirred for 3 h at room temperature. After being cooled
to -78 °C, Br; (2.00 mL, 38.8 mmol, 12.0 eq) was added and stirring was continued for
24 h at room temperature. This mixture was then poured into cooled 1N aqueous HCI
and extracted with EtOAc. The organic layer was washed with saturated aqueous
NaHCO:3, saturated aqueous Na,SOj; and brine and dried over Na,SOs. The volatile was
evaporated and the residue was purified by flush column chromatography (silica gel,
Hexane : EtOAc : DCM =20 :1:1). 1.51 g (68%) of 50 was obtained as pale yellow
solid. '"H NMR (500 MHz, CDCls, 27 °C) & -0.11 (s, 18H, TMS), 0.3-0.4 (m, 4H,
CH,TMS), 3.9 (m, 4H, COOCH,), 7.18 (d, J = 8.5 Hz, 2H, naphthyl), 7.3 (m, 2H,
naphthyl), 7.5 (m, 2H, naphthyl), 7.82 (d, J = 8.0 Hz, 2H, naphthyl), 8.23 (s, 2H,
naphthyl).

Preparation of bis(2-(trimethylsilyl)ethyl)
3,3'-bis(3,5-dimethylphenyl)-[1,1'-binaphthalene]-2,2'-dicarboxylate
3.5-dimethylphenyl

boronic acid (3.0 eq)
Pd(OAc), (5 mol%)

~Br PhsP (15 mol%)
KZCO3 (3.0eq)
"‘COOTMSE H20 (5.0 eq)

COOTMSE  pMF, 90 °C, 24 h

Br

A mixture of 50 (1.03 mg, 1.48 mmol), 3,5-dimethylphenylboronic acid (685 mg,
4.56 mmol, 3.0 eq), Pd(OAc), (16.2 mg, 0.0722 mmol, 5 mol%), PhsP (63.8 mg, 0.243
mmol, 15 mol%) and K,COs (626 mg, 4.53 mmol, 3.0 eq) in DMF (12 mL) was
degassed and backfilled with argon. This mixture was heated at 90 °C for 24 h. After
being cooled to room temperature, the resulting mixture was poured into saturated
aqueous NH4Cl and extracted with Et,O. The organic layer was dried over Na;SO4. The
volatile was evaporated and the residue was purified by flush column chromatography
(silica gel, Hexane : DCM =1 : 1). 914 mg (83%) of 51 was obtained as pale yellow
solid. '"H NMR (400 MHz, CDCl;, 30 °C) & -0.19 (s, 6H, TMS), 0.1-0.2 (m, 4H,
CH,TMS), 2.34 (s, 12H, ArMe), 3.5-3.6 (m, 4H, COOCH,), 6.98 (s, 2H, 4r), 7.15 (s,
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4H, Ar), 7.3 (m, 4H, naphthyl), 7.4-7.5 (m, 2H, naphthyl), 7.86 (d, J = 8.4 Hz, 2H,
naphthyl), 7.94 (s, 2H, naphthyl).

Preparation of 3,3'-bis(3,5-dimethylphenyl)-[1,1'-binaphthalene]-2,2'-dicarboxylic
acid
Me Me

Me

COOTMSE THF, 60 °C, 24 h

Me
A solution of 52 (914 mg, 1.21 mmol) and Tetrabutylammonium fluoride (1M THF
solution, 12 mL, 12 mmol, 10 eq) in THF (4.4 mL) was heated at 60 °C. After being

stirring for 24 h, the reaction mixture was treated with 1N aqueous HCI and extracted
with EtOAc. The organic layer was evaporated and the residue was purified by flush
column chromatography (silica gel, Hexane : EtOAc = 1 : 1). '"H NMR (500 MHz,
CDCls, 27 °C) 8 2.22 (s, 12H, ArMe), 6.88 (s, 2H, Ar), 7.0 (m, 2H, naphthyl), 7.02 (s,
4H, Ar), 7.2 (m, 2H, naphthyl), 7.4 (m, 2H, naphthyl), 7.8 (m, 2H, naphthyl), 7.85 (d, J
= 8.0 Hz, 2H, naphthyl).
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