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AADAC, human arylacetamide deacetylase

Ac, acetyl

ag., aqueous

BA, bioavailability

B-LA, boron Lewis acid

Bn, benzyl

Boc, butyloxycarbonyl

BPHB, butyl p-hydroxybenzoate

Bs, benzenesulfonyl

cat., catalyst

Cbz, benzyloxycarbonyl

CES, carboxylesterase

c.m., complex mixtures

Cp, cyclopentadienyl

DCC, dicyclohexylcarbodiimide

DIPEA, N,N-diisopropylethylamine

DMAP, 4-dimethylaminopyridine

DMP, 2,2-dimethoxypropane

DMSO, dimethylsulfoxide

EDC, 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
eq, equivalent

ESI, electrospray ionization

Et, ethyl

HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HFP, 1,1,1,3,3,3-hexafluoroisopropyl

HIM, human small intestine microsomes

HLM, human liver microsomes

HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A
HPLC, high performance liquid chromatography
HRMS, high resolution mass spectrometry

Hz, hertz



IR, infrared

LA, Lewis acid

M, moles per liter

mp, melting point

N.D., not detectable

NMR, nuclear magnetic resonance
n.o., not obtained

n.r., no reaction

Phen, 1,10-phenanthroline

PON, paraoxonase

rt, room temperature

S.D., standard deviation

temp., temperature

TFA, trifluoroacetic acid

TFAA, trifluoroacetic anhydride
TFE, 2,2,2-trifluoroethyl

THF, tetrahydrofuran

TLC, thin—layer chromatography
TMS, tetramethylsilane

tr, retention time

Tris, tris(hydroxymethyl)aminomethane
Ts, p-toluenesulfonyl

TsOH, p-toluenesulfonic acid
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Figure 1. Process of drug discovery research
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Figure 2. Heterocycles—containing pharmacological compounds
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TEPEFEIC DUV CRFZE 1T o 7.



B

3-Functionalized indole O & BiE D BH%E



FL1E ILOHI

Sugasawa 1% BCl, fFE T T, = h VL2 X % aniline (3) DA /L ~#IRAY Friedel-Crafts
RG22 855 U= (Scheme 1).Y = %017, % J512 Hamana & Sugasawa 1%, 7~ 73 % Lewis &
(B-LA) 2RI =Y VETEHAL L, REFHAIEL L THAx OBE#RT V7 & Kk
THEEWME L. BI2IX, —@E#6 HDHVIE BT LV 812K 5 Prins # 4 7K
IR Z e D ZEHT LA 2 111 K B ene RS0,  allyltrimethylsilane (13) 12 & % il 7
FED 2T 5D (Scheme 2).Y

N BCI
©/NH2 _ BCly _ ©/ 2

3

NH, NH,
0 O
R R
4 5
Scheme 1. Specific ortho Friedel-Crafts reaction of aniline

Type | (Prins type) reaction

BClz, CCI,CN CCl3 Cl
RS —— R® SN-BCI ¢ ¢
CH,Cl,, -78°C o3 R =N

6 7

Type Il (Prins type) reaction

1 oc, 1o|
K> CH,Cl,, -78°C Rige”™ NBCh

8 9 10

Type Il (ene) reaction

BCl, o
1 2 N® R! @ 1
R>:\ BCl;, R2CN » H Kc HN-BCl  H,o R o
CH,Cl, R2 R2 R2
11 12
Hosomi—Sakurai reaction
S
BCl3, RCN ) H,0 %
_~_SiMe; N-BCls 2 R)k/\
CH,Cl, AR SiMes
13 14

Scheme 2. Reaction of substituted alkenes with nitriles in the presence of boron trichloride
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EZAT, BRTHERENTWEIATREOREF L LTA v R—bEWRH 5.
A > R—/Vid tryptophan (15) (7 X /B8) IZEENDH~THERTH Y, BARAOFITHZS
SIEELTWSD. & 5T indometacin (16) (NSAIDs) <> pindolol (17) (B3% 25 1AM HK),
ramosetron (18) (5-HT; 2 AMHEWTIE) 72 E DG REHK S OH G E L THAIH SN T
W% (Figure 3).

0}
e
N

| )—CHg
QE/YCOZH H3C‘o<>[(
H2 COQH

HN N
L-tryptophan (15) indometacin (16)
HsC H
= OH 4 N N
HN%/O\)\/NT/ OJ\’ \ N/>
|
o}
pindolol (17) ramosetron (18)

Figure 3. The structures of natural product and synthesizing pharmaceutical including the indole
skeleton

FRZ 3-TI A R—= R 3-T XA R—)UiZ, #kaxzTnviiaf R4 R—
WVHEEROGHEHPEERE LTHEHA SN TN M) £, 37 VA v R—LikH
RITHEEHIOP HIV-L o 7 7 7 — BRI EOFEBIR 2 AT 5 Z L b A ST
W5 M X 52, Figure 3 Ti L 7= ramosetron (18) 1%, 3-7 /LA v R—/U &2 A3 %
EFEMLTHY, MPEIZBWTHTET (HIk3), 1 U R— RBUEEEFERRE)
ELTHEZMFENTND.,

ZDOEINTA v F=AfFERITERERE S, $FZ 3-T7 b, v F—ZHonT, &
AP D FRDRIT DI TN D, 3-T Vb A o R—= L GE, A > R—v® 3A0xtd 53k
BT EBSICE D b ORI TH Y, Friedel-Crafts =2, Vilsmeier—Haack X
R0 A v R— BRI L 5T VbG8 JERICE < OFENRE ST
% (Scheme 3).
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[ \
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Scheme 3. Synthesis of 3-acylindole

Scheme 3 O EE¢T/R LT, A4 > K—/L® 347 Friedel-Crafts 7 > /WAL hiatd, BaM:SRAt:
TIZBW T A RERISAHA L TEZ Y, 1-7 3 A v ==, 1,3-PT b A » K
—b, AV Iv—IK, SHIZEFEOF Y A~v—KOT VALK ERFE LD Z LD
BNTWAS. TIN5 ORI EIHT D72 0120%, 4> R—=VOEZEFRTFEHLN LD
R LR THORITNIER SR, Lo T, BHEFEFORE, Pir#ED TRNLE
Tho, HOWNNTIHWLND A F—=UEEIZHIIRA 23025 78 & L RN EZ o Tz,

TV I —{biC & B AR % LLF D Scheme 4 1R9%2%) Z 513 Lewis fig (LA) &
LTibESHWLATWSD AICIK, @ Lewis FEMEDSTRUNZ EIZHEER L, FriZ, B7HEL 7=
HCLIZE 2 b DR RERFRTH 5. £ 2 TIEF, €O Lewis Fett 2 I 2 72U LA
& LT, ELAICI = SnCl,, ™ ZrCl™ % W=7 S MERIS R IE S, A v F—L ok
BILAPER R L7z,

ZoXHT, FRROMBEAERETIH LOTFERKRL ERESRLTHDER, AFR
HERREE, Bl eRREE, B D WIEENED & < Bk WD 6 WSR2 I T 2 ROGRe, #yE
DEMECTH Y RS Z EREELWISR ETH Y, WEORMNS -7,
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Scheme 4. Oligomerization of indole

—J7, RETHRETHIBENMDONRELE L T= NI VERANEZA Y F—LDT L
LRSS, PETIEH 20385 ST\ 5 (Scheme 5).%%%) = K U L ixfeibiy L v
HEETHY, BHRNWGHWRIETH 5.

Kunori I% HCl 7 A7 Brensted fig & L Cf#j <, ff % @ tolunitrile 27 Zi5M:1L L,
2-methylindole (26) & D7 S IALRIENHEITT 5 2 & 28HE LT\ 5.2 F7z, Ottoni 5
12 SnCl, % LA & L CTHV 7=, acetonitrile (29) @ Friedel-Crafts % A 7D 7 3 WAL %
BLTWD 2 b oW, KSR Y BEICENH 0, EHAMEC W TOM
EHRI TV,

HCl

HaC

| d—cH 3
@ 3 + CN | D—CHs

(48 h) N

H

26 27 28

O

@ SnCly CHj

N +  CH4CN B

H (10 eq) N

H

19 29 30

2@ Pd(Phen)(OAc),
R
N + RCN rR2C ’:

R 1,4-dioxane/H,O/AcOH

31 32 33

Scheme 5. Acylation of indole with nitrile
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ARFSEClE, Hamana & Sugasawa OREICHES &, B-LA & = F U /L OFHAE DOENA
Y R=DIALUTK L ED KD RO Z RS, A REHEEE B2 0 155 0% fif
H2ZE2AME L, ZOREZRART. £72, ZHICHED IWEILAHORE 1T
ZEbLT.

9, TSN DS % Scheme 6 (Z7~7, Indole (34) 2AB-LAGFET CT=hU L&
REFERRIETHZET, A I=ULHMEID PNERTLEEZLND. ZOFRIE
35 (IR iEIZ L 0 3-acylindole 36 % 5-%. % (route A). —J5, I@HEIA 35 ZiELT 5
&, = MU ILOFFOERZIF 1% L7 3-aminoalkylindole 37 % 5-% % (route B).

= R
Hydrolysis | N
(route A) N

S
/B-LA
RCN HN . H
@ BLA ng 36
N AN
H " "R
H Reduction | N
34 35 (route B) N
H
37

Scheme 6. Reaction mechanism of 3-acylindole and 3-aminoalkylindole
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2 & 3-Acylindole D&k,

Rl

H1E R FE%R Lewis B2 (B-LA) OfaET

Scheme 6 @ route A, A > R—/v D 3L 7 S IMEREIZ DWW TEEIRT 5.

1512, 1-methylindole (34a) ¥5 X UKEE 140 &\ trichloroacetonitrile (38a) % AT
7S B-LA O¥EEKEZIT o7 (Table 1). flix @ B-LA (Entries 1-5) % fRaf L 72f5 5%,
PhBCI, 123\ Tt LW DTF: H4L7e (Entry 5).

Bagutski 5%, BCl 231 > R—/LD3PLITHEA L, AR TS & 0MmAEZ#RE LT
% (Scheme 7).2” Entry 11285\ C HAULAY 36aa DULRNME - 7201, FUSRF T
Bl L7 39 DNRE KL LTlE, 1> R—RLIZE D5 A ~—41 OHMEE
SN EZ H5 (Scheme 8). 4Lk ki L, PhBCl, (Entry 5) 1 BCl; & Y #37
eIz E <, Lewis FRME 95\ b, ZhRAIC= P UV EIEMHAL T2 Z LN TEX 5720,
WL < 36aa NG OLNTZDEEEZBNS.

S IR (Entries 5-7) IZOWTHRFHT L7 & 2 A, CHCLIZEBW TR HIE L < 36aa
NE:5i7z (Entry 5). £72, PhBCl, DY EIZOWTHF 21T 72, BEIE TONG %
BT DO, BLAZ 2 YR LT & ZAPEEME T Lz (Entry 8). [FIERIZ, filifii & C
DRIGZEHEFEL, B-LA 2 05 M4 &EIC Lz & ZAIERME T L7z (Entry 9). Lo TR
b FERmECETL, @R B-LAIZINEAR T SE2ERE 25 Z LRI,

— i TB-LALSD LAIZOWT b iat #1772 (Entries 10-12). % 51T AICI; (Entry
10) 7% PhBCl, & [FEDEWIEREZ R Lz, L L, BAERIZ HCl KA Z v 25 AlCl,
£V &, PhBCl, D5 BEENDIRFNCHAUER AT O Z LN TE 5700, S % OB
PhBCl, 3 X U8 CH,Cl, & W Chpt 2 5 Z & & L.
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Table 1. Acylation of 1-methylindole with trichloroacetonitrile promoted by LA ®°
o]

CCl;
@ 1) LA, solvent, rt
N + CCICN ‘ N\
CH3 2) Hzo N
CHj
34a 38a 36aa
Entry LA (eq) Solvent  Time (h) Yield (%) Entry LA (eq) Solvent  Time (h) Yield (%)
1 BCl; (1.2) CH,Cl, 20.5 50 7 PhBCl, (1.2)  toluene 1 21
2 BBr; (1.2) CH,Cl, 4 69 8 PhBCl, (2.0)  CH,Cl, 1 54
3 BF3;OEt; (1.2) CHLCl, 17 14 9 PhBCl, (0.5) CH,Cl, 1 17
4 9-BBN-OTf (1.2) CH,CI, 3.5 53 10 AICI; (1.2) CH,Cl, 1.5 84
5 PhBCl, (1.2)  CH,Cl, 3 82 11 TiCly (1.2) CH,Cl, 1.5 64
6 PhBCI, (1.2) Et,O 1 21 12 SnCl, (1.2) CH,Cl, 1 31
1.0 eq of nitrile was used. ? Isolated yield.
)
BCly BCl,
BCl;
N CH,Cl, N N
CHj3 CH3 CHj3
34a 39 40

Scheme 7. Reaction of 1-methylindole with BCl;

BCl3 N

7
N®

CHs
39

Scheme 8. Dimerization of 1-methylindole
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F2H = MU LOREIAEORE

2% B, FYE & LT 1-methylindole (34a) % FV C, PhBCLAF(E F ClEx D= KU L%
RS &, ZDORISMEDEWE, fEiE=FY /L (Table 2) BLOHEFKR= VL
(Table 3) Iz >\ TENEIURFT LT,

Table 2 2R L2 LS IR = N U LV DIGE, > 7 7 BEOofiIZE Ko DN HEA L
72 b DITEBNT, FREE S ERE OICR TG HEIT L7 (Entries 1-7). % 7= Entries 5,
9 B3 LW Entries 7, 10 DIl b, > 7 7 FE L& RBIIROFE G BN < 72 513 £ G
PERSE N Z E R SN D, L LEntry 8 DA, afificEF K| EEETH=F I LT
X 570, RGEMET TIIKISHBEHEN L HHOILEY RS o N oTl. SHIT, BT
K FEDOBN= | UL (Entries 11-13) TiL, SOPEIMEL, BN E 72> 77,

VT BEDALTHEGT D 7 v u KON L= b U TRV TR KL ROSAELT
L7z &, BIO, v 7 7 EOiiciEET o nr v oESBEEE R &S = U2
BOTNREISOEPEATLIZZ L L0, BFEEDO L VIRV= U TRV TG
MDEWZ ERP BN E o7z,

—J7, Table 312/ R L7 K 91T &K= N U /L D4, benzonitrile (38n) (Entry 1) 2%} L,
PALICFEF R FEEZHGT 5= 1 VUL (Entries 2, 3) ILmINERE R L2, p (LBl 5 Ik
AT H= VL (Entry4) 1 TRINERZR LI

U bR XY, JEViE= NV Vv EEFE= NI VidEnEh, 7 2 EOufid b
W p MICEFRIIFEEZA L TWEHRN, LORIGHEITLSWZ E L. oF
0, 7 ) EOBTEEDKT L, RETREL L TOKEED EFICITHEBERE L
DT ENTRBRI N

17



Table 2. Acylation of 1-methylindole with various aliphatic nitriles

SN
A 1) PhBCl,, CH,Cl,, rt
L/ + RéON B
CH, 2) H,0 N
CH,
34a 38a-m 36aa-am
Entry Compound Time (h) Yield (%) Entry Compound Time (h)  Yield (%)
0
= CCly
CO,CHy
1 ‘ A\ 3 82 8 ‘ A\ 24 n.o.
N N
CHg 36aa CHj 36ah
o} 0
HCI
CHCl Br
2 ‘ A\ 1 87 9 ‘ AN 22 n.o.
N N
CH;  36ab CH;  36ai
Oy_cH,cl Q O
3 B 1 53 10 ‘ \ 18 4
N N
CH3 36ac CHjy 36aj
o}
CH,F Oy-cH,
4 A\ 1.5 89 11 22:5 >
L ' L (19) (a1)°
CH;  36ad CH;  36ak
o CH,Br o
] ] 12 18 trace
> \ ,\} S 8 \ ’\} (21) (10)°
CH;  36ae CH;  36al
Oy—cHyl Q
6 B 15 59 13 B 10.5 n.o.
N N
CH;  36af CH;  36am
o}
7 ‘ \ O 26 52
N

CHj 36ag

@ 1.2 eq of nitrile and 1.5 eq of PhBCl, were used unless otherwise indicated. b |solated yield.
€4.0 eq of nitrile and 4.2 eq of PhBCl, were used.
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Table 3. Acylation of 1-methylindole with various aromatic nitriles #°

N\ 1) PhBCl,, CH,Cl, rt
| N + R*CN B
CH, 2) H,0O N
CHj3
34a 38n-q 36an-aq
Entry Compound Time (h) Yield (%) Entry Compound Time (h) Yield (%)
O O
26.5 n.o.
1 3 19 58
\ N (24) (25)° \ N
N N
CH; 36an CHj3 36ap
1) O cl o) O CHj3
2 B 21.5 24 4 N\ 6 n.o.
N (18) (74)° N (22.5) (5)°

CH; 36ao CHj 36aq

@ 1.2 eq of nitrile and 1.5 eq of PhBCI, were used unless otherwise indicated. b 1solated yield.
€ 4.0 eq of nitrile and 4.2 eq of PhBCI, were used.
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72, ROSHEDK D - 7= acetonitrile (38K) (Table 2, Entry 11) 3 J OF p-chlorobenzonitrile
(380) (Table 3, Entry 2) & FHWNT, YR EGEL HIIZPhBCl/= ~ U VDY B&fEt 21772
(Table 4). %9 38k D4 (Entries 1-4), Entry 2 IZBW TR b EINERTH D, 4 Y ELL ET
IECRIZIE & A EEN R B> 72, RIZ 380 DA (Entries 5-7), Entry 7 (28 Tl
bENERTHo7. LoT, BNiE=F IV EFHFBR=FI LD EL LIZBWT S AL
DFERTH o772, INRDIED - 7= Table 2, Entry 12 35 L U" Table 3, Entries 1, 4 (2 [F]
FMEEEH LTz

Table 4. Study of the equivalent for PhBCI, and nitrile ®

O R4
‘ N\ . 1) PhBCl,, CH,Cly, rt
N + R®CN ‘ A\
CH3 2) H,0 N
CHj3
34a 38k, o 36ak, ao

Entry PhBCI, (eq) Nitrile (eq)  Time (h) Product Yield (%)

1 (1.5) 38k (1.2) 22.5 36ak 5
2 4.2) 38k (4.0) 19 36ak 41
3 (4.0) 38k (10.0) 21 36ak 41
4 (10.0) 38k (10.0) 22 36ak 42
5 (1.2) 380 (1.0) 21.5 36a0 24
6 (2.0) 380 (4.0) 21 36a0 71
7 4.2) 380 (4.0) 18 36a0 74

@ |solated yield.
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H3HE A v R—LOEINTED K

3FH I, KRE I L LT trichloroacetonitrile (38a) % T, PhBCl, f#1E F ThE & 72
EELA  R—= NV E RS &, ZDORISHEDE T OV TR L 72 (Table 5).

T, MEHEOA  R— L ZHWHE Entry 1), IERIZEWE DO E o7 2
Bex RBIAERRM DB ONTIZ oD TH 5. E&% HTIZBWTA v R—LiE, U I~—
b 2% 2LHEEE 22 BEITTHZENMON TS D, TNEDILAMMNAER L
7o & &z Hivsd (Scheme 4, 9).

WIZ, 0L, FETIL20CE - REIEEZGT H A1 > R—Lz R85 (Entries 2-4), X
JRITEIT L7 o 7o, BRI, 147, E£721% 2 2 Emzﬁ’%u%%’fﬁ‘fé% > F—nEH
W235A (Entries 5-7), R KX ISBNEIT L2, LR -> T, 4 ¥ R—ILBROE FHIE
DEFIZEY, 42 =D 3MDORINEN BT 5 Z LRI,

%12, 5 ALICE -3R51 M (Entries 8-11) & L B 52 H T 510 F—b
(Entries 12, 13) ZHW=356, B ROIEEZ AT D4 R— O G HBIHE X < RS
1T L7z, 547l wa%ikél}ié"ﬁﬁ“é/f/ R—/ L (Entries 8-11) 1%, SRR R0 T
HZEMTEIDIZR L, SALICE G EEZ AT 51 F— L (Entries 12, 13) [3JRE
EENT D ZENIFEAL f%fmwt. DF Y, 5NEDOEFRGIFET 3NLD UG % 18
729 LS F ) A — (bR EORIFUSEZMEIT D NIEA L TWD EEZXLND.
Ay R=NE EICEFGERA T2 & BB b T L, ERoIEE2 AT 5 LMLt
AN S5 Z E DM BITN D) RFFEOFER, A v =D SN E T 2 E itk
HRIIA Y T~—LIZBWTHREETH DL B LND.

INHORER KLY, AEIGSIEA v F—b EOBERIEIC K-> TRIGEN R 5D Z & 3
b & 7p o7z, Table 5D Entries 2, 322 H 524 512, A ¥ R—/VOEFRRFIZEFRKGMED
R A S ST GE, ARG i@ﬁbiﬁb\&%{ﬁﬂéhé
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Table 5. Acylation of substituted indoles with trichloroacetonitrile *°

0
R3 1) PhBCly, CH,Cly, rt . CCls
gz * CCICN R \ oo
N 2) H,0 [ R
1 N
R R1
34b-m 38a 36ba-ma
Entry Compound Time (h)  Yield (%) Entry Compound Time (h)  Yield (%)
° CCly © CCly
1 B 16.5 20 8 c B 19 40
N 36ba N 36ha
0
CCly Q CCly
2 B 435 n.r.° 9 Br B 17 40
N N .
Bs 36ca H 36ia
0
CCly o) cel,
3 B 19 n.o.9 10 HaCOL B 19 54
N N
O)/\CH3 36da H 36ja
o CCly © CCly
O,N
4 16.5 0. 11 2 24 70
| D—co,Et n-o B
H 36ea ” 36ka
0
CCly Q CCly
5 B 3 82 12 MCO B 22 6
N N
CH; 36aa H 36la
o CCly © CCly
H,C
6 17 89 13 3 22 n.o.
[ >—cH, [
N 36fa N 36ma
= CCly
7 ‘ \ O 24 57
N
CH; 36ga

1.2 eq of nitrile and 1.5 eq of PhBCl, were used. ? Isolated yield. ¢ 90% of 34c was recovered.
959% of 34d was recovered. ® 50% of 34e was recovered.
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O
(0]
N N N
H hv H

19 42 indoxyl (43)

N
o\ 0
g — U
N ) N ) =1
N N N
H H H o

trimer 46 leucoindoxyl red (45) indigo (44)

Scheme 9. Autoxidation of indole

% 7= Table 5 (Z1XFCH L 729> 7223, 3-methylindole & 5 \ & 2,3-dimethylindole TiX & D
£ O RN Z R T I ERRD T OImit 21T >7-. LavL, TLC EIZEZED AR v K
DR E I, A DORIEN TE 725> 7=, 3-methylindole 1% 2 (Z[F+TH A ~—% Ik
T5Z LnmbnTE Y 2 2,3-dimethylindole 1 B B2kl L 0 TLEBRMNHAS 5 2 L2
HMHATND D) Lo TREMHTTY, ZHOERYN CTEI L TREIND.
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% 41 2-Methylindole (2592 = ~ U L DB AMEDO R

4 FHIZ, N-H 7V =R E O CRISMEDE D - 7= 2-methylindole (34f) % W,
FEx D=k EDORIGMZ A L7z (Table 6).

JEME= U L DA (Entries 1-4), Table 2 & [FEEIS, 7/ HDafLDFEFRKFIFI
WBLEZ, BTEEORO= N MZEBW TR I S KISHEITT 28R o7,
FEE= N UL DEA, Table 6 @ Entry 5 & Table 4 @ Entry 4, 8 X (X Table 6 ® Entry 6 &
Table 3 ® Entry 3 # Z 2Ll 5 &, 2-methylindole (34f) % 7= 5A 12 BV TR
MRERKTTDOR-ERE o7, ZOERELTUL, AV R—D 2 fiDdATFNLHEL =

N U LVOSLRBEFIC K D D EHERI LTV 2. Kunori 13 o-tolunitrile (2 X % 2-methylindole
(34f) DT U MLSUSITNLRREEIC L 0 AT Lo L@ L TR0 2 AREtofER b,
Kunori DFIRIZ—HT 5D THDH EEZXHND.

Tables 5,6 OF5 R E Y, B-LA & = MV VOMAEDEIIN-H 7 U —DA » F—LIZE
\J % Friedel-Crafts % A 7 O7 L WALKISZHETSEDLEHIISTH D Z EDNRE .
HSAB HlD&E 2 5 L0, = K~ U/ (soft acid), E&HE b4 (hard acid), - > K —/L C=C (soft
base), f > K—/L NH (hard base) TH 5 & THIEN53 Li=An->T, =k U/ (soft
acid) 35 X O K— 1 C=C (soft base) 23 ix L7=DTIEWnnEE2HN5.

ULEXY, ZORGNEA v F=VOEREFORE-HRED TRALEL L
D, ZV—=rFIA M) —=ZHEED LD THY, AARKISETHHEEZLD.
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Table 6. Acylation of 2-methylindole with various nitriles >

A\ 1) PhBCl,, CH,Cl,, rt
N 2) H,0 N 3
H H
34f 38a-p 36fa-fp
Entry Compound Time (h)  Yield (%) Entry Compound Time (h)  Yield (%)
0 CC|3 0 CHQBF
1 17 89 4 20 41
R | D—CH,
N 36fa N 36fe
Cl
O5-CHal, ° O
2 18.5 71 5 19 n.r.
[ >—CH, \ H—CHj
H 36fb H 36fo
NO
-ch,ci ° O 2
3 20.5 46 6 16 6
| D—CHs \ H—CHj
N 36fc N 36fp

@ 1.2 eq of nitrile and 1.5 eq of PhBCI, were used. ? Isolated yield.
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% 3 %  3-Aminoalkylindole D&k

o 1ET FEEILHMEO RS

Scheme 6 ® route B, 4 > K=/ D 3NLT X ) T IVF AL NI DWW TEEIR 5.

7 VB & [FERIZ, PhBCl, f7E FCA & K—/b & = h UL ORE FEHRZ X
D, 4= LA 35 2 RHFICAR S, £ ZICNaBH,CN 2z % Z & T, EILIRT
HDLT I URITBAERT D ERIFREEND. KIGSEE 2 A, TLC Rz nTT
VR 3T LD AR Y FDHERR SNTAY, PhBClL OB CHER Li=AR e VgL D5y
BERE U SREECH - 727280, 7TI 2 N 7t a7 T b LHEBEEL7-. £7-=EcH
[ZDWTIE, SAFEEO R LA RSO A I =7 AHEEDETIZHEWT, FEx
DFRTLHNZBFI L TN D ZOMEHIHB W TNaBHCN AR BIR L BT TEXH &
EHER LT=7-8, REMFICEA LTz,

Table 7 {Z/7 L7= X 912 3-aminoalkylindole 37 %, =iLZ ki3 % 3-acylindole 36
(Table 2, 3, 5, 6) & [FASDINRTEHEOLNZ. ZHEDOMEL, HEOPHETHHA =
UL 35 HARH T D RS SRR T A b O TH S,

Table 7 OFER LV, = NI AVDERRFZIEN LT, £ R—=LD 3T I /)T IF
IS EITT 5 Z L 2N L. B-LAZ W= NI VIE DT 2 ) TV )L
EBOS TR EIZHREFNIE S, NEFFHOSTH 5.
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Table 7. Synthesis of 3-aminoalkylindole from substituted indoles and various nitriles *°

F3COCHN

3 R*
R 1) PhBCl,, CH,Cl,, rt 3
N 2) NaBH3CN, CH3NO,, 0 °C \ R
R! 3) TFAA, CH,Cl,, rt N )
R
34b-k 38a-p 37ba-ka
Entry Compound Time (h) Yield (%) Entry Compound Time (h) Yield (%)
F3COCHN F3COCHN
CCls 1)20.5 CCls 1)17
1 B 2)2.5 24 8 e 2)1 77°
N 3) 16.5 N 3 3) 1
H 37ba H 37fa
F3COCHN F3COCHN
CCl 3
3 1)1 CHCI, 1) 21
2 N 2)2 90 9 P 2)1 37
N 3)3 N 3 3)2
CHj3 37aa H 37fb
FsCOCHN FsCOCHN
CHCI 3
2 1)2.5 CH,CI 1) 21
3 B 2)1.5 74 10 N _cn 2)1 1
N 3)2 N 3 3)3
CH; 37ab H 37fc
F3COCHN CH,CI F3COCHN ccly
1)5.5 1) 24
4 B 2) 14 52 11 ‘ \ O 2)1.5 46
N 3)1 N 3)1
CHj; 37ac CH; 37ga
F3COCHN CH,F FsCOCHN__ .,
1)2 COC 3 1)20.5
5 B 2)4.5 63 12 T8V2 B 2)2 55
N 3)1 N 3) 1
CH;  37ad H 37a
F3COCHN CH,Br FsCOCHN__
1)1 O.N 3 1) 16.5
6 B 2)1.5 28 13 2 B 2)2 80
N 3)1.5 N 3)8.5
CH;  37ae H 37ka
F5COCHN O NO,
1)17
7 N 2)1.5 51
‘ \ 3)2
CH; 37ap

@ 1.2 eq of nitrile, 1.5 eq of PhBCl,, and 1.5 eq of NaBH;CN were used unless otherwise indicated.
b|solated yield. ° 4.1 eq of NaBH3CN and CH3;OH were used.
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EZAT, A F=ND 3 3T X/ TFbsniibat 371 OEEILEmIE,
Cp.Zr(H)Cl FE TR TA > K—/b, = h UL, BLOMELH DL SIS L - TS
N5 ZENRRESHTWS (Scheme 10).3%3Y £7-—J5 T, Bronsted fE DFFE FTN- k&
WNT 2= VT NI bAoA R—/L®D Friedel-Crafts 7 /L% WAL HE S TEY,
37 LREBEDILAERT S (Scheme 11).339 L, ERAMEICZLL, £72, &
BIKSIRZEZ T DA 2 ERIEE LTHWTWA Y, SEORMNH - 7=,

AFEDT X 7 T IVF IS, BE CHERWORG 2fEx D= R LR E L
THWSHZ LT, BUSHERTA I =7 LK 35 2B ST D720, fRkx pE#ILOE
ADARETH Y, FRCOMERALET IO THDS. ZNITLY, ZIETHEK
NEECTH o727 I AMLEWIT TH-TH, KIEEZANWLZETERTHZENTEDL X
Nt LIeho T, REFRIETOERFT 121G L, RNICT I Abal %
B TELID, 7V — I AN —2ZE LIt PG E LTHERTHS.

1) CpoZr(H)CI

2) ©
o\ OCH; HN™ SO
NOS b
4 3 74 ] 4
OEt ) Le

\\
| N ZnBr, HN
a7 H 48
1) Cp,Zr(H)CI \g\
% NH
NC 2) CI)H/ O °_ OBn
N 3) ZnCl, N
Bs Bs
49 50

Scheme 10. Synthesis of 3-aminoalkylindole by multicomponent reaction of indole, nitrile, and
acid chloride in the presence of Cp,Zr(H)CI

Scheme 11. Friedel-Crafts alkylation of indole with N-tosylaldimine
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% 2 fi  Indolylglycine BB DA Rk

UTAE, 7 2 BRI IATH % indolylglycine (60) DARIENBAE SH TS F77,
Z @ indolylglycine #%E 1A 54, 56 IR O G REFRIA L L THLNTEY, ZDOAERUMN
IV (Scheme 12).%*) % = ©, ARG OERM 37ba 7> 5 indolylglycine (60) D #H
AREEREIT D Z & & Lz (Scheme 13). (R)-60 DAKAE HAE LTz & &, KRiEIZiTek
FIARE AN 2AGFET L. LREE, TIvE RN 7t aT T b Liziz, 20
PRENMEL D Z L THD. 2 mEIE, AETER LT 3-aminoalkylindole 37 (37 &
AKTHLNTNWDEZLETHD. LER-T, TRNHLDOWFAICONTHRFEITH) Z & &
L7z,

o8]
=
Iz /ir

NH
HNG_com ﬁHs\l p
—_— Br j Br
al
HN

54 Dragmacidin A (55)
H,N N
& QST
N N
H H CO,CHj;
56 (-)-leuconicine A (57)  (-)-akuammicine (58) (-)-strychnine (59)

Scheme 12. Synthesis of natural product and alkaloid via indolylglycine derivatives

F;COCHN ccl, H,N CO,H
N = @
N N
H H
37ba (R)-indolylglycine (60)

Scheme 13. A new approach of indolylglycine synthesis
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FPT Y I A T v FLEOREICONTELRT 5. Table 7 DAL, FEER R
DI=HOIZT I Z M) IAFAaTEF b Lt O TH D, £T7 I EA~DEHE H
e LT, 37aa #HE L L, N 7t a7 v FLkzRET 220 0mat e T-o7-
(Table 8). HEJEM:SME R COIMMEEA R Z 3R L722%, TLC EICB W TEED AR » b A3
RE, BHLEMEHBET 2 R TEhr oz, BEHL, MU Zma 2AF LN
ANVRF VBRI N D72 EDORIFUEHEE TVD b O LRI 5.

Table 8. Removal of trifluoroacetyl group

F3;COCHN CCly - HoN cCly
conditions
N N
CHs, CHj3
37aa 61

Entry Conditions Yield (%)

1 KOH, CH30H, 70 °C, 8 h n.o.

2 K5CO3, CH;0H, H,0, 70 °C, 25,5 h n.o.

ZIT, TIVOREEENINAA=NRIZERET L2 L L L, TOHEALZHF L
(Table 9). £ Cbz-Cl Z /=34 (Entry 1), RISHEENE L RGN LLEY, £
7o HABERSR S INE#ECTd o 7. IRIZ Boc,0 & V2354 (Entry 2), Entry 1 & RIARIZ BUGH
FEMIE  REUSDFE - 73, FRREDOIETHI LAY 62b % BLEE L 7-.

Table 9. Protection of amino group

P
HN
|
@ 1) PhBCly, CH,Cl, rt CCls
+ CCI;CN
N 3 2) NaBH,CN, CHsNO,, 0 °C B
CH, 3) protective agent, CH,Cl,, rt N
CHs
34a 38a P =Cbz 62a
P =Boc 62b

Entry Protective agent Time (h) Product Yield (%)

1)1

1 Cbz-ClI 2)2 62a trace
3) 20
1)1.5

2 Boc,0 2)2.5 62b 467
3)21

4 |solated yield.
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T, £O Boc BEEFRETHZ L& L7z (Scheme 14). FAMESIE F CORREZ R A

7203, BREEMn G oniRinol-.

Boc

/

HN

CCls TFA
\ ,\} CH,Cly, 1t, 22 h

CH,
62b

Scheme 14. Removal of Boc group

PLEXY, 73 ) HADERITER TEX o7
RAEDOKT 5% OMEE T 5.
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%38 % 7 /L 3-Aminoalkylindole D&%,

WwIZ, %7/ 3-aminoalkylindole DAFKICHOWTEIRT D, RESKEITIICHTZD,
R FICH LT % T LR - O ASLECh 5. £ 2T, RUFEELAL LCHOER
TV R=IVROSICE R LT

Corey 51X 7 VB §- & L Cstien (63r) A/ L, BBrs CIRGT 5 2 & TRIERFIC
BIRTBERT L 65r AL, RETNV =LA KGEITol-2 E2ME L TW5
(Scheme 15).*¥ & 7=, Kiyooka &5 135 Z/VEUL & LCT 2/ BEeAE(K 69 12 BHs 2 1R A
HZ LT, SRR TINAAFTFRe Y P 70 AR L, RET NV K=V G %E
TolzZ L ZWME LTS (Scheme 16).4

Ph  Ph
Ph_ Ph o BB, /
— N N RO, N-gN-s0,R
H,N - NH, ROSTH HSOR cpcp 5
(R,R)-stien (63r) 64r 65r
H
i o) 65r, DIPEA D
R °H + \)K/ R
-78 °C
66 67 68

Scheme 15. Enantioselective aldol reaction using cyclic bromoborane

/g%o
{ﬁ BHy+THF
CO,H

-, ROZS/N"B/O
ROZSfNH OoC H
69 70
o :<OSiR3 70 OHOH ~ OHO
R)LH Ph 78°C R/'\/LPh RMPh
66 71 72 73

Scheme 16. Enantioselective aldol reaction using oxazaborolidinone
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Kiyooka & O8O HCHRFZE X & U, Scheme 17 TR L7 X 512, MIGIEFE 75 128
W, & KU ROEBIC K 28T RORDHEIT LT2 s T 5.5 RO A v K—1 o0 3
M7 X7 T AT IERINTE RY RETHIZHNWTEY, 2Ot FU FORBEHEIZ L
57 LA HEITL, Table 7 TRLTAALEDIE, BZOLL TEIRTHELNATWSL EHE
2 HD. XoT, RFENLAIZ KD SREIR 2B TS Z TS D 2 R TEN
X, RIEOFRAMPHET EEZX L.

74 75 76

Scheme 17. Proposed mechanism for aldol reaction and reduction

% Z T, (S,5)-stien (63s) L OBH; & HW\\2A v R—L D 3ALRETTT 2 T VUL
MG EBETT 52 & Liz, &7, T NVENLFOEEIT> 72 (Table 10).

Table 10. N-sulfonation of (S,S)-stien *

Ph_  Ph RCI Phﬁf’h
H,N  NH, Et;N, DMAP, CH,Cl, RN NR
(S,S)-stien (63s) R =Ts 64sa
R =Bs 64sb
Entry R= Time (h) Product Yield (%)
1 Ts 20 64sa 21
2 Bs 18 64sb 90

@ |solated yield.
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WA AN % 5 Z L 72 < 3-aminoalkylindole 2375 H AL 5 A MFET 5 72T,
2-methylindole (34f), trichloroacetonitrile (38a) (2, &k L 7= N-A /L7 =/1-(S,S)-stien 64sa,
sb & BH; UGS EH 2 & & LT

64sa, sb (2 BH; Z1RET 5 Z & T, KISARHFITF T IVRT 2 TTsa, sb AR L7= & Tl
Sb. £ 2T, 38a, 34f DIEICHINZ, MG SH 7= (Scheme 18). = D#ESE, (KINETILH

50, BRHbLAEY 18fa WG HNT-. Fiz, B REIMENTER Bs A2 H T 25 % 7 VENL T
78fa lC BT, IR LRI AR o7,

1) CCI;CN (38a) (1.2 eg), 0 °C, 2 h

Ph Ph Ph, Ph mCH3
Y BH; (1.5 eq) Y= 2) H (34f), 0°Ctort, 24 h

. _N._.N-
RN NRrR 0°c15h RTBTR | 3)TFAA 11,15 h
H
64sa, sb 77sa,sb F.COCHN o)
(1.5eq) s CCly CCl,
+
| )—CH, R
N N
H H
R =Ts 78fa (trace)
R =Bs 78fa (3%) 36fa (23%)

Scheme 18. Synthesis of chiral 3-aminoalkylindole

LEXY, 2T NVERNFOBEIEZENRDLZ LT, £ KR—=Ld 3 (\LOETHT I ) T IL
X AR FERAIZ 72 5 ATREMED R STz,
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w4 UB-NMR IZ X AHE

F2EBIOHEIEICBWT, AEEB-LAR= MU L EFEM LTS Z L TH v F—b
& DOREFEBRLOEDEITL, 4 I =0 LFBEEZEHT ORETH D Z & itk L.
ZNO DG E RT3 72912, "B-NMR 2T "B O v — 7 BEIOMERZ1T-
7-.

LB, CD,Cl, 44112 PhBCI,, CHCLLCN, 1-methylindole ®IEIZHNZ, *B-NMR % #EZ2
L, Bt % iBHR L7z (Figure 4). PhBCl, A% lE L7= & Z A, 54-55 ppm (2 &' — 27 2381
Sz, TZICLIHEDCHCL,CN 2Nz 5 &, 6ppmICE—27 RNy 7 LTz, ZOE—7
IX=hF UL B-LA IZENLLT7- 80 OE—Z7 ThHLEEZDBND. SHIT 1 HED
1-methylindole Z 1z % & 10-12 ppm fFUTiZH LW E—27 B Sz, Zhuda 2 =
L 8L N B-LAIWEN. LT-E—27 THDHEEZHILD.

)
BPNC

A\
Y " cHor,
CHCIL,CN (1.0 eq) ® 0 CH, ~
N

PhBCl, —— > Cl,HC-C=N-BPhCl,
(1.0 eq) \

CHj

79 80 81

14 6KMOS NMR1" 11 1 C:\Bruker\TOPSPIN Yakka

N oel ¢6.443
g - | PhBCI, + CHCI,CN + 1-methylindole (28 h)
6.185
KMOS NMRS" 21 1 Bruker\TOPSPIN Yakka 12.886 i
¢ A PhBCI, + CHCI,CN + 1-methylindole (1 h)
=3 - —
16.236 ¢6-443
Y PhBCI, + CHCIL,CN + 1-methylindole (10 min)
8
° 54.894 A
v \ PhBCI, + CHCLCN (L h)
55.152
o 6.443
> { PhBCI, + CHCI,CN (30 min)
55.409 ——
109 WRI" 11 1 C\Bruker\Top .
o —— \\‘,‘7 bt e
20 0 50 [ppm]

Figure 4. UB.NMR for tracing the reaction added in the order of PhBCI,, CHCI,CN and
1-methylindole
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I, 1-methylindole, PhBCI,, CHCL,CN DJIEIZ AN %, "B-NMR Z F#E8 L, St & B L7-
(Figure 5). 1-Methylindole (Z 1 ¥ &® PhBCl, #/llzx7- & = A, PhBCl, D& — 27 T 5 54
ppm & 3:(Z, 8-9 ppm 1T/ S 22 B — 7 MBI S Fufz. 2 ALiE Bagutski B 04 (Figure 6)
LRI T & 9512, PhBCI, (2 1-methylindole 23N L7283 TH D & FHIZILD. L7=d3->TK
IR N TT LIS EIT > T8RS, VBT S 503, 83 MAEKT 5 Z & CTRIARK
MDOZA<—NERLIZEEZOND. &HIZCHCLCN 2 1348z % &, 5 ppm fHTic
80 D — 7 MBUAI S 41, #4112 10-12 ppm (FUTIZ 8L D B — 7 BBl S 47z, L3> T,
OffiD A 73 (79, 84, 85) 1%45-55 ppm A2 B — 7 3B S, Lo & 7 3 (80, 81, 83,
86) 1% 5-10 ppm fHTIC B — 7 BB E D Z L VR STz,

S
/BPhCIZ
©) HN
BPhCl, @®Y—CHCl,
B PhBCl, (1.0 eq) @ CHCILCN (1.0 eq) B
E—— / _—
N N N
CH, CHs CHs
82 83 81
Janl6-14 6KMO7 NMR2" 11 1 C:\Bruker\TOPSPIN Yakka 5928
5 —_— e
- BN “eakxa] 1,340
/") PhBCI, + 1-methylindole + CHCI,CN (16 h)
. 9278 469
- i n PhBClI, + 1-methylindole + CHCIL,CN (1 h)
N
9.536

12628 5928 e SRR
‘ PhBCI, + 1-methylindole + CHCI,CN (12 min)

1.0

e

I —— S ———r st R .
54.379 9.020 L
- ‘ PhBCI, + 1-methylindole (1 h)
e TSR] B e =
/ R
| 4636 8.247 i _ _
¢ PhBCI; + 1-methylindole (9 min)

T
50 0 -50 [ppm]

Figure 5. *'B-NMR for tracing the reaction added in the order of 1-methylindole, PhBCI, and
CHCI,CN
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BCl,

‘ A\
N o
BCl3 CHs; BCl,
84 (45.4 ppm) 85 (47.0 ppm) 86 (7.6 ppm)

Figure 6. "B-NMR peak values of boron compounds

.2, 1-methylindole & CHCI,CN OJEA#IZ PhBClL, %, "B-NMR Z 8 L, i
ZBHR L 7= (Figure 7). T OFEE, 6 ppm (2 80 D — 2 &, 10-11 ppm (2 81 D E'— 27 /3K
L BHIES =, T2 D, 1-methylindole X v # CHCI,CN 73 PhBCI, \ZE SerIZ BN
D ENHERES NI, LI -> T, B-LA 1= b UV ERANTTEMNAL T2 2 & PR S

ni-.

[rel]

60

40

20

4 6KMO8 NMR2" 11

©
BPhCl
HN CHCl,
PhBCI, (1.0 eq)
0 &
N CHCICN (1.0 eq) N
CHj CHj
82 81
1 C:\Bruker\TOPSPIN Yakka ¢
6.443
10309 |
/ PhBCI, + CHCI,CN + 1-methylindole (19 h)
¥
Vi
6.185
11.082 |
w’/’-’ PhBCI, + CHCL,CN + 1-methylindole (1 h)
A
16.443
11.855 | |
// PhBCI, + CHCI,CN + 1-methylindole (9 min)
50 o 0 ) j507 - - o [ppm]

Figure 7. "B-NMR for tracing the reaction added in the order of 1-methylindole, CHCI,CN and

PhBClI,
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B5E i

AWFZEIE, PhBCL 23 LA & LTEI< Z & T, = F U L&A > R—/LiX Friedel-Crafts & 1
TORIGHEITTHZEEZHLNCLTEbDTHD. £72, = b VIVITBEET 5 RER
TACEFREIIEEFET D ERIEER LR T2 260, 41 0 R—AD LALFEIE 2 fLIZE
TR, HDOWVIESICEFREIEEZ AT L EEIEELRT I, £F/2N-H 7 —T
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AR LV IZ U O THSL SN A v R—L 0D 3 (IERESVESIE, (R# N RE T
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(1) General Remarks

BT hrvavw NTTT7 4 —DT Y 7V, silica gel 60 (0.040-0.063 mm,
230-400 mesh ASTM, Merck) %4/ L 7z. 'H-NMR (400 MHz) (% CDCl; % 7= 1% DMSO-ds
ZIREEL L, TMS (0.00 ppm) & %\ iZ DMSO (2.49 ppm) %k — 2 & L7-. ®C-NMR
(100 MHz) % CDCl; % 721% DMSO-ds ¥4 & L, CDCl; (77.0 ppm) & %\ i DMSO-dg
(39.7ppm) D E— H.LE Y —7 L LT,

(2) 3-Acylindole D& R

1. —fRE&RIE (36aa—aj, 36ap; exemplified by 36aa)

7 VT RHACE, CHyCL, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBClI, in CH,CL, %% (1.5 mL, 1.500 mmol) Z /1%, 2&iEC 15 4y
L7z, %V C, 1-methylindole (34a) (0.125 mL, 131 mg, 0.999 mmol) % =EE CHNx., 3 KEfH
B L7Z. =D, 05 M Na,CO3(8 mL) %z, CH,Cl, T 3 [alfifiHi#%, fufnftik Creis
L7c. BB Z IR~ 722 U AT, O 0 I8 THifg~ 7 % v L xRk
L7=. WETICCRIEAZEEL DT L7 a~ N7 T 7 ¢ —I2FF L, AcOEt/hexane=1/4 5 H
5V 36aa (226 mg, 82%) A 157-.

2,2,2-Trichloro-1-(1-methyl-1H-indol-3-yl)ethan-1-one (36aa)
RN
orb
N
CHs
Brown prisms from ethyl acetate/hexane; mp 120-121 °C; IR v (KBr) cm™: 1654
(CO); *H-NMR (400 MHz, CDCls) &: 8.42-8.40 (m, 1H, C4-H), 8.19 (s, 1H, C,-H), 7.38-7.35 (m,
3H, arom-H), 3.89 (s, 3H, NCHs); *C-NMR (100 MHz, CDCls) &: 176.7, 138.0, 136.9, 128.3,

124.1, 123.6, 122.7, 110.0, 105.3, 96.8, 33.9; HRMS (ESI) m/z: calcd Cy;HgCIsNNaO (M+Na®)
297.9569, found 297.9562.
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2,2-Dichloro-1-(1-methyl-1H-indol-3-yl)ethan-1-one (36ab)

0 CHClI,
‘ A\
N

CH;
Pale brown needles from ethyl acetate/hexane; mp 216-219 °C; IR vma (KBr) cm™:
1641 (CO); 'H-NMR (400 MHz, CDCl;) &: 8.35-8.33 (m, 1H, C,-H), 8.11 (s, 1H, C,-H),
7.41-7.35 (m, 3H, arom-H), 6.56 (s, 1H, CHCI,), 3.91 (s, 3H, NCHs); *C-NMR (100 MHz,
CDCly) &: 181.7, 137.3, 137.1, 126.8, 124.0, 123.3, 122.2, 109.9, 109.3, 68.6, 33.6; HRMS (ESI)
m/z: calcd Cy;HoCI,NNaO (M+Na*) 263.9959, found 263.9956.

2-Chloro-1-(1-methyl-1H-indol-3-yl)ethan-1-one (36ac)

O

CH,CI
‘ A\
N

CH,
Brown prisms from ethyl acetate/hexane; mp 152-154 °C; IR vmax (KBr) cm™: 1652
(CO); 'H-NMR (400 MHz, CDCls) 8: 8.33-8.31 (m, 1H, C,-H), 7.73 (s, 1H, C,-H), 7.33-7.30 (m,
3H, arom-H), 4.45 (s, 2H, CH,Cl), 3.82 (s, 3H, NCH3); *C-NMR (100 MHz, CDCls) &: 185.9,
137.3, 135.8, 126.3, 123.8, 123.0, 122.4, 113.4, 109.8, 46.0, 33.7; HRMS (ESI) m/z: calcd
C11H1,CINNaO (M+Na*) 230.0349, found 230.0375.

2-Fluoro-1-(1-methyl-1H-indol-3-yl)ethan-1-one (36ad)
Oy—CHF
orb
N
CHs
Pale orange prisms from ethyl acetate/hexane; mp 118-120 °C; IR vpa (KBr) cm™:
1650 (CO); *H-NMR (400 MHz, CDCI;) &: 8.41-8.38 (m, 1H, C,-H), 7.97 (d, 1H, J=2.0 Hz,
C,-H), 7.35-7.32 (m, 3H, arom-H), 5.20 (d, 2H, J=47.6 Hz, CH.F), 3.84 (s, 3H, NCHsy);
BC-NMR (100 MHz, CDCl5) &: 189.6 (d, 2Jc.r=17.6 Hz), 137.0, 136.8 (d, %Jc.-=6.4 Hz), 126.7,
123.8, 123.1, 122.5, 112.9 (d, “Jc.r=3.7 Hz), 109.7, 85.2 (d, 'Jc.=183.6 Hz), 33.6; HRMS (ESI)
m/z: calcd Cy;H;0FNNaO (M+Na*) 214.0644, found 214.0617.

40



2-Bromo-1-(1-methyl-1H-indole-3-yl)ethan-1-one (36ae)

Q CH2Br
| N
N

CHs
Brown needles from ethyl acetate/hexane; mp 135-137 °C; IR vmax (KBr) cm™: 1635
(CO); 'H-NMR (400 MHz, CDClIs) : 8.36-8.34 (m, 1H, C,-H), 7.82 (s, 1H, C,-H), 7.36-7.33 (m,
3H, arom-H), 4.29 (s, 2H, CH,Br), 3.87 (s, 3H, NCHy); BC-NMR (100 MHz, CDCl,) 6: 186.1,
137.4, 136.2, 126.4, 123.8, 123.1, 122.6, 113.4, 109.8, 33.7, 31.7; HRMS (ESI) m/z: calcd
C1:H10BrNNaO (M+Na®) 273.9843, found 273.9872.

2-1odo-1-(1-methyl-1H-indol-3-yl)ethan-1-one (36af)
= CH,l
o
N
CHs
Greenish brown needles from ethyl acetate/hexane; mp 156-159 °C; IR v (KBr)
cm: 1629 (CO); *H-NMR (400 MHz, CDCls) &: 8.35-8.31 (m, 1H, C,-H), 7.81 (s, 1H, C»-H),
7.37-7.31 (m, 3H, arom-H), 4.24 (s, 2H, CH,l), 3.87 (s, 3H, NCH;); *C-NMR (100 MHz,

CDCly) 6: 187.6, 137.6, 136.1, 126.4, 123.7, 123.0, 122.7, 112.8, 109.7, 33.7, 3.4; HRMS (ESI)
m/z: calcd Cy;H10INNaO (M+Na*) 321.9705, found 321.9714.

1-(1-Methyl-1H-indol-3yl)-2-phenylethan-1-one (36ag)
o)
QN &,
N
CH,
Yellowish colorless prisms from ethyl acetate/hexane; mp 114-117 °C; IR v (KBF)
cm™: 1631 (CO); *H-NMR (400 MHz, CDCls) &: 8.42-8.40 (m, 1H, C,-H), 7.74 (s, 1H, C»-H),
7.35-7.28 (m, 7H, arom-H), 7.25-7.23 (m, 1H, arom-H), 4.14 (s, 2H, CH,Ph), 3.83 (s, 3H,
NCHs); ®*C-NMR (100 MHz, CDCl5) &: 192.6, 137.4, 135.9, 135.7, 129.3, 128.5, 126.6, 123.5,

122.8, 122.7, 116.2, 109.5, 46.9, 33.5; HRMS (ESI) m/z: calcd C;7H;sNNaO (M+Na") 272.1051,
found 272.1066.
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1-(1-Methyl-1H-indol-3yl)-3-phenylpropan-1-one (36aj)

CH,
Colorless prisms from chloroform/hexane; mp 66-69 °C; IR vpa (KBr) cm™: 1644
(CO); 'H-NMR (400 MHz, CDCls) &: 8.40-8.38 (m, 1H, C,-H), 7.31-7.17 (m, 9H, arom-H), 3.79
(s, 3H, NCHs), 3.18-3.08 (m, 4H, CH,CH.Ph); *C-NMR (100 MHz, CDCls) &: 194.4, 141.8,
137.4, 135.2, 128.49, 128.47, 126.3, 126.0, 123.3, 122.6, 122.5, 116.4, 109.6, 41.6, 33.4, 30.8;
HRMS (ESI) m/z: calcd CisH1;NNaO (M+Na®) 286.1208, found 286.1224.

(1-Methyl-1H-indol-3-yl)(4-nitrophenyl)methanone (36ap)

0 O NO,
g
N
CHs
Yellowish black prisms from chloroform/hexane; mp 191-193 °C: IR vax (KBr) cm™:
1616 (CO), 1517, 1344 (NO,); *H-NMR (400 MHz, CDClI;) 8: 8.41-8.38 (m, 1H, C,-H), 8.32 (dd,
2H, J=8.8, 2.0 Hz, Cs, Cs-H), 7.92 (dd, 2H, J=8.8, 2.0 Hz, C,, Cg-H), 7.49 (s, 1H, C,-H),
7.40-7.37 (m, 3H, arom-H), 3.87 (s, 3H, NCHs); *C-NMR (100 MHz, CDClI,) &: 188.3, 149.0,
146.2, 138.0, 137.6, 129.3, 126.8, 124.1, 123.5, 123.2, 122.6, 115.2, 109.8, 33.7; HRMS (ESI)
m/z: calcd Ci6H1,N,NaO; (M+Na*) 303.0746, found 303.0739.

2. —REEE (36ak-ao, 36aq; exemplified by 36ak)

72 FBA T, CHLCL, (2 mL) 12 acetonitrile (38k) (0.210 mL, 164 mg, 3.995
mmol), 1.0 M PhBCl, in CH,Cl,#&#% (4.2 mL, 4.200 mmol) %/l x, =E{EC 15 2y Mif#k L7-.
¢\ T, 1-methylindole (34a) (0.125 mL, 131 mg, 0.999 mmol) % =R TN, 19 FEfEE L
7. £Dt, 05 M Na,COs (8 mL) Z i<, CH,Cl, T 3 [alfiH%, fafnfetiK Ty L7z,
BHEJE & file~ 7 R > 0 N TCHEES, O 0 IERIC ChHifg~ 7 R 7 A EBRE LT,
JE I TR EEE LI T L7 0~ N7T 7 4 —IZfF L, AcOEt/hexane=1/2 ¥ HHE &
v 36ak (71 mg, 41%) %157-.
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1-(1-methyl-1H-indol-3-yl)ethan-1-one (36ak)
° CH,
o5
N
CH,
Pale brown needles from ethyl acetate/hexane; mp 104-106 °C; IR vmax (KBr) cm™:
1639 (CO); 'H-NMR (400 MHz, CDCls) &: 8.38-8.36 (m, 1H, C,-H), 7.70 (s, 1H, C,-H),
7.33-7.29 (m, 3H, arom-H), 3.84 (s, 3H, NCHs), 2.52 (s, 3H, COCH,); *C-NMR (100 MHz,

CDCly) &: 192.9, 137.4, 135.7, 126.2, 123.3, 122.5, 116.9, 109.6, 33.5, 27.6; HRMS (ESI) m/z:
calcd Cy3;H;;NNaO (M+Na*) 196.0738, found 196.0756.

1-(1-methyl-1H-indol-3-yl)butan-1-one (36al)
o)
o
N
CH,
Yellowish brown oil; *H-NMR (400 MHz, CDCls) &: 8.41-8.38 (m, 1H, C,-H), 7.72 (s,

1H, C,-H), 7.34-7.29 (m, 3H, arom-H), 3.85 (s, 3H, NCH), 2.82 (t, 2H, J=7.2 Hz, CH,CH,CH}),
1.84-1.78 (m, 2H, CH,CH,CHs), 1.02 (t, 3H, J=7.2 Hz, CH,CH,CH.).

(1-Methyl-1H-indol-3-yl)(phenyl)methanone (36an)
%)
L
N
CHj
Brown needles from chloroform/hexane; mp 116-118 °C; IR vmax (KBr) cm™: 1619
(CO); *H-NMR (400 MHz, CDCls) &: 8.44-8.41 (m, 1H, C,-H), 7.80 (dd, 2H, J=8.0, 1.6 Hz,
arom-H), 7.54-7.52 (m, 2H, arom-H), 7.49-7.45 (m, 2H, arom-H), 7.36-7.34 (m, 3H, arom-H),
3.83 (s, 3H, NCHs); *C-NMR (100 MHz, CDCls) &: 190.6, 140.7, 137.7, 137.3, 130.8, 128.4,

128.0, 127.0, 123.4, 122.56, 122.53, 115.4, 109.4, 33.3; HRMS (ESI) m/z: calcd CysH1sNNaO
(M+Na") 258.0895, found 258.0887.
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(4-Chlorophenyl)(1-methyl-1H-indol-3-yl)methanone (36a0)
-0
I
N
CHs
Pale brown prisms from ethyl acetate/hexane; mp 149-150 °C; IR vpma (KBr) cm™:
1625 (CO); *H-NMR (400 MHz, CDCl5) &: 8.39-8.37 (m, 1H, C4-H), 7.73 (dd, 2H, J=8.4, 2.0 Hz,
Cs, Cs-H), 7.48 (s, 1H, C,-H), 7.43 (dd, 2H, J=8.4, 2.0 Hz, C,, Ce-H), 7.36-7.32 (m, 3H,
arom-H), 3.82 (s, 3H, NCH;); *C-NMR (100 MHz, CDCls) &: 189.3, 139.2, 137.6, 137.5, 137.2,

130.0, 1285, 127.0, 123.8, 122.8, 122.6, 115.3, 109.7, 33.6; HRMS (ESI) m/z: calcd
C1sH12,CINNaO (M+Na*) 292.0505, found 292.0500.

(1-Methyl-1H-indol-3-yl)(p-tolyl)methanone (36aq)

0 O CHj
SN
N
CHs
Pale yellow needles from chloroform/hexane; mp 143-144 °C; IR vmay (KBr) cm™:
1617 (CO); *H-NMR (400 MHz, CDCl,) &: 8.43-8.39 (m, 1H, C,-H), 7.74 (dd, 2H, J=6.4, 2.0 Hz,
arom-H), 7.54 (s, 1H, C,-H), 7.39-7.31 (m, 3H, arom-H), 7.28 (d, 2H, J=8.0 Hz, arom-H), 3.85 (s,
3H, NCHs), 2.44 (s, 3H, C¢H4CHs); *C-NMR (100 MHz, CDCI;) &: 190.6, 141.5, 140.3, 138.2,
137.5, 128.9, 128.8, 127.2, 123.5, 122.7, 122.5, 115.7, 109.5, 33.5, 21.5; HRMS (ESI) m/z: calcd
C7HisNNaO (M+Na*) 272.1051, found 272.1027.

3. —fk&HEE (36ba—ga, 36la, 36fb—fp; exemplified by 36ba)

7L FEBE T, CH.Cl, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCl, in CH,Cl, %% (1.5 mL, 1.500 mmol) %%, =RiE C 15 5y
FL7=. %\ C, indole (34b) (121 mg, 1.033 mmol) in CH,Cl i (1.0 mL) Z=iE Tz,
16.5 BfEIFEHE L 7=, = D%, 0.5 M Na,CO3(8 mL) %z, CH,Cl, T 3 [alfhHit%, fafnath
KTHEH LT, AR & ik~ 7 1 v 0 A TR, O 0 BRI Thilg~ 7 x> v
LERELEZ WIETFICCREEEEELI T 270~ 7T 7 4 —I2fF L, AcOEt/hexane
=1/6 ¥ HHE XV 36ba (53 mg, 20%) & 457-.
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2,2,2-Trichloro-1-(1H-indol-3-yl)ethan-1-one (36ba)
o)

CCly
o
N

Pale green prisms from ethyl acetate/hexane; mp 234—237 °C; IR v (KBr) cm™: 3251
(NH), 1639 (CO); ‘*H-NMR (400 MHz, DMSO-dg) &: 12.52 (br s, 1H, NH), 8.58 (d, 1H, J=3.2 Hz,
C,-H), 8.19-8.15 (m, 1H, arom-H), 7.59-7.55 (m, 1H, arom-H), 7.32-7.28 (m, 2H, arom-H);
3C-NMR (100 MHz, DMSO-ds) &: 176.8, 136.7, 136.2, 127.2, 123.9, 123.2, 121.3, 113.0, 104.8,
96.6; HRMS (ESI) m/z: calcd C1qHsCI;NNaO (M+Na*) 283.9413, found 283.9429.

2,2,2-Trichloro-1-(2-methyl-1H-indol-3-yl)ethan-1-one (36fa)

Brown needles from chloroform/hexane; mp 166-168 °C: IR vuax (KBr) cm™: 3307
(NH), 1633 (CO); *H-NMR (400 MHz, CDCls) &: 8.77 (br s, 1H, NH), 8.25 (dd, 1H, J=7.2, 1.2
Hz, C4;-H), 7.36-7.34 (m, 1H, arom-H), 7.30-7.24 (m, 2H, arom-H), 2.80 (s, 3H, arom-CHys);
BC-NMR (100 MHz, CDCl,) &: 178.4, 150.5, 134.4, 124.8, 123.9, 123.0, 122.2, 110.9, 106.7,
97.7,17.1; HRMS (ESI) m/z: calcd Cy;HgCIsNNaO (M+Na®) 297.9569, found 297.9545.

2,2,2-Trichloro-1-(1-methyl-2-phenyl-1H-indol-3-yl)ethan-1-one (36ga)

-cclg

)
CHj

Yellowish brown prisms from chloroform/hexane; mp 132-133 °C; IR vya (KBr) cm™:
1675 (CO); "H-NMR (400 MHz, CDCls) 8: 8.29-8.27 (m, 1H, C,-H), 7.52-7.48 (m, 3H, arom-H),
7.43-7.40 (m, 1H, arom-H), 7.38-7.35 (m, 4H, arom-H), 3.56 (s, 3H, NCHs); *C-NMR (100
MHz, CDCls) &: 179.0, 150.8, 137.0, 131.6, 129.8, 129.3, 128.6, 124.7, 123.7, 123.3, 122.4,
110.2, 107.5, 97.4, 31.2; HRMS (ESI) m/z: calcd C;;H3,CIsNNaO (M+Na®) 373.9882, found
373.9854.
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2,2,2-Trichloro-1-(5-methoxy-1H-indol-3-yl)ethan-1-one (361a)
o)

CCly
H,CO
|

Green needles from chloroform/hexane; mp 198-201 °C; IR vma (KBr) cm™: 3255
(NH), 1641 (CO); *H-NMR (400 MHz, CDCls) &: 8.85 (br s, 1H, NH), 8.31 (d, 1H, J=2.8 Hz,
C,-H), 7.92 (s, 1H, C,4-H), 7.35 (d, 1H, J=8.8 Hz, C;-H), 6.97 (d, 1H, J=8.8 Hz, C4-H), 3.90 (s,
3H, arom-OCHj); *C-NMR (100 MHz, CDCl,) &: 177.5, 157.1, 134.1, 130.1, 128.3, 115.0, 112.4,
106.9, 103.7, 96.6, 55.7; HRMS (ESI) m/z: calcd Cy;HgCIsNNaO, (M+Na®) 313.9518, found
313.9490.

Iz __

2,2-Dichloro-1-(2-methyl-1H-indol-3-yl)ethan-1-one (36fb)
Oy—cHel,
H
Brown needles from ethyl acetate/hexane; mp 191-194 °C; IR vmax (KBr) cm™: 3280
(NH), 1623 (CO); *H-NMR (400 MHz, DMSO-dg) &: 12.31 (br s, 1H, NH), 8.00-7.96 (m, 1H,
C,-H), 7.43-7.39 (m, 1H, arom-H), 7.32 (s, 1H, CHCl,), 7.22-7.17 (m, 2H, arom-H), 2.74 (s, 3H,
arom-CHy); BC-NMR (100 MHz, DMSO-dg) &: 180.8, 147.7, 135.2, 126.2, 122.7, 122.3, 121.0,
111.8, 108.0, 71.0, 15.2; HRMS (ESI) m/z: calcd Cy;HoCI,NNaO (M+Na®) 263.9959, found
263.9961.

2-Chloro-1-(2-methyl-1H-indol-3-yl)ethan-1-one (36fc)
Oy—CH,Cl
@gCHs
N
Pale brown needles from ethyl acetate/hexane; mp 217-220 °C; IR vua (KBr) cm™:
3259 (NH), 1627 (CO); 'H-NMR (400 MHz, DMSO-dg) &: 12.01 (br s, 1H, NH), 7.99-7.97 (m,
1H, C4-H), 7.39-7.36 (m, 1H, arom-H), 7.16-7.14 (m, 2H, arom-H), 4.91 (s, 2H, CH,CI), 2.69 (s,
3H, arom-CHs); *C-NMR (100 MHz, DMSO-ds) &: 186.2, 145.4, 134.9, 126.7, 122.3, 121.8,
120.8, 111.5, 111.0, 49.7, 15.2; HRMS (ESI) m/z: calcd Cy;H;,CINNaO (M+Na®) 230.0349,
found 230.0356.
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2-Bromo-1-(2-methyl-1H-indol-3-yl)ethan-1-one (36fe)

Oy—CH,Br
CE\CCHs
N
Pale brown needles from ethyl acetate/hexane; mp 183-186 °C; IR v (KBr) cm™:
3303 (NH), 1633 (CO); *H-NMR (400 MHz, CDClI3) &: 10.07 (br s, 1H, NH) 7.91 (d, 1H, J=8.0
Hz, C4-H), 7.36 (d, 1H, J=7.6 Hz, arom-H), 7.30-7.20 (m, 2H, arom-H), 4.47 (s, 2H, CH,Br),
2.76 (s, 3H, arom-CHs); *C-NMR (100 MHz, CDCl,) &: 187.3, 146.5, 134.9, 126.2, 122.6, 122.4,
120.7, 111.3, 100.0, 35.5, 15.5; HRMS (ESI) m/z: calcd CyH;oBrNNaO (M+Na®) 273.9843,

found 273.9857.

(2-Methyl-1H-indol-3-yl)(4-nitrophenyl)methanone (36fp)
o e
\ N—CH,
N

H
Yellow needles from ethyl acetate/hexane; mp 233-234 °C; IR v (KBr) cm™: 3191

(NH), 1735 (CO), 1525, 1346 (NO,); ‘H-NMR (400 MHz, DMSO-dg) &: 12.12 (br s, 1H, NH),
8.34 (dd, 2H, J=7.2, 1.6 Hz, Cg, Cs-H), 7.81 (dd, 2H, J=6.8, 2.0 Hz, C,, Ce-H), 7.40 (d, 1H,
J=8.0 Hz, C,-H), 7.33 (d, 1H, J=8.0 Hz, C;-H), 7.14 (ddd, 1H, J=8.0, 8.0, 1.2 Hz, arom-H), 7.03
(ddd, 1H, J=8.0, 8.0, 0.8 Hz, arom-H), 2.36 (s, 3H, arom-CHs); *C-NMR (100 MHz, DMSO-dg)
5:189.9, 148.7, 147.5, 145.9, 135.2, 129.2, 127.1, 123.9, 122.4, 121.6, 120.1, 112.1, 111.6, 14.6;
HRMS (ESI) m/z: calcd CysH1,N,NaO3 (M+Na®) 303.0746, found 303.0743.

4. —fRARREE (36ha—ka; exemplified by 36ha)

7L FEBA T, CH.Cl, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCl, in CH,CL, &% (1.5 mL, 1.500 mmol) %%, =Rii T 15 /3R
# L7z, % C, 5-chloroindole (34h) (152 mg, 1.003 mmol) in CH;NO, /&% (2.0 mL) %=
BTN, 19 BRI L7=. Z D%, 0.5 M Na,CO; (8 mL) &z, CH,Cl, T 3 [E[fhH#,
RN HEK CTUHEYE L7z, AE A NS~ 7 R 2 U A TR, O728T 0 JEEIC Thiifg~
TRV LERELR. BIETNCTREEZEEL I T L7~ N7 T 7 4 —12fF L,
AcOEt/hexane=1/2 ¥x %8 L 0 36ha (120 mg, 40%) % 157-.
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2,2,2-Trichloro-1-(5-chloro-1H-indol-3-yl)ethan-1-one (36ha)
o)

CCly
cl
o1
N
H
Brown prisms from ethyl acetate/hexane; mp 238-243 °C; IR v (KBI) cm; 3259
(NH), 1654 (CO); *H-NMR (400 MHz, DMSO-dq) &: 12.69 (br s, 1H, NH), 8.65 (d, 1H, J=3.6 Hz,
C,-H), 8.14 (d, 1H, J=2.0 Hz, C,-H), 7.59 (dd, 1H, J=8.8, 0.4 Hz, C;-H), 7.33 (dd, 1H, J=8.8, 2.4
Hz, Cs-H); BC-NMR (100 MHz, DMSO-ds) 6: 176.9, 138.0, 134.8, 128.4, 128.0, 124.0, 120.5,
114.7, 104.6, 96.2; HRMS (ESI) m/z: calcd C1oHsCI,NNaO (M+Na®) 317.9023, found 317.9014.

1-(5-bromo-1H-indol-3-yl)-2,2,2-trichloroethanone (36ia)
o)

CCl,
Br
‘ A\
N
H

Brown solids; *H-NMR (400 MHz, CDCI5) &: 8.90 (br s, 1H, NH), 8.61 (d, 1H, J=1.6
Hz, C;-H), 8.34 (d, 1H, J=3.2 Hz, C,-H), 7.46-7.43 (m, 1H, arom-H), 7.35-7.33 (m, 1H,
arom-H).

Methyl-3-(2,2,2-trichloroacetyl)-1H-indole-5-carboxylate (36ja)
o)

cCl,
H3CO,C
3 2 ‘ QA
N

N

Orangish yellow needles from ethyl acetate/hexane; mp 228-230 °C; IR vmax (KBTr)
cm™: 3243 (NH), 1687 (COO0), 1666 (CO); *H-NMR (400 MHz, DMSO-dq) &: 12.82 (br s, 1H,
NH), 8.86 (s, 1H, C,s-H), 8.79 (s, 1H, C,-H), 7.91 (dd, 1H, J=8.8, 1.6 Hz, arom-H), 7.66 (d, 1H,
J=8.4 Hz, arom-H), 3.88 (s, 3H, COOCH,); *C-NMR (100 MHz, DMSO-dq) &: 177.1, 166.9,
139.0, 138.7, 126.9, 124.8, 124.5, 123.5, 113.3, 105.7, 96.2, 52.2; HRMS (ESI) m/z: calcd
C1,HsCIsNNaO; (M+Na®) 341.9467, found 341.9485.
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2,2,2-Trichloro-1-(5-nitro-1H-indol-3-yl)ethan-1-one (36ka)
o)

CCly
O,N
2 ‘ N
N

N

Yellowish colorless needles from ethyl acetate/hexane; mp 253-254 °C; IR v (KBTF)
cm™: 3224 (NH), 1654 (CO), 1533, 1336 (NO,); *H-NMR (400 MHz, DMSO-ds) &: 13.07 (br s,
1H, NH), 9.02 (d, 1H, J=2.0 Hz, C4-H), 8.86 (d, 1H, J=2.0 Hz, C,-H), 8.19 (dd, 1H, J=9.2, 2.0 Hz,
Ce-H), 7.77 (d, 1H, J=8.8 Hz, C;-H); *C-NMR (100 MHz, DMSO-ds) &: 177.1, 143.7, 140.2,
139.6, 126.7, 119.3, 117.6, 114.0, 106.4, 95.9; HRMS (ESI) m/z: calcd C1,HsCIsN,NaO; (M+Na")
328.9263, found 328.9274.

(3) 3-Amionoalkylindole D& A&

1. —f%A&RR¥E (37aa—ap; exemplified by 37aa)

T3 UFEFART, CHLCl, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCl, in CH,Cl, #%ifé (1.5 mL, 1.500 mmol) %/l %, iR 15 4y
FRL7=. % C, 1-methylindole (34a) (0.125 mL, 131 mg, 0.999 mmol) % =R CTHNx, 1 K
B L7=. Z D%, NaBH,CN (96 mg, 1.375 mmol), CHsNO, (3 mL) %3k LTz, =iRic
SR U228 6 2 R L 7=, B4, 0.5 M Na,CO5 (8 mL) %z, CH,Cl, T 3 [ElfhHH#,
RN HEK CTHEE L7z, ARE AR~ 7 R 2 U L THUEERE, OV24T 0 JEEIC Thtig~
TR LEREL, BIE FICTREZEE L. ZTOREGERWIZ, 73 v FHA
T, CH,CI, (6 mL), TFAA (0.300 mL, 455 mg, 2.166 mmol) % =R{E Tz, 2 B L 7=,
T FIC TR ZEE LT L7 a~ 7T 7 ¢ —IZfF L, AcOEt/hexane=1/5 ¥ H#6 &
0 37aa (336 mg, 90%) %1547~
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2,2,2-Trifluoro-N-(2,2,2-trichloro-1-(1-methyl-1H-indol-3-yl)ethyl)acetamide
(37aa)

FSCOCHN, o)

B

N

CH;

Colorless prisms from ethyl acetate/hexane; mp 175-176 °C; IR vy (KBr) cm: 3318,

1716 (NHCO); *H-NMR (400 MHz, CDCl5) 8: 7.69 (dd, 1H, J=8.0, 0.8 Hz, C,-H), 7.36-7.34 (m,
2H, arom-H), 7.29 (ddd, 1H, J=8.0, 8.0, 1.2 Hz, arom-H), 7.21 (ddd, 1H, J=8.0, 8.0, 1.2 Hz,
arom-H), 7.05 (br d, 1H, J=9.6 Hz, NHCO), 6.30 (d, 1H, J=10.0 Hz, CHCCls), 3.82 (s, 3H,
NCH,); *C-NMR (100 MHz, CDCls) &: 156.3 (q, 2Jc_r=37.8 Hz), 136.2, 128.2, 127.0, 122.7,
120.6, 118.9, 115.7 (q, "Jc_£=286.4 Hz), 109.8, 107.4, 101.2, 61.4, 33.1; HRMS (ESI) m/z: calcd
for C13H10ClsF3N;NaO (M+Na*) 394.9709, found 394.9700.

N-(2,2-dichloro-1-(1-methyl-1H-indol-3-yl)ethyl)-2,2,2-trifluoroacetamide (37ab)

F,COCHN

CHCl,
Cf\?
N

CH,

Brown needles from chloroform/hexane; mp 126-128 °C; IR v (KBF) cm ™ 3280,
1700 (NHCO); 'H-NMR (400 MHz, CDCl5) &: 7.59 (d, 1H, J=8.0 Hz, C,-H), 7.36 (d, 1H, J=8.0
Hz, arom-H), 7.32-7.28 (m, 2H, arom-H), 7.19 (ddd, 1H, J=7.6, 7.6, 0.8 Hz, arom-H), 6.90 (br d,
1H, J=8.0 Hz, NHCO), 6.27 (d, 1H, J=3.2 Hz, CHCHCI,), 5.96 (dd, 1H, J=8.8, 3.2 Hz,
CHCHCI,), 3.82 (s, 3H, NCHa); *C-NMR (100 MHz, CDCl3) &: 156.8 (q, 2Jc £=37.7 Hz), 136.6,
127.5, 126.3, 122.7, 120.4, 118.4, 115.7 (q, "Jc.¢=286.1 Hz), 109.8, 107.6, 73.2, 54.2, 33.1;
HRMS (ESI) m/z: calcd for C13H;,Cl,FsN;NaO (M+Na*) 361.0098, found 361.0083.
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N-(2-chloro-1-(1-methyl-1H-indol-3-yl)ethyl)-2,2,2-trifluoroacetamide (37ac)

FiCOCHN, (1

B
N
CHs
Pale orange needles from chloroform/hexane; mp 135-137 °C; IR vma (KBr) cm™:
3251, 1689 (NHCO); *H-NMR (400 MHz, CDCl5) &: 7.55 (d, 1H, J=8.0 Hz, C,-H), 7.35 (d, 1H,
J=8.4 Hz, C;-H), 7.29 (t, 1H, J=7.6 Hz, arom-H), 7.21 (s, 1H, C,-H), 7.17 (t, 1H, J=7.6 Hz,
arom-H), 6.71 (br s, 1H, NHCO), 5.70-5.65 (m, 1H, CHCH,CI), 4.11-4.03 (m, 2H, CHCH,CI),
3.79 (s, 3H, NCH3); *C-NMR (100 MHz, CDCl,) &: 156.6 (q, 2Jc ¢=37.2 Hz), 136.9, 127.2,
125.9, 122.6, 120.1, 118.4, 115.7 (g, *Jc_+=286.2 Hz), 109.9, 109.8, 48.0, 45.9, 33.0; HRMS (ESI)
m/z: calcd for C13H1,CIF;N,NaO (M+Na*) 327.0488, found 327.0459.

2,2,2-Trifluoro-N-(2-fluoro-1-(1-methyl-1H-indol-3-yl)ethyl)acetamide (37ad)

FSCOCHN, ¢\ b

B

N

CHg

Colorless needles from ethyl acetate/hexane; mp 152-154 °C; IR vmay (KBr) cm™: 3272,

1693 (NHCO); *H-NMR (400 MHz, CDCls) &: 7.58 (d, 1H, J=8.0 Hz, C4-H), 7.35 (d, 1H, J=8.4
Hz, arom-H), 7.29 (dd, 1H, J=7.6, 6.8 Hz, arom-H), 7.21-7.16 (m, 2H, arom-H), 6.63 (br s, 1H,
NHCO), 5.66-5.55 (m, 1H, CHCH,F), 4.98-4.80 (m, 2H, CHCH,F), 3.80 (s, 3H, NCHy);
BC-NMR (100 MHz, CDCl3) &: 156.6 (q, 2Jc ¢=37.1 Hz), 136.8, 127.6 (d, *Jc £=3.7 Hz), 126.2,
122.6, 120.1, 118.6, 115.7 (q, 'Jcr=286.2 Hz), 109.7, 109.1 (d, “Jc F=2.8 Hz), 84.1 (d,
e ¢=173.8 Hz), 47.0 (d, 2Jc¢=19.4 Hz), 32.9; HRMS (ESI) m/z: calcd for CysHi,F4sN,NaO
(M+Na") 311.0783, found 311.0776.
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N-(2-bromo-1-(1-methyl-1H-indol-3-yl)ethyl)-2,2,2-trifluoroacetamide (37ae)

FCOCHN,

B
N
CHs
Pale brown needles from chloroform/hexane; mp 164-166 °C; IR vmax (KBr) cm™:
3288, 1706 (NHCO); *H-NMR (400 MHz, CDCl5) &: 7.55 (d, 1H, J=8.0 Hz, C,-H), 7.36 (d, 1H,
J=8.0 Hz, arom-H), 7.29 (ddd, 1H, J=7.2, 7.2, 1.2 Hz, arom-H), 7.18 (ddd, 1H, J=7.2, 7.2, 1.2 Hz,
arom-H), 7.13 (s, 1H, C,-H), 6.77 (br d, 1H, J=7.6 Hz, NHCO), 5.20-5.15 (m, 1H, CHCH,Br),
3.81 (s, 3H, NCH), 3.35 (d, 2H, J=5.6 Hz, CHCH,Br); *C-NMR (100 MHz, CDCl5) &: 156.5 (q,
2Jc¢=38.6 Hz), 137.0, 128.5, 127.4, 122.5, 120.1, 117.9, 117.0, 115.2 (g, "Jc r=285.9 Hz), 109.8,
42.3,32.9,28.4.

2,2,2-Trifluoro-N-((1-methyl-1H-indol-3-yl)(4-nitrophenyl)methyl)acetamide
(37ap)

F3COCHN O NO,
SN
N
CH,4
Yellowish Green needles from ethyl acetate/hexane; mp 218-221 °C; IR vy (KBF)
cm': 3299, 1695 (NHCO), 1511, 1348 (NO,); 'H-NMR (400 MHz, CDCI,) &: 8.25 (dd, 2H,
J=8.8, 2.0 Hz, C3, Cs-H), 7.55 (dd, 2H, J=8.8, 2.0 Hz, C,, C¢-H), 7.40 (dd, 1H, J=8.0, 0.8 Hz,
C,-H), 7.36 (d, 1H, J=8.4 Hz, arom-H), 7.31 (ddd, 1H, J=7.6, 7.6, 0.8 Hz, arom-H), 7.16 (ddd,
1H, J=8.0, 7.4, 1.2 Hz, arom-H), 6.88 (br d, 1H, J=6.8 Hz, NHCO), 6.64 (s, 1H, C,-H), 6.55 (d,
1H, J=7.2 Hz, CHCeHsNO,), 3.74 (s, 3H, NCH,); *C-NMR (100 MHz, CDCls) &: 156.6 (g,
2Jc .=37.4 Hz), 147.5, 146.6, 137.5, 128.5, 127.5, 125.6, 124.0, 122.9, 120.4, 118.5, 115.7 (q,
Jc £=286.5 Hz), 112.1, 110.0, 50.9, 32.9; HRMS (ESI) m/z: calcd for C;gHy,FsNsNaO; (M+Na®)
400.0885, found 400.0862.
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2. BHUE (37fa)

7= FEPAEE, CHLCl, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCI, in CH,Cl, i (1.5 mL, 1.500 mmol) % /%, =RIET 15 /3Rl
L 7=, %V C, 2-methylindole (34f) (131 mg, 0.999 mmol) in CH,ClL, &% (1.0 mL) % =i
Thiz, 17 B L=, £ %%, NaBH,CN (286 mg, 4.096 mmol), CH;OH (3 mL) %k I
TNZ, |IRIZFHRE L2RN 5 1 IR L7z, KIG#, 0.5 M Na,CO; (8 mL) =z,
CH.Cl, T34, fafn ik Cred Uiz, AE 2 MiE~ 7 % 3 7 L TR, U072
PFrOMEIC TR~ 7 32U LA EREL, BE FMCTREEZHEE L. ZORAERY
(2, 7T RBHACT, CHLCL, (6 mL), TFAA (0.300 mL, 455 mg, 2.17 mmol) % =R Tz,
2 WFFHR L7z, WIE FICCHE AR EL VT L7~ N7 77 4 —I12H L,
AcOEt/hexane =1/5 IAHER & ¥ 37fa (161 mg, 77%) % 457-.

2,2,2-Trifluoro-N-(2,2,2-trichloro-1-(2-methyl-1H-indol-3-yl)ethyl)acetamide (37fa)

FSCOCHN, o\

[ H—CHs
N
H
Colorless needles from chloroform/hexane; mp 143-144 °C: IR vmax (KBr) cm™: 3438

(NH), 3399, 1722 (NHCO); 'H-NMR (400 MHz, CDCl,) &: 8.16 (br s, 1H, NH), 7.65 (dd, 1H,
J=6.8, 1.6 Hz, C,-H), 7.55 (br d, 1H, J=8.8 Hz, NHCO), 7.34 (dd, 1H, J=6.0, 2.0 Hz, arom-H),
7.20-7.14 (m, 2H, arom-H), 6.06 (d, 1H, J=9.6 Hz, CHCCl5), 2.56 (s, 3H, arom-CHs); *C-NMR
(100 MHz, CDCl,) &: 156.5 (q, 3¢ ¢=37.7 Hz), 136.8, 135.2, 125.5, 121.9, 120.7, 119.1, 115.7 (g,
3 £=286.1 Hz), 111.2, 104.3, 102.6, 63.2, 13.1; HRMS (ESI) m/z: calcd Ci3H1ClsFsN,NaO
(M+Na*) 394.9709, found 394.9734.

3. —RRAHRRIE (37fb, fc, ga; exemplified by 37fh)

T3 UFEFART, CHLCl, (4 mL) 12 dichloroacetonitrile (38b) (0.120 mL, 164 mg,
1.492 mmol), 1.0 M PhBCI, in CH,Cl, i (1.5 mL, 1.500 mmol) % /il%, “RiEC 15 38
#: L 7=, e\ C, 2-methylindole (34f) (131 mg, 0.999 mmol) in CH,Cl, /&% (2 mL) % ==iEC
W%, 21 WERHEEE L 7=, 2 D%, NaBH.CN (116 mg, 1.661 mmol), CHsNO, (3 mL) %k |-
Mz, FBRICHFIR L2N 5 25 REMHEE L2, KISk, 05 M Na,CO;z (8 mL) %Mz,
CH.Cl, T 3[4, fafn K Cotg Uiz, B8 it~ 7 % > 7 L CTHE, 072
Pro IR THEE~ 712> U LA ZBREL, BIE IS TREZEE L. TORAERY
2, 7 FA T, CHLCl, (6 mL), TFAA (0.300 mL, 455 mg, 2.17 mmol) % =& CThl .,
2 R L, BETICTEEZEE LI 7270~ N7 57 0 =T L,
AcOEt/hexane=1/6-1/4 7 L 0 37fb (125 mg, 37%) Z157-.
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N-(2,2-dichloro-1-(2-methyl-1H-indol-3-yl)ethyl)-2,2,2-trifluoroacetamide (37fb)

FCOCHN, _cyic)

| D—CH,
N

Brown needles from chloroform/hexane; mp 111-115 °C; IR vpex (KBF) cmt: 3403,
1716 (NHCO); '*H-NMR (400 MHz, CDClI,) &: 8.16 (br s, 1H, NH), 7.56 (dd, 1H, J=7.2, 1.2 Hz,
C,-H), 7.33 (dd, 1H, J=6.8, 1.6 Hz, C;-H), 7.28 (br d, 1H, J=7.6 Hz, NHCO), 7.20-7.13 (m, 2H,
arom-H), 6.22 (d, 1H, J=5.2 Hz, CHCHCI,), 5.72 (dd, 1H, J=8.0, 5.2 Hz, CHCHCI,), 2.48 (s, 3H,
arom-CHs); *C-NMR (100 MHz, CDCls) &: 157.0 (q, *Jc ¢=37.7 Hz), 135.2, 135.0, 125.6, 122.0,
120.6, 117.9, 115.7 (q, *Jc +=286.5 Hz), 111.3, 104.6, 73.8, 55.9, 12.5; HRMS (ESI) m/z: calcd
for C13Hy; ClF3N,NaO (M+Na®) 361.0098, found 361.0079.

N-(2-chloro-1-(2-methyl-1H-indol-3-yl)ethyl)-2,2,2-trifluoroacetamide (37fc)
F3COCHN

Colorless solids; *H-NMR (400 MHz, CDCl,) 8: 8.04 (br s, 1H, NH), 7.46 (d, 1H, J=7.6
Hz, arom-H), 7.33 (d, 1H, J=7.2 Hz, arom-H), 7.21-7.11 (m, 2H, arom-H), 6.76 (br d, 1H, J=8.0
Hz, NHCO), 5.19-5.15 (m, 1H, CHCH,CI), 3.38-3.28 (m, 2H, CHCH.,CI), 2.50 (s, 3H,
arom-CHy).

2,2,2-Trifluoro-N-(2,2,2-trichloro-1-(1-methyl-2-phenyl-1H-indol-3-yl)ethyl)acetam
ide (37ga)
FsCOCHN,
3
N\
CHs
Greenish black prisms from chloroform/hexane; mp 119-123 °C; IR vy (KBr) cm™
3401, 1724 (NHCO); 'H-NMR (400 MHz, CDCl5) &: 7.81 (d, 1H, J=8.0 Hz, C,-H), 7.58-7.53 (m,
4H, arom-H), 7.42-7.38 (m, 3H, arom-H, NHCO), 7.31 (ddd, 1H, J=7.6, 7.6, 0.8 Hz, arom-H),
7.24 (ddd, 1H, J=8.0, 8.0, 0.8 Hz, arom-H), 6.17 (d, 1H, J=9.6 Hz, CHCCIl5), 3.54 (s, 3H, NCH,);
BC-NMR (100 MHz, CDCl3) &: 156.2 (q, *Jc ¢=37.8 Hz), 136.9, 131.2, 131.0, 130.6, 129.4,

129.3, 128.6, 122.3, 120.8, 120.1, 115.7 (q, “Jc =285.8 Hz), 110.3, 104.4, 101.9, 63.4, 30.9;
HRMS (ESI) m/z: calcd for C;9H14ClsF3N,NaO (M+Na*) 471.0022, found 471.0021.
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4. —fRERE (37ba, ja, ka; exemplified by 37ba)

7= FEPAEE, CHLCl, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCI, in CH,Cl, i (1.5 mL, 1.500 mmol) % /%, =RIET 15 /3Rl
L 7=, %V C, indole (34b) (117 mg, 0.999 mmol) in CHsNO, IA#R (2.0 mL) % =R{E T,
20.5 BEEHEFR L7=. % D%, NaBH;CN (105 mg, 1.504 mmol), CH;NO, (3 mL) %7K EThnx,
FIRIZHIR L7223 5 2.5 IR L7z, RS, 0.5 M Na,CO3(8 mL) %%, CH,CIl, T 3
Bl %, fafn K CHed L, AHBZMEE~ 7 % U A Tialitk, O724T 0 JEH
IZTCHiliE~ 7 2 U A &BREL, BE FICTREEZEE L. Z0RAERMIZ, T
= BRHAS T, CH,Cl, (6 mL), TFAA (0.300 mL, 455 mg, 2.17 mmol) % ZiE-CHll %, 2 W]
R L7z WETFIC ORI AZEE LT L7 a~ 87T 7 0 —I2fF L, AcOEthexane=1/2
TAHER LV 37ba (86 mg, 24%) %457

2,2,2-Trifluoro-N-(2,2,2-trichloro-1-(1H-indol-3-yl)ethyl)acetamide (37ba)

FSCOCHN, o\

B
N

Brown prisms from chloroform/hexane; mp 183-186 °C; IR vma (KBr) cm™: 3388
(NH), 3332, 1708 (NHCO); *H-NMR (400 MHz, CDCIy) &: 8.36 (br s, 1H, NH), 7.72 (d, 1H,
J=8.0 Hz, C,-H), 7.53 (d, 1H, J=2.4 Hz, C,-H), 7.45-7.42 (m, 1H, arom-H), 7.30-7.21 (m, 2H,
arom-H), 7.02 (br d, 1H, J=9.2 Hz, NHCO), 6.33 (d, 1H, J=9.6 Hz, CHCCI,); **C-NMR (100
MHz, CDCly) &: 156.4 (q, “Jc_r=38.0 Hz), 135.3, 126.4, 123.7, 123.2, 121.0, 118.8, 115.7 (q,
1Jc ¢=285.6 Hz), 111.6, 109.2, 101.0, 61.3; HRMS (ESI) m/z: calcd C1,HsClsFsN,NaO (M+Na®)

380.9552, found 380.9525.

Methyl-3-(2,2,2-trichloro-1-(2,2,2-trifluoroacetamido)ethyl)-1H-indole-5-carboxyla
te (37ja)

FSCOCHN, oo\
HsCO,C
3 2 ‘ N

N

H

Brown prisms from ethyl acetate/hexane; mp 192-194 °C; IR vpax (KBF) cmt: 3392,
1710 (COO), 1677 (NHCO); *H-NMR (400 MHz, DMSO-ds) &: 11.88 (br s, 1H, NH), 10.63 (br
d, 1H, J=9.6 Hz, NHCO), 8.34 (s, 1H, C,-H), 8.04 (d, 1H, J=2.4 Hz, C,-H), 7.78 (dd, 1H, J=8.4,
1.2 Hz, C¢-H), 7.54 (d, 1H, J=8.4 Hz, C;-H), 6.31 (d, 1H, J=9.2 Hz, CHCCIy), 3.85 (s, 3H,
COOCH;); ®*C-NMR (100 MHz, DMSO-dg) &: 167.1, 156.8 (q, 2Jc =37.7 Hz), 137.8, 128.5,
126.8, 122.8, 121.6, 120.4, 116.0 (q, “Jc_-=286.0 Hz), 112.2, 108.8, 101.8, 60.3, 52.0; HRMS
(ESI) m/z: calcd for Cy4H14ClsFsN,NaO; (M+Na®) 438.9607, found 438.9587.

55



2,2,2-Trifluoro-N-(2,2,2-trichloro-1-(5-nitro-1H-indol-3-yl)ethyl)acetamide (37ka)
F3COCHN
O,N

CCly
‘ A\
N
Yellowish brown prisms from ethyl acetate/hexane; mp 224-225 °C; IR vmax (KBTr)
cm ' 3318 (NH), 1716 (NHCO), 1517, 1332 (NO,); "H-NMR (400 MHz, DMSO-dg) &: 12.17 (br
d, 1H, J=1.2 Hz, NH), 10.63 (br d, 1H, J=9.6 Hz, NHCO), 8.74 (d, 1H, J=2.4 Hz, C,-H), 8.16 (d,
1H, J=2.4 Hz, C,-H), 8.04 (dd, 1H, J=9.2, 2.4 Hz, C4-H), 7.63 (d, 1H, J=8.8 Hz, C;-H), 6.42 (d,
1H, J=9.6 Hz, CHCCI5); *C-NMR (100 MHz, DMSO-d¢) &: 156.7 (q, 2Jc_r=37.8 Hz), 141.6,
138.4, 130.7, 126.3, 117.2, 115.9 (q, "Jc_¢=285.9 Hz), 115.6, 112.7, 110.2, 101.6, 60.4; HRMS
(ESI) m/z: caled Cy,H/ClsFsN;NaO; (M+Na") 425.9403, found 425.9433.

1-methyl-3-(1-methylindolin-2-yl)-1H-indole (41)

CHs CHa

Yellow solids; *H-NMR (400 MHz, CDCl5) &: 7.69 (d, 1H, J=8.0 Hz, arom-H), 7.32 (d,
1H, J=8.4 Hz, arom-H), 7.25-7.21 (m, 1H, arom-H), 7.16-7.05 (m, 4H, arom-H), 6.72 (t, 1H,
J=7.2 Hz, arom-H), 6.53 (d, 1H, J=7.6 Hz, arom-H), 4.62 (t, 1H, J=10.0 Hz, CHCH,), 3.78 (s, 3H,

aromNCH;), 3.33-3.16 (m, 2H, CHCH,), 2.64 (s, 3H, NCHs).

5. N-Boc-3-amionoalkylindole & h%# (62b)

72 FBAF, CHLCL, (4 mL) (2 trichloroacetonitrile (38a) (0.120 mL, 174 mg,
1.205 mmol), 1.0 M PhBCl, in CH,CL, &% (1.5 mL, 1.500 mmol) %%, =Rii T 15 /3R
# L7z, %V C, 1-methylindole (34a) (0.125 mL, 131 mg, 0.999 mmol) % =R CHNx, 1.5 FF
WHE#R L7=. = D%, NaBH;CN (210 mg, 3.008 mmol), CHsNO, (3 mL), CH,Cl, (2 mL) %7k
Tz, SEICHE L7 5 25 REEEEE L7z, KOG, 0.5 M Na,CO; (8 mL) Z/x 15
SR L, CHLCl, C 3 [alfliH#%, fafn&ik Cote Lz, AHE 2 ik~ 7 %> U ATz
feth, O D RIS TRt~ 7 2 v U L& REL, BIE FICTREAHEE L. 20
REERSIC, 7T UF AT, CHCL, (6 mL), Boc,O (0.5 mL, 504 mg, 2.309 mmol) %
SR TN A, 19 e #R L7=1%, 50°C C 2 IefElfE#R L7=. 0.5 M Na,CO;3 (8 mL) %=/l %,
CH,Cl, T3 [l i1, SaFn ik Tl Uiz, A 2t~ 7 % v 7 L TR, O
PO EBRIC CTHiE~ 7 2> U A EBRE L. WETFICUREEZREELI T L7~ T
7 7 4 —IZfF L, AcOEt/hexane=1/6 #& T & 62b (172 mg, 46%) % 157
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tert-butyl (2,2,2-trichloro-1-(1-methyl-1H-indol-3-yl)ethyl)carbamate (62b)

/Boc

HN._cal
o
N
CHs
Colorless needles from chloroform/hexane; mp 154-156 °C; IR vmax (KBr) cm™: 1714,

1698 (CO); *H-NMR (400 MHz, CDCl5) &: 7.75 (d, 1H, J=7.6 Hz, C,-H), 7.33 (d, 1H, J=8.0 Hz,
arom-H), 7.29-7.25 (m, 2H, arom-H), 7.21-7.17 (m, 1H, arom-H), 5.95 (d, 1H, J=9.2 Hz,
CHCCIy), 5.47 (br d, 1H, J=8.8 Hz, NHCO), 3.80 (s, 3H, NCHj3), 1.45 (s, 9H, C(CHs)y);
BC-NMR (100 MHz, CDCl,) &: 154.6, 136.2, 128.1, 127.3, 122.2, 120.0, 119.5, 109.8, 109.5,
103.4, 80.6, 62.9, 33.0, 28.3; HRMS (ESI) m/z: calcd CysHyClsN,NaO, (M+Na") 399.0410,
found 399.0408.

6. ¥ INVEMNLTF—RKARRIE (64sa, sb; exemplified by 64sa)

(S,S)-stien (63s) (1.5 g, 7.07 mmol), 4-dimethylaminopyridine (30 mg, 0.24 mmol) (Z
CH,Cl, (30 mL)% /il z 7=%%, triethylamine (3 mL, 2.18 g, 21.3 mmol) %k _EThlz 5 43
¥R, Z D1, p-toluenesulfonyl chloride (3 g, 15.3 mmol) Z i1z, K EIZ T 1L, =
M BT 72236 20 IR R L 7=, A#%E % 10 % HCl aq., H,0, sat. NaHCO; aq., fafifif
KCUF LT, BHE Z i~ 7 % o 7 A Clzlitk, OZ9T 0 IR THifR~ 7 x v
LAEBRELE. BIETICTREZ2EELI I L~ N7 T 7 40— L,
ACOEt/CHCI,=1/8 7 HIR L V) 64sa (0.767 g, 21 %) % 15%7-.

N,N'-((1S,25)-1,2-diphenylethane-1,2-diyl)bis(4-methylbenzenesulfonamide) (64sa)

Qo

_N N-
H3CO% H H 8@”‘3

2 2

Colorless needles from chloroform/hexane; mp 203204 °C; IR v (KBr) cm™: 1328,
1159 (NHSO,); 'H-NMR (400 MHz, CDCl5) 8: 7.49 (dd, 4H, J=6.4, 1.6 Hz, arom-H), 7.09 (d,
4H, J=8.0 Hz, arom-H), 7.06-7.02 (m, 2H, arom-H), 6.98-6.94 (m, 4H, arom-H), 6.65-6.63 (m,
4H, arom-H), 5.39-5.34 (m, 2H, NHCH), 4.46-4.41 (m, 2H, NHCH), 2.33 (s, 6H, CgH4CHy):
BC-NMR (100 MHz, CDCl,) &: 143.3, 136.7, 136.2, 129.3, 128.1, 127.8, 127.5, 127.2, 62.0,
21.4; HRMS (ESI) m/z: calcd CyH,sN,NaO,S, (M+Na®) 543.1388, found 543.1397.
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N,N'-((1S,2S)-1,2-diphenylethane-1,2-diyl)dibenzenesulfonamide (64sb)

QO

50
s s
oft Ho

2

Colorless needles from chloroform/hexane; mp 159-160 °C; IR vy (KBr) cm™: 1326,
1159 (NHSO,); *H-NMR (400 MHz, CDCl,) &: 7.62-7.59 (m, 4H, arom-H), 7.43-7.39 (m, 2H,
arom-H), 7.30-7.26 (m, 4H, arom-H), 7.04-6.99 (m, 2H, arom-H), 6.96-6.92 (m, 4H, arom-H),
6.66-6.63 (M, 4H, arom-H), 5.58-5.53 (m, 2H, NHCH), 4.51-4.46 (m, 2H, NHCH); *C-NMR
(100 MHz, CDCly) 6: 139.7, 136.0, 132.5, 128.7, 128.2, 127.9, 127.4, 127.1, 62.1; HRMS (ESI)
m/z: calcd CysH2sN,NaO,S, (M+Na") 515.1075, found 515.1079.

7. % 7/ 3-aminoalkylindole &-EkE (78fa)

7L RA T, CHCl, (7.5 mL) {2 N-besyl-(S,S)-stien (64sb), 0.9 M BH; in
THF %% (0.84 mL, 0.756 mmol) %k b Thnx, 1.5 FFf#HH L=, & 52,
trichloroacetonitrile (38a) (0.060 mL, 87 mg, 0.60 mmol) %k _EThnz, 2 Wi L7z, i
v C, 2-methylindole (34f) (66 mg, 0.50 mmol) in CH.Cl, %% (1.0 mL) Z K ETx, =il
ICHIR L2 S 24 BRHEE L=, D%, 0.5 M Na,CO4 (4 mL) %A%, CH,Cl, T 3 [alh
2, fafn K Tl Lic, AREZMEE~ 71 U L TR, O 0 iz T
Wi~ 73U L &REL, BE FICTHEZEE L. ZORGAERMIZ, TAra s
TS T, CHLCl, (3 mL), TFAA (0.2 mL, 303 mg, 1.44 mmol) % =i CHl %, 1.5 BRI L
7o, WETFICTHIEAREE LT L7 a~ 7T 7 ¢ —I2fF L, AcOEthexane=1/4 ¥ 1
X v 78fa (5 mg, 3%) Z157=.

2,2,2-trifluoro-N-(2,2,2-trichloro-1-(2-methyl-1H-indol-3-yl)ethyl)acetamide (78fa)

F3COCHN

Brown solids, "H-NMR (400 MHz, CDCls) &: 8.18 (br s, 1H, NH), 7.66-7.63 (m, 1H,
C4-H), 7.56 (br d, 1H, J=8.4 Hz, NHCO), 7.36-7.34 (m, 1H, arom-H), 7.20-7.15 (m, 2H,
arom-H), 6.06 (d, 1H, J=9.6 Hz, CHCCIl5), 2.58 (s, 3H, arom-CHs)
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Yarianl

FL1E ILOHI

TN E O AR EERBE BUIE 2 IO — & Zill> T\ 5, JZASEENEE LT

[SER% 26 4 (2014) HEFRAEOHEMIC L 2D &, Rk 26 FERFO BBE UL, BERIFEAS 3,166
TN, BEEEFRED 2,062 TN, @EMEMEREAN 10,108 TAL 2> T3 72 NPk
25 SR T A FERNRERCGHEROMEE | (28D &, Wk 25 RO R OAEFESFAIT,
BEPRIPI RN 154,236 11 5, A BLEESKAY 206,581 5 M, (ML T34 623,070 ({5
ME7poTng»®

BEE CHW B A IRE B ETRHSRIZIT Figure 8 10T X 9 AN H 5. ZoH o
atorvastatin (87) L HMG-CoA 2 ciesEEMEM (statin %) 2H LT\ 5.0 vo— g
BEATH~T REAERNLD 15 TH 5 atorvastatin (87) 1, statin RIEFI O H T H I
RIZBWTHENZ UG SN TEY, 2ARICOVTHHEZ S BESN TN L,
EBEOEWEELTH 5.5

HO o)
@ 0 OH OH O \Cg
N /NWOH :

atorvastatin (87) simvastatin (88)
OH
OH
(o) /@/‘\/'u.
Yl LT ] o
o
: oy Q
S S
rr -
probucol (89) fenofibrate (90) ezetimibe (91)

Figure 8. Structures of dyslipidemia therapeutic drug

Statin RIEAOIERAKFIZLL FO@Y THh D, A \m VEBEREIZBWT, 7TE'FL
-CoA X7 & b7 EF/L-CoA %% T HMG-CoA ICE#H SN D. Z D HMG-CoA M
HMG-CoA BILHEHRIZ L > TA NN Vg~ LB S N, #ix fAite 21, a1
T —/L~ WS NG, Statin SREEANT Z ORI OHLEEESE TH H HMG-CoA & TTlESE
EHEL, AN UrBOSKREMZ5Z ETHFalL AT e — VEAREMTS. &5
2, Fa L2757 e — LG ORI LY iR~ LDL A MBFEENEMT 5. &
DOFER, MHFELHHF~D LDL =2 L A7 1 —/LOIRV IAZPMEES N, =2 L AT r—
ME T4 2.5
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Statin A DL FHEEIL HMG-CoA IZHEIL TH Y, 35-P b Ru ¥ I LR R
MEH LTS, Z O E I mrEs & <, IREMENMRW 28, IHE DD ORI Z 1)
IF, statin 234D bioavailability (BA) #{X FEHTWAHERD1OTHHEFZDH. LT
(Z statin SR D Y BHRE LA 27~ $ (Table 11).°%°) #5(Z, atorvastatin (87) Ao
statin R IAFN L~ BA 2MEV. 240 CYP3A4 IZ L A W@ RIC L 20 bH D &
EZz b5, LML, BA = HLEWRINE x (L—/MEAIELEEZNE) x (1—FYEEiEg)
H) LREIND XL, HEERNEZ EXE57210THLBAD EABMfEEIND. =
O BA g S IUE, IRABEZ DR T2 L AETHD ETHIEND.

2O X DI BANWE SAUIRHEME T THUE, fiEax bz oind. TEHEMNE
BRI BRI ~ 7 10— VIRB & BIE 2 A3~ O TE OB\ RN IR ER D FEH
EWHHEHOFIZEREOE #H LT 7, BEOAMZR L, EERERMBOK
BIZET DLWV BEND, BEEELIZREL T, 2l TEOEmWEEN R ERICET
B EILOHEARED H  FIZOWTHRETT 5] EHRRENTEBY,) ZhICEts b0
ThdEEZD.

Table 11. Pharmacokinetic properties of statins

PR PEE (Log P) CYP R BA (%) R (h)
Pravastatin K (-0.47) IFEA LML 18 1-2
Pitavastatin fE¥sE (1.49) FEAEEL 60 11
Fluvastatin fevEtE (1.73) CYP2C9 10-35 1.2
Simvastatin REVEME (4.40) CYP3A4 <5 1-2
Atorvastatin HEEME (1.53) CYP3A4 12 10-14

—fRHIZ, BA ZWET D HEO—DL LTERLOT 0 R7 v Mbnd s, 7Fr K7
v 7 L ITBUL AR R IMEM ATV, T OB NMENTRE SN D Z ik
BULEWCRY, a2 RTHEYOZ L THDH. 2ok H7%7a F7 v b BT,
R GRHZ T 5 BA OBEOMIZ G, TERRFFE O, BIE - mIEOR R & h 2
535, il 212 valaciclovir (92) (Bt 1 /LA %K) <° oseltamivir (94) (FiA > 7 /b
) VNGBS ORINSGEEZ B E L7 KT v 7 Thb (Scheme 19).5% Z o k9
2, WA BT 5 2 TBAZKET L ENARETH 5.

AWFSEClE, atorvastatin (87) O B ViR UEEEINL, 3 D WL Y A —VEML & = AT AL
T 52 & T, JREMENT EL BAD EA-3 5 AREMED S 5 & %, atorvastatin (87) & U —
Meateldoz L
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o o
e N> e N>

HoN™ °N metabolic activation HoN™ °N
) J
O

valaciclovir (92) aciclovir (93)

H,N HoN

Q o™ taboli tivati 9 OH
metabolic activation
Hack“' H3Ck“'
Sy T
oseltamivir (94) oseltamivir carboxylate (95)

Scheme 19. Metabolic activation of ester prodrugs as valacicrovir and oseltamivir

—Ji, 7a K7 v 7 ORETEHEALO R Tl & I ERNEESR & LT, carboxylesterase
(CES) W&EITHi 5. CES 13t U VKR I EN, TATART IR, FAT AT
MRS D Z LN TE L. CESIES MDY 7 I U —IZHBS D2, HFLF DL
P BB % 2 B2 LT D DL, CESIEB L WNCES2 TH 5. B MIBWT, il
IZIZ CESL M < FBLL, /IMBHTIZ CES2 MBHL L T 5.5 2B CESIT K » TRH
TR T DHANTE L AFAHEL T D, Bl 2 1F, FUESESEO irinotecan (CPT-11) (96) <X°
capecitabin (97),% @ 7 ¥ AT v v B HEEFEEIK D temocapril (98) <> imidapril
(99),*70 & 5 W ZHFTH 5 cocaine (100) 72 & TS (Figure 9)." ™ 7=, Scheme 19
T/r L7z oseltamivir (94) & CES I X » CR#@NEELEZ T H 70 KT v 7 TH 55080
L7=MmMo T, AFERIZBWTCH CES 2 X —7 y Mgt +52 L L LT,
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N~ F
|
O%\N
CHj3
H o H
H H
OH OH
irinotecan (CPT-11) (96) capecitabin (97)

X Y
\ s o
— 0 S N/'\fo

© W g N, ..CO,H
N -COH RPN
H O N
HsC

temocapril (98) imidapril (99)

© O‘CH3 :
{ N’CH3 o
- o

cocaine (100)

Figure 9. Chemical structures of irinotecan, capecitabin, temocapril, imidapril, and cocaine
metabolized by CES

70, CESIZIZ7 7 U —M CHEERRMEICRE RERNH L Z LW EEIN TN S.
CESL [T R&ERT VINERS L/INES 72 T )V a— Va4 2 8%k UK 383 5 08, %Pz
CES2 [T/NS /2T S IVERSY & R & 72 T )L a— Va4 2 383 UK 32 80 % 7-, CES
OFI S I X8RI 72 ping-pong-bi-bi ST Y, LA Scheme 20 (/R L2 K 51T,
CESDOE U VEREN, H1DOEETHLZ AT IULEMDOT L IVES & T VN EHES
REAT 515 103 T, WEOT L a— SR HET 5. 0%, FH20EETh5
KIZ, TNV BT 5 2 & TIKRGIERIS 58/ 2. BOG B IRITeRIEZE#SOG
EREER LD TH DI, & 2 OFEE L L CTKOMIZT Vv a— Rl FET s L, 7
— T VRGNS T 5 Z L B RRETH 5.
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Glu His Glu His Glu His
OHN% O-HNY O-HN"~ Ser
g o \=N )Ser J3 LEB\IGD )Ser d o E".‘
H-g© — \ — -.
./ e
R-O~20) R N, R
101 102 103
H'O‘Hw\
HOR
Glu His Glu His gl J;His
AN
o HN% O-HN™Y O-HN Ser
d o \—| Ser d o =\ ® )Ser Jd o N
H-o' oo N
,O\—/J S, Hé/\’
oo H o s
106 © 105 104

Scheme 20. Proposed mechanism for hydrolysis reaction activated by CES
Ser, Serygs; Glu, Glussg; His, HiSasg

ZIET, L O TIERTE SN TN D EHEMLIZ OV T CES O RE Fr B2 5 L
T2 2% [{—0BUL AW & VT E OBBILOENT L 2 BEETEEARRIZ SV
TOREIZZEAERY. 7 r FT v ZORFHIBNT, FERNTORBNEME 2 T
T 57O OIEEHABEOMALITEETH L LB LD,

ARFSEClE, atorvastatin (87) OREMOM EZHHE LT 1 RT v 7 (= AT UE)
107 Z G R L, 612, /NMES OWIE, AT TREESR LT 57 m R T v 7GEr
[N DIE R E S D 7212, atorvastatin 7’12 KZ v 7 O 27 Lk & CES 17(E FICH
T DK IREINE & OREETENEFE B D ff i 2387 7= (Scheme 21).

@ OH OH O ©\
OH esterlflcatlon
ol Q

atorvastatin (87)

Scheme 21. Summary of research for atorvastatin prodrug
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2 ®  Atorvastatin ester D&

¥ 1HET Fischer — 27 WALKIGIZ L A6 R

HIVIR RN D = AT AV E LT, £ THEOICKR LEE CTH D Fischer = 27
JALR S Z it Lz (Table 12).8389) [ESUROE K7 L a—mid, i LTHWS Z
LD = AT ALHEEIT L7z (Entries 1-6). [RIERICSZARII/ NS WT )L a—L ) I8
B (KBEIE) THWA Z Lick v =27 W bn3dEfT L= (Entries 7, 10). —J5 T, &
VT L3 — L (Entries 11, 12) X2, sKEEMEDOKWT /L — L (Entries 8, 9), 7 = / —/L
¥ (Entries 13, 14) TIIT= AT /AL EITET, 77 b 4K 1080 234K L 72,

Atorvastatin (87) & D 5 ik Rux v L2 H 3 579, Baldwin HI2» 5
6-exo-trig BALMNHEIT LB W Z R FHENDP Lo T, RISHEDOEKWT v a—L o
&, P FHTOMERIS LD b, 5 FHNOMEE UGS L 1080 283G bz L& 2 b
5.
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Table 12. Esterification of atorvastatin #

OH OH O R'OH OH OH O

]
Ats OH 4,80, (cat.), solvent, rt  AtS OR
87 108a-n

L% 0
N SNA
H — = Ats (0]
Ats “OH

F

1080
Entry R'= Solvent Time (h) Product  Yield (%)
1 N CHs - 25 108a 90
2 b - 7 108b 77
3 ‘' - 2 108¢c 70
4 S - 2 108d 93
5 AN - 3.5 108e 73
6 TSNS - 2 108f 75
7 NN - 2 108g 74
8 Rfﬁ\(::j THF 3 108h n.o.b
9 Y CF, - 35 108i n.o.?
10 Hij\\ - 2 108j 54
11 E(I::j THF 3 108k n.o.b
12 E(Li - 5 1081 n.o.b
OCHs
13 E(ii:]/ THF 24 108m n.o.
F
14 E{I::]/ THF 18 108n n.o.b

@ |solated yield. © Lactone (1080) was mainly obtained.
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281 AT NSO K DB

B NT L=V EEAT L EEHME L, = AT VAL Z 72 (Table 13).
LrL, @@\ T b a—/L (Entries 1-4) SCREZEDRWT L z—)L (Entry 5) OEALL
W#EChH 7=, —JF, 7 (Entries 6, 7) TR G, AT IOVZEEGNIZ X0 i
fEIZEA S, 73 MK 109a, b 23557z,

Table 13. Transesterification of atorvastatin methyl ester

OH OH O NuH OH OH O
Ats o CHs o Ats Nu
solvent, conditions
108a 108l, h, 109a, b
Entry NuH Solvent Conditions Product Yield (%)
1 t-BuOH - H,SO, (cat.), reflux to rt, 25 h 108l n.o.?
2 t-BuOH - NaOH, rt, 1 h 108l n.o.°
3 t-BuOH - K,COg, rt to reflux, 27 h 108l n.o.°
4 t-BuOK THF rt, 1.5 h 108l c.m.
5 BnOH THF K,COs, 1t, 21 h 108h n.o.?
6 CH3NH, THF rt, 1h 109a 93
7 CH3CH,NH, THF rt, 3.5 h 109b 99

@ |solated yield. ? Lactone (1080) was mainly obtained.
¢ Atorvastatin (87) was mainly obtained.
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=1

#5381 MAASUGNT K DGRk

Table 12, 13 128\ TC, EI/EL72T 7 b AR 1080 1Z 5D R & N5 A REZE
BPRISEERZ LD THhEEEZ OGN, VA= E2 T 2 — T 5 2
ETCHTFRMEEEBICZ L Lz, AF /L 2T )1 108a (Zxt LIk L LT DMP %
FWTIRER 110 #1572, = AT VBN ZNKGRT 5 2 & Tleai 111 # ARk LT
(Scheme 22).

><

OH OH O DMP, TsOH (cat.) o0 O
_CHg -CHs
Ats 0 CH,Cly, reflux, 1.5h  AlS O
108a 110 (96%)
>
1 M NaOH aq. o o 0
" At OH

THF, 1t, 18 h
111 (>99%)

Scheme 22. Synthesis of acetalized intermediate
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AR LTALA Y L ICHEA R 2 T T L 2 — LD A 2470, LA 112 ~DaFE %
RA7e (Table 14).%) fE&E#HI & LT DCC Z WA, BIERM THD 7 LT IRKORKRE
NREETH Y, B 112 28BS 5 Z LN T& 2o 7= (Entries 1, 2). < Z THa Al %
EDCIZEH L7z & Z A, N HMEICITA, B 112 Z BT 5 Z L A CT&E 72 (Entries
4-8).%) L L Entry 312OWTIE, RISHERZ LWEZDIIEE A LEATSH Z LR T
T, BFUBHENY & 72 5 7z

Table 14. Synthesis of acetalized atorvastatin ester *
> >

o0 O R'OH, condensig agent /\/OK/OK)(i
Ats OH Ats OR'
DMAP, CH,Cl,, rt
111 112h-p
Entry R'= Condensing agent  Time (h) Product Yield (%)
1 (k Dcc 16.5 1121 n.o.b
2 \(© DCC 22 112p n.o.?
3 (k EDC 1 112I trace
4 \(© EDC 14.5 112p 61
5 \(\© EDC 18 112h 81
6 \(O EDC 18.5 112k 41
OCH;
7 \(g EDC 18.5 112m 60
F
8 \(@ EDC 18.5 112n 65

2 |solated yield. ® Difficult to isolate.
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BEWTC, MR L7ALEW 112 OT X — NV EOREIZ OV THET 1T > 72 (Table 15).
L UROSHEENELS, &1, Ak Lz 108 3SR FIcB W T FHRISIZ LY
Z 7 NALDEITT B2, JFE 112 LT 7 R UK 1080 NELEONDER E -T2
(Entries 1-3). Y#FFEE D/NEIL Chen B DOAITHEN, ™ KEZME%E 1 M HCI/CH;0H 12
T5Z LT, WRELE L (Entry 4).5) 2T, H0 & 0 & REED VW CH0H D 5 78
T A= NVIEOBRELZMBICETSEZOREEEZD. INBOWE IS, THEH—
JVIEDBRZEITIZ 1M HCI/CH,OH 2 VW% Z & & L7 (Entry 5).

Table 15. Removal of acetal group ®

>
/\/(')\/iji acid/solvent w
Ats OR' 4’n Ats OR'
112h-p 108h-p
Entry R'= Acid/Solvent Time (h)  Product  Yield (%)
1 \(© 1 M HCITHF 49.5 108p 20
2 \(© TSOH/THF 245 108p 6
3 \(\© 1 M HCITHF 6 108h 20
4 \(\© 1MHCIUCH,OH 4.5 108h 91
OCH,
5 \(@f 1 M HCI/CH3OH 55 108m 19

@ |solated yield.

S 512, EDC D% AE A 7 = /5 TMHCHZZE 2 D Z & T EDC & 72 #— /LD
PREZFEFRZITS 2 & & L7z (Table 16). LinL, 7B ¥ — /VEERE O SOSHE L <,
REIENE L BONHFER L /o7 (Entry 1), RISHEEZ S D Z & 2 HIQIZ, N
=L F CRnE{To72& 25 (Entry 2), AT /LT A7/ 108a<X°7 7 b LK 1080 734 <
T DR E o272, UBOIGITRESRUE T TCIroZ st Lz, 7R ¥—L ik
DEREIZH R H D DD, BELEY 108 157 (Entries 3-5, 7-8).

—F, MBfRED @B W AT IV TIIZEDO AT /LT AT /L 108a LD &EDT 7 kAR
1080 A3 4RL L 7= (Entries 9-10). CHiOH 137 &4 — WV EDBREEZHFIZETSEL LD
D, TAT NG HET L, 28O 108a N GOLNT-D7EEE 2%, £ 2T 108a DA
&M Z 572912, LM HCITHF (2% L, 50 °C TS SHDHZ ETF 7 bk 1080 D
AR W EEITE T E ETIEH S, HEULA Y 108 2457 (Entries 6, 11-14).
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Table 16. Synthesis of atorvastatin ester via an acetalized intermediate *

>
o"0o O 1) R'OH, EDC, DMAP, CH,Cl,, rt OH OH O
A R!
Ats OH 5y 1 M HCI aq., conditions s o
111 108h-u
Entry R'= Time (h) Conditions Product Yield (%)
1 \(© 35 CH3OH, rt, 21.5 h 108p 19
2 \(© 215  CHsOH, refluxtort, 255h  108p 23
3 \(\© 35 CH3OH, t, 20 h 108h 30
4 CF, 2.5 CH30H, rt, 41.5 h 108i 35
5 \(O 3 CH30H, rt, 21.5 h 108k 25
CF,
6 \g\ 45 THF, 50 °C to rt, 24 h 108q 25
CF,
OCH;
7 \(©/ 35 CH3OH, 1t, 20 h 108m 40
F
8 \(@ 35 CH3OH, 1t, 20 h 108n 41
cl
9 \(©/ 6 CH30H, rtto 35 °C, 18 h 108r n.o.
Br
10 \(©/ 6 CH3OH, rtto 35 °C, 18 h 108s n.o.p
cl
11 \(©/ 6 THF, 50 °C, 6 h 108r 34
Br
12 \(©/ 2 THF, 50 °C, 5 h 108s 43
NO,
13 Y@( 5 THF, 50 °C, 7 h 108t 4
CH;
14 \(©/ 2 THF, rt to 50 °C, 27 h 108u 51

a |solated yield. ? Atorvastatin methyl ester (108a) and lactone (1080) were mainly obtained.
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Table 14 @ Entry 3 T/R L72 &k 912, t- 7 F /L 271 108l 2 &89 5 Z & A EDC 12 &
HAEE IS TIEREECH 7=, £ 2T, miROILEY 1121 ZHWT, 7B ¥ — LDk
FDOHEITH Z L THHO T AT LK 108] 2457~ (Scheme 23).

>

PP § § N QELLLISSR 4 P
Ats S CH3OH,rt, 19h  Als 0

1121 1081 (50%)

Scheme 23. Removal of acetal group
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% 3 & Diacyl atorvastatin D&%

35-CA—NENLD T VAt &1T o 7= (Scheme 24). J1 V7R BRI 2 A% LT ALEW)
E LT, 7UT AT 108g ZJFEHE L=, Bt b & V3881, ROSHAEMEIE L
T2, BRI & 2 2 AEAEY 113 IR X <572, IRUWL T Pd(PPhs), 2 AV
52 L TT UNEOBREEZIT), (LEW 114 21572,

CHj CHs
g2 o
OH OH O HsC™ O™ “CHj, /\/OK/(')\)(i
Ats o™ — Ats o™
pyridine, rt, 2 h
108g 113 (85%)
CH; CH,
o={ o=
Pd(PPh3),, pyrrolidine O O O
CH,Cly, rt, 13 h Ats OH
114 (88%)

Scheme 24. Synthesis of diacylated atorvastatin
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% 4 F  Atorvastatin 7' 1 K7 v 7 OREHETELRED AR

5 LE SRR

pailt

AW TT A L7 a KT v 70%, IBEEOR EZ2ER LD TH LD, /h
15 CRE SIS, IR CRENEM L2205 2 EBNETHD. 2T, b M
rsmy—25 (HLM) BX Ot MBI 7 1Y —24 (HIM) 20T, Z2h 6 ORENEM:
{EDZERZ O NCT D72 DRET 21T o 72,

FTUEDIIARE Il 72 RO 21T o 72, T %1T 9 HC DMSO DR IL 1%L
ETTIEINARGREEEN R E KT 35 2 EAVHBE L7z, F£72 buffer (22T, K
1 pH DZEAL DD 720 Good’s buffer Td> % HEPES 1235\ N T b MK 73 G 23 155 2>
STz, & ZTAHBOREHE, DMSO 21 % 0.6%, buffer (213X HEPES ZH 5 Z & & L7=.

WA, BOSEFRIC W CRiE L7z, 10, 30, 60, 90, 120, 180, 1440 43128\ T4 & DK
Sy FRTEVEZFR~<72. HLM (X 180 43 £ CIdfM e A~ L=, —J5, HIM (X 1440 53 £ THIE %
RLTZ. 2 THBOBGTHNE, 0 HOA v Fax— R eT52 88 LT

RBIZ, S70Y—LDH L7 BIZHOW TR L72.0.1,03,05, 0.7 mg/mL (28T
22 DMK TRIEE 2 FIT-. Z OFEE, HLM, HIM HC#E 4R LT-. £ 2 TA%OM
FHE 05 mg/mL IR L TITH 2 & & LTe.
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F2H b FIT v Y—AFETICET AREHEHALEE DG

2 a Y — AR X OVE R L7 atorvastatin ester 2 1EFN L 7-1%, 37 °C T 90 /5 A v F =
~— K L, HPLC |2 & D Ik st 2 B U7,

WO, EEIENIR T AT WAZ DU TR FRIEYE 2 7~ 7= (Figure 10). &ARA9IC
HLM f7E F CTOMKRDIRIEERS SN ENHB L, B 1 E T2 X 512, & M
JBIZIZ CESI N Z < FHL L TEBY, TD CESLIERE 2T L IVER Y E /NS IR T L a— LR
TR UK iS5, Lizhi-> T 108a—f X RE 2T Vi E /NS e 7 b a— LR
NERTDIEMTH D720, HLM FeRETHIKR RS NI DIZLEZ B .

F 72 HLM 1E(E F TOMKSFEENEL, A F /LT 25 1108a (Cy) /O F /LT 25 )L
108f (Cyo) (T2 T, KFBHDMRI VAT HEMAG b, ZHTEER T v b
EDNEEFRICEDbDEE X BND. KA, HIM f#7E T ClE, AT /L= X7 /L 108a
(C)) MBTF AT 108d (Cy) ZHTF T, MKRDFEEMEN EH-F DA 5 5 7.
L, A7 F L 27 )L 108e (Cg), T LV AT )L 108f (Cyo) (2 TITNNAK S RS
PEDMETR L7z, 23U, HIM OIKGFRIZIZH DRRE DR E IRMETIEH 503, K& L
RVIBED &, SREEEZZIT D AREMENH D EHEI S 5.

PLEDOFER LV, HEERAFINIIKR S RIEIERRIZZE LN AU D Z ERH BN E o T,
F7/-, HLMHIM 2R L& 25, AF /L= 27 /1108a (Cy) 1£305f(%, =F /Lo AT
JL-108b (Cy) 1% 40.1 £ &\ ) FEREAE S 4, HLM RPN S LD 2 L AVH L
7z,
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OH OH O microsomes OH OH O

Ats o @Y 37°c 00min  Ats OH
108a-f 87
6000
mHLM
5000 i mHIM
5
£ 4000 |
=]
£ |
[ i
E 3000
0
o
= 2000 -
£
=
1000 -
. M. &
108a 108b 108¢c 108d 108e 108f

Figure 10. Enzyme activity assays of HLM or HIM for hydrolytic reaction of atorvastatin
straight chain alkyl ester
Values are means £ S.D. (n = 3).
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WIZ, EDOMDIEIIE= AT AT DWW TR S E %2 S ~7= (Figure 11). = D#5ER,
T YN AT 1089 &N UL AT L1080, i-7 B BV AT L 108 £V sy
VT AT V108K &4 4 LT % &, SRS O AT U BB TR 3 fRTEPEAME
WZEMHBALZZ, 2o Z Evb b, Figure 10 OFE R & [FIRRIC, SRR EIC X - TIHEMEIC
BALDE U D AHEMED RIB S LTz, £72, -7 T L= A7 )L 1081 1H1FE & A EMKRE
2270 Tz, 1081 ESLARRII e <, AL RIZRIBER G O¥fE )3 5872 5 728D, Scheme 20 T
RLTeE 97, B AKX DREBENETT L2 b D Ll END. —T5, 77 b
£ 1080 IZBWTH, REMF T TIHIE & A ENUKDIR SR> T, BRIV BTV
% statin REAIDH H, 7' KT v 7{LI T 5 simvastatin (88) (X7 7 bz H
LT\ % (Scheme 25). = ¢ simvastatin (88) (% paraoxonase (PON) (Z & v fRETEME(L 25
J 5L OWREND D12, atorvastatin  F 7 K 1080 # PON (2 L 5 fREiE AL 2%
THAREERH D

%I, lBIET AT NV DETBEEDE NI OV T 217> 7= (Figure 11). =F /L
T A7/ 108b /5 TFE = A7 /L 108i, i-7 = /L= X7 )L 108) 7> 5 HFP = X7 /L 108q
~L,oaFrER LT AIEMO X, HLM, HIM 177E T3, MK fRIEED E5-
LTWDZEMNHBILIZ, DF Y, LRI BBERE D @V EHEE, 7 1 Y — A FfE
TZBWTH, IEEREWRERIZR D EEZADND.

L7e o THEIE TS T T <, BB OEWIZ K o THIMKSMEMEREN LT 5 2
& L2,
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OH OH O microsomes OH OH O
Ats o @Y 37°Cc90min  Ats OH
108g-q 87

6000
mHLM

TIH|M

5000

4000 -

3000 - T

2000 -

(pmol/protein(mg)/min)

1000 - T T

) B

108g 108h 108 108k 1081 1080 108i 108q

Figure 11. Enzyme activity assays of HLM or HIM for hydrolytic reaction of atorvastatin alkyl
ester
Values are means £ S.D. (n = 3).

O+ _OH
HO O HO
/><CJ)\ Paraoxonase /><C‘)\
simvastatin (88) 115

Scheme 25. Metabolic activation of simvastatin
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I BT, BEHET AT IVOBEABE DB NI DWW TR IEEMIZ ED K 5 728 (kh
& DO R L7- (Figure 12).

Hammett HIlic X % &, p EH#L DA CH30, CHs, H, F, Cl, Br, NO, JZEDJEIZ R ¥ B |
DEFHEEMETFT T2 LBMONTND D ZOEBFHEEDOKTITHEY, HIM F4E T
TOMKGIEEED ESF DR/ EONT. £72, HLM fF1E FIZB WL, HIM XD
& IR FRTENE DS BRI B VRS R DT B L7273, HLM/HIM L iff%wb@le@ot -
oD AT L, FBEREDE\WT L2 a3 % 1080, 108q & [FIERIZ, BLEERED
W7 2= VEERT LT AT ATHDH 720, HLM B L O HIM O IFIZEHBW T, KSR
EHEREL oD EZHND.

LMo TZORERND S, TATIVONAREIED 72 53, BHEDENIZON
THNIKRGHEEMERRICEENE LD Z EDNH LN E 25T,

OH OH O microsomes OH OH O
Ats 0 8°M  37°C,90min At OH
108p-u 87
7000
mHLM
mHIM
6000

(pmol/protein(mg)/min)

5000
4000 -
3000 -
2000 -
1000 -
0 -

108m 108u 108p 108n 108r 108s 108t

Figure 12. Enzyme activity assays of HLM or HIM for hydrolytic reaction of atorvastatin
aromatic ester
Values are means = S.D. (n = 3).
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%12, diacetyl atorvastatin 114 (22N CTHIK S fRTEM: 2 70~ 7= (Figure 13). %390 %>
WA > F2X— |k LG4, HIM 72E F Tl 8208 5 87 S St oo, HLM {7
FETFTIIESMHEN -T2, £ T12,24,48,72 & 5\ ME 96 BfE DA % 22— |
ZR L7203, HIM f74E T CTO & 87 Mt Sz, F 72, HIM 1F(E Tl 96 K[ & TR
oLz, ZFZCABFNIT2EMOA o FaX—heFTH52LE LT

ZOFER, 114 1% HIM BIRICNIKR S fEEZ T D Z ERNHLNE o 1 ETY
WAL 51T, & MMBIZIZCES2 W RELL TRV, £D CES2 IZ/hS 72T sy &K
RTINSy Bk UKD RS 5. Lizid> T 14 [T/ NESRT Iy & RE
TN A=V EHTHILEMTH D720, HIM FrRIIIK SRS Ni=02 L5z
HiLd.

FT, DIVR UL O T AT MRIZKRE L, A= VERL DT AR, Ky iR
ENRKRESET L. Z4Ud, 3BT 27 L a— Lo nKEBEs = & TRy >
MZHEDRNZ L, HOHNVETT IR TH D7D, L OTOMKGREEZTHZ LD
W OEENE 2 D,

CH3; CH3
o= o=
O O O microsomes OH OH O
Ats OH 37°C,72h Ats OH
114 87
1800
mHLM
mHIM

1500
<

D 1200
E
£
[T

§ 900
a
©

£ 600
=

300

N.D.
0

114

Figure 13. Enzyme activity assays of HLM or HIM for hydrolytic reaction of acyl-atorvastatin
Values are means £ S.D. (n = 3).
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%31 RBIERAAE PR DL RE O R

—J7, TNETOBRFL, 378 Y =LA FEFTITo2bDTH LN, I/ Y —A
IR % TBEEDNMFAE L TV D 720D, & DOEEFE DSR2 il U 7= 2838 ¢
TRV, & Z T CES DK if 2 il L T2 02 HERR T 57212, B - CES 388
RAEAE T T ONAK G FRIENE 2 7~ 7= (Figure 14).

CES1b, CES1c34:(Z CES1AL Tk % 7%, CES1c % CES1AL O Glnge, KIBZ A 7T 5.2
F£72 AADAC 1L, /NS T iy b RERT NV a— V2B THNT UV —LT7 IR
RT AT VENKSRET DEEHZTH Y, EH RN CES2 ICHEEIL T\ 5 %)

Figure 14 Of5 5 X 1 | atorvastatin ester |Z CES1 B AR IR S D Z E RS E
ol Lo T, &R LT- atorvastatin 7’2 R+ 71X, CES TR EIIZARBIEMAL &
N5z LIRS,

OH OH O CESs OH OH O
Ats OR' 37°C,30min Ats OH
108a, g, n 87
21000
T mCES1b
18000 mCES1c
T
E 15000 =CES2
S = AADAC
£12000
[
©
S 9000 -
2
g 6000 -
=
3000 -
0 -

108a 108g 108n

Figure 14. Enzyme activity assays of CES1b, CES1c, CES2, or AADAC expression system for
hydrolytic reaction of atorvastatin ester
Values are means = S.D. (n = 3).
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B5E i

AR, A% L7-FEix @ atorvastatin 7’ 2 K5~ 723 HLM, HIM f#(E FI2BW T, 1
oD WIXETHEEDOEWNIZEY, KRS EMERNZLT 22 L2 LN LIZb D
Thd. b, ZNHDOT AT VT CESLFFRINICTRETEE(L SN D Z LB
7. £72, BA ®_ EHEZEX LT atorvastatin 7' K7 v 7%, /MG TIHCHE ST, T
g CHREARMICAFE M L SN 7 e FT v ZICR VD b DO THH Z EAVHIFH LY

DlEXY, 378y —AFETIZEWTO atorvastatin ester O EHELDIET L 20K
SFREMEO LA BT U, MEIEMEAEBICBE L 2O R 2572, Zhiz kD,
BRSSPI IC 1T D U — FMEA DR iz W T, IFlE 72130 M5 TRz AR
FEEEIND 7 'a BT v 7 OGHIET 2 ETEHEHEBE OB O A3 GE b, &
WHFETH: BT = A 7 U IE & CESIT X & AEHEME L OREIETEMHEARBIIC BT 2 A Iz &
0, 5%, CES %% —/y Mg L Li-7 1 R v Z{LIFZERRE L, BIRISHSS =
EDHIREEND.
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(1) General Remarks

BT hrvavw NTTT7 4 —DT Y 7V, silica gel 60 (0.040-0.063 mm,
230-400 mesh ASTM, Merck) %4 L7=. 'H-NMR (400 MHz) i% CDCl; % 7= 1% DMSO-ds
ZIREEL L, TMS (0.00 ppm) & %\ iZ DMSO (2.49 ppm) %k — 2 & L7-. ®C-NMR
(100 MHz) % CDCl, % 7= 1% DMSO-ds 2 ¥4 & L, CDCls (77.0 ppm) # %\ (% DMSO-ds
(39.7ppm) O E— I L Y — T L LT,

HPLC 4347 # 7 21% Mightysil RP-18 GP 150-4.6 (5 um) % i\, 25 °C |, 1.0
mL/min OYEE TITV, UV SR (254 nm) TR L7, BEEIZIZ citrate buffer (pH 4.0)
[THF/acetonitrile=53/20/27 (Method 1), & % \ % citrate buffer (pH 4.0)/THF/acetonitrile
=53/20/27 %\ T, 60 43 C acetonitrile % 27%7>5 78% % T E&FH- X8, Z D% 10 4
T 271%IZFET 51k (Method 2) % FV =, F72, WAEYEYIEIZ1X BPHB (Method 1: tz=7.3
min, Method 2: tz=7.2 min) % i\ 7=. BERIEMEIT HPLC (2 X W 4% 572 atorvastatin
(Method 1: tz=9.6 min, Method 2: tz=9.0 min) & atorvastatin ester D EfErt L 0 FH5HE L7-.

(2) Part of Synthesis

1. Fischer = X 7 VALK IHIZ & % atorvastatin ester — R & Ek 5 (108a-g, j;
exemplified by 108a)
atorvastatin calcium (87) (570 mg, 0.493 mmol) |Z CH;OH (20 mL) &Nz 7=7%,
sulfuric acid ZJK T 2 Nz 5 srffiE#R. £ 0%, S|IRICT 1 KSR Lz 612
sulfuric acid % 2 i % 1.5 BE#E#R L 7=, 10% NaHCO; aq. (10 mL) %Iz 15 4y MiE+#E L,
AcOEt T 3 [alfhiHif%, fufn &K Tt L7, AE A e~ 7 x> U L Chlgtg, O
PRI CTHigE~ 7 2> U A EREL. WETNICTREZEL I T L7a~ N7
7 7 4 —IZfF L, AcOEt/hexane =2/1 A HIES XL ¥ 108a (509 mg, 90%) # 157z

Methyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108a)

OH OH O
AAA A CHs

Colorless needles from chloroform/hexane; mp 117-119 °C; IR vy (KBr) cm™: 3380
(OH), 1725 (CO), 1666 (NHCO); 'H-NMR (400 MHz, CDCls) &: 7.20-7.13 (m, 9H, arom-H),
7.05 (d, 2H, J=8.0 Hz, arom-H), 7.01-6.95 (m, 3H, arom-H), 6.89 (br s, 1H, CONHPh),
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4.17-4.06 (m, 2H, one of -NCH,CH,-, one of -CH,CH(OH)CH,CH(OH)-), 3.96-3.89 (m, 1H,
one of -NCH,CH,), 386 (br s, 1H, OH), 3.76-3.69 (m, 2H, OH, one of
-CH,CH(OH)CH,CH(OH)-), 3.68 (s, 3H, COOCHjs), 3.59-3.52 (m, 1H, CH(CHy),), 2.41-2.39
(m, 2H, CH,COOCHj), 1.73-1.58 (m, 2H, -NCH,CH,-), 1.52 (d, 6H, J=7.2 Hz, CH(CHs),),
1.50-1.41 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.29-124 (m, 1H, one of
-CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl,) &: 172.9, 165.0, 162.2 (d, *Jc_r=246.1 Hz),
141.4,138.3, 134.6, 133.2 (d, *Jc =8.1 Hz), 130.4, 128.77, 128.70, 128.36, 128.32, 126.5, 123.6,
121.8, 119.7, 115.4 (d, 2Jcf=21.3 Hz), 115.3, 69.5, 68.8, 51.9, 41.7, 41.3, 41.2, 39.1, 26.1, 21.8,
21.7; HRMS (ESI) m/z: calcd CsH3FN,NaOs (M+Na®) 595.2584, found 595.2558; HPLC
(Method 1): tg=14.3 min.

Ethyl  (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108b)

@ 0 OH OH O
O e
W F

Colorless solids; mp 120-121 °C; IR vpa (KBr) cm™: 3390 (OH), 1724 (CO), 1660
(NHCO); *H-NMR (400 MHz, CDCl3) &: 7.23-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz,
arom-H), 7.02-6.95 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.19-4.07 (m, 4H,
COOCH,CHjs, one of -NCH,CH,-, one of -CH,CH(OH)CH,CH(OH)-), 3.99-3.89 (m, 1H, one of
-NCH,CH,-), 3.78-3.70 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 3.64-3.54 (m, 3H, OH, OH,
CH(CHs),), 2.40 (d, 2H, J=6.0 Hz, CH,COO), 1.71-1.60 (m, 2H, -NCH,CH,-), 1.54 (d, 6H,
J=7.2 Hz, CH(CH,),), 1.50-1.42 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.28-1.24 (m, 4H, one
of -CH(OH)CH,CH(OH)-, COOCH,CH); *C-NMR (100 MHz, CDCl5) &: 172.7, 164.8, 161.1,
141.6, 138.4, 134.7, 133.2 (d, *Jc+=8.0 Hz), 130.5, 128.8, 128.7, 128.39 (d, “Jcr=3.5 Hz),
128.35, 126.6, 123.6, 121.9, 119.6, 115.4 (d, 2Jc_¢=20.9 Hz), 115.3, 69.6, 69.0, 61.0, 41.9, 41.3,

39.1, 26.1, 21.8, 21.7, 14.1; HRMS (ESI) m/z: calcd CasHaFN,NaOs (M+Na*) 609.2741, found
609.2751; HPLC (Method 1): tz=19.1 min.
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Propyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108c)

@ OH OH O
o/\/

Colorless solids; mp 80-81 °C; IR v (KBr) cm™: 3392 (OH), 1720 (CO), 1660
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.23-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.03-6.95 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.20-4.04 (m, 4H, one of
-CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-, COOCH,CH,CHj3), 3.99-3.89 (m, 1H, one of
-NCH,CH,-), 3.80-3.68 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, OH), 3.68-3.51 (m, 2H,
CH(CH3),, OH), 241 (d, 2H, J=6.0 Hz, CH,COO), 1.75-1.58 (m, 4H, -NCH,CH,-,
COOCH,CH,CH3), 154 (d, 6H, J=6.8 Hz, CH(CHs),), 150-1.42 (m, 1H, one of
-CH(OH)CH,CH(OH)-), 1.29-1.23 (m, 1H, one of -CH(OH)CH,CH(OH)-), 0.94 (t, 3H, J=7.2 Hz,
COOCH,CH,CHs); *C-NMR (100 MHz, CDCl;) &: 172.8, 164.8, 162.3 (d, Jc £=246.2 Hz),
141.6, 138.4, 134.7, 133.2 (d, *Jc ¢=8.1 Hz), 130.5, 128.75, 128.68, 128.37 (d, “Jc_r=4.0 Hz),
128.35, 126.6, 123.5, 121.8, 119.6, 115.4 (d, 2Jc =21.3 Hz), 115.3, 69.7, 69.0, 66.6, 41.8, 41.30,
41.27,39.1, 26.1, 21.9, 21.8, 21.7, 10.3; HRMS (ESI) calcd for CzsH4FN,NaOs 623.2897, found
623.2922; HPLC (Method 2): t,=19.4 min.

Butyl  (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108d)

@ OH OH O
o/\/\

Colorless needles from chloroform/hexane; mp 137139 °C; IR vy (KBr) cm™: 3392,
1722, 1660; 'H-NMR (400 MHz, CDCls) &: 7.21-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.02-6.96 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.19-4.07 (m, 4H, one of
-CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-, COOCH,CH,CH,CHz), 3.97-3.89 (m, 1H, one
of -NCH,CH,-), 3.77-3.71 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, OH), 3.66 (br s, 1H, OH),
3.61-3.53 (m, 1H, CH(CHs),), 2.40 (d, 2H, J=6.4 Hz, CH,COO0), 1.74-1.57 (m, 4H, -NCH,CH,-,
COOCH,CH,CH,CH3), 153 (d, 6H, J=6.8 Hz, CH(CH,),, 148-1.24 (m, 4H,
-CH(OH)CH,CH(OH)-, COOCH,CH,CH,CH,), 0.93 (t, 3H, J=7.4 Hz, COOCH,CH,CH,CH);
BC-NMR (100 MHz, CDCly) &: 172.7, 164.8, 162.2 (d, 'Jc ¢=246.3 Hz), 141.5, 138.3, 134.6,
133.1 (d, %Jc=8.1 Hz), 130.4, 128.7, 128.6, 128.3, 126.5, 123.5, 121.8, 119.5, 115.3 (d,

85



2Jc¢=21.2 Hz), 115.2, 69.6, 68.9, 64.8, 41.7, 41.2, 39.0, 30.5, 26.1, 21.7, 21.6, 19.0, 13.6; HRMS
(ESI) m/z: caled CsHgFN,NaOs (M+Na®) 637.3054, found 637.3061; HPLC (Method 2):
tr=22.4 min.

Octyl  (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108e)

©\ o) OH OH O
N :NWOW
W, F

Yellow oil; IR v (KBr) cm™: 3409, 1733, 1646; ‘H-NMR (400 MHz, CDCls) &:
7.20-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz, arom-H), 7.01-6.95 (m, 3H, arom-H), 6.88
(br s, 1H, CONHPh), 4.15-4.07 (m, 4H, one of -CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-,
COOCH,CHj), 3.97-3.89 (m, 1H, one of -NCH,CH,-), 3.82 (br s, 1H, OH), 3.79-3.70 (m, 2H,
one of -CH,CH(OH)CH,CH(OH)-, OH), 3.60-3.53 (m, 1H, CH(CH,),), 2.40-2.39 (m, 2H,
CH,CO00), 1.74-1.58 (m, 4H, -NCH,CH,-, COOCH,CH,), 1.53 (d, 6H, J=7.2 Hz, CH(CHs),),
151-1.42 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.38-1.17 (m, 11H, one of
-CH(OH)CH,CH(OH)-,  COOCH,CH,(CH,)sCHs), 087 (t, 3H, J=7.0 Hz
COOCH,CH,(CH,)sCHs); *C-NMR (100 MHz, CDCl;) &: 172.6, 164.9, 162.2 (d, *Jc_r=246.3
Hz), 141.4, 138.3, 134.6, 133.1 (d, *Jc_+=8.1 Hz), 130.4, 128.7, 128.6, 128.3, 126.5, 123.5, 121.8,
119.6, 115.3 (d, 2Jc_r=21.4 Hz), 115.2, 69.5, 68.9, 65.1, 41.7, 41.3, 41.2, 39.0, 31.7, 29.1, 28.4,

26.1, 25.8, 22.6, 21.7, 21.6, 14.0; HRMS (ESI) m/z: calcd CyHs:FN,NaOs (M+Na') 693.3680,
found 693.3692; HPLC (Method 2): tx=41.5 min.

Decyl  (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108f)

@\ o} OH OH O
H z NWOW
F
Colorless oil; IR vy (KBr) cm™: 3388, 3330, 1727, 1660; *H-NMR (400 MHz, CDCl5)
6: 7.20-7.13 (m, 9H, arom-H), 7.06 (d, J=8.0 Hz, 2H, arom-H), 7.01-6.96 (m, 3H, arom-H), 6.86
(br s, 1H, CONHPh), 4.20-4.07 (m, 4H, one of -NCH,CH,-, one of -CH,CH(OH)CH,CH(OH)-,
COOCH,CH,(CH,);CHj3), 3.97-3.89 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 3.77-3.71 (m,

3H, one of -NCH,CH,-, OH, OH), 3.64-3.49 (m, 1H, CH(CH,),), 2.40 (d, J=6.0 Hz, 2H,
CH,COO), 1.77-1.58 (m, 4H, -NCH,CH,-, COOCH,CH)), 1.54 (d, J=7.2 Hz, 6H, CH(CH),),
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1.48-1.42 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.34-1.21 (m, 15H, one of
-CH(OH)CH,CH(OH)-, COOCH,CHy(CH,).CHs),  0.87  (t, J=7.2 Hz, 3H,
COOCH,CH,(CH,),CHs); *C-NMR (100 MHz, CDCl;) &: 172.7, 164.8, 162.2 (d, *Jc_r=246.3
Hz), 141.5, 138.3, 134.6, 133.2 (d, %Jc=8.0 Hz), 130.4, 128.7, 128.6, 128.36, 128.34 (d,
*Jc¢=3.1 Hz), 126.5, 123.5, 121.8, 119.6, 115.4 (d, 2 =21.4 Hz), 115.2, 69.6, 69.0, 65.2, 41.7,
41.3, 39.0, 31.8, 29.52, 29.51, 29.3, 29.2, 28.5, 26.1, 25.8, 22.6, 21.8, 21.6, 14.1; HRMS (ESI)
m/z: calcd for C,3HssFN,NaOs (M+Na™) 721.3993, found 721.4011; HPLC (Method 2): tz=53.1
min.

Allyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-1H-

pyrrol-1-yl)-3,5-dihydroxyheptanoate (1089)
o] OH OH O
Q\N 7 NWO/\/
W F

Colorless solids, mp 61-62 °C; IR vma (KBr) cm™: 3396, 1732, 1655; *H-NMR (400
MHz, CDCly) 6: 7.14-7.05 (m, 9H, arom-H), 6.98 (d, 2H, J=8.0 Hz, arom-H), 6.94-6.88 (m, 3H,
arom-H), 6.79 (br s, 1H, CONHPh), 5.87-5.77 (m, 1H, COOCH,CH=CH,), 5.26-5.17 (m, 2H,
COOCH,CH=CHy), 4.53 (dd, 2H, J=5.6, 0.8 Hz, COOCH,CH=CH,), 4.12-4.00 (m, 2H, one of
-CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-), 3.90-3.82 (m, 1H, one of -NCH,CH,-),
3.69-3.46 (m, 4H, one of -CH,CH(OH)CH,CH(OH)-, OH, OH, CH(CHy),), 2.36 (d, 2H, J=6.4
Hz, CH,COO0), 1.66-1.50 (m, 2H, -NCH,CH-), 1.46 (d, 6H, J=6.8 Hz, CH(CHy),), 1.42-1.35 (m,
1H, one of -CH(OH)CH,CH(OH)-), 1.19 (dif.d, 1H, one of -CH(OH)CH,CH(OH)-); *C-NMR
(100 MHz, CDCl;) &: 172.2, 164.8, 162.2 (d, "Jc £=246.1 Hz), 141.5, 138.3, 134.6, 133.2 (d,
3Jc £=8.1 Hz), 131.5, 130.4, 128.74, 128.70, 128.36, 128.33, 126.5, 123.5, 121.8, 119.6, 118.9,
115.4 (d, 2Jc ¢=21.4 Hz), 115.3, 69.6, 68.9, 65.5, 41.7, 41.3, 41.2, 39.0, 26.1, 21.8, 21.7; HRMS

(ESI) m/z: calcd CasH3FN,NaOs (M+Na") 621.2741, found 621.2714; HPLC (Method 2):
tr=16.8 min.
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Isopropyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108j)

@LO OHOHOJ\
H /Nwo

F

Colorless solids; mp 63-65 °C; IR vma (KBr) cm™: 3392 (OH), 1724 (CO), 1660
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.23-7.12 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.03-6.95 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 5.10-4.98 (m, 1H,
COOCH(CHy),), 4.20-4.04 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-),
4.01-3.89 (m, 1H, one of -NCH,CH,-), 3.80-3.69 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-,
OH), 3.65 (br s, 1H, OH), 3.62-3.53 (m, 1H, CH(CHs,),), 2.37 (d, 2H, J=6.0 Hz, CH,COO),
1.76-1.58 (m, 2H, -NCH,CH,-), 1.54 (d, 6H, J=6.8 Hz, CH(CHj3),), 1.49-1.41 (m, 1H, one of
-CH(OH)CH,CH(OH)-), 1.30-1.19 (m, 7H, one of -CH(OH)CH,CH(OH)-, COOCH(CHs,),);
BC-NMR (100 MHz, CDCly) &: 172.3, 164.8, 162.3 (d, Jc £=246.2 Hz), 141.6, 138.4, 134.7,
133.2 (d, *Jc £=8.1 Hz), 130.5, 128.75, 128.68, 128.39, 128.35, 126.6, 123.5, 121.8, 119.6, 115.4
(d, 2 £=21.2 Hz), 115.3, 69.7, 69.1, 68.6, 41.8, 41.5, 41.3, 39.1, 26.1, 21.79, 21.77, 21.6; HRMS
(ESI) calcd for CzsHy1FN,NaOs 623.2897, found 623.2922; HPLC (Method 2): tz=18.4 min.

5-(4-Fluorophenyl)-1-(2-((2R,4R)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl)
-2-isopropyl-N,4-diphenyl-1H-pyrrole-3-carboxamide (1080)

0
sHIIN S
N™ "N “OH
H J—
F

Colorless solids; mp 87-91 °C; IR vma (KBr) cm™: 3407 (OH), 1735 (CO), 1658
(NHCO); 'H-NMR (400 MHz, CDCly) &: 7.22-7.12 (m, 9H, arom-H), 7.06-6.97 (m, 5H,
arom-H), 6.87 (br s, 1H, CONHPh), 4.56-4.49 (m, 1H, -CH,CH(OR)CH,-), 4.31-4.28 (m, 1H,
-CH,CH(OH)CH,-), 4.25-4.17 (m, 1H, one of -NCH,CH,-), 4.06-3.99 (m, 1H, one of
-NCH,CH-), 3.57-3.50 (m, 1H, CH(CHs),), 2.67-2.52 (m, 2H, -OCOCH,-), 2.32 (br s, 1H, OH),
1.92-1.83 (m, 1H, one of -NCH,CH,-), 1.78-1.70 (m, 2H, one of -NCH,CH,-, one of
-CH(OR)CH,CH(OH)-), 1.61-1.56 (m, 1H, one of -CH(OR)CH,CH(OH)-), 1.53 (d, 6H, J=13.6
Hz, CH(CHs),); *C-NMR (100 MHz, CDCls) 8: 169.5, 164.9, 163.3 (d, 'Jc £=246.7 Hz), 141.3,
138.1, 134.3, 133.0 (d, %Jc¢=8.1 Hz), 130.4, 128.76, 128.72, 128.4, 127.9 (d, *Jc ¢=3.6 H2),
126.6, 123.7, 122.0, 119.7, 115.67, 115.65 (d, 2Jc =213 Hz), 73.0, 62.4, 40.7, 38.4, 37.1, 35.6,
26.1, 22.0, 21.7; HRMS (ESI) m/z: calcd Cy3HasFN,NaO, (M+Na') 563.2322, found 563.2311;
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HPLC (Method 1): tz=12.1 min.

2. TATNAREKRNT X B atorvastatin amide —#¥ A EREE (109a, b; exemplified by
109a)
108a (58 mg, 0.101 mmol) (Z THF (2 mL) % /il x 7%, 40% methylamine solution (2
mL, 25.756 mmol) % SEiR CTHlx 1 BE#EHE L7-. Et,O C 3 [mifhH#, fafn ik T L
7o, AEZ IR~ 7 R0 N TR, ONVCHT D IEEIC TR~ 7 R v U A& REL
o WETICTHEEZEE LT L7 a~x N7 T 7 4 —I2fF L, CHCL/ICH;OH=19/1 ¥ H
53V 109a (54 mg, 93%) E157-.

1-((3R,5R)-3,5-Dihydroxy-7-(methylamino)-7-oxoheptyl)-5-(4-fluorophenyl)-2-isop
ropyl-N,4-diphenyl-1H-pyrrole-3-carboxamide (109a)

@ 0 OH OH O
R et
W F

Pale yellow solids; mp 82-85 °C; IR vy (KBr) cm™: 3401 (OH), 1652 (NHCO), 1646
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.21-7.12 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz,
arom-H), 7.02-6.97 (m, 3H, arom-H), 6.89 (br s, 1H, CONHPh), 5.86-5.85 (m, 1H, CONHCH,),
4.75 (br s, 1H, OH), 4.14-4.06 (m, 2H, one of -NCH,CH,-, one of -CH,CH(OH)CH,CH(OH)-),
3.97-3.89 (m, 1H, one of -NCH,CH,-), 3.81 (br s, 1H, OH), 3.76-3.70 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 3.58-3.51 (m, 1H, CH(CH3),), 2.78 (d, 3H, J=4.8 Hz, CONHCHj),
2.23-2.21 (m, 2H, CH,CONHCHjy), 1.72-1.56 (m, 2H, -NCH,CH,-), 1.52 (d, 6H, J=7.2 Hz,
CH(CHs),), 1.47-1.37 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.18-1.14 (m, 1H, one of
-CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl,) 8: 172.6, 165.0, 162.2 (d, "Jc r=245.9 Hz),
141.4, 138.2, 134.5, 133.2 (d, %Jc =8.0 Hz), 130.4, 128.77, 128.70, 128.36, 128.33, 126.5, 123.6,

121.8, 119.7, 115.4 (d, 2Jc ¢=21.3 Hz), 115.3, 69.7, 69.5, 41.98, 41.93, 41.2, 39.1, 26.16, 26.13,
21.8, 21.7, HRMS (ESI) m/z: calcd Ca4H3sFNsNaO, (M+Na*) 594.2744, found 594.2722.
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1-((3R,5R)-7-(Ethylamino)-3,5-dihydroxy-7-oxoheptyl)-5-(4-fluorophenyl)-2-isopro
pyl-N,4-diphenyl-1H-pyrrole-3-carboxamide (109b)

o] OH OH O
@H A AT
W F

Colorless solids; mp 74-77 °C; IR vmax (KBr) cm™: 3413 (OH), 1652 (NHCO), 1646
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.21-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.02-6.96 (m, 3H, arom-H), 6.88 (br s, 1H, CONHPh), 5.76 (br t, 1H, J=5.4 Hz,
CONHCH,CH,3), 4.77 (br s, 1H, OH), 4.14-4.07 (m, 2H, one of -NCH,CH,-, one of
-CH,CH(OH)CH,CH(OH)-), 3.97-3.89 (m, 1H, one of -NCH,CH,-), 3.83 (br s, 1H, OH),
3.77-3.70 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 3.59-3.51 (m, 1H, CH(CHy),), 3.30-3.23
(m, 2H, CONHCH,CHjy), 2.21 (d, 2H, J=5.6 Hz, CH,CONH), 1.72-1.56 (m, 2H, -NCH,CH,-),
1.53 (d, 6H, J=7.2 Hz, CH(CHs),), 1.47-1.37 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.20-1.11
(m, 4H, one of -CH(OH)CH,CH(OH)-, CONHCH,CHs); *C-NMR (100 MHz, CDCl5) &: 171.8,
164.9, 162.2 (d, *Jc ¢=246.0 Hz), 141.4, 138.3, 134.6, 133.2 (d, *Jc +=8.0 Hz), 130.4, 128.7,
128.6, 128.39, 128.35, 126.5, 123.6, 121.8, 119.6, 115.4 (d, *Jc =21.3 Hz), 115.3, 69.7, 69.5,

42.0, 41.9, 41.3, 39.1, 34.3, 26.1, 21.8, 21.7, 14.7, HRMS (ESI) m/z: calcd CssHsFN3NaO,
(M+Na") 608.2901, found 608.2897.

3. Acetalized atorvastatin methyl ester & (110)
108a (509 mg, 0.889 mmol), p-toluenesulfonic acid monohydrate (17 mg, 0.089 mmol)
IZ CH,Cl, (13 mL) % /il z 7=%%, 2,2-dimethoxypropane (1.3 mL, 1108 mg, 10.639 mmol) % /I
Z., 1.5 FFfE reflux L 7=. 10% NaHCOs aq. (5 mL) Z iz, CH,Cl, T 3 [, fafnaihik
TUL L7c. AHE 2R~ 7 > U A TR, OVZHT 0 I Thithe~ 7 2 v U A
ERELE. WEFICTREEZEE LT L7 a~ 7T 7 0 —I2fF L, AcOEt/hexane
=1/2 s &V 110 (522 mg, 96%) & 157

Methyl  2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (110)

@\ 0 <0 o
N z NWO’CHS
H —
F
Colorless solids; mp 63-66 °C; IR v (KBr) cm™: 3411 (OH), 1739 (CO), 1668
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(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.21-7.15 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz,
arom-H), 7.01-6.96 (m, 3H, arom-H), 6.85 (br s, 1H, CONHPh), 4.24-4.17 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH-), 4.11-4.03 (m, 1H, one of -NCH,CH,-), 3.85-3.78 (m, 1H, one
of -NCH,CH,-), 3.72-3.67 (m, 4H, one of -CH,CH(OR)CH,CH(OR)CH,-, COOCH3), 3.62-3.49
(m, 1H, CH(CHj3),), 2.51 (dd, 1H, J=16.0, 6.8 Hz, one of CH,COOCH;), 2.32 (dd, 1H, J=16.0,
6.8 Hz, one of CH,COOCH,), 1.72-1.61 (m, 2H, -NCH,CH,-), 1.52 (d, 6H, J=7.2 Hz, CH(CHj3),),
1.38-1.35 (m, 4H, one of -CH(OR)CH,CH(OR)-, one of -OC(CH,),0-), 1.30 (s, 3H, one of
-OC(CH5),0-), 1.04 (dd, 1H, J=24.0, 11.6 Hz, one of -CH(OR)CH,CH(OR)-); *C-NMR (100
MHz, CDCls) &: 171.2, 164.8, 162.2 (d, "Jc_£=246.2 Hz), 141.4, 138.4, 134.6, 133.2 (d, *Jc =8.1
Hz), 130.5, 128.7, 128.6, 128.3, 128.2 (d, “Jc #=3.5 Hz), 126.5, 123.5, 121.7, 119.5, 115.37 (d,
2Jc¢=21.3 Hz), 115.35, 98.8, 66.3, 65.5, 51.6, 41.0, 40.8, 38.0, 35.9, 29.9, 26.1, 21.7, 21.5, 19.6;
HRMS (ESI) m/z: calcd Cy;H4FN,NaOs (M+Na®) 635.2897, found 635.2897.

4. Acetalized atorvastatin & EXE (111)
110 (199 mg, 0.325 mmol) (= THF (2.6 mL) % /lx 7=, 1 M NaOH aq. (0.65 mL,
0.65 mmol) Z IR ThNx., 18 KRl L7=. 1 M HCl ag. (1.0 mL) T pH Z i (pH 2-3)
L7235 Et,O C 3 [lfit%, fafnafiK Cyey Lz, AifE 2 bk~ 7 % o 7 L TS
%, ONZHT D IR CTHiEE~ 7 2 v U A EFRE LT, WIE FICCRBEA 2L 111 (193
mg, 99%) % 1537-.

2-((4R,6R)-6-(2-(2-(4-Fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-1H
-pyrrol-1-yDethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetic acid (111)

@\ o) o<0 o
H —
F

Colorless solids; mp 82-85 °C; IR v (KBr) cm™: 3407 (OH), 1716 (CO), 1670
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.19-7.16 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.01-6.97 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.22-4.16 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH-), 4.12-4.05 (m, 1H, one of -NCH,CH,-), 3.88-3.80 (m, 1H, one
of -NCH,CH,-), 3.75-3.67 (m, 1H, one of -CH,CH(OR)CH,CH(OR)CH-), 3.60-3.53 (m, 1H,
CH(CHa),), 2.53 (dd, 1H, J=16.0, 7.2 Hz, one of CH,COOH), 2.39 (dd, 1H, J=15.6, 6.8 Hz, one
of CH,COOH), 1.73-1.60 (m, 2H, -NCH,CH>-), 1.52 (d, 6H, J=7.2 Hz, CH(CHj3).), 1.37-1.29
(m, 7H, one of -CH(OR)CH,CH(OR)-, -OC(CHs),0-), 1.07 (dd, 1H, J=23.6, 11.6 Hz, one of
-CH(OR)CH,CH(OR)-); *C-NMR (100 MHz, CDCl5) &: 174.3, 164.9, 162.2 (d, 'Jc £=246.0 Hz),
141.4, 138.3, 134.5, 133.1 (d, *Jc ¢=8.1 Hz), 130.4, 128.7, 128.6, 128.3, 128.2 (d, “Jc_=4.0 Hz),
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126.5, 123.5, 121.8, 119.6, 115.42, 115.40 (d, )¢ ¢=21.2 Hz), 99.0, 66.3, 65.4, 40.8, 37.8, 35.6,
29.8, 26.1, 21.7, 21.6, 19.6; HRMS (ESI) m/z: calcd CssHzsFN,NaOs (M+Na®) 621.2741, found
621.2751.

5. Acetalized atorvastatin ester —fi&x & (112h—p; exemplified by 112p)
7L FRACT, 111 (40 mg, 0.067 mmol) (Z 4-dimethylaminopyridine (4 mg,
0.032 mmol), Phenol (13 mg, 0.138 mmol), CH,Cl, (2 mL) % /% 7=, EDC (0.025 mL, 22
mg, 0.142 mmol) % == Tl %, 14.5 KEfi##ER L7, 10% 7 =& (1 mL) %A%, CH.CI,
T3[R, SRR T Lc, AfE g~ 73 0 L TR, O IR
W THEE~ 732U L& RE L. BETICTREZEELI T LI a~x NI T 7 ¢
—IZfF L, AcOEt/hexane =1/4 7 HHER &V 112p (28 mg, 61%) % 157-.

Phenyl  2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (112p)

>
O A~ 82,0
OO
F

Colorless solids; mp 65-68 °C; IR v (KBr) cm™: 3411 (NHCO), 1758 (CO), 1666
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.40-7.34 (m, 2H, arom-H), 7.25-7.14 (m, 10H,
arom-H), 7.07-7.03 (m, 4H, arom-H), 7.02-6.96 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh),
436-4.29 (m, 1H, one of -CH,CH(OR)CH,CH(OR)CH,-), 4.14-4.05 (m, 1H, one of
-NCH,CH,-), 3.88-3.80 (m, 1H, one of -NCH,CH,-), 3.75-3.69 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH,-), 3.61-3.54 (m, 1H, CH(CHs),), 2.72 (dd, 1H, J=15.6, 7.6 Hz,
one of CH,COO), 2.58 (dd, 1H, J=15.6, 5.6 Hz, one of CH,COO), 1.73-1.66 (m, 2H,
-NCH,CH,-), 153 (d, 6H, J=7.2 Hz, CH(CH,),), 145-141 (m, 1H, one of
-CH(OR)CH,CH(ORY)-), 1.39 (s, 3H, one of -OC(CHj3),0-), 1.34 (s, 3H, one of -OC(CHs),0-),
1.15 (dd, 1H, J=24.0, 11.6 Hz, one of -CH(OR)CH,CH(OR)-); **C-NMR (100 MHz, CDCls) &:
169.4, 164.7, 162.2 (d, "Jc ¢=245.8 Hz), 150.5, 141.5, 138.3, 134.6, 133.2 (d, %Jc (=8.1 Hz),
130.5, 129.4, 128.7, 128.6, 128.3, 128.2 (d, *Jc ¢=3.5 Hz), 126.5, 125.9, 123.5, 121.8, 121.5,
119.5, 115.39 (d, 2Jc_¢=21.2 Hz), 115.34, 98.9, 66.3, 65.6, 41.2, 40.8, 38.0, 35.9, 29.9, 26.1, 21.7,
21.5, 19.6; HRMS (ESI) m/z: calcd CyH43FN,NaOs (M+Na®) 697.3054, found 697.3065.
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Benzyl  2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-lH-pyrroI-l—yI)ethyI)-2,2-dimethyl-l,3-dioxan-4-y|)acetate (112h)

e R
O F

Colorless solids; *H-NMR (400 MHz, CDCl5) &: 7.38-7.29 (m, 5H, arom-H), 7.21-7.14
(m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz, arom-H), 7.01-6.95 (m, 3H, arom-H), 6.86 (br s, 1H,
CONHPh), 5.16-509 (m, 2H, COOCH,Ph), 425418 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH-), 4.10-4.02 (m, 1H, one of -NCH,CH,-), 3.84-3.77 (m, 1H, one
of -NCH,CH,-), 3.70-3.64 (m, 1H, one of -CH,CH(OR)CH,CH(OR)CH,-), 3.59-3.52 (m, 1H,
CH(CHy),), 2.54 (dd, 1H, J=15.6, 7.2 Hz, one of CH,COO), 2.37 (dd, 1H, J=15.6, 6.0 Hz, one of
CH,CO00), 1.71-1.61 (m, 2H, -NCH,CH,-), 1.52 (d, 6H, J=7.2 Hz, CH(CHj3),), 1.35-1.25 (m, 7H,
one of -CH(OR)CH,CH(OR)-, -OC(CH;),0-), 1.05 (dd, 1H, J=24.0, 11.6 Hz, one of
-CH(OR)CH,CH(OR)-); *C-NMR (100 MHz, CDCl5) &: 170.6, 164.7, 162.2 (d, 'Jc £=246.1 Hz),
141.4, 138.3, 135.8, 134.6, 133.1 (d, *Jc =8.1 Hz), 130.4, 128.7, 128.6, 128.5, 128.3, 128.24,
128.22, 128.1, 126.5, 123.5, 121.7, 119.5, 115.3 (d, %) =21.3 Hz), 115.2, 98.7, 66.3, 66.2, 65.6,
41.2, 40.8, 38.0, 35.9, 29.8, 26.0, 21.7, 21.5, 19.6; HRMS (ESI) m/z: calcd C,3HsFN,NaOs
(M+Na") 711.3210, found 711.3233.

Cyclohexyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenyl
carbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (112k)

><
SIS SSPe
XS,
:

Colorless solids; mp 134-137 °C; IR v (KBr) cm™: 1733 (CO), 1654 (NHCO);
'H-NMR (400 MHz, CDCls) &: 7.19-7.16 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz, arom-H),
7.01-6.97 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.78-4.73 (m, 1H, Cy-H), 4.23-4.17 (m,
1H, one of -CH,CH(OR)CH,CH(OR)CH,-), 4.11-4.03 (m, 1H, one of -NCH,CH,-), 3.86-3.78
(m, 1H, one of -NCH,CH,-), 3.72-3.64 (m, 1H, one of -CH,CH(OR)CH,CH(OR)CH,-),
3.60-3.53 (m, 1H, CH(CHs),), 2.45 (dd, 1H, J=15.2, 7.2 Hz, one of CH,COO), 2.30 (dd, 1H,
J=15.2, 5.6 Hz, one of CH,COO), 1.84-1.78 (m, 2H, Cy-H), 1.73-1.63 (m, 4H, -NCH,CH,-,
Cy-H), 1.53-1.52 (m, 7H, CH(CHy),, Cy-H), 1.43-1.22 (m, 12H, one of -CH(OR)CH,CH(OR)-,
-OC(CHs),0-, Cy-H), 1.06 (dd, 1H, J=24.0, 11.6 Hz, one of -CH(OR)CH,CH(OR)-); *C-NMR
(100 MHz, CDCls) &: 170.3, 164.8, 162.2 (d, "Jc £=246.1 Hz), 1415, 138.4, 134.6, 133.1 (d,
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3Jc¢=8.0 Hz), 130.5, 128.7, 128.6, 128.3, 128.2 (d, “Jc_r=3.4 Hz), 126.5, 123.5, 121.7, 119.5,
115.36 (d, 2Jc ¢=21.3 Hz), 115.31, 98.7, 72.8, 66.3, 65.7, 41.6, 40.8, 38.0, 35.9, 31.5, 29.9, 26.0,
25.3, 23.6, 21.7, 21.5, 19.6; HRMS (ESI) m/z: calcd CyyHagFN,NaOs (M+Na™) 703.3523, found
703.3493.

4-Methoxyphenyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (112m)

@\ o) o0 o OOCH3
N
W F

Pale yellow solids; mp 64-66 °C; IR v (KBr) cm™: 3409 (NHCO), 1754 (CO), 1666
(NHCO); *H-NMR (400 MHz, CDCls) &: 7.22-7.14 (m, 9H, arom-H), 7.06 (d, 2H, J=8.0 Hz,
arom-H), 7.02-6.95 (m, 5H, arom-H), 6.89-6.85 (m, 3H, arom-H, CONHPh), 4.34-4.28 (m, 1H,
one of -CH,CH(OR)CH,CH(OR)CH,-), 4.13-4.05 (m, 1H, one of -NCH,CH,-), 3.88-3.80 (m,
1H, one of -NCH,CH,), 378 (s, 3H, C¢H,OCHjz), 3.75-3.69 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH-), 3.61-3.54 (m, 1H, CH(CHs),), 2.69 (dd, 1H, J=15.6, 7.2 Hz,
one of CH,COO), 2.56 (dd, 1H, J=15.6, 6.0 Hz, one of CH,COO0), 1.72-1.66 (m, 2H,
-NCH,CH,-), 153 (d, 6H, J=7.2 Hz, CH(CHs),, 144-140 (m, 1H, one of
-CH(OR)CH,CH(OR)-), 1.38 (s, 3H, one of -OC(CHs),0-), 1.33 (s, 3H, one of -OC(CH,),0-),
1.14 (dd, 1H, J=24.0, 11.6 Hz, one of -CH(OR)CH,CH(OR)-); **C-NMR (100 MHz, CDCl;) &:
169.7, 164.7, 162.2 (d, "Jc ¢=246.3 Hz), 157.3, 144.0, 1415, 138.4, 134.6, 133.2 (d, ®Jc =8.1
Hz), 130.5, 128.7, 128.6, 128.3, 128.2 (d, “Jc £=3.5 Hz), 126.5, 123.5, 122.2, 121.8, 119.5, 115.38

(d, 2Jc¢=21.4 Hz), 115.36, 114.4, 98.8, 66.3, 65.7, 55.6, 41.1, 40.8, 38.0, 35.9, 29.9, 26.1, 21.7,
21.5,19.7; HRMS (ESI) m/z: calcd Cy3H,sFN,NaOg (M+Na®) 727.3159, found 727.3130.
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4-Fluorophenyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (112n)

sRISsENey
H :N/\/K/'\)%
) F

Pale yellow solids; mp 62-64 °C; IR v (KBr) cm™: 1749 (CO), 1683 (NHCO);
'H-NMR (400 MHz, CDCl,) &: 7.21-7.14 (m, 9H, arom-H), 7.07-6.96 (m, 9H, arom-H), 6.86 (br
s, 1H, CONHPh), 4.34-4.27 (m, 1H, one of -CH,CH(OR)CH,CH(OR)CH,-), 4.13-4.06 (m, 1H,
one of -NCH,CH,-), 3.88-3.80 (m, 1H, one of -NCH,CH,-), 3.75-3.68 (m, 1H, one of
-CH,CH(OR)CH,CH(OR)CH,-), 3.64-3.54 (m, 1H, CH(CHs),), 2.69 (dd, 1H, J=15.6, 7.2 Hz,
one of CH,COO), 2.57 (dd, 1H, J=15.6, 5.6 Hz, one of CH,COO), 1.75-1.65 (m, 2H,
-NCH,CH,-), 153 (d, 6H, J=6.8 Hz, CH(CHs),), 1.42-1.38 (m, 4H, one of
-CH(OR)CH,CH(OR)-, one of -OC(CHj3),0-), 1.33 (s, 3H, one of -OC(CHj3),0-), 1.14 (dd, 1H,
J=24.0, 11.6 Hz, one of -CH(OR)CH,CH(OR)-); *C-NMR (100 MHz, CDCls) &: 169.4, 164.8,
162.2 (d, “Jc_F=246.3 Hz), 160.2 (d, “Jc £=242.8 Hz), 146.3 (d, “Jc£=2.9 Hz), 141.5, 138.3, 134.6,
133.2 (d, $Jce=8.1 Hz), 130.5, 128.7, 128.6, 128.3, 128.2 (d, “Jc =3.5 Hz), 126.6, 123.5, 122.9
(d, *Jc £=8.6 Hz), 121.8, 119.6, 116.1 (d, 2Jc ¢=23.4 Hz), 115.39 (d, “Jc ¢=21.2 Hz), 115.36, 98.9,
66.3, 65.6, 41.1, 40.8, 38.0, 35.8, 29.9, 26.1, 21.7, 21.5, 19.6; HRMS (ESI) m/z: calcd
CuoHaoF,N,NaOs (M+Na*) 715.2959, found 715.2939.

6. TEZ—ILEREIZLD atorvastatin ester —fRARREE (108h—p; exemplified by
108m)

112m (40 mg, 0.057 mmol) = CH,;OH (3 mL), 1 M HCI (0.5 mL) %=£iE.TAN%, 5.5

IR #E#E L7, AcOEt T 3 i #, fafn &K Tl L7, AE L MiiE~ 7 x> U A

TR, OZHT 0 IERIC THifE~ 7 R U L EBRE LIz, BE FICTHEIEE ALY

T Lhr7a~ N7 7 4 —IZfF L, AcOEt/hexane=1/1 #&HIEE L W 108m (7 mg, 19%) % 157-.
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7. MBS X B atorvastatin ester —¥&EEE (108h—p; exemplified by 108h)

7= FPAE, 111 (180 mg, 0.301 mmol) (2 4-dimethylaminopyridine (18 mg,
0.150 mmol), benzyl alcohol (0.100 mL, 105 mg, 0.971 mmol), CH,Cl, (4 mL) 1z 7214,
EDC (0.180 mL, 159 mg, 1.024 mmol) % =R Tz, 3.5 KEM##HE L7=. D%, 1 M HCl aq.
(3mL) & CHOH (7 mL) Z /<., 20 Rfi##: L 7=. CH,Cl, T 3[mlfhiifg, fafn ik Tk
G Lz, g 2~ 7 220 L CHRE, O728 0 IEmIC Tl ~ 7 1 0 A& B
EL7 WIETFICCQREAEELI T LV a~ 757 4 —IZfF L, AcOEt/hexane=1/2 ¥
HER L 1 108h (58 mg, 30%) % f37-.

Benzyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108h)

@\ 0 OH OH O
H J—
F

Pale yellow solids; mp 54-56 °C; IR vma (KBr) cm™: 3401 (OH), 1733 (CO), 1654
(NHCO); 'H-NMR (400 MHz, CDCl;) &: 7.39-7.31 (m, 5H, arom-H), 7.21-7.12 (m, 9H,
arom-H), 7.06 (d, 2H, J=8.0 Hz, arom-H), 7.01-6.95 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh),
5.13 (s, 2H, COOCH,Ph), 4.20-4.06 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, one of
-NCH,CH,-), 3.96-3.88 (m, 1H, one of -NCH,CH,-), 3.75-3.70 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 3.67 (br s, 1H, OH), 3.60-3.53 (m, 2H, OH, CH(CHz),), 2.46-2.44
(m, 2H, CH,COO), 1.72-1.57 (m, 2H, -NCH,CH,-), 1.53 (d, 6H, J=7.2 Hz, CH(CHy),),
1.50-1.42 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.28-123 (m, 1H, one of
-CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl,) 8: 172.3, 164.8, 162.2 (d, "Jc r=246.2 Hz),
141.5, 138.3, 135.3, 134.6, 133.2 (d, *Jc =8.1 Hz), 130.4, 128.7, 128.6, 128.5, 128.3, (128.3,
128.3), 126.5, 123.5, 121.8, 119.6, 115.4 (d, “Jc ¢=21.1 Hz), 115.3, 69.6, 68.9, 66.7, 41.7, 41.4,
41.2, 39.0, 26.1, 21.8, 21.7; HRMS (ESI) m/z: calcd C4H4;FN,NaOs (M+Na") 671.2897, found
671.2925; HPLC (Method 2): t,=21.9 min.
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2,2,2-Trifluoroethyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108i)

O 2L R
NN 0" CF,
W F
Colorless solids; mp 54-58 °C; IR vma (KBr) cm™: 3403 (OH), 1756 (CO), 1646
(NHCO); 'H-NMR (400 MHz, CDCl5) &: 7.22-7.13 (m, 9H, arom-H), 7.05 (d, 2H, J=8.0 Hz,
arom-H), 7.03-6.96 (m, 3H, arom-H), 6.85 (br s, 1H, CONHPh), 4.56-4.42 (m, 2H,
COOCH,CFy3), 4.24-4.16 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 4.15-4.07 (m, 1H, one of
-NCH,CHy-), 3.99-391 (m, 1H, one of -NCH,CH,-), 3.78-3.71 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 3.60-3.53 (m, 1H, CH(CHj3),), 3.40 (br s, 1H, OH), 3.29 (br s, 1H,
OH), 2.59-2.48 (m, 2H, CH,COO), 1.73-1.57 (m, 2H, -NCH,CH,-), 1.54-1.45 (m, 7H,
CH(CHs3),, one of -CH(OH)CH,CH(OH)-), 1.32-1.27 (m, 1H, one of -CH(OH)CH,CH(OH)-);
BC-NMR (100 MHz, CDCls) &: 170.7, 164.8, 162.2 (d, “Jc £=247.0 Hz), 141.5, 138.3, 134.5,
133.1 (d, *Jc r=8.0 Hz), 130.4, 128.7, 128.6, 128.37, 128.33 (d, “Jc =4.0 Hz), 126.6, 123.5,
122.7 (d, "Jc.¢=275.3 Hz), 121.9, 119.6, 115.4 (d, 2Jc £=21.2 Hz), 115.3, 69.6, 68.6, 60.4 (q,

2Jc =366 Hz), 41.6, 41.16, 41.11, 39.1, 26.1, 21.8, 21.6; HRMS (ESI) m/z: calcd
CasHasFsN2NaOs (M+Na*) 663.2458, found 663.2446; HPLC (Method 2): tz=19.8 min.

Cyclohexyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-y)-3,5-dihydroxyheptanoate (108k)

©\ o] OH OH O O
e
W F

Colorless solids; mp 161-164 °C; IR v (KBr) cm™: 3396 (OH), 1716 (CO), 1660
(NHCO); *H-NMR (400 MHz, CDCly) &: 7.21-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.02-6.95 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.82-4.76 (m, 1H, Cy-H),
4.17-4.07 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, one of -NCH,CH,-), 3.97-3.89 (m, 1H,
one of -NCH,CH-), 3.77-3.71 (m, 2H, one of -CH,CH(OH)CH,CH(OH)-, OH), 3.65 (br s, 1H,
OH), 3.61-3.54 (m, 1H, CH(CHj3),), 2.38 (d, 2H, J=6.0 Hz, CH,COO), 1.86-1.81 (m, 2H, Cy-H),
1.74-1.59 (m, 4H, -NCH,CH,-, Cy-H), 1.58-1.51 (m, 7H, CH(CHs),, Cy-H), 1.48-1.31 (m, 5H,
one of -CH(OH)CH,CH(OH)-, Cy-H), 1.28-1.21 (m, 2H, one of -CH(OH)CH,CH(OH)-, Cy-H);
BC-NMR (100 MHz, CDCls) &: 172.1, 164.8, 162.2 (d, Jc £=246.3 Hz), 141.5, 138.3, 134.6,

133.2 (d, *Jc#=8.1 Hz), 130.5, 128.7, 128.6, 128.39, 128.34, 126.5, 123.5, 121.8, 119.6, 115.38
(d, 2Jc¢=21.3 Hz), 115.32, 73.5, 69.6, 69.0, 41.8, 41.6, 41.3, 39.1, 31.57, 31.54, 26.1, 25.2, 23.6,
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21.7, 21.6; HRMS (ESI) m/z: calcd CsgHaisFN,NaOs (M+Na*) 663.3210, found 663.3193; HPLC
(Method 2): tg=25.6 min.

4-Methoxyphenyl  (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenyl
carbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108m)

@ o] OH OH O /©/OCH3
H CNWO
W F

Colorless solids; mp 141-144 °C; IR vma (KBr) cm™: 3392 (OH), 1743 (CO), 1652
(NHCO); *H-NMR (400 MHz, CDCl) &: 7.21-7.14 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.03-6.96 (m, 5H, arom-H), 6.91-6.86 (m, 3H, arom-H, CONHPh), 4.29-4.23 (m, 1H,
one of -CH,CH(OH)CH,CH(OH)-), 4.17-4.09 (m, 1H, one of -NCH,CH,-), 3.99-3.92 (m, 1H,
one of -NCH,CH;-), 3.79-3.74 (m, 4H, one of -CH,CH(OH)CH,CH(OH)-, C¢H,OCHs),
3.62-3.46 (m, 3H, OH, OH, CH(CHzy),), 2.66-2.65 (m, 2H, CH,COO), 1.74-1.59 (m, 2H,
-NCH,CH>-), 1.56-1.50 (m, 7H, CH(CHjs),, one of -CH(OH)CH,CH(OH)-), 1.36-1.32 (m, 1H,
one of -CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl;) &: 1715, 164.8, 162.2 (d,
e ¢=246.2 Hz), 157.5, 143.5, 141.5, 138.3, 134.6, 133.2 (d, 3Jcr=8.1 Hz), 130.4, 128.7, 128.6,
128.3, 126.5, 123.5, 122.1, 121.8, 119.6, 115.4 (d, °Jc ¢=21.1 Hz), 115.3, 114.5, 69.6, 68.9, 55.6,

41.8, 414, 41.2, 39.1, 26.1, 21.8, 21.7; HRMS (ESI) m/z: calcd CoHsuFN,NaOs (M+Na®)
687.2846, found 687.2857; HPLC (Method 2): t;=19.2 min.

4-Fluorophenyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenyl
carbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108n)

@ o) OH OH O @/F
N NS A
F

Colorless solids; mp 155-158 °C; IR v (KBr) cm: 3421 (OH), 1737 (CO), 1662
(NHCO); 'H-NMR (400 MHz, CDCl;) &: 7.21-7.13 (m, 9H, arom-H), 7.09-6.96 (m, 9H,
arom-H), 6.87 (br s, 1H, CONHPh), 4.28-4.23 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-),
4.16-4.08 (m, 1H, one of -NCH,CH,-), 3.99-3.92 (m, 1H, one of -NCH,CH,-), 3.79-3.73 (m, 1H,
one of -CH,CH(OH)CH,CH(OH)-), 3.63 (br s, 1H, OH), 3.61-3.53 (m, 1H, CH(CHys),), 3.50 (br
s, 1H, OH), 2.71-2.60 (m, 2H, CH,COO), 1.73-1.60 (m, 2H, -NCH,CH,-), 1.58-1.50 (m, 7H,

CH(CHs),, one of -CH(OH)CH,CH(OH)-), 1.36-1.33 (m, 1H, one of -CH(OH)CH,CH(OH)-);
BC-NMR (100 MHz, CDCl3) 8: 171.0, 164.9, 162.2 (d, "Jc_r=246.3 Hz), 160.3 (d, "Jc r=243.4
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Hz), 145.9 (d, *Jc £=2.9 Hz), 141.4, 138.2, 134.5, 133.1 (d, *Jc =8.0 Hz), 130.4, 128.7, 128.6,
128.36, 128.31 (d, *Jc ¢=3.6 Hz), 126.5, 123.6, 122.8 (d, *Jc +=8.6 Hz), 121.8, 119.6, 116.2 (d,
2Jc £=23.4 Hz), 115.4 (d, 2Jc ¢=21.1 Hz), 115.3, 69.5, 68.7, 41.7, 41.5, 41.2, 39.1, 26.1, 21.8,
21.7; HRMS (ESI) m/z: calcd CsgHssF,N,NaOs (M+Na") 675.2646, found 675.2620; HPLC
(Method 2): tz=21.5 min.

Phenyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108p)

@\ o] OH OH O @
R
W F

Pale yellow solids; mp 70-74 °C; IR vpa (KBr) cm™: 3413 (OH), 1747 (CO), 1660
(NHCO); 'H-NMR (400 MHz, CDCl;) &: 7.41-7.36 (m, 2H, arom-H), 7.27-7.23 (m, 1H,
arom-H), 7.22-7.14 (m, 9H, arom-H), 7.08-7.05 (m, 4H, arom-H), 7.03-6.96 (m, 3H, arom-H),
6.86 (br s, 1H, CONHPh), 4.31-4.25 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 4.17-4.09 (m,
1H, one of -NCH,CH,-), 3.99-3.92 (m, 1H, one of -NCH,CH,-), 3.80-3.74 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 3.64-3.47 (m, 3H, OH, OH, CH(CHy),), 2.69-2.67 (m, 2H,
CH,COOCH3), 1.76-1.60 (m, 2H, -NCH,CH,-), 1.57-1.51 (m, 7H, CH(CHzs),, one of
-CH(OH)CH,CH(OH)-), 1.39-1.33 (m, 1H, one of -CH(OH)CH,CH(OH)-); *C-NMR (100 MHz,
CDCls) &: 171.1, 164.8, 162.2 (d, *Jc ¢=246.2 Hz), 150.1, 141.5, 138.3, 134.5, 133.2 (d, *Jc =8.1
Hz), 130.4, 129.5, 128.7, 128.6, 128.37, 128.35 (d, “Jc =3.6 Hz), 126.5, 126.2, 123.5, 121.8,
121.3, 119.6, 115.4 (d, 2JoF=21.2 Hz), 115.3, 69.6, 68.9, 41.7, 41.5, 41.2, 39.1, 26.1, 21.8, 21.7,

HRMS (ESI) m/z: calcd CH3gFN,NaOs (M+Na*) 657.2741, found 657.2735; HPLC (Method 2):
t,=20.0 min.
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8. MEAINT X B atorvastatin ester —¢&E¥EE (108g-u; exemplified by 108q)

T FEAE, 111 (90 mg, 0.150 mmol) {2 4-dimethylaminopyridine (10 mg,
0.082 mmol), CH,Cl, (4 mL), 1,1,1,3,3,3-Hexafluoro-2-propanol (0.050 mL, 80 mg, 0.476
mmol) % Nz 7=, EDC (0.090 mL, 80 mg, 0.515 mmol) % =R Thlz, 4.5 BRI L7-.
Z D%, WIEFICCTIEMZEEL, THF(6mL) & 1MHClag. (2mL) %#/l%,50°C T6.5
RFFEIFRHE L, SRR L2236 12 L7=. S 512, 1M HClag. (L mL)%/nx., 50 °C
T 5.5 REfEIEFR L7, EL,O C 3 [EIfhiHE, fufn &K Tl L. AL~ 71
U LTRSS, O D IEEIC T~ 7 2 U A& rE Lo, BE TS TREA B E
LA T L7 nm~ 7T 7 4 —I2fF L, AcOEt/hexane=1/1 ¥AHIER & 108q (26 mg, 25%) %
137

1,1,1,3,3,3-Hexafluoropropan-2-yl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-
phenyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108q)

@L OH OH O CF,
o)\cF3

Colorless solids; mp 59-61 °C; IR Viax (KBr) cm ' 3401 (OH), 1779 (CO), 1646
(NHCO); 'H-NMR (400 MHz, CDCl) &: 7.22-7.13 (m, 9H, arom-H), 7.06-6.96 (m, 5H,
arom-H), 6.85 (br s, 1H, CONHPh), 5.80-5.72 (m, 1H, CH(CF),), 4.26-4.20 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 4.14-4.07 (m, 1H, one of -NCH,CH,-), 3.99-3.92 (m, 1H, one of
-NCH,CH,-), 3.77-3.71 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 3.60-3.53 (m, 1H,
CH(CHs),), 3.27 (br s, 1H, OH), 3.01 (br s, 1H, OH), 2.70-2.57 (m, 2H, CH,COO0), 1.74-1.60 (m,
2H, -NCH,CH,-), 1.56-1.47 (m, 7H, CH(CHs),, one of -CH(OH)CH,CH(OH)-), 1.35-1.31 (m,
1H, one of -CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCI,) &: 168.8, 164.7, 162.2 (d,
Jc £=246.6 Hz), 141.5, 138.3, 134.5, 133.1 (d, *Jc r=8.0 Hz), 130.4, 128.7, 128.6, 128.3, 128.2
(d, *Jc£=3.5 Hz), 126.6, 123.6, 121.9, 120.2 (d, 'Jc £=282.7 Hz), 119.6, 115.5 (d, *Jc ¢=21.3 Hz),
115.4, 69.5, 68.4, 66.5 (m, 2Jc =34.7 Hz), 41.6, 41.08, 41.05, 39.1, 26.1, 21.8, 21.6; HRMS
(ESI) m/z: calcd CaHasF;NoNaOs (M+Na") 731.2332, found 731.2315; HPLC (Method 2):
tr=28.8 min.
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4-Chlorophenyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenyl
carbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108r)

@ o] OH OH O /©/C'
H :N/\/'\/K)%
W F

Colorless solids; mp 142-143 °C: IR vma (KBr) cm™: 3383 (OH), 1745 (CO), 1664
(NHCO); 'H-NMR (400 MHz, CDCly) &: 7.37-7.32 (m, 2H, Cs ,Cs-H), 7.23-7.12 (m, 9H,
arom-H), 7.06 (d, 2H, J=8.0 Hz, arom-H), 7.04-6.96 (m, 5H, arom-H), 6.87 (br s, 1H, CONHPh),
4.31-4.22 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 4.18-4.08 (m, 1H, one of -NCH,CH-),
4.01-3.91 (m, 1H, one of -NCH,CH,-), 3.81-3.72 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-),
3.63-3.50 (m, 2H, CH(CHy),, OH), 3.43 (br s, 1H, OH), 2.73-2.60 (m, 2H, CH,COO0), 1.76-1.59
(m, 2H, -NCH,CH,-), 1.59-1.49 (m, 7H, CH(CHa),, one of -CH(OH)CH,CH(OH)-), 1.38-1.31
(m, 1H, one of -CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl5) &: 170.8, 164.9, 162.3 (d,
Jc £=246.4 Hz), 148.6, 141.5, 138.3, 134.6, 133.2 (d, %Jc +=8.1 Hz), 131.6, 130.5, 129.6, 128.74,
128.71, 128.39, 128.36 (d, “Jc_r=4.7 Hz), 126.6, 123.6, 122.8, 121.9, 119.7, 115.5 (d, 2Jc =21.4

Hz), 1154, 69.6, 68.8, 41.8, 41.6, 41.2, 39.1, 26.2, 21.8, 21.7; HRMS (ESI) calcd for
CsoH3sCIFN,NaOs 691.2351, found 691.2359; HPLC (Method 2): tz=25.9 min.

4-Bromophenyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenyl
carbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108s)

@ o) OH OH O /©/Br
” :N/\/'\/K)%
W F

Colorless solids; mp 151-152 °C; IR vma (KBr) cm™: 3381 (OH), 1745 (CO), 1666
(NHCO); H-NMR (400 MHz, CDCly) &: 7.52-7.47 (m, 2H, Cs ,Cs-H), 7.22-7.12 (m, 9H,
arom-H), 7.06 (d, 2H, J=7.6 Hz, arom-H), 7.03-6.93 (m, 5H, arom-H), 6.87 (br s, 1H, CONHPh),
4.30-4.21 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 4.17-4.08 (m, 1H, one of -NCH,CH-),
4.01-3.91 (m, 1H, one of -NCH,CH,-), 3.80-3.72 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-),
3.62-3.51 (m, 2H, CH(CHy),, OH), 3.45 (br s, 1H, OH), 2.72-2.59 (m, 2H, CH,COO0), 1.76-1.60
(m, 2H, -NCH,CH>-), 1.59-1.49 (m, 7H, CH(CHs),, one of -CH(OH)CH,CH(OH)-), 1.37-1.31
(m, 1H, one of -CH(OH)CH,CH(OH)-); ®C-NMR (100 MHz, CDCl,) &: 170.7, 164.9, 162.3 (d,
Jc £=246.3 Hz), 149.2, 141.5, 138.3, 134.6, 133.2 (d, *Jc +=8.0 Hz), 132.6, 130.5, 128.8, 128.7,

128.39, 128.37 (d, “Jc £=5.0 Hz), 126.6, 123.6, 123.2, 121.9, 119.7, 119.3, 115.5 (d, %Jc ¢=21.3
Hz), 115.4, 69.6, 68.8, 41.8, 41.7, 41.2, 39.1, 26.2, 21.9, 21.7; HRMS (ESI) calcd for
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CagHsgBrFN,NaOs 735.1846, found 735.1830; HPLC (Method 2): tg=27.0 min.

4-Nitrophenyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108t)

@ o) OH OH O ©N02
R
W F

Colorless solids; mp 65-66 °C; IR vma (KBr) cm™: 3402 (OH), 1763 (CO), 1647
(NHCO), 1525, 1346 (NO,); 'H-NMR (400 MHz, CDCI;) &: 8.30-8.25 (m, 2H, Cs ,Cs-H),
7.30-7.26 (m, 2H, C» ,Ce-H), 7.23-7.13 (m, 9H, arom-H), 7.08-6.97 (m, 5H, arom-H),
6.88-6.86 (m, 1H, CONHPh), 4.33-4.25 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 4.18-4.09
(m, 1H, one of -NCH,CH,-), 4.03-3.93 (m, 1H, one of -NCH,CH,-), 3.82-3.73 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 3.63-3.53 (m, 1H, CH(CHs),), 3.46 (d, 1H, J=2.0 Hz, OH), 3.21 (d,
1H, J=1.2 Hz, OH), 2.78-2.65 (m, 2H, CH,COO), 1.77-1.63 (m, 2H, -NCH,CH,-), 1.59-1.51 (m,
7H, CH(CHs),, one of -CH(OH)CH,CH(OH)-), 139-133 (m, 1H, one of
-CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDClI,) 8: 170.0, 164.9, 162.3 (d, "Jc r=246.2 Hz),
154.8, 145.6, 141.5, 138.3, 134.5, 133.2 (d, $)cr=8.1 Hz), 130.5, 128.7, 128.4, 128.35, 128.32 (d,
*Jc¢=3.4 Hz), 126.7, 125.3, 123.7, 122.4, 122.0, 119.7, 115.5 (d, 2Jc ¢=21.2 Hz), 115.5, 69.6,

68.7, 41.8, 41.1, 39.2, 26.2, 21.9, 21.7; HRMS (ESI) calcd for CsHzsFN3NaO; 702.2591, found
702.2571; HPLC (Method 2): tg=21.6 min.

4-Tolyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108u)

@ o] OH OH O /@CH3
” z Nwo
F

Colorless solids; mp 68-69 °C; IR v (KBr) cm™: 3406 (OH), 1751 (CO), 1662
(NHCO); 'H-NMR (400 MHz, CDCls) &: 7.23-7.12 (m, 11H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.03-6.91 (m, 5H, arom-H), 6.87 (br s, 1H, CONHPh), 4.31-4.21 (m, 1H, one of
-CH,CH(OH)CH,CH(OH)-), 4.18-4.08 (m, 1H, one of -NCH,CH,-), 4.00-3.90 (m, 1H, one of
-NCH,CHy-), 3.81-3.72 (m, 1H, one of -CH,CH(OH)CH,CH(OH)-), 3.65-3.46 (m, 3H,
CH(CHzy),, OH, OH), 2.72-2.60 (m, 2H, CH,COO), 2.34 (s, 3H, C¢H4,CH3), 1.77-1.60 (m, 2H,

-NCH,CH,-), 1.60-1.49 (m, 7H, CH(CHj),, one of -CH(OH)CH,CH(OH)-), 1.38-1.32 (m, 1H,
one of -CH(OH)CH,CH(OH)-); *C-NMR (100 MHz, CDCl;) &: 171.3, 164.9, 162.3 (d,
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e £=246.2 Hz), 147.9, 141.5, 138.3, 136.0, 134.6, 133.2 (d, *Jc =8.0 Hz), 130.5, 130.1, 128.8,
128.7, 128.4, 126.6, 123.6, 121.8, 121.0, 119.6, 115.5 (d, 2Jc_=21.1 Hz), 115.3, 69.6, 68.9, 41.8,
41.6, 41.3, 39.1, 26.2, 21.8, 21.7, 20.9; HRMS (ESI) calcd for CyHjFN,NaOs 671.2897, found
671.2894; HPLC (Method 2): tz=23.4 min.

9. TEF—/NBREIZL S atorvastatin t-butyl ester S (1081)
1121 (103 mg, 0.157 mmol) (Z CH;OH (6 mL), 1 M HCI (2 mL) Z=JE TNz, 2 KF
MR L7-. & 512 CHOH (1 mL), 1 M HCI (1 mL) Z=R{ECTMZ, 17 R L.
CH,Cl, T 3[alflitit%, fafn&iEK CHeid L=, A Z it~ 7 1> U L THlt%, O72
P0IBT~ 7R U L& RELZ. BEFCTREEZEEL 7457~ N7
57 4 —h L, BEET T U~ =12 VEHER & Y 1081 (48 mg, 50%) % £37-.

tert-Butyl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba
moyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoate (108l)

o] OH OH O
@H PN AP P §9°
W F
Colorless solids; mp 147-148 °C; IR vma (KBr) cm™: 3397 (OH), 1714 (CO), 1646
(NHCO); *H-NMR (400 MHz, CDCls) &: 7.21-7.13 (m, 9H, arom-H), 7.06 (d, 2H, J=7.6 Hz,
arom-H), 7.02-6.96 (m, 3H, arom-H), 6.86 (br s, 1H, CONHPh), 4.15-4.07 (m, 2H, one of
-CH2CH(OH)CH2CH(OH)-, one of -NCH,CH,-), 3.97-3.89 (m, 1H, one of -NCH,CH,-), 3.81
(br s, 1H, OH), 3.76-3.71 (m, 2H, one of -CH2CH(OH)CH2CH(OH)-, OH), 3.61-3.54 (m, 1H,
CH(CHy),), 2.31 (d, 2H, J=6.0 Hz, CH,COOQ), 1.73-1.59 (m, 2H, -NCH2CH2-), 1.53 (d, 6H,
J=6.8 Hz, CH(CHs),), 1.49-1.40 (m, 10H, one of -CH(OH)CH2CH(OH)-, C(CHa)s), 1.30-1.21
(m, 1H, one of -CH(OH)CH2CH(OH)-); *C-NMR (100 MHz, CDCl3) &: 172.1, 164.8, 162.2 (d,
Jc £=246.1 Hz), 141.5, 138.4, 134.6, 133.2 (d, *Jc_¢=8.1 Hz), 130.5, 128.7, 128.6, 128.39, 128.34,
126.5, 123.5, 121.8, 119.6, 115.3 (d, 2Jc_¢=21.2 Hz), 115.2, 81.8, 69.7, 69.2, 42.2, 41.7, 41.3, 39.0,

28.0, 26.1, 21.7, 21.6; HRMS (ESI) calcd for C3;H43FN,NaOs 637.3054, found 637.3079; HPLC
(Method 2): tz=21.0 min.
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10. Diacetyl atorvastatin allyl ester A5 (113)
108g (26 mg, 0.043 mmol) = Ac,O (0.5 mL), pyridine (0.5 mL) =R Tz, 2 Kf
MiBHE L7-. D%, 5% HCl aq. (3 mL) % /lx, AcOEt C 2 [FlfiliHi#%, 10% NaHCO; aq.,
H,O, fafi &K Tl Lz, A LR~ 7 1> 0 A TRAEE, OV 0 Jgim I Thie
e~ 72U LERELL. WETCTREZHE LT L0~ N7 T 7 4 —I2fFL,
AcOEt/hexane=1/2 JAH#E L 0 113 (25 mg, 85%) %157

(3R,5R)-1-(Allyloxy)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbam

oyl)-1H-pyrrol-1-yl)-1-oxoheptane-3,5-diyl diacetate (113)

o= o=
@\ 0 0O 0O O
N /NMO/\/
H J—

F

Colorless oil; IR vpa (KBr) cm™: 1739 (CO), 1668 (NHCO); ‘H-NMR (400 MHz,
CDCly) 6: 7.22-7.13 (m, 9H, arom-H), 7.09-6.95 (m, 5H, arom-H), 6.89 (br s, 1H, CONHPh),
5.94-5.82 (m, 1H, COOCH,CH=CHy,), 5.34-5.21 (m, 2H, COOCH,CH=CHy), 5.15-5.06 (m, 1H,
one of -NCH,CH,), 4.82-474 (m, 1H, one of -NCH,CH,), 4.57-455 (m, 2H,
COOCH,CH=CH,), 3.91-3.85 (m, 2H, -CH,CH(OH)CH,CH(OH)-), 3.57-3.48 (m, 1H,
CH(CHs3),), 2.61-2.49 (m, 2H, CH,COO), 2.00 (s, 3H, OCOCHs), 1.93 (s, 3H, OCOCHs),
1.92-1.67 (m, 4H, -NCH,CH,-, -CH(OH)CH,CH(OH)-), 1.54-1.51 (m, 6H, CH(CH,),);
BC-NMR (100 MHz, CDCls) &: 170.3, 170.1, 169.5, 164.7, 162.3 (d, "Jc ¢=246.6 Hz), 141.3,
138.4, 134.5, 133.2 (d, *Jc =8.1 Hz), 131.8, 130.5, 128.72, 128.69, 128.4, 128.1 (d, “Jc_=3.2
Hz), 126.7, 123.6, 122.0, 119.6, 118.7, 115.55, 115.50 (d, 2Jce=21.4 Hz), 68.5, 67.2, 65.5, 40.8,
38.7,37.7, 35.6, 26.2, 21.73, 21.70, 21.0, 20.9; HRMS (ESI) calcd for C4oH43FN,NaO; 705.2952,
found 705.2949.

11. Diacetyl atorvastatin & (114)

113 (52 mg, 0.076 mmol) (Z CH,Cl, (1 mL), Pd(PPhs), (1.0 mg, 0.001 mmol),
pyrrolidine (0.02 mL, 0.244 mmol) % =R Tz, 13 B L=, £ D&, 5% HCI ag. (5
mL) Z Nz, AcOEt T 3[EMffitti#, HO, faf K CHed L7z, AE L~ 71 v
L THIEER, O BRI T~ 7 XU L& RE L. WIETIC T2 EL
B LY a~w kY57 4 —IfF L, CHCI/CH,OH=20/1 #HITTS & 0 114 (43 mg, 88%) %75
7-.
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(3R,5R)-3,5-Diacetoxy-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarba

moyl)-1H-pyrrol-1-yl)heptanoic acid (114)

CH3 CH,
o4

@ o) © O 0 O
H :NWOH
W, F

Colorless 0il; IR vy (KBr) cm™: 1739 (CO), 1714 (CO), 1670 (NHCO); ‘H-NMR
(400 MHz, CDCls) &: 7.22-7.12 (m, 9H, arom-H), 7.08-6.96 (m, 5H, arom-H), 6.90 (br s, 1H,
CONHPh), 5.13-5.04 (m, 1H, one of -NCH,CH,-), 4.82-4.74 (m, 1H, one of -NCH,CH,-),
3.91-3.87 (m, 2H, -CH,CH(OH)CH,CH(OH)-), 3.57-3.48 (m, 1H, CH(CH),), 2.63-2.49 (m, 2H,
CH,COO0), 2.00 (s, 3H, OCOCHj), 1.93 (s, 3H, OCOCHj), 1.92-1.73 (m, 3H, -NCH,CH,-, one
of -CH(OH)CH,CH(OH)-), 1.69-1.63 (m, 1H, one of -CH(OH)CH,CH(OH)-), 1.53-1.50 (m, 6H,
CH(CHs),); *C-NMR (100 MHz, CDCl,) &: 174.8, 170.5, 170.3, 164.9, 162.3 (d, *Jc_r=246.5
Hz), 141.22, 138.2, 134.4, 133.2, 130.4, 128.8, 128.4, 128.0 (d, *Jc =3.1 Hz), 126.7, 123.7,
122.0, 119.7, 115.53, 115.52 (d, 2 =20.9 Hz), 68.6, 67.1, 40.8, 38.5, 37.7, 35.5, 26.2, 21.0,

20.9; HRMS (ESI) calcd for Cs;H39FN,NaO; 665.2639, found 665.2623; HPLC (Method 2):
tr=15.9 min.

(3) Part of assay

1. Atorvastatinester ® & kI 7 1 Y — AFFEFE T DMK EIE R E
50 mM atorvastatin ester 108a—u in DMSO %A% (0.6 uL) & 10 mg/mL HLM F7=1%
10 mg/mL HIM (5 uL) % 200 mM HEPES (pH 7.4, 94.4 pL) (ZIRH, 37 °C T 90 43fE 1 >
FaX— |k L7z ZD%,0.3mMBPHB in CH,CNIATE (100 pl) %K EThiz, 10 43l
& L7 BB % 15,000 rpm, 15 47,4 °C Tl L, ki % HPLC CHIE L 7=,

2. Diacetyl atorvastatin ® & k I 7 1 Y —AFEE FIZB T MK S AREHRIE
50 mM diacetyl atorvastatin 114 in DMSO ##% (0.6 uL) & 10 mg/mL HLM & 7= 1%
10 mg/mL HIM (5 uL) % 200 mM HEPES (pH 7.4, 94.4 uL) |28+, 37 °C T 72 W1 o %
2— | L72. Z0%#%, 0.3 mM BPHB in CH,CN %% (100 ul) %k - Thlz, 10 4yl #fiE
L7=. IREVIR% 15,000 rpm, 15 47,4 °C Tl L, kif%a HPLC THIE L7,
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3. Atorvastatin ester DRBEERTAE N I2I1T 5K FETEMERIE
50 mM atorvastatin ester 108a, g, n in DMSO #&#% (0.6 uL) & 10 mg/mL CES1b, 8.8
mg/mL CES1c, 11 mg/mL CES2 & % & 10 mg/mL AADAC (5 uL) % 200 mM HEPES (pH
7.4, 94.4 uL) (ZIRA, 37 °C T 30 ofilA ¥ aX— kL7 ZD%, 0.3 mM BPHB in
CH:CN & (100 pL) ok BTNz, 10 ZREHE L7-. IRATAK % 15,000 rpm, 15 43,
4°C Tl L, Eif% HPLC THIE L7,

4.  Human Samples
t hJFlEIE National Disease Research Interchange (NDRI) & #2#% L T\ »% Human
and Animal Bridging (HAB) Research Organization 7>5 AF L7=. F£72, & MFgE HW =
MR TEER R ML B2 (No. 22-1) (2K - THEGR S 1Lz,

5. HLM D7l
bt g A Ok # PBS T CAE Y Rr— K L, 9,000 X G, 20 47, 4 °C Tl L, Eif
ZEY L7=. D1, 105,000 x G, 60 57, 4 °C Tz L, 271 Y — A2 BN L7,
27 v Y — A4 SET buffer (pH 7.4) H Chak S H7-.

6. HIM, CES1b, CESlc, and CES2
BD-Gentest (Woburn, MA, USA) L VEEA L=t D &EH L7

7. AADAC
WHFZeE TIEL X H7- AADAC % iz,
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