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[ASCH OWEFE
2-Pr: 2-propyl, 2-7'm £ /L
5-HT: serotonin, w2 h =2
Ar.aryl, 7 U —
AUC: are under the curve, g AifE
Bn: benzyl, <> L
B-NADPH: B-nicotinamide adenine dinucleotide phosphate, f-==2F > 7 I K77 =
X7 VAT R
Boc: tert-butoxy carbonyl, tert-7" k% B /LR =)L
CHO: Chinese hamster ovary, F % A =— AL A X —DYPH
CYP2D6: cytochrome P450 family 2 subfamily D member 6, - k7 v A P450 2D6
DA: dopamine, K/33 Y
DDI: drug-drug interaction, $£#)f8 A {EH
DML: designed multiple ligand, 71 > K~V F 7LV G K
DTT: dithiothreitol, ¥F 4 ~ LA h—/b
EM: extensive metabolizer, =27 A7 L v T A X KRT A H—
ESI: electrospray ionization, =1L 7 b X7 LA A 4 1l
Et: ethyl, —F /L
GDP: guanosine diphosphate, 77 /> > U V&
GTP: guanosine triphosphate, 7’7 / > = U %
HPLC: high performance liquid chromatography., &E#iEikr v~ 75 7 ¢ —
HRMS: high resolution mass spectrometry. =43 fi#HEE &5
ILA.: intrinsic activity, PNIREME
ICs0: 50% inhibitory concentration, 50%[H & &
Ki: inhibition constant, [HZ &%k
LC-MSMS: Liquid Chromatography - tandem Mass Spectrometry, k7 n~ ~ 275 7 4
—HEE&EOPriA
LeuT: leucine transporter, = A > k7 2 AR —4 —
Me: methyl, X F /1
MeO: methoxy, A k&%~
Mp: melting point. s
NMR: nulear magnetic resonance, %5 H:AE
PM: poor metabolizer, 77 A % R 7 A H—
p.o.: peroral, &M
r.t.: room temperature, =ik
SAR: structure-activity relationship, ## &% 4R B



SEM: standard error of mean, & #3854

SERT: serotonin transporter, 2 h=> F 7 2 AR —H —

SnAr: aromatic neulceophilic substitution, 7575 e SR A% -4

SSRI: selective serotonin reuptake inhibitors, ERAYE 7 k= 2 FFHLD JA R HE S
SRI: serotonin reuptake inhibition, == F =2V IAAR[HE

Ts:tosyl, Kb

[ picaddE « FEBRIAICBI 3 2 I6EE
2-PrOH: 2-propanol, 2-7'w/x/ —/L
AcCl: acetyl chloride, (b7 =T /L
AcOH: acetic acid, HEf2
AgOTf: silver trifluoromethansulfonate, ~ Y 7L 1 A & 2 Z /LR gl
AICl3: aluminium chloride, b7 /LI =7 A
BBrs: boron tribromide, =&AL v %
BFs-Et,0: boron trifluoride etherate, =7 vl R UV E P =F L= —TF LEHK
BHs-THF: borane tetrahydrofuran complex, ;"7 > 7 k7 & Rr 7 J UK
Boc,O: di-tert-butyl dicarbonate, —fREE T -tert-—7 F /L
B(OMe)s: trimethyl borate, A& TE2 N U A F /L
BsOH: benzensulfonic acid, X2 A /LK g
CaCly: calcium chloride, kB /v 7 A
CHCl: dichloromethane, 7 ma X % >
CHClIs: chloroform, 7 &z 7L A
DAIB: (diacetoxyiodo)benzene, (7 & hF% 3 — Ry B
DMA: dimethylacetamide, ¥’ AF /LT & F7 I K
DMF: dimethylformamide, ~ A F /LA ALT I R
DMSO: dimethylsulfoxide, ¥ X F/L A)LRF T N
EtsN: triethylamine, K~V =F/L7 I
Et,O: diethylether, ~’=F /L= —7 /L
EtOAc: ethyl acetate, EEfg—F /L
EtOH: ethanol, —% / —/L
F-TEDA-BF4: 1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoro-
borate), 1-7 =B A F/L-4-T N A 0-14-TT V=T 7 a[222]4 7 % EA(7 K
FZI7NFaRbA R)
H.: hydrogen gas. 7K3& 5 A
HCI: hydrochloride, Hifb/k3%
HC(OMe)s: trimethyl orthoformate, 4 L k¥ ~ U 2 F /L
H3PO4: phosphoric acid, U >
K.COs: potassium carbonate, g4V 7 A



KH2PO4: potassium dihydrogenphosphate, U > 2 —/KFEH U o7 A
KHSO4: potassium hydrogen sulfate, #ifig/KE D U 7 L

KI: potassium iodide, = 71{t 7V 7 A

KOH: potassium hydroxide, 7KE&{b U 7 4

LiAIH4 (LAH): lithium aluminiumhydride, /K3 {bLU FT7 AT /LI =7 A
LiBr: lithium bromide, &/t U F 7 A

mCPBA: m-chloroperoxybenzoic acid, m-7 & v i%: B &
MeB(OH),: methaneboronic acid, A F /L7 & i

MeCN: acetonitrile, 7% =K U/

MeNsHCI: trimethylamine hydrochloride, ~ U A F/L 7 I R
MeS*I': trimethylsulfonium iodide, ~ U X F /AN AR=0 L3 —T R
MeOH: metanol, A % /—/L

MgCl,: magnesium chloride, ik~ 27 %+ 7 A

MgSO4: magunesium sulfate, Hifit~ 27 % 7 A

MnO-: manganese dioxide, _fg{t~ > 7

MS3A: molecular sieve 3A, £1L %27 —3—7 3A

MsCl: methansulfonyl chloride, A2 % A )vik=17uva 71
NaBH.: sodium borohydride, /K#&E{bA v FEF hU 7 A

NaClO: sodium hypochlorite, ¥Hidizafe7 KU 7 A

NaClO.: sodium chlorite, HiEREET KU w7 A

NaHCO3: sodium hydrogen carbonate, (k&K T kU 7 A

Na;HPO4: sodium hydrogen phosphate, U > &K%~ KU o7 A
NaHSOs: sodium hydrogen sulfite, #ifiEE/KFET KU 7 L

NaOH: sodium hydroxide, 7KE&{L7 KU & A

NazSOa4: sodium sulfate, #ifig) KU 7 A

NBS: N-bromosuccinimide, N-7 €& 27 v > A I R

n-BuLi: n-butyl lithium, n-7F /LU F 7 A

n-BuMgCl: n-butyl magnesium chloride, n-7F /L~ 27 x> 7 A7 074 R
NCS: N-chlorosuccinimide, N-7ra X7 > > A I N

NH4Cl: ammonium chloride, {7 > E=7 A

NIS: N-iodosuccinimide, N-2— KA 27 > > A I R

NMM: 4-methylmorpholine, 4-A F/LE/LRY

PDC: pyridinium dichromate, —7 1 AfEE U =17 A

Pd-C: paradium carbon, /X7 27 AfR#

Pd(PPhs)s: Tetrakis(triphenylphosphine)palladium(0), 7 F 7% A(FV 7 = =)L R A T ¢
VYRTZ V7 (0)

PPA: polyphosphoric acid, U U > iz

PPha: triphenylphosphine, VU 7 = =)Lk A7 ¢



p-TsOH: p-toluenesulfonic acid, p- F /L@ ALk g

SOCIy: thionyl chloride, kT 4=/

TCCA: trichloroisocyanuricacid, ~VU 27 mwA V7 X)UEE

TEMPO: 2,2,6,6-tetramethylpiperidine 1-oxyl, 2,2,6,6-7 7 A F/L XY T 1-FF
JL

TFA: trifluoroacetic acid, kU 7 /L4 v kg

TFAA: trifluoroacetic anhydride, /K s U 7 /L4 o FEfE

Tf,0: trifluoromethanesulfonic anhydride, kU 74w X &% o Z )V 7R BREEKY)
TfOH: trifluoromethansulfonic acid, ~ VU 7L & A & Z)L7R Vg

THF: tetrahydrofuran, 7 h 7t Fkue>7 7

TsCI: toluenesulfonyl chloride, h/l—  A)LR=)L 7 a7 A K

Rh-C: rhodium carbon, = 27 AR
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¥ 2% SMP-304 DOAHY

2-1. AEAFEDERAEEW 1 IZDW T

KRAARFELBIE (K) Tk, H<pbtEr b= RN v & W o R EYE
DEZFER b T AR =2 —=IHEH T DA O EFRE N/ TONL TV D (REILE
Y. 2o RAEBRYy, XpAxvey, VIV Ry, 7uafrrU % (Figure1l)),

P g

g-N
FoFAEE S ~NE AT 2
H
R N7
P o)
H ! p
N/m..é
N
’ F
1R AV NV ) i .
(5-HT,, /D, /5-HT, 7> Z Z=A | A=Ay BV ) B

+5-HT,, H 7 1EEIZE) (5-HT,, /D, 7> # I =A )

Figure 11. K B A AR () MR L7t n b= A RIC/ER 4 % 3

NS DAY OREE EORIL, WEET I VAT AOIERT U UVEREV TR
W7 I UEEEE OREEE LTAHLTEY, R, Figure 11 IR T L9112, #2 K
Any, RoAvrar, V7Y RATONWTIE, TOEIRT 2 UG A OIS — T
ICE Y IDUVBRORU YA Y TF T AR WS EREREEZA L, KRB VI —%
MLTH I —HFIZRREEZA L T0D, RARERREE (k) Tk, 2hoornm
TV bl ZOX I RERIRTY I UEEE R OICELATFIZY U — & LT
WIEEZHT AW E LA EMTA T TV —L LTIRALTWS, TD/LEWMT
A7 7YV —OH T, Figure 12 13T L9512, BNV PUVEREVSTERIRT I G
RN, BERU D UBRDANIIRUNVEER L, ERY D UED LNIZRE Y
="MW LR UBRERET AW 12, 5-HTia 2RI LR A P ETE M &
AL NN DS SERT IZHR L THREAEEEZHF T2 2 BN 0hote, £ T,
ka1 s e L, DML ® 5 5 [halancingl (2 X % SERT & 5-HTia Z &AL
THRVE G REEME 2 O R ok e O BG4 B L7 BRB A M2 BRGT 2 2
&Lz,
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SERT Ki = 212 nM
5-HT,x Ki = 29.3 nM

Figure 12. {ba 107 a7 7 A v

2-2. [balancing] {Z X % SERT & 5-HTia ~® Wi A P ETE M 2 oL EMm DAl
a8

fb&% 1 Zk sl L7z Thalancingl 125V SERT & 5-HTia 2RI K L TR
AIREEEZ RS EMOIUG 2 BIETICH20 | {bEW 1 O SERT IZX 544
AEEEON EE2RAT, (LB 1 EREOR DL ERY O UVFBEROEARY ¥
VERANICEE LR DL HEOR P UBRD 6 F ERBr Ll Wo o na
%2 H T LA BV TRV SERT A AL EE M2 R I{LAaW & 5-HTa ks & B
EIEVE A2 RTS8 Bristol-Myers Squib #E2> 6 i Sz, * 22 CL{LEM1 D
ERY P UBRANMICEE LR DILEDOR P VB 6L/ T S U DA
%417 7= (Figure 13),

0

0,
OMe N Me OMe H
Qe 4 A2 Q 4N2 AN /
L0 L

N 5
5
P 5
X

5 X=F,Br
|53
X

1 (X =H) SERT Ki = <100 nM > 5-HT{4 ICsp = <10 nM ©
Bristol-Myers Squib#m 1%
Figure 13. SERT (2%} B 5 AP EE MR E~D A N7 U —

FOFEE. ~NaFUFHFBRE L Ao SERT fEA PHEE MM E L., Br 4
HT DAY 4 bRV SERT fE & LEEE A2 R~ LT, £, e U EF0OE A
12X 0. SERT fEAPHLEIEME L & 12 5-HT 1A fEATHLEEM 1 L7 (Table 1),
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Table 1. /~u 7 U JH 1 D& ARG

X
Compound X h-SERT? h-5-HT 152
1 H 212 + 46 293+ 441
2 F 274 + 70 6.04 + 0.0
3 Cl 102 + 15 2.27 + 0.38
4 Br 66.4 + 11.3 2.72 + 0.81

@ h = human. Ki values (nM) are the means of two independent experiments.

I B70% SERT G MAEEMEOR A B L, EXV P UVRIMICY I —%IT L
TEE LR BUVBRA~DOBEBRIEEAZ{T o7 (Table 2), F7°. HEIEMEMBIEUS
D=, F&, ClA&E, Me %, MeO J% 247, 317, 40IZEALT (LEWS,6,7,
8,9,10,11,12), ZDfER, 3L L 4L ~DEHILE A2 LV SERT fEATLEEMEN X
D EL.FTEH MeO KOEBEADNR LR THL Z RN brrolz(kaY 6,7,8),
fEVN T, SERT fE & BHETEMER EIZ R TH - 7= Cl 2L & MeO 258 2 DLL B L
AL EM ORI 21T -T2, £ LT, 30L& 44012 Cl & dH 5 iE MeO JE3E L L 721k
AW 14,15 128V T, S b7 5 SERT fA HEFEEMEOm En o, —F., {bEY
4 ODRUPUBAE TBRMEOT T2 L UBRICER LT 2 A, SERT fEaPHEIEMED M
kL7 ka7, 18), £ Z T ALAEWM 15 D 34-V A N XV T = =)V AESEIZ T
BMEOR O UBREAMAS—Y L L TEA L E Z A5V SERT fE &L ETS
MERTALEY 20 N5 LTz, S 5T, ClEEZEA LoAbEW 21 23, fx b8V SERT
FEEMEIEMEZ R L, 20 10 50BN T T v A K< B-HTia A BLEEEEZ R L
77
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Table 2. 18] Ar B ZEHafhzt

OMe
@O‘”N
r
Compound Ar h-SERT® h-5-HT,® Compound Ar h-SERT® h-5-HT .2
OlMe
4 ,z/© 66.4+ 11.3 272+ 081 14 YCEQ 189+ 02 104+ 018
s e , OMe
. 1.4 X
653+ 77 0+ 066 15 VCEQ 269+ 1.0 156+ 0.22
Me
OMe
& Y© 375+ 4.1 081+ 019 Cl OMe
16 ﬂ 280+ 29 196 + 0.45
MeO Me
7 7/\© 376+ 30 3.03 + 0.60
17 O
OMe 389+ 68 481+ 049
8 375+ 41 082+ 017
18 256+ 52 089+ 0.14
F
9 512+65 1.04 + 0.34
19 \/@h 256+ 03 212+ 009
10 462+ 15 1.34 + 0.59 A
0.

20 ] 140+ 14 0.36 + 0.05
624+ 3.1 4.08 + 075
cl o
21 ﬂoj 124+ 15 6.46 + 0.57
426+ 12 293+ 078
OMe

305+ 23 1.12 + 0.48

11

12

58585

13

o

#h = human. Ki values (nM) are the means of two independent experiments

58\ SERT #E A PHENEME & 5-HT1afE A PHEIG M2 N T v 2 XL PR (baw 21
R U722, AMeEmiE, 58\ CYP2D6 FIEIGEEZ BT 5 Z & nbhote, ¥ N7
72— P450 (CYP) %, RN THiAx B Z BT 2 YO FH R GEEER & LT
MHNTWD, —F, MAICEEREOEDPAFET 5 Z LIk 0 BV ORFEHE
(b E b2 L, EAOERICR L THREE 5252 L 23 AE(EH (DDI) &
FES, TCYP DY 7 XA FD—>Th % CYP2D6 DIR L ETEMEZ A3 2 #AIL, =
DO DDl Z5|ZEZTREEMENRH D Z LML TWD, EEEIZ, 2 REF ITELD
HENZATT END 7T —ANENZ ENBATEERIRY DDl DU 27 OV 720 5 -OHl
MWEENTND, 8 ZOX ) RERNL, (LEW 21 O CYP2D6 FHEIG DU EM T
{77, L&Y 21 1398\ SERT/S-HT1afE A PHLFEIGHEZ AT 5 Z &b ATREZRIR Y
ZOMETRT RELEZ, TRETIIHRET L TR 7o M7 = = VERIZE#L L
A PFRVERMOT NV X U EADOEHRE 21T o7 (Table 3), TORR, 7L
FNENRKE {72125 T CYP2D6 FHETEMITII< 720 | A b F I F VRN EH
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L7-{b&a% 24 (SMP-304) (3 95\ CYP2D6 PHEEM 2~ L=, AMEEWIE. Ki
fE2Y 10 nM LA FTidZev O O el yg@E Ly SERT f A FLEVENE & 5-HTa fE A B ETE
PHa N7 AL JFERD CYP2D6 FHEIEMER L E S NIALEM THD Z Lv D,
SERT X° 5-HT1a 2 BRI K3 DHEBREREM A V=2 > & 7" RRAED 72D D in vivo 3E5hRE
MzEfT oA e Uik LT,

Table 3. A b U IO Wk

(@)

B L)

©ﬂ °
Br

Compound R h-SERT? h-5-HT ;A2 CYP2D6P
21 Me 124+ 15 6.46 + 0.57 <0.4
22 Et 18.7 + 2.1 234+ 6.1 1.4
23 2-Pr 139+ 0.3 159+ 3.6 15
24 MeO 327+ 34 9.4+ 0.2

(SMP-304) NN 7+3. 4+ 0. 3.0

@ h = human. Ki values (nM) are the means of at least two independent experiments.
b |Csp value (UM).

2-3. SMP-304 ® 7 v b s#ii /K FKERER T K 2 BT 5 OFRIE FHEHh

SMP-304 ® SERT & 5-HTia Z &KL ﬂféﬂéamﬂﬂﬁ%ﬁom SRI JEMEDY 1Cs0 =
306 nM. 5-HTia Z &I 2NEIENEN 19% THY ., AL T 50 h=HY

IABHE (SRI) VEME L 5-HTia H O FEHEFEEZ RS 2 2k TH D Z &7
R EINI=D T, fFEMR SSRI OD—2>Th i/ \uxtF o DT v bk KkKRABR
IZBIT BP0 SEIEROA vy FORIICHOWTHEGRBR 21T o7, 7 v Fififilk
ﬁéﬁ%ﬁk X, 7 v MEIKPIZERBREDNAND & REITUK < D % R0 HEB)REE A3 #5013

Do ZOWEEZE O DIRRBITHa o 7= LT L, B O DTEH OB T & 2 3A O 5% 0
ﬁﬁ’@)ﬁ?ﬁ’aﬁ@g{ﬂ:%(ﬁﬂmffé ZETH O OMRIERZRME T 5 R TH S (Figure 14),
Figure 14 |X.SMP-304 5 L U0V g b F & 512 L 2 MBI O 2 L2 R~ LT\ 5,
e ;’cﬁ%)hﬁ#la%ﬁﬁm THEF OB EEEZ /R L, XA BIOK B OFK5E 0mgkg 372
DB 31T 2 BB & el LA BRI DL S IS5 1280 0 SRRIER 2
FWHELLIZ L #IJL)T L?io SMP-304 % 1 mg/kg 3 & OF 3 mglkg D% DL%?E%ZELT“: HH
PO OERIEH Z %8135 (Figure 15, XIA) DIZxF L, 731 & F 1388 O E ke
5.C 10 mg/kg THHL D DERIER 238 L 722> 7= (Figure 15, [XIB), LLEDREED
5. SMP-304 (%7 v kiaGIAKERBRICB VTR ERZ SSRID—>TH L/ k& F
YED LRV OREHOA Uy FER LTz, SMP-304 1%, HiUE 3 5tRr b=
VED AR (SRD 1EMEE 5-HTia H OS2SR ETE M2 0 Ff D SSRI OFREDO—
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OTHLEAA By FOBSEZRRL S 2LEMTH DL Z ERbroT,

feo" < ’ 0
b
DDIRE SDREDE
\|EESRHIENT S BBFEHNEL TS

Figure 14. 7 kil K yk ek O 22

A SMP-304 2 day B Paroxetine 2 day
200 - 200 -
T —
F] * % 3
8 150 - £ 150 -
@ @
£ =
= 100 - = 100 -
£ z
E 50 - fé_ 50 -
E E
] T T 0] T T
0 1 3 0 3 10
mg/ke (p.o.) mg/kg (p.o.)

Each bar represents the mean + S.E.M. n = 12 (forced swimming test) per group. * P < 0.05,
significantly different from the vehicle-treated group (Dunnett's multiple comparison test).

Figure 15. 7 » ksl AKykaRER OS5 R
(A) SMP-304 —Hi#5-TDZ » bl K kAR IRF o e 8 iRF
(B) Nu Xt F T HEEGTOT > IR KK ERER RF 0D ) R R

2-4. {bEMDERK

R EWIX, EHANR—=12H T2 XY DR & AR ST
H R — M7 u~vA FHKRZZENENER L, TAFALRIGIZ &0 s bd
Wb Uize A S—Y DR P UGS F OB LT I UK E SR T 572
DT, 2-(bromomethyl)-1-fluoro-4-methoxybenzene & bV 7 = =Lk A7 4 v Z/EH &
HARAR=T L 25 & L7ct, Wittig BOSIZ KV A L7 4026 & Lz, fiVWT, /3
TV NRBEERAWTOKBERINEOGNZ KD 27 & L7tk HAbKE 144 FH 102
£ DMt Boc SR EATV, 7 2 o HIREA 28 24572 (Scheme 1), A/ S—>Y DR B
B 6 LIZ ClLEEH DU L Br oo @E#a L7=7 X o HfERIE, Scheme 2 (Z/R L72/L— KT
LA L=, BEARHREZ: 4-(3-methoxybenzyl)piperidine % Boc {k L 7=t . NCS & %
WIENBS Ik B e 7 Aklz 0 30a, 30b ARk Lz, 2 s A bkE—14-24
XHEEHSELZ LICLD T I AR 31, 3lb ~ B W, Ll s—Y D
VUBRICEHR LT L ax VEOEBRFI OO bR, -7 uReo Ik, 2
FFI o bR EOBEBRLIAST I PR ZROTGTEICE Y GR LT (Scheme 3),
7 2 UHA 31b & BBrs lZ/EA S WA FOALRISE 21TV, VT Boc {BSUC
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4z T7=2) =32 %857-.32 28T VX% b & EF &4 33a-33c & L=,
WA KFE —14-U A FH 2 L B0 Boc b SIZ LY 7 2 iR 34a—34c = AR L
7=,

OMe OMe OMe
i " NBoc
Br P*Phz Br %
F F

Scheme 1. aﬁﬁek}i}ﬁ}%#- (i) PPhs, toluene, reflux, (||) tert-butyl 4-oxopiperidine-
1-carboxylate, KoCOgs, 2-PrOH, reflux, (iii) Hz, 10% Pd-C, MeOH, r.t., (iv) 4N HCI/
1,4-dioxane, CHClg, r.t.

OMe OMe
v Vi or vii
NH ——> NBoc ——>
OMe OMe
iv
NBoc — 5 NH
X X

30a X=ClI 31a X=Cl

30b X=Br 31b X=Br
Scheme 2. A3 & S (v) Boc2O, THF, r.t., (vi) NCS, DMF, rt., (vii) NBS,
DMF, r.t., (iv) 4N HCI/1,4-dioxane, CHCI;, r.t.

OH
Br
32
OR _ OR
v
Br Br
e,
33b R=2-Pr =err

33c R=-(CH;),0Me 34c R=-(CH),OMe

Scheme 3. #A3E & [ (viii) BBrs, CHxCly, r.t., then Boc,O, THF, 20%
aq.K2COs, r.t., (ix) R-X (X = Br or 1), KoCO3z, DMF, (iv) 4N HCI/1,4-dioxane,
CHCls, r.t.
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FRAS— OFELDTZDICE R T — DD WEIT r~ A RHf{A&% Scheme 4
IR HF W TA R L 72, 2-(2-chloro-4-methoxyphenyl)acetic acid & % W i
2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)acetic acid & 7R 7 > -THF $§{K % i S &, 7L =2
— L 36a, 36b ~ & E 7=, F 7=, 3-chloro-4-methoxybenzaldehyde & % \» %
2,3-dihydrobenzo[b][1,4]dioxine-5-carbaldehyde % Corey-Chaykovsky )iz ® 12 L D =R
v 35a,35b & U724, BFs-Et20 SH{AFFE . NaBHs EAERI S5 2 & TR F T D
BREG 24TV, TV a— L 36¢, 36d & L7z, 36a — 36d & 5\ & 2-naphthalene ethanol
RV TFAT IR N ATFAT I VIEBEOFET, hvrrsa A R
EEMSELZ & THEONZ MY T — MK 37a - 37e 24572, 1 £/,
4-(2-bromoethyl)-1,2-dimethoxy-benzene & %\ Mt b7 — h 37Th ZEHE 2 v i35 =
& CEfEIC T v R 38a & H VL R T — kA 38b & Ak L 7= (Scheme 5) ,

X

HO,C_Ar
Cl OMe
- 3
o xiil
Ar= 51'/@0] HO/\/Ar TsO/\/Ar
CluaOMe CliaOMe
36a Ar= g{j 37a Ar= g{j
Xi xii
Ar o) o)
A
oHc &> 36b Ar= H/@O] 37b Ar= a/(:[o]
OMe OMe
A= i(@m 393 Ar= i(@m OMe OMe
36c Ar= i{(:[m 37c Ar= _{@[CI
Ar= ‘Z{©\O 35b Ar= ‘7{©\o
o/ O 36d Ar= i(@o 37d Ar= ﬁ(@o
o/ o/

Ar= 37e Ar= ”‘«

Scheme 4. 33K & KOS (X) BH3-THF, THF, r.t. (xi) MeS*I;, KOH, DMSO,
40°C, (xii) NaBHa, BF3-OEt,, THF, r.t., (xiii) TsCl, MeNsHCI, EtsN, CH,Cl, 0°C

OMe
Xiv 38a
= .
o cl 0
Ts,o/\/<onj TsO/\JiIOj
37b 38b

Scheme 5. #&3E & S g5 (xiv) NCS, DMF, rit.
BB, HT Ik E 7o H 0T YT — HRBKEZIREED U T AIFEE TR,
TNX ML EITH 28T, BETHIbEW 1-24 2N E ARk L7z (Scheme
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OR OR
Ar
XV N
QO - o =
X Y=Br, OTs X
28, 31a,b, 34a-c 37a-e, 38a,b 1-24

Scheme 6. R & SRS (xv) K2COs, MeCN, reflux

2-5. B2 b ONT/IME

SSRI & 5-HTiAn 7 v # F=A MEfEZATHE L Fa— LD HIZ L VLo SfF
HoArty RRREDL LV EKRIFE{KRRENG, o b=V IARE
(SRI) #&EME & 5-HT1a B 2 BN ETG M 2 R R oA ol A2 B 1) & 5 5 BRI
Zea Bt Lz, KAARERRIE BF) ofEorayzs NNTEREINTILEY 1
D3GR B-HT1a fE A TLETEME L 990 723 B b SERT #EAFLETR 2 > Z L ITE
HL. it 1 ZAE L2 E0L WFERD SAR E#RAEH Lz
Ibalancing] (2 & V. SERT & 5-HTialZXt LT A B SRS SRR ETE M 2 OF - FF
. CYP2D6 PHEE/EM O iiigs\vy SMP-304 % FLH U7z, KEBREZEM DORE ED |
SMP-304 1%, SRIVEMEZTR L, 5-HT1a DFFWEEEIFK TH VD 5-HT1a H B~
DFEEZA LY D2 b, Ty MRHIKKRERIZ T 5 SERIEH ORI 217 -
e A BEfESSRI THAH S\ uxtF o LBt oty haEnRL, FANHEHBE
35 SSRI OFEDO—>THLPL) >EHOA By hOBESERKL 9 2{LEWT
HHZEDDNroT,

SMP-304 73 EFRIZAEKRNT 5-HT1a H ORI EEREZ AT 5 2 L 25T 572
DITIT LV FEMRREINLETH D0, AFZERER LV | SRITEMEIZ 5-HT1a H O F
IR~DBLEIENME 2 LA WIE SSRI L0 b H19 >EHO A & v M EWHTH
PLODIE R VED Z LR EINT, o, ZODENH X7 IZERCER 2 R
oA (DML) OBIHIRS 72 & TidleWnas, —J7 o= & v R 7 (288 EH
AL, b9 —HOENZ RN RRn L bEREZET b EkS s L
[balancing] 1%, DML BUGD 7= DF MR T 7a—FD—o>ThbH 2 ENFEIESN
720 SMP-304 [ZHIFFE D OFL ) SEHO R WAy NERLIZH DD, ZDH DR
71C CYP2D6 OG54 86% & (mifiii T CYP2D6 DM CTH 5 Z L2V L7,
Z D SMP-304 DFEBEIZKIT D& T ORERIZHOW TR, B 3 E TR,

2-6. SEERDOES
2-6-1. Synthesis
Melting points were determined on Stanford Research Systems OptiMelt MPA 100 without
correction. NMR spectra were recorded at ambient temperature on a JEOL JMN-LA300

spectrometer. Chemical shifts are expressed in 6 values (ppm) relative to a tetramethylsilane
as an internal standard, and signals are expressed as s (singlet), d (doublet), t (triplet), m
(multiplet) or br (broad). High-resolution mass spectra (HRMS) were recorded on a Thermo
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Fisher Scientific LTQ orbitrap Discovery MS equipment. Elemental analysis was performed
on a CE Instrument EA1110 and a Yokokawa analytical system IC7000. In general, reagents
and solvents were used as obtained from commercial suppliers without further purification.
Reaction progress was determined by thin layer chromatography (TLC) analysis on a Merck
silica gel 60 F254 precoated glass plate. Visualization was done with UV light (254 nm) or
iodine. Column chromatography was carried out using a Yamazen W-prep system and
performed using prepacked silica-gel columns. All reactions were carried out under a nitrogen
atmosphere unless otherwise mentioned.

2-6-1-1. 4-(3-Methoxybenzyl)-1-(2-phenylethyl)piperidine (1)

To a mixture of 4-(3-methoxy-benzyl)-piperidine (100 mg, 0.487 mmol) and potassium
carbonate (101 mg, 0.731 mmol) in MeCN (2.4 mL) was added (2-bromoethyl)benzene (86.5
uL, 0.633 mmol). After reflux for 24 h, EtOAc (7.2 mL) was added to the reaction mixture,
and the whole was filtered. The filtrate was evaporated in vacuo and the residue was purified
by silica gel chromatography using 25% EtOAc/hexane and 10% MeOH/CHCI;3 as eluent to
give 100 mg (66%) of the title compound as a pale yellow oil. *H NMR (300 MHz, CDCls) &:
1.26-1.41 (2H, m), 1.46-1.59 (1H, m), 1.63-1.72 (2H, m), 1.95 (2H, td, J = 11.9, 2.3 Hz),
2.50-2.60 (4H, m), 2.76-2.84 (2H, m), 2.95-3.03 (2H, m), 3.80 (3H, s), 6.69-6.77 (3H, m),
7.15-7.23 (4H, m), 7.24-7.31 (2H, m); HRMS (ESI) m/z calcd for C2:H2sNO

[M+H]* 310.2165; found 310.2164.

2-6-1-2. 4-(2-Fluoro-5-methoxybenzyl)-1-(2-phenylethyl)piperidine (2)

To a mixture of the benzyl piperidine intermediate 28 (200 mg, 0.770 mmol) and potassium
carbonate (266 mg, 1.93 mmol) in MeCN (3.0 mL) was added (2-bromoethyl)benzene (137
uL, 1.00 mmol). After reflux for 24 h, EtOAc (9.0 mL) was added to the reaction mixture and
the whole was filtered. The filtrate was evaporated in vacuo and the residue was purified by
silica gel chromatography using 0%-1% MeOH/CHCI; as eluent to give 228 mg (90%) of the
title compound as a pale yellow solid. *H NMR (300 MHz, CDCls) &: 1.28-1.46 (2H, m),
1.50-1.74 (3H, m), 1.96 (2H, br t, J = 10.7 Hz), 2.51-2.60 (4H, m), 2.75-2.84 (2H, m), 2.99
(2H, br d, J = 11.4 Hz), 3.77 (3H, s), 6.64-6.71 (2H, m), 6.88-6.97 (1H, m), 7.16-7.23 (3H, m),
7.24-7.32 (2H, m); HRMS (ESI) m/z calcd for CiH2FNO [M+H]* 328.2071; found
328.2074.

2-6-1-3. 4-(2-Chloro-5-methoxybenzyl)-1-(2-phenylethyl)piperidine (3)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31a and (2-bromoethyl)benzene. (94%) white solid. *H NMR
(300 MHz, CDCls) &: 1.32-1.49 (2H, m), 1.55-1.65 (2H, m), 1.68-1.74 (1H, m), 1.89-2.04 (2H,
m), 2.49-2.61 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.76-2.86 (2H, m), 2.95-3.04 (2H, m), 3.78
(3H, s), 6.65-6.74 (2H, m), 7.16-7.24 (4H, m), 7.24-7.31 (2H, m); HRMS (ESI) m/z calcd for

20




C21H27CINO [M+H]" 344.1776; found 344.1773.

2-6-1-4. 4-(2-Bromo-5-methoxybenzyl)-1-(2-phenylethyl)piperidine (4)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and (2-bromoethyl)benzene. (72%) white solid. *H NMR
(300 MHz, CDCl3) &: 1.31-1.49 (2H, m), 1.61-1.74 (3H, m), 1.90-2.03 (2H, m), 2.52-2.61 (2H,
m), 2.64 (2H, d, J = 6.6 Hz), 2.76-2.85 (2H, m), 2.93-3.04 (2H, m), 3.78 (3H, s), 6.63 (1H, dd,
J=8.8,29Hz),6.72 (1H, d, J = 3.1 Hz), 7.14-7.23 (3H, m), 7.24-7.31 (2H, m), 7.41 (1H, d, J
= 8.6 Hz); HRMS (ESI) m/z calcd for C21H27BrNO [M+H]* 388.1271; found 388.1270.

2-6-1-5. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(4-methylphenyl)ethyl]piperidine (5)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 4-methylphenethyl bromide. (98%) white solid. *H
NMR (300 MHz, CDCls) &: 1.33-1.50 (2H, m), 1.62-1.73 (3H, m), 1.89-2.03 (2H, m), 2.31
(3H, s), 2.50-2.59 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.72-2.82 (2H, m), 2.94-3.05 (2H, m),
3.78 (3H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.71 (1H, d, J = 3.1 Hz), 7.09 (4H, s), 7.41 (1H, d,
J = 8.8 Hz); HRMS (ESI) m/z calcd for C22H20BrNO [M+H]* 402.1427; found 402.1426.

2-6-1-6. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(4-methoxyphenyl)ethyl]piperidine (6)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 4-methoxyphenethyl bromide. (98%) pale yellow oil.
'H NMR (300 MHz, CDCls) &: 1.37-1.59 (2H, m), 1.62-1.76 (3H, m), 1.93-2.13 (2H, m),
2.52-2.71 (4H, m), 2.74-2.88 (2H, m), 2.98-3.13 (2H, m), 3.78 (6H, s), 6.64 (1H, dd, J = 8.7,
3.0 Hz), 6.71 (1H, d, J = 2.9 Hz), 6.82 (2H, d, J = 8.8 Hz), 7.12 (2H, d, J = 8.6 Hz), 7.41 (1H,
d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C22H20BrNO2 [M+H]* 418.1376; found 418.1377.

2-6-1-7. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2-methoxyphenyl)ethyl]piperidine (7)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 2-methoxyphenethyl bromide. (86%) pale yellow oil.
'H NMR (300 MHz, CDCls) &: 1.36-1.54 (2H, m), 1.58-1.74 (3H, m), 1.93-2.07 (2H, m),
2.50-2.60 (2H, m), 2.65 (2H, d, J = 6.4 Hz), 2.79-2.89 (2H, m), 2.98-3.09 (2H, m), 3.78 (3H,
s), 3.80 (3H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.72 (1H, d, J = 3.1 Hz), 6.80-6.91 (2H, m),
7.11-7.22 (2H, m), 7.41 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C22H29BrNO2 [M+H]*
418.1376; found 418.1371.

2-6-1-8. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(3-methoxyphenyl)ethyl]piperidine (8)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 3-methoxyphenethyl bromide. (89%) pale yellow oil.
'H NMR (300 MHz, CDCls) &: 1.31-1.51 (2H, m), 1.63-1.75 (3H, m), 1.89-2.03 (2H, m),
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2.52-2.61 (2H, m), 2.64 (2H, d, J = 6.6 Hz), 2.74-2.83 (2H, m), 2.94-3.04 (2H, m), 3.78 (3H,
s), 3.79 (3H, s), 6.63 (LH, dd, J = 8.8, 2.9 Hz), 6.70-6.82 (4H, m), 7.19 (1H, dd, J = 8.1, 8.1
Hz), 7.41 (1H, d, J = 8.6 Hz); HRMS (ESI) m/z calcd for C2:H2BrNO, [M+H]* 418.1376;
found 418.1376.

2-6-1-9. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(4-fluorophenyl)ethyl]piperidine (9)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 4-fluorophenethyl bromide. (98%) white solid. *H
NMR (300 MHz, CDCls) &: 1.30-1.49 (2H, m), 1.63-1.74 (3H, m), 1.88-2.03 (2H, m),
2.48-2.57 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.73-2.82 (2H, m), 2.93-3.02 (2H, m), 3.78 (3H,
s), 6.63 (1H, dd, J =8.7, 3.0 Hz), 6.71 (1H, d, J = 3.1 Hz), 6.95 (2H, dd, J = 8.8, 8.8 Hz), 7.14
(2H, dd, J = 8.6, 5.5 Hz), 7.41 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C21H26BrFNO
[M+H]* 406.1176; found 406.1188.

2-6-1-10. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(4-chlorophenyl)ethyl]piperidine (10)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 4-chlorophenethyl bromide. (98%) white solid. *H
NMR (300 MHz, CDCl3) &: 1.30-1.48 (2H, m), 1.61-1.74 (3H, m), 1.88-2.01 (2H, m),
2.49-2.56 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.73-2.80 (2H, m), 2.92-3.00 (2H, m), 3.78 (3H,
s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.71 (1H, d, J = 3.1 Hz), 7.12 (2H, d, J = 8.4 Hz), 7.24 (2H,
d, J =8.4 Hz), 7.41 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C21H26BrCINO [M+H]*
422.0881; found 422.0881.

2-6-1-11. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2-chlorophenyl)ethyl]piperidine (11)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 2-chlorophenethyl bromide. (54%) white solid. *H
NMR (300 MHz, CDCI3) 6: 1.33-1.51 (2H, m), 1.63-1.75 (3H, m), 1.95-2.08 (2H, m),
2.52-2.61 (2H, m), 2.65 (2H, d, J = 6.4 Hz), 2.90-2.97 (2H, m), 2.98-3.06 (2H, m), 3.78 (3H,
s), 6.63 (1H, dd, J = 8.6, 3.1 Hz), 6.72 (1H, d, J = 3.1 Hz), 7.09-7.21 (2H, m), 7.24 (1H, dd, J
=7.2,2.3Hz),7.33(1H,dd,J=7.4,1.7 Hz), 7.41 (1H, d, J = 8.6 Hz); HRMS (ESI) m/z calcd
for C21H26BrCINO [M+H]" 422.0881; found 422.0882.

2-6-1-12. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(3-chlorophenyl)ethyl]piperidine (12)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 3-chlorophenethyl bromide. (86%) pale yellow oil. *H
NMR (300 MHz, CDCls) &: 1.31-1.47 (2H, m), 1.62-1.73 (3H, m), 1.90-2.01 (2H, m),
2.50-2.58 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.74-2.81 (2H, m), 2.92-3.00 (2H, m), 3.78 (3H,
s), 6.63 (1H, dd, J = 8.6, 3.1 Hz), 6.71 (1H, d, J = 2.9 Hz), 7.05-7.10 (1H, m), 7.14-7.23 (3H,
m), 7.42 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C21H26BrCINO [M+H]* 422.0881;
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found 422.0882.

2-6-1-13. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2-chloro-4-methoxyphenyl)ethyl]-
piperidine (13)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the tosylate intermediate 37a. (99%) white solid. *H
NMR (300 MHz, CDCls) &: 1.36-1.53 (2H, m), 1.58-1.74 (3H, m), 1.96-2.08 (2H, m),
2.49-2.59 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.83-2.93 (2H, m), 2.98-3.07 (2H, m), 3.77 (3H,
s), 3.78 (3H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.70-6.77 (2H, m), 6.89 (1H, d, J = 2.6 Hz),
7.13 (1H, d, J =8.4 Hz), 7.41 (1H, d, J = 8.6 Hz); HRMS (ESI) m/z calcd for C22H2sBrCINO:
[M+H]* 452.0986; found 452.0986.

2-6-1-14. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(3-chloro-4-methoxyphenyl)ethyl]-
piperidine (14)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the tosylate intermediate 37c. (98%) pale yellow oil.
'H NMR (300 MHz, CDCls) &: 1.32-1.50 (2H, m), 1.55-1.74 (3H, m), 1.89-2.02 (2H, m),
2.48-2.57 (2H, m), 2.64 (2H, d, J = 6.6 Hz), 2.69-2.77 (2H, m), 2.93-3.01 (2H, m), 3.78 (3H,
s), 3.87 (3H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.71 (1H, d, J = 3.1 Hz), 6.84 (1H, d, J = 8.4
Hz), 7.05 (1H, dd, J = 8.3, 2.1 Hz), 7.20 (1H, d, J = 2.0 Hz), 7.41 (1H, d, J = 8.8 Hz); HRMS
(ESI) m/z calcd for C22H28BrCINO2 [M+H]" 452.0986; found 452.0982.

2-6-1-15. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(3,4-dimethoxyphenyl)ethyl]piperidine (15)
The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 3,4-dimethoxyphenethyl bromide. (98%) pale yellow
oil. 'H NMR (300 MHz, CDCls) &: 1.45-1.76 (5H, m), 1.95-2.15 (2H, m), 2.58-2.70 (4H, m),
2.77-2.87 (2H, m), 3.01-3.15 (2H, m), 3.78 (3H, s), 3.85 (3H, s), 3.87 (3H, s), 6.64 (1H, dd, J
= 8.6, 3.1 Hz), 6.70-6.81 (4H, m), 7.42 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for
C23H31BrNO3 [M+H]" 448.1482; found 448.1478.

2-6-1-16. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2-chloro-4,5-dimethoxyphenyl)ethyl]-
piperidine (16)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the bromide intermediate 38a. (97%) pale yellow oil.
'H NMR (300 MHz, CDCl3) &: 1.41-1.75 (5H, m), 1.99-2.15 (2H, m), 2.53-2.62 (2H, m), 2.65
(2H, d, J = 6.4 Hz), 2.85-2.96 (2H, m), 3.00-3.11 (2H, m), 3.78 (3H, s), 3.84 (3H, s), 3.85 (3H,
s), 6.64 (1H, dd, J = 8.6, 3.1 Hz), 6.72 (1H, d, J = 3.1 Hz), 6.76 (1H, s), 6.83 (1H, s), 7.42 (1H,
d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C23HzBrCINOs [M+H]" 482.1092; found
482.1091.
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2-6-1-17. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(5,8-dihydronaphthalen-1-yl)ethyl]-
piperidine (17)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and 2-(1-naphthyl)ethyl bromide. (99%) pale yellow oil.
'H NMR (300 MHz, CDCls3) &: 1.39-1.55 (2H, m), 1.67-1.77 (3H, m), 2.00-2.14 (2H, m),
2.64-2.76 (4H, m), 3.05-3.16 (2H, m), 3.26-3.36 (2H, m), 3.79 (3H, s), 6.64 (1H, dd, J = 8.8,
2.9 Hz), 6.73 (1H, d, J = 3.1 Hz), 7.32-7.54 (5H, m), 7.71 (1H, d, J = 7.5 Hz), 7.82-7.87 (1H,
m), 8.06 (1H, d, J = 7.7 Hz); HRMS (ESI) m/z calcd for CzsH29BrNO [M+H]" 438.1427;
found 438.1427.

2-6-1-18. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(naphthalen-2-yl)ethyl]piperidine (18)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the tosylate intermediate 37e. (86%) white solid. *H
NMR (300 MHz, CDCl3) &: 1.34-1.52 (2H, m), 1.63-1.75 (3H, m), 1.95-2.06 (2H, m),
2.61-2.71 (4H, m), 2.93-3.08 (4H, m), 3.78 (3H, s), 6.64 (1H, dd, J = 8.8, 3.1 Hz), 6.72 (1H, d,
J=29Hz),7.34 (1H, dd, J = 8.3, 1.7 Hz), 7.38-7.48 (3H, m), 7.63 (1H, br s), 7.74-7.82 (3H,
m); HRMS (ESI) m/z calcd for C2sH29BrNO [M+H]* 438.1427; found 438.1429.

2-6-1-19. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2,3-dihydro-1,4-benzodioxin-5-yl)ethyl]-
piperidine (19)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the tosylate intermediate 37d. (99%) pale yellow oil.
'H NMR (300 MHz, CDCls) &: 1.35-1.52 (2H, m), 1.63-1.74 (3H, m), 1.92-2.05 (2H, m),
2.50-2.60 (2H, m), 2.64 (2H, d, J = 6.4 Hz), 2.74-2.84 (2H, m), 2.96-3.07 (2H, m), 3.78 (3H,
s), 4.24 (4H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.68-6.77 (4H, m), 7.41 (1H, d, J = 8.6 Hz);
HRMS (ESI) m/z calcd for C23sH20BrNO3 [M+H]* 446.1325; found 446.1324.

2-6-1-20. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(2,3-dihydro-1,4-benzodioxin-6-yl)ethyl]-
piperidine (20)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 31b and the tosylate intermediate 37b. (72%) colorless oil. *H
NMR (300 MHz, CDCls) &: 1.31-1.47 (2H, m), 1.61-1.72 (3H, m), 1.88-2.00 (2H, m),
2.47-2.56 (2H, m), 2.60-2.74 (4H, m), 2.92-3.01 (2H, m), 3.78 (3H, s), 4.23 (4H, s), 6.60-6.68
(2H, m), 6.70-6.72 (2H, m), 6.77 (1H, d, J = 8.3 Hz), 7.41 (1H, d, J = 8.6 Hz); HRMS (ESI)
m/z calcd for C23H290BrNO3z [M+H]" 446.1325; found 446.1330.

2-6-1-21. 4-(2-Bromo-5-methoxybenzyl)-1-[2-(7-chloro-2,3-dihydro-1,4-benzodioxin-6-yl)-
ethyl]piperidine (21)
The title compound was prepared in a manner similar to that for the preparation of 2 using the
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benzyl piperidine intermediate 31b and the tosylate intermediate 38b. (83%) white solid. H
NMR (300 MHz, CDCIs) &: 1.33-1.50 (2H, m), 1.63-1.73 (3H, m), 1.93-2.05 (2H, m),
2.46-2.55 (2H, m), 2.64 (2H, d, J = 6.6 Hz), 2.76-2.85 (2H, m), 2.94-3.04 (2H, m), 3.78 (3H,
s), 4.22 (4H, s), 6.63 (1H, dd, J = 8.7, 3.0 Hz), 6.71 (1H, d, J = 3.1 Hz), 6.73 (1H, s), 6.85 (1H,
s), 7.41 (1H, d, J = 8.6 Hz); HRMS (ESI) m/z calcd for C23H2sBrCINOs [M+H]" 480.0936;
found 480.0927.

2-6-1-22. 4-(2-Bromo-5-ethoxybenzyl)-1-[2-(7-chloro-2,3-dihydro-1,4-benzodioxin-6-yl)-
ethyl]piperidine (22)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 34a and the tosylate intermediate 38b. (84%) white solid. *H
NMR (300 MHz, CDCls) &: 1.32-1.50 (5H, m), 1.63-1.73 (3H, m), 1.92-2.06 (2H, m),
2.46-2.57 (2H, m), 2.63 (2H, d, J = 6.4 Hz), 2.76-2.85 (2H, m), 2.94-3.04 (2H, m), 3.99 (2H,
q,J=7.0Hz), 4.22 (4H, s), 6.61 (1H, dd, J = 8.8, 2.9 Hz), 6.71 (1H, d, J = 2.9 Hz), 6.73 (1H,
s), 6.85 (1H, s), 7.39 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for C24H29BrCINO3z [M+H]*
494.1092; found 494.1099.

2-6-1-23. 4-[2-Bromo-5-(propan-2-yloxy)benzyl]-1-[2-(7-chloro-2,3-dihydro-1,4-benzo-
dioxin-6-yl)ethyl]piperidine (23)

The title compound was prepared in a manner similar to that for the preparation of 2 using the
benzyl piperidine intermediate 34b and the tosylate intermediate 38b. (81%) colorless oil. *H
NMR (300 MHz, CDClg) 6: 1.32 (6H, d, J = 6.1 Hz), 1.35-1.50 (2H, m), 1.63-1.73 (3H, m),
1.93-2.07 (2H, m), 2.47-2.56 (2H, m), 2.62 (2H, d, J = 6.4 Hz), 2.76-2.86 (2H, m), 2.94-3.05
(2H, m), 4.22 (4H, s), 4.42-4.56 (1H, m), 6.61 (1H, dd, J = 8.8, 2.9 Hz), 6.70 (1H, d,J =2.9
Hz), 6.73 (1H, s), 6.85 (1H, s), 7.39 (1H, d, J = 8.8 Hz); HRMS (ESI) m/z calcd for
C25H31BrCINOs [M+H]" 508.1248; found 508.1251.

2-6-1-24. 4-[2-Bromo-5-(2-methoxyethoxy)benzyl]-1-[2-(7-chloro-2,3-dihydro-1,4-benzo-
dioxin-6-ylethyl]piperidine hydrochloride (24, SMP-304)

The free form of the title compound was prepared in a manner similar to that for the
preparation of 2 using the benzyl piperidine intermediate 34c and the tosylate intermediate
38b. (81%) colorless oil. *H NMR (300 MHz, CDCls) &: 1.30-1.50 (2H, m), 1.62-1.73 (3H,
m), 1.92-2.07 (2H, m), 2.46-2.57 (2H, m), 2.63 (2H, d, J = 6.2 Hz), 2.76-2.86 (2H, m),
2.94-3.05 (2H, m), 3.45 (3H, s), 3.71-3.77 (2H, m), 4.05-4.11 (2H, m), 4.22 (4H, s), 6.65 (1H,
dd, J = 8.8, 3.1 Hz), 6.73 (1H, s), 6.76 (1H, d, J = 2.9 Hz), 6.85 (1H, s), 7.40 (1H, d, J = 8.8
Hz); HRMS (ESI) m/z calcd for C2sH3z1BrCINO4 [M+H]" 524.1197; found 524.1199. The
product was converted into the title compound quantitatively by treated with hydrochloric
acid (1.0 eq.) in MeOH at room temperature for 1h. Mp: 155-158°C. Anal. Calcd for
CasHz1BrCINO4HCI: C, 53.49; H, 5.75; N, 2.50; Cl, 12.63; Br, 14.23. Found: C, 53.69; H,
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5.76; N, 2.57; Cl, 12.69; Br, 14.22.

2-6-1-25. (2-Fluoro-5-methoxybenzyl)(triphenyl)phosphonium bromide (25)

To a solution of 2-fluoro-5-methoxybenzyl bromide (12.5 g, 57.1 mmol) in toluene (150 mL)
was added triphenylphosphine (16.5 g, 62.8 mmol). After reflux for 4 h, the resulting solid
was collected and washed with toluene (20 mL x 3) to give 19.8 g (64%) of the title
compound as a white solid. *H NMR (300 MHz, DMSO-Dg) &: 3.48 (3H, s), 5.10 (2H, d, J =
15.4 Hz), 6.47-6.54 (1H, m), 6.87-6.95 (1H, m), 7.06 (1H, dd, J = 9.2, 9.2 Hz), 7.66-7.80
(12H, m), 7.87-7.97 (3H, m); HRMS (ESI) m/z calcd for CsH2sFOP [M+H]" 410.1465;
found 401.1472.

2-6-1-26. tert-Butyl 4-(2-fluoro-5-methoxybenzylidene)piperidine-1-carboxylate (26)

To a mixture of the phosphonium salt 25 (15 g, 27.7 mmol) and potassium carbonate (5.74 g,
41.6 mmol) in 2-PrOH was added 1-(tert-Butoxycarbonyl)-4-oxopiperidine (6.06 g, 30.4
mmol). After reflux for 5 h, the reaction mixture was filtered, and the filtrate was evaporated
in vacuo. Et2O (100 mL) was then added to the residue and stirred for 30 min at room
temperature. The resulting solid was filtered out, and the filtrate was concentrated. The
residue was purified by silica gel chromatography using 0-13% EtOAc/hexane as eluent to
give 7.32 g (82%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &:
1.47 (9H, s), 2.30-2.39 (4H, m), 3.41 (2H, t,J = 5.7 Hz), 3.52 (2H, t, J = 5.9 Hz), 3.77 (3H, 3),
6.23 (1H, s), 6.65-6.76 (2H, m), 6.96 (1H, dd, J = 9.1, 9.1 Hz).

2-6-1-27. tert-Butyl 4-(2-fluoro-5-methoxybenzyl)piperidine-1-carboxylate (27)

The olefin intermediate 26 (5.30 g, 16.5 mmol) was dissolved in MeOH (30 mL) and
hydrogenated over 10% Pd on carbon (water ~50%, 1.00 g) at room temperature for 5 h. The
catalyst was removed by filtration, and the filtrate was concentrated in vacuo. The residue was
purified by silica gel chromatography using 3-23% EtOAc/hexane as eluent to give 4.95 g
(93%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &: 1.08-1.24 (2H,
m), 1.45 (9H, s), 1.58-1.66 (2H, m), 1.66-1.78 (1H, m), 2.54 (2H, dd, J = 7.1, 1.0 Hz),
2.57-2.71 (2H, m), 3.77 (3H, s), 3.99-4.15 (2H, m), 6.62-6.71 (2H, m), 6.93 (1H, dd, J = 9.1,
9.1 Hz).

2-6-1-28. 4-(2-Fluoro-5-methoxybenzyl)piperidine hydrochloride (28)

To a solution of intermediate 27 (4.00 g, 12.4 mmol) in CHCIz (15 mL) was added 4 N
HCI/1,4-dioxane (30 mL). After stirring at room temperature for 21 h, the reaction mixture
was evaporated in vacuo. Et2O (50 mL) was then added to the residue and stirred at room
temperature for 30 min. The resulting solid was collected to obtain 3.16 g (98%) of the title
compound as a white solid. *H NMR (300 MHz, DMSO-Dg) §: 1.27-1.46 (2H, m), 1.62-1.75
(2H, m), 1.75-1.89 (1H, m), 2.53 (2H, d, J = 6.1 Hz), 2.71-2.85 (2H, m), 3.16-3.26 (2H, m),
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3.72 (3H, ), 6.76-6.86 (2H, m), 7.08 (1H, dd, J = 9.2, 9.2 Hz), 8.72 (2H, br s); HRMS (ESI)
m/z calcd for C1sH1sFNO [M+H]* 224.1445; found 224.1451.

2-6-1-29. tert-Butyl 4-(3-methoxybenzyl)piperidine-1-carboxylate (29)

To a solution of 4-(3-methoxybenzyl)piperidine (1.70 g, 8.28mmol) in THF (15 mL) was
added a solution of di-tert-butyl dicarbonate (1.90 g, 8.69 mmol) in THF (5 mL). After stirring
at room temperature for 3h, the reaction mixture was concentrated. The residue was purified
by silica gel chromatography using 1-22% EtOAc/hexane as eluent to give 2.57 g (quant.) of
the title compound as a colorless oil. 'H NMR (300 MHz, CDCls) &: 1.05-1.22 (2H, m), 1.45
(9H, s), 1.52-1.74 (3H, m), 2.51 (2H, d, J = 6.8 Hz), 2.63 (2H, t, J = 12.4 Hz), 3.80 (3H, s),
3.97-4.16 (2H, m), 6.66-6.71 (1H, m), 6.71-6.78 (2H, m), 7.20 (1H, dd, J = 7.8, 7.8 Hz).

2-6-1-30. tert-Butyl 4-(2-chloro-5-methoxybenzyl)piperidine-1-carboxylate (30a)

To a solution of intermediate 29 (300 mg, 0.982 mmol) in DMF (3 mL) was added
N-chlorosuccinimide (138 mg, 1.03 mmol). After stirring at 60°C for 12h, H,O (30 mL) was
added to the reaction mixture and the whole was extracted with EtOAc (30 mL x 2). The
combined organic layer was dried over MgSOQg, filtered and concentrated. The residue was
purified by silica gel chromatography using 1-22% EtOAc/hexane as eluent to give 290 mg
(87%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &: 1.11-1.28 (2H,
m), 1.45 (9H, s), 1.58-1.67 (2H, m), 1.69-1.85 (1H, m), 2.56-2.72 (4H, m), 3.78 (3H, s),
3.99-4.17 (2H, m), 6.67-6.72 (2H, m), 7.21-7.26 (1H, m).

2-6-1-31. 4-(2-Chloro-5-methoxybenzyl)piperidine hydrochloride (31a)

The title compound was prepared in a manner similar to that for the preparation of 28 using
intermediate 30a. (89%) white solid. *H NMR (300 MHz, DMSO-Dg) &: 1.33-1.50 (2H, m),
1.64-1.75 (2H, m), 1.77-1.95 (1H, m), 2.62 (2H, d, J = 7.0 Hz), 2.73-2.86 (2H, m), 3.17-3.26
(2H, m), 3.75 (3H, s), 6.84 (1H, dd, J = 8.8, 3.0 Hz), 6.91 (1H, d, J = 3.0 Hz), 7.33 (1H, d, J =
8.8 Hz), 8.69 (2H, br s).

2-6-1-32. tert-butyl 4-(2-bromo-5-methoxybenzyl)piperidine-1-carboxylate (30b)

To a solution of intermediate 6 (150 mg, 0.491 mmol) in DMF (2.0 mL) was added
N-bromosuccinimide (96.0 mg, 0.540 mmol) at 0°C. After stirring at room temperature for
12h, H>0O (20 mL) was added to the reaction mixture and the whole was extracted with EtOAc
(20 mL x 2). The combined organic layers were dried over MgSOys, filtered and concentrated.
The residue was purified by silica gel chromatography using 1-22% EtOAc/hexane as eluent
to give 169 mg (90%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &:
1.12-1.29 (2H, m), 1.46 (9H, s), 1.52-1.68 (2H, m), 1.70-1.86 (1H, m), 2.56-2.71 (4H, m),
3.78 (3H, s), 3.98-4.16 (2H, m), 6.64 (1H, dd, J = 8.7, 3.1 Hz), 6.70 (1H, d, J = 3.1 Hz), 7.42
(1H, d, J = 8.7 Hz).

27



2-6-1-33. 4-(2-bromo-5-methoxybenzyl)piperidine hydrochloride (31b)

The title compound was prepared in a manner similar to that for the preparation of 28 using
intermediate 30b. (91%) white solid. *H NMR (300 MHz, DMSO-Ds) &: 1.33-1.52 (2H, m),
1.63-1.75 (2H, m), 1.78-1.95 (1H, m), 2.62 (2H, d, J = 7.2 Hz), 2.72-2.86 (2H, m), 3.16-3.28
(2H, m), 3.74 (3H, s), 6.78 (1H, dd, J = 8.6, 3.0 Hz), 6.91 (1H, d, J = 3.0 Hz), 7.48 (1H, d, J =
8.6 Hz), 8.66 (2H, br s).

2-6-1-34. tert-butyl 4-(2-bromo-5-hydroxybenzyl)piperidine-1-carboxylate (32)

To a suspension of intermediate 31b (1.50 g, 4.68 mmol) in CH2Cl> (10 mL) was added
dropwise 1N BBr3z in CH2Cl solution (5.61 mL, 5.61 mmol) at 0°C for 10min. After stirring
at room temperature for 12h, MeOH (10 mL) was added to the reaction mixture, and the
whole was stirred at room temperature for 30min and concentrated. To a mixture of the
residue, THF (10 mL) and 20% aqueous K>COs (50 g) was added di-tert-butyl dicarbonate
(1.12 g, 5.15 mmol). After stirring at room temperature for 12h, the reaction mixture was
extracted with EtOAc (50 mL x 2). The combined organic layer was dried over MgSQa,
filtered and concentrated. The residue was crystallized using EtOAc (4 mL) and stirred at
room temperature for 10min. Hexane (8 mL) was then added to the mixture, and the whole
was stirred at room temperature for 20min. The resulting solid was filtered, rinsed with
EtOAc/hexane = 1/2 (1 mL) and collected to give 1.38 g (80%) of the title compound as a
white solid. *H NMR (300 MHz, CDCls) §: 1.11-1.27 (2H, m), 1.46 (9H, s), 1.60-1.69 (2H,
m), 1.70-1.87 (1H, m), 2.49-2.75 (4H, m), 3.99-4.15 (2H, m), 5.93 (1H, s), 6.58 (1H, dd, J =
8.6, 2.9 Hz), 6.68 (1H, d, J = 3.1 Hz), 7.35 (1H, d, J = 8.6 Hz).

2-6-1-35. tert-butyl 4-(2-bromo-5-ethoxybenzyl)piperidine-1-carboxylate (33a)

To a mixture of intermediate 32 (1.00 g, 2.70 mmol) and potassium carbonate (1.16 g, 8.37
mmol) in DMF (5 mL) was added iodoethane (0.648 mL, 8.10 mmol). After stirring at 70°C
for 8 h, the reaction mixture was treated with H>O (40 mL) and extracted with EtOAc (40
mL). To the organic layer was added toluene (40 mL), and the mixture was washed with H>0
(40 mL). The organic layer was dried over MgSOyu, filtered and concentrated in vacuo. The
residue was purified by silica gel chromatography using 0~16% EtOAc/hexane as eluent to
give 1.12 g (quant.) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &:
1.12-1.28 (2H, m), 1.40 (3H, t, J = 7.0 Hz), 1.45 (9H, s), 1.59-1.67 (2H, m), 1.69-1.86 (1H,
m), 2.56-2.71 (4H, m), 3.94-4.15 (4H, m), 6.62 (1H, dd, J = 8.7, 3.0 Hz), 6.69 (1H,d, J = 3.1
Hz), 7.40 (1H, d, J = 8.8 Hz).

2-6-1-36. 4-(2-bromo-5-ethoxybenzyl)piperidine hydrochloride (34a)

The title compound was prepared in a manner similar to that for the preparation of 28 using
intermediate 33a. (94%) white solid. *H NMR (300 MHz, DMSO-Dg) &: 1.31 3H, t, J = 7.0
Hz), 1.34-1.51 (2H, m), 1.63-1.74 (2H, m), 1.78-1.94 (1H, m), 2.61 (2H, d, J = 7.0 Hz),
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2.71-2.85 (2H, m), 3.17-3.26 (2H, m), 4.00 (2H, q, J = 7.0 Hz), 6.76 (1H, dd, J = 8.6, 2.9 Hz),
6.90 (1H, d, J = 3.1 Hz), 7.46 (1H, d, J = 8.8 Hz), 8.73 (2H, br s); HRMS (ESI) m/z calcd for
C14H21:BrCINO [M+H]* 298.0801; found 298.0814.

2-6-1-37. tert-butyl 4-[2-bromo-5-(propan-2-yloxy)benzyl]piperidine-1-carboxylate (33b)
The title compound was prepared in a manner similar to that for the preparation of 33a using
intermediate 32. (quant.) white solid. *H-NMR (300 MHz,CDCls) &: 1.11-1.28 (2H, m), 1.32
(6H, d, J = 6.1 Hz), 1.46 (9H, s), 1.61-1.65 (2H, m), 1.69-1.87 (1H, m), 2.55-2.73 (4H, m),
3.95-4.19 (2H, m), 4.42-4.56 (1H, m), 6.62 (1H, dd, J = 8.6, 3.0 Hz), 6.68 (1H, d, J = 3.0 Hz),
7.39 (1H, d, J = 8.6 Hz).

2-6-1-38. 4-[2-bromo-5-(propan-2-yloxy)benzyl]piperidine hydrochloride (34b)

The title compound was prepared in a manner similar to that for the preparation of 28 using
intermediate 33b. (99%) white solid. *H-NMR (300 MHz, DMSO-Ds) &: 1.24 (6H, d, ] = 6.1
Hz), 1.30-1.48 (2H, m), 1.61-1.74 (2H, m), 1.75-1.92 (1H, m), 2.59 (2H, d, J = 7.0 Hz),
2.70-2.84 (2H, m), 3.14-3.25 (2H, m), 4.52-4.64 (1H, m), 6.74 (1H, dd, J = 8.8, 3.1 Hz), 6.87
(1H, d, J = 3.1 Hz), 7.43 (1H, d, J = 8.8 Hz), 8.50 (1H, br s); HRMS (ESI) m/z calcd for
C15H23BrCINO [M+H]" 312.0957; found 312.0971.

2-6-1-39. tert-butyl 4-[2-bromo-5-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (33c)
To a mixture of intermediate 32 (1.5 g, 4.05 mmol) and potassium carbonate (1.12 g, 8.10
mmol) in DMF (10 mL) was added 2-bromoethylmethyl ether (0.571 mL, 6.08 mmol). After
stirring at 100°C for 3h, the reaction mixture was treated with H>O (50 mL) and extracted
with EtOAc (50 mL x 2). The combined organic layer was dried over MgSQsa, filtered and
concentrated in vacuo. The residue was purified by silica gel chromatography using 8~29%
EtOAc/hexane as eluent to give 1.70 g (98%) of the title compound as a colorless oil. H
NMR (300 MHz, CDClg) &: 1.11-1.28 (2H, m), 1.46 (9H, s), 1.57-1.68 (2H, m), 1.69-1.85
(1H, m), 2.55-2.71 (4H, m), 3.45 (3H, s), 3.74 (2H, t, J = 4.6 Hz), 4.00-4.16 (4H, m), 6.66 (1H,
dd, J=8.7,3.0 Hz), 6.74 (1H, d, J = 3.0 Hz), 7.41 (1H, d, J = 8.7 Hz).

2-6-1-40. 4-[2-bromo-5-(2-methoxyethoxy)benzyl]piperidine hydrochloride (34c)

The title compound was prepared in a manner similar to that for the preparation of 28 using
intermediate 33c. (97%) white solid. *H NMR (300 MHz, DMSO-Ds) §: 1.33-1.51 (2H, m),
1.64-1.75 (2H, m), 1.79-1.95 (1H, m), 2.62 (2H, d, J = 7.2 Hz), 2.72-2.86 (2H, m), 3.16-3.27
(2H, m), 3.30 (3H, s), 3.64 (2H, t, J = 4.6 Hz), 4.07 (2H, t, J = 4.6 Hz), 6.78 (1H, dd, J = 8.8,
3.1 Hz), 6.93 (1H, d, J = 3.1 Hz), 7.47 (1H, d, J = 8.8 Hz), 8.68 (2H, br s).

2-6-1-41. 2-(2-chloro-4-methoxyphenyl)ethanol (36a)
To a solution of (2-chloro-4-methoxyphenyl)acetic acid (1.50 g, 7.48 mmol) in THF (20 mL)
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was added 0.9 M BH3-THF complex in THF solution (10.8 mL, 9.72 mmol). After stirring at
room temperature for 3 h, MeOH (10 mL) was added, and the reaction mixture was stirred at
room temperature for 30 min and concentrated in vacuo. The residue was purified by silica
gel chromatography using 26~47% EtOAc/hexane as eluent to give 1.44 g (quant.) of the title
compound as a colorless oil. tH NMR (300 MHz, CDCls) &: 1.36 (1H, t, ] = 5.9 Hz), 2.95 (2H,
t,J = 6.7 Hz), 3.79 (3H, s), 3.85 (2H, td, J = 6.4, 6.4 Hz), 6.77 (1H, dd, J = 8.4, 2.6 Hz), 6.93
(1H,d,J=2.8Hz), 7.17 (1H, d, J = 8.4 Hz).

2-6-1-42. 2-(2-chloro-4-methoxyphenyl)ethyl 4-methylbenzenesulfonate (37a)

To a mixture of intermediate 36a (1.20 g, 6.43 mmol), triethylamine (1.08 mL, 7.72 mmol)
and trimethylamine hydrochloride (61.5 mg, 0.643 mmol) in CH.Cl, (12 mL) was added
p-toluenesulfonyl chloride (1.35 g, 7.07 mmol) at 0°C. After stirring at 0°C for 1 h, the
reaction mixture was treated with H20 (50 mL) and extracted with CHCI3 (30 mL x 2). The
organic layer was dried over MgSQg, filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography using 4~25% EtOAc/hexane as eluent to give 2.08 ¢
(95%) of the title compound as a colorless oil. *tH NMR (300 MHz, CDCls) &: 2.43 (3H, s),
3.01 (2H,t,J =6.9 Hz), 3.77 (3H, s), 4.20 (2H, t, J = 6.9 Hz), 6.71 (1H, dd, J = 8.4, 2.6 Hz),
6.82 (1H, d,J=2.6 Hz), 7.08 (1H, d, J = 8.4 Hz), 7.27 (2H, d, J = 7.9 Hz), 7.68 (2H, d, J = 8.3
Hz).

2-6-1-43. 2-(2,3-dihydro-1,4-benzodioxin-6-yl)ethanol (36b)

The title compound was prepared in a manner similar to that for the preparation of 36a using
(2,3-dihydro-benzo[1,4]dioxin-6-yl)-acetic acid. (88%) 1.59 g. *H NMR (300 MHz, CDCls)
8: 1.39 (1H, t,J = 5.9 Hz), 2.76 (2H, t, ] = 6.5 Hz), 3.82 (2H, td, ] = 6.1, 6.1 Hz), 4.25 (4H, s),
6.70 (1H, dd, J =8.3, 2.0 Hz), 6.74 (1H, d, J = 2.0 Hz), 6.81 (1H, d, J = 8.3 Hz).

2-6-1-44. 2-(2,3-dihydro-1,4-benzodioxin-6-yl)ethyl 4-methylbenzenesulfonate (37b)

The title compound was prepared in a manner similar to that for the preparation of 37a using
intermediate 36b. (quant.) 1.94 g. *H NMR (300 MHz, CDCls) &: 2.44 (3H, s), 2.84 (2H, t, J =
7.2 Hz),4.15 (2H,t, J =7.2 Hz), 4.23 (4H, s), 6.57 (1H, dd, J = 8.1, 2.2 Hz), 6.61 (1H, d, J =
2.0Hz),6.74 (1H,d, J=8.1Hz), 7.30 (2H, d, J =8.4 Hz), 7.72 (2H, d, J = 8.3 Hz).

2-6-1-45. 2-(3-chloro-4-methoxyphenyl)oxirane (35a)

To a mixture of 3-chloro-4-methoxybenzaldehyde (2.00 g, 11.7 mmol) and
trimethylsulfonium iodide (3.35 g, 16.4 mmol) in DMSO (12 mL) was added potassium
hydroxide (0.920 g, 16.4 mmol). After stirring at 40°C for 7 h, the reaction mixture was
diluted with EtOAc (50 mL) and washed with H>.O (100 mL). The aqueous layer was
extracted with EtOAc (50 mL). To the combined organic layer was added toluene (100 mL),
and the whole was washed with H,O (100 mL), dried over NaxSOs, filtered and concentrated
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in vacuo to give 2.25 g (quant.) of the title compound as a pale yellow oil. The obtained
compound 35a was used in the next reaction without further purification. *H NMR (300 MHz,
CDCl) 6: 2.77 (1H, dd, J = 5.3, 2.6 Hz), 3.13 (1H, dd, J = 5.3, 4.0 Hz), 3.80 (1H, dd, J = 4.0,
2.6 Hz), 3.90 (3H, s), 6.90 (1H, d, J = 8.4 Hz), 7.16 (1H, dd, J = 8.5, 2.1 Hz), 7.28 (1H, d, J =
2.2 Hz).

2-6-1-46. 2-(3-chloro-4-methoxyphenyl)ethanol (36¢)

To a suspension of sodium borohydride (168 mg, 4.44 mmol) in THF (12 mL) was added
BFs-Et2O complex (0.903 mL, 7.13 mmol). After stirring at room temperature for 15 min, a
solution of intermediate 35a (2.00 g, 10.8 mmol) in THF (12 mL) was added dropwise for 10
min to the reaction mixture at 0°C. After stirring at room temperature for 2 h, H,O (50 mL)
was added to the reaction mixture, and the whole was extracted with EtOAc (40 mL). The
organic layer was washed with brine (20 mL), dried over MgSQa, filtered and concentrated in
vacuo. The residue was purified by silica gel chromatography using 30~51% EtOAc/hexane
as eluent to give 1.65 g (81%) of the title compound as a colorless oil. *H NMR (300
MHz,CDCls) 8: 1.37 (1H, t, J = 5.9 Hz), 2.79 (2H, t, J = 6.5 Hz), 3.83 (2H, td, J = 6.2, 6.2 Hz),
3.89 (3H, s), 6.88 (1H, d, J = 8.3 Hz), 7.09 (1H, dd, J = 8.4, 2.2 Hz), 7.25 (1H, d, J = 2.2 Hz).

2-6-1-47. 2-(3-chloro-4-methoxyphenyl)ethyl 4-methylbenzenesulfonate (37¢)

The title compound was prepared in a manner similar to that for the preparation of 37a using
intermediate 36¢. (89%) colorless oil. tH NMR (300 MHz, CDCls) &: 2.44 (3H, s), 2.86 (2H, t,
J =6.8 Hz), 3.88 (3H, s), 4.17 (2H, t, J = 6.8 Hz), 6.80 (1H, d, J = 8.4 Hz), 6.99 (1H, dd, J =
8.3,2.2Hz), 7.04 (1H, d, J = 2.0 Hz), 7.28 (2H, d, J = 8.4 Hz), 7.66 (2H, d, J = 8.4 Hz).

2-6-1-48. 5-(oxiran-2-yl)-2,3-dihydro-1,4-benzodioxine (35b)

The title compound was prepared in a manner similar to that for the preparation of 35a using
2,3-dihydro-1,4-benzodioxine-5-carbaldehyde. (quant.) colorless oil. *H NMR (300 MHz,
CDClz) 6: 2.75 (1H, dd, J = 5.7, 2.6 Hz), 3.14 (1H, dd, J = 5.7, 4.0 Hz), 4.14 (1H, dd, J = 4.0,
2.6 Hz), 4.26-4.30 (2H, m), 4.30-4.34 (2H, m), 6.69-6.73 (1H, m), 6.79-6.82 (2H, m).

2-6-1-49. 2-(2,3-dihydro-1,4-benzodioxin-5-yl)ethanol (36d)

The title compound was prepared in a manner similar to that for the preparation of 36¢ using
intermediate 35b. (72%) colorless oil. *H NMR (300 MHz, CDCls) §: 2.88 (2H, t, ] = 6.5 Hz),
3.84 (2H, td, J = 6.2, 6.2 Hz), 4.23-4.31 (4H, m), 6.72-6.80 (3H, m).

2-6-1-50. 2-(2,3-dihydro-1,4-benzodioxin-5-yl)ethyl 4-methylbenzenesulfonate (37d)

The title compound was prepared in a manner similar to that for the preparation of as 37a
using intermediate 36d. (89%) white solid. *H NMR (300 MHz, CDCls) &: 2.43 (3H, s), 2.92
(2H, t, J = 7.0 Hz), 4.11-4.18 (4H, m), 4.21 (2H, t, J = 7.0 Hz), 6.64 (1H, dd, J = 6.6, 2.6 Hz),
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6.68-6.78 (2H, m), 7.26 (2H, d, J = 8.1 Hz), 7.65 (2H, d, J = 8.3 Hz).

2-6-1-51. 2-(naphthalen-2-yl)ethyl 4-methylbenzenesulfonate (37¢)

The title compound was prepared in a manner similar to that for the preparation of 37a using
2-naphthalene ethanol. (91%) white solid. *tH NMR (300 MHz, CDCls) §: 2.34 (3H, s), 3.11
(2H, t, J = 6.9 Hz), 4.31 (2H, t, J = 6.9 Hz), 7.08-7.14 (2H, m), 7.21 (1H, dd, J = 8.4, 1.7 Hz),
7.41-7.50 (2H, m), 7.52 (1H, br s), 7.60 (2H, d, J = 8.5 Hz), 7.71 (2H, d, J = 8.5 Hz),
7.76-7.83 (1H, m).

2-6-1-52. 1-(2-bromoethyl)-2-chloro-4,5-dimethoxybenzene (38a)

To a solution of 3,4-dimethoxyphenethyl bromide (300 mg, 1.22 mmol) in DMF (6.0 mL) was
added N-chlorosuccinimide (179 mg, 1.34 mmol). After stirring at room temperature for 20h,
saturated aqueous NaHCOs (4 mL) and H>O (20 mL) were added to the reaction mixture, and
the whole was extracted with EtOAc (30 mL x 2). The combined organic layer was dried over
MgSOs, filtered and concentrated. The residue was purified by silica gel chromatography
using 0-15% EtOAc/hexane as eluent to give 324 mg (95%) of the title compound as a white
solid. *H NMR (300 MHz, CDCls) &: 3.21 (2H, t, ] = 7.6 Hz), 3.56 (2H, t, ] = 7.5 Hz), 3.86
(3H,s), 3.88 (3H, s), 6.74 (1H, s), 6.86 (1H, s).

2-6-1-53. 2-(7-chloro-2,3-dihydro-1,4-benzodioxin-6-yl)ethyl 4-methylbenzene-
sulfonate (38b)

To a solution of 37b (500 mg, 1.50 mmol) in DMF (7.0 mL) was added N-chlorosuccinimide
(179 mg, 1.34 mmol). After stirring at 50°C for 4h, H>O (40 mL) was added to the reaction
mixture, and the whole was extracted with EtOAc (40 mL x 2). The combined organic layer
was dried over MgSOs, filtered and concentrated. The residue was purified by silica gel
chromatography using 10-31% EtOAc/hexane as eluent to give 481 mg (87%) of the title
compound as a white solid. *H-NMR (300 MHz, CDCls) §: 2.44 (3H, s), 2.94 (2H, t, ] = 7.0
Hz), 4.18 (2H, t, J = 7.0 Hz), 4.22 (4H, s), 6.67 (1H, s), 6.79 (1H, s), 7.29 (2H, d, J = 8.3 Hz),
7.71 (2H, d, J = 8.3 Hz).

2-6-2. Biological tests

2-6-2-1. Materials

All radioligands were purchased from Perkin Elmer Japan (Kanagawa, Japan). Cell
membranes expressing human serotonin transporter and 5-HTia receptor were purchased
from Perkin Elmer Japan. Chinese hamster ovary cells expressing human serotonin
transporter used for [®H]5-HT uptake assay were established in the Pharmacology Research
Laboratories at Sumitomo Dainippon Pharma Co., Ltd.
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2-6-2-2. Radioreceptor binding assay

In a total volume of 500 uL, 2.5 pL of test substance solution or dimethyl sulfoxide, 50 uL of
[*H]citalopram or [?H]8-OH-DPAT solution, and 447.5 pL of cell membranes were mixed.
Cell membranes expressing human serotonin transporter and 5-HT1a receptor were diluted
with the reaction buffer to a final concentration of 1 unit/447.5 uL beforehand. All samples
were reacted at 25°C for 0.5 h (for 5-HT1a) or 1 h (for serotonin transporter) in an incubator.
The reaction was terminated by addition of 4 mL ice-cold reaction buffer, and the cell
membranes were collected by vacuum filtration through GF/B glass filters. The glass filters
were then washed with 4 mL of ice-cold reaction buffer and placed in scintillation vials with
scintillation fluid. After more than 3 h, the radioactivity in each sample was measured with a
liquid scintillation counter for 2 min, and the calculated dpm value was used for data analysis.
In the serotonin transporter binding assay, GF/B glass filters were soaked in 0.05%
polyethylenimine solution for more than 15 min before use. The inhibition constant (Ki) was
calculated in Microsoft® Office Excel 2003 (Microsoft Corporation) using the Cheng—Prusoff
equation [Ki = ICso/(1 + ([L]/Kd)], where L is the concentration of radioligand in the assay
and Kd is the dissociation constant of the radioligand for the receptor.

2-6-2-3. [*H]5-HT uptake assay
Phosphate-buffered saline containing 0.1 mmol/L CaCl> and 1 mmol/L MgCl, was used as
reaction buffer. One microliter of dimethyl sulfoxide or test substance and 199 uL of the

reaction buffer were mixed, and 50 pL of the mixed solution was added to human serotonin
transporter-expressing CHO cells cultured in 96-well assay plates. The plates were
pre-incubated at 37°C for 10 min. During that time, dimethyl sulfoxide or test substance was
diluted with [*H]5-HT solution in another 96-well plate. After cells pre-incubation, 50 puL of
the prepared [*H]5-HT solution containing dimethyl sulfoxide or test substance was added to
the wells, and the mixture was incubated at 37°C for 20 min. After the incubation, the liquid
layer was discarded, and the cells were rinsed twice with 200 pL reaction buffer before being
lysed with 100 pL of the Solvable solution. Radioactivity in each lysate sample was measured
as described in the previous section.

2-6-2-4. Guanosine 5’-(y-thio) Triphosphate, [*°S]-(GTPyS) assay for 5-HT1a receptor

To make up a total volume of 500 pL, 2.5 pL of test compound, containing GTPyS (2 mM, to
measure nonspecific binding), DMSO (to measure basal [**S]GTPyS binding) or serotonin (20
mM, to measure maximal [®*S]GTPyS binding); 50 pL of reaction buffer [HEPES-NaOH
buffer (20 mM, pH 7.4) containing 100 mM NacCl, 10 mM MgClz, 0.1 mM DTT, and 1 pM
GDP] containing 0.5 nM [®*S]GTPyS; and 447.5 pL of cell membranes expressing human
5-HT1a receptors were mixed. The following manipulation was carried out as described in the
above 5-HT transporter binding assay. Intrinsic activity was expressed as relative value of the
activity of 100 uM serotonin, which was considered to be 100%.
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2-6-2-4-1. Data analyses

The following formulae were used:

1) Basal [®*S]GTPyS binding

Basal [*®*S]GTPyS binding (dpm) = Binding activity of the DMSO group (dpm) — Binding
activity of the GTPyS group (dpm)

2) Maximal [**S]GTPyS binding

Maximal [®*S]GTPyS binding (dpm) = Binding activity of the serotonin group (dpm) —

Binding activity of the GTPyS group (dpm)

3) Specific binding of the test substance

Specific binding of the test substance (dpm) = Binding activity of test substance group (dpm)
— Binding activity of GTPYS group (dpm)

4) Maximal specific binding

The maximal specific binding of the test substance was calculated using the Dx calculation
(logistic curve fitting) with the “measurement value input” function in Stat Preclinica Client
\ersion 1.0. The direct estimation method was used. The maximal specific binding was
calculated using the logistic curve of the concentrations of the test substance and the specific
binding values.

5) Intrinsic activity of the test substance

When the increment in maximal [®*S]GTPyS binding (Maximal [®*S]GTPyS binding — Basal
[**S]GTPyS binding) was considered as 100%, intrinsic activity of the test substance, which is
the percentage of the increment in maximal specific binding of the test substance (Maximal
specific binding of test substance — Basal [*®S]GTPyS binding), was calculated using the
following formula:

Intrinsic activity of the test substance (%) = 100 x{[Maximal specific binding of test
substance (dpm) — Basal [®*S]GTPyS binding (dpm)]/[Maximal [®*S]GTPyS binding (dpm) —
Basal [*®*S]GTPyS binding (dpm)]}

2-6-2-5. CYP2D6 inhibition assay

2-6-2-5-1. Materials

Bufuralol was purchased from Sigma-Aldrich Corp., and Pooled Human Liver Microsomes
were purchased from Xenotech, LLC.

2-6-2-5-1-1. Preparation of 0.5 M Potassium Phosphate Buffer (pH 7.4)
Monopotassium phosphate solution (150 mL, 0.5 M) and dipotassium phosphate solution
(700 mL, 0.5 M) were mixed, giving a solution with pH 7.4,

2-6-2-5-1-2. Preparation of Magnesium Chloride Solution (165 mM)
Magnesium chloride hexahydrate (3.35 g) was dissolved in distilled water (100 ml) to a final
concentration of 165 mM (MgCl..6H20).
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2-6-2-5-1-3. Preparation of Human Liver Microsome Solution
Human Liver Microsome Solution was prepared by mixing Pooled Human Liver Microsomes

(150 pL, 20 mg/mL), potassium phosphate buffer (12 mL, 0.5 M), magnesium chloride
solution (1.2 mL, 165 mM), and distilled water (34.65 mL).

2-6-2-5-1-4. Preparation of B-NADPH Solution (13 mM)
B-NADPH was dissolved in distilled water to a final concentration of 11.75 mg/mL.

2-6-2-5-1-5. Preparation of Substrate Solution
Bufuralol was dissolved in DMSO to a final concentration of 2.0 mM and then diluted
200-fold with distilled water.

2-6-2-5-2. Experimental Procedures

Step 1: The test drug in DMSO solution (10 mM) was serially diluted 5-fold with DMSO to
prepare 10, 2, 0.4 and 0.08 mM test drug solutions.

Step 2: Each test drug solution and DMSO were separately diluted 96-fold with the human
liver microsome solution, and 80 uL of each dilution was dispensed into 96-well microplates.
Step 3: The substrate solution (10 uL) and B-NADPH solution (10 uL) were added to each
well, and the plate was incubated at 37 °C for 10 min.

Step 4: The reaction was terminated by addition of 300 uL of methanol.

Step 5: The reaction mixture was filtered, and the filtrate was loaded onto an LC-MSMS
system.

2-6-2-5-3. Quantification and Calculation

The amount of 1’-hydroxybufuralol produced was quantified by LC-MSMS and used as
CYP2D6 metabolic activity. The remaining activity of each sample was determined by
comparing the activity in DMSO to that in the presence of the test drug. ICso value for
CYP2D6 inhibition was determined from test drug concentration and the remaining activity.
The 1Cso value was calculated by linear interpolation between two points that span the
remaining activity (50%). A larger ICso value for CYP2DG6 inhibition indicates weak CYP2D6
inhibition.

2-6-2-6. Rat forced swimming test

On the first day of the experiment, male Wistar rats weighing 121.3 — 178.1 g were placed in
plastic cylinders (40 cm in height, 19 cm in diameter) containing water (25 £ 1°C) to a depth
of 19 cm. After spending 15 min in the water, the rats were removed from the cylinders and
wiped with paper towels (training session). SMP-304 (1, 3 mg/kg), paroxetine (3, 10 mg/kg),
or vehicle (0.5% methylcellulose) was orally administered to each rats 30 min after the
beginning of the training session. The test session was carried out the following day with each
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rat treated with one of the test-drugs or vehicle 2 h before the start of the test session. During
the test session each animal behavior was videotaped for 6 min, and a rat was judged to be
immobile whenever it remained floating in water without movement, except for slight
movement to keep posture. An observer blind to test-drugs measured twice the immobility
time for each animal. When the difference between the first and second measured immobility
time was within 30 sec, the first recorded immobility time was used for data analysis. When

the difference between the two measured immobility times was more than 30 sec, another

measurement was conducted, and the obtained immobility time was used for data analysis.

After all measurements were completed, animals’ assignment to test drugs was disclosed.
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F2ETHRAZLERBY, Eu b= F TV AR—F— (SERT) & 5-HT1a AR~
D LEGHIFR < 2223 T U A D BWE A B ETGME A 7~ 9 SMP-304 % Lt L 72, SMP-304
X, B h=CEDABRE (SRI) EMEE 5-HTiA ZRIROFIOER > EEMEE R L, H
)& 95 SRITEM L 5-HTia B O AEAEIRE A2 0D 5 2L Th v . HiFF
Y ICEEAF SSRI L0 2L DERIEHO A 2y NERLTE, LI LARRL, K
LA W1% CYP2D6 DR % 5-3375 86% & FEFH 12 < . CYP2D6 D BRG] & v vo 7o if
DD ENnhrole, EYOFERNRGHRTHL 7 v—L P450 (CYP) O
THEATD—DTh5H CYP2D6 12T, BEEZENHDZ ENMBLNTEY, ZDHE]
ECEHEMEICOW T AZEZRH D Z ERHMBN TS, - T, CYP2D6 @ HARH
THHIEANL, AR TZOMFERBEDIELSENKELRD I ENTRIN, ML
BEa b — AR EFICEH L 2D 2 L BEAM TOBREDRSCRIVER OB
BHEE - FREEDN 72 > T %, A THEDEDTI< 725 T &1L KU IRIE SR D15
KEBWL, BARCREWERORBEE - BREDOENKEL 2D 2 13T OEAIIL
FEFIZEmNERENERIND Z L2 EWT 5, CYP2D6 OFEBL &M ME & <
F DRI L 72 B HHFN Z L NARHTT S & B & extensive metabolizer (EM) & FETX,
CYP2D6 D HLE & 72 2 HH DG ASE UV B - & poor metabolizer (PM) L FES, EM &
PM [} CD CYP2D6 D ILHE & 72 2 FEAIOARHIHEE DiFE L, 355006 53 (5L 725 2
ERFBLITED | ZOEITHEAORFHIXTT D CYP2D6 D% H-2ITHEAF L TR <
72%, FEHOMRHNTxTT 5 CYP2D6 DFFH-EHN 60%LL | & 72 55512, £ OFEAID
EM & PM I COMHFIREDIZLDENKELRLZEDRHESINTEBY, —EDK
#e L 72 % (Figure 16), !
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%< @ SSRI 1%, SERT (Z&F L 0.1 nM 75— nM O#iPH CHEH IZHRY Y SERT (2%t
THREAMEEZ 7T (XadxkF o Ki=010nM, &L KT VU2 Ki=0.26 nM,
TNAXEFiKi=1InM, =AY Z 7T A Ki=1.1nM), 2 SMP-304 1%, Kifl
32.7 nM & FLEZRYSERVY SERT (ZxF T DG G HEIEME A R T 28, ~"mxtF o, kb
TV, INFEXETF, TAUEZAT T AEWVSTZEEE SSRI & T D & ORE
AFLEVEMEIL 10 5L EFSVME & 720 . X D 58\ SERT A BHETEHENE E 5,

L B2 6 SMP-304 @ SERT (Zxf T 4G & REEM DM & CYP2D6 O F G-
O A B & T 2B ZRMG L, £3°. SERT fiAFHEIEEOM EDOT=H 0
ARNTTU—IONWTIERS, HF2ETHERZEY  ALEM L D6 LL~D a R
T FFIZ, BrioE A2 LY SERT b ABETEMEN M L L7, & OEHNLE O i
ikl Lov\f IERMETTh o=, SMP-304 @ Br @7 E O R7p 5 k%K S
Bk - B 5 Z & & L7 (Figure 17)
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HENT, CYP2D6 DRI E R DEIZ DWW T THh 5725, CYP2D6 D HE & 73 53K
%I DOREEN 2R L U CTHREET R 28 L2 OEHRF 0 5-7 A OB ARRIED
iiE 2425 Lo ms B S5, Figure 18 12 CYP2D6 D ILEL & 72 2 A )
EFEDRBHRE 2RI, Eito@BYEEET IV AELEOERFE b L%E
5-7 A BENIALE ICIRIAME OS2 8 L OMENMUGH ST\ b, 3 SMP-304
. A= OXR DA URPRBI SN EREESNTZZ LD,
CYP2D6 DU EGERDIEA B E L, XUV UAF I UBROLBHBBRHF 2175 2 &
& L7= (Figure 19),
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SMP-304 @ SERT (Zxf7" 5 fE & BLEIGMED ) LD 7=, Br FEo & HNE D A fukk
AtafTo7z (Tabled), ZOFEHR, 2 (i~ Br B BEH)LE % £ H#9 % & SERT, 5-HT1A

BAHE A BLETEMENRES U720 4073 5 T SN~ Br £ BN E D HC
SERT #& & BHEIEM XM B L7223, 5-HT1a #5 A B ETE M 30855 L 7=, SMP-304 @EIJ%
RFZ, 15O NSRBI & LT, {bEY 21 B A 20 ~ Cl ZEDOFRE LW
STREEERIZ LV | 5-HTafE A PLEIEYEN B L35 2 L3y ho Tz, AfEEs
MARE M ATEA L, (LAY 40 B L1411 @ Cl KOBREIC L 21bEW 42 B L0043
~OEWEAT STz, ZDOFER. SERT A BHEIGMEIIMERF L7 £, 5-HTwa M A BHSE
TEMEDN A B LT, 7ol AHEEZEHC 5 CYP2D6 Rt G- R DU ER) ik, BT
HoT,
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Table 4. 7' & & FL D & WAL & O 2 Bk

o | gt

20, 21
Compound Br Y h-SERT? h-5-HT 1A% CYP2D6 contribution
24 6-Br Cl 327+ 34 9.4 + 0.20 86%
(SMP-304) = =
39 2-Br Cl 746 + 8.2 468 + 36 N.T.
40 4-Br Cl 5.47 + 0.70 251 + 21 75.6%
41 5-Br Cl 141+ 1.7 546 + 14 64.4%
42 4-Br H 239+ 0.27 16.0 + 2.1 55.6%
43 5-Br H 18.5+ 0.05 578+ 5.9 49.4%
20 H 140+ 14 0.36 + 0.05 N.T.
21 Cl 124+ 15 6.46 + 0.57 N.T.

8 h = human. Ki values (nM) are the means of two or three independent experiments.; N.T. = not tested

BT, CYP2D6 DR FF 5RO D 7= D12, LAY 42 B L V43 D4R S—
DEWNEFI 21T -7 (Table 5), &k EOZRMEZEH L, [F CH A S LR S—
YOERHEERE D T — NN EKRFIEETH L Z Enn, LAY 42 XY
XV VRO =TGR E AT L UR0KEEE, BLO, 7 F U EA~EEHR LA
B 44, 45, 46, 47 BN 48 Gk - Rl L7, ZORER, =—T AR E AT L
NEEBLUTALEY 44 B L AT IZBWTH, o, =— T UHEE & il LIRS
WIZ D22 N BRI R RN EASNTALEY 45, 46 BN 48 12\ ThH,
CYP2D6 ORI G- HRII KBRS 7, FTH, 6f[iEH s v~ -4-F U BEER
T H1LEW 46 1% SERT 3 L Y 5-HT1a 12 L CIEHITIRWAE S BLETE 2~ Le, X
VIO F RV UBEND 6 (LB 1~ AT B~ DY CYP2D6 DR 5K
DAL & SERT/S-HT1a ks A L ETE D] LI ThH o722 &6 ((bE#) 42 vs
& 46) . [RERIC N 2692 ZRMUERE 34-Ve Rl o7 XL o140
34-VE Ry Y FX V5 OEARG., BLO, RO n~
A-F D NUFEE ANV FEANE B T223-Ve Ra Xy AT A 44-0
Iy ROE AN EITo72 (IbEW 49, 50, 51), T O#EF., 7 F ka2 H4 5 34-
e FReFT7E L L-FrBEN 340 RuxXo Y AR U5 U AEA LT
{bE# 49 3 L5013 T CYP2D6 DR T H-HROUEN R 5= DIZXF L, AL
RURERTH23-Ve RaxXU Yy AT A 440 4F T REEALZLEY 51
IZBWTIE CYP2D6 ORI HF GHROUEIIR N oTe, iz, EIRVCEUERD

40



S5AZIZ Br N E L L7-ALEW 43 IZB W T H AR Y AT RO 6 fLEHR T 1
~ U Ab-F VBRASDEMGE AT o T2 & A ALE Y 42 I HALE Y 46 ~DZEHR & [FIER
CYP2D6 DR 5303 KgAK L 7=,

Lk, £&95 &L SMP-304 ORI THDL XY A FH U BROERIT,
CYP2D6 DI G- R BIRAITH D Z E BN o Tz, F OG0 36 ) & P
X, AW OO, FIZIT o —T VSN D ALK U E~DER D L 9|
CYP2D6 D & H- RN R 2 RS2 WO L H D Z b hol=, FTH 611
B o~ -A-F VB EAT DAY 46 13, CYP2D6 DOfCHIAF G- 3R MBMER S IEH
[ZHRVY SERT B8 KON 5-HT1a X T DG G EE 2R~ T 2 L b o Tz,
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Table 5. AN A9 LB OB ST

MGO%D
Ar
4 N-'A\_/
Br
5
Compound Br Ar h-SERT* h-5-HT 1 ° CYP2D6& contribution
o}
42 4-Br V@ :I 239+ 027 16.0 + 2.1 556%
0
0
44 4-Br ’/@) 174 + 0.07 431+ 4.0 0%
0
45 4-Br ’/©:TJ 8.44 + 0.28 328+ 8.4 36.4%
OH
o}
46 4-Br V@.J 102 + 0.06 505+ 1.1 0%
s}
a7 4Br m 540+ 0.19 19.0 + 6.2 6.8%
0O
0
48 4-Br V{j‘j 141+ 0.1 428+ 39 3.6%
0
43 4-Br "/©;|:l 067+ 007 124+ 20 11.8%
0
50 4-Br m 117 +0.13 71.9 + 10.1 499
0
51 4-Br ’/©ij 259+ 0.03 113+ 27 55.8%
Oz
0
43 5-Br ¥©: j 18.5 + 0.05 578+ 5.9 49 4%,
0
52 5-Br 532 + 0.68 443+ 19 14%

R

* h = human. Ki values {(ni) are the means of two or three independent experiments.
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3-3. {L&¥ 46 @ Br FEDZEHIZ K D SERT IZx3 s A FLER M D 2

(BB LI BALE A ~DERY P UBO ALICER LI-R DAL EOR P B
6 L ~D Br ZDEAIZ LV SERT A FLETEMED A _E L 72 50 SMP-304 @ Br ZE D&
AL E 2 4 i~ E 5H LT (LAY 40 128 T SERT fsAFHEE O M LN R 57
R BALE Y 46 DIEFIZH SERT #5 S P ETEMEICIL Br EOFENERETHLH Z &
DHEER SN D, 22T, k&YW 46 @ Br oo o 7 U Ak 7 L F L Fa~D
EWiZiT -7 (Table 6), FDfEE. 2-Pr ~DEHZRN-T X TOLEHIZBNT
5-HTia fE AP ETEMEICIZH £ 0 BN - 1-DI2% L. SERT fEA HEEMICITT
ML TWel ) RERFENR N, ET o a7 v FA~OEERET OSSR,
SERT 5 & BHEIEMEIZ, 1>Br>Cl>F DAL 72 >7-, ZOIEFIL, \LEWBERFIRT
RERBFA L oFR—NEN LI VR EOMAEERE L TERSI LA 2T
VRERIC L o TEER X X7 EHBEAER T 2582 TR S D TEMETREE DR & —
BT 5, *°Figure 20 ICFET L D I m 7 U AER OB S IXEEBM 2O 0 R—/L DK
TICEoTHRED . ZRF A w S UVRFOREIICTE B> THKRT S (1>Br>Cl
>F), 8 —J, "aZFURFOY A XNKE L A2 BHI2o SERT fiABLEFRMEA Mk
L7225 SV Bik MAE HAER<C van der Waals FH AE/EF OEfIC L 5 & A2 & 6 T
X5, LNLRD, IET7 AR AEKEEA LG AEIC, ZOEREDORE IIEE
PEDHERIZ & b 72> T SERT FEGPLEIE LI LR~ 72 (L&MW 57, 58, 59), LA
b REETEMEAERS &0 O RN T — X2 TlEH D L OO LAY 46 1% SERT &
VAR ENLMEER L TWD Z ERNRB ST,

Zhou HIZE->T, N7 UT® SERT [FEREKETHLIEA T N TV AR—H—

(LeuT) BN FT U URR)-7VAFET L (S)-7/VAFET L EWvo72 SSRI &
OHFERBEENRE SN, TV TV UROR)-I AL T TV (S)-T7 A ET
YEWVS T SSRIFW TR e S UHFEA L TEY, Figure 21 123 K922
SO T BB B e moNa SN, T 4 TRy B eV D LeuT OFFER
ARy MZIZE-STWVD Z EDNREN TN D, KEERIZEBW T, Ev b7 U UR(R)-
TINFXBFLSS)-TNFIREF o enaL o (T 4 TRy b OMEAE
FAIZ van der Waals fHE/EFIZ LD EBRINTWA N, {LEW 46 & ZFDREHIKIZE
W Table 6 IZRT Ko IemF U RFE2 Lz &0 Refti7e SERT & O AEER %
RVE T HHEETEMEFERE NS DTV D, (LAWY 46 o 7 U RN EL L AR IR
& SERT & OIFHE A E N IS S iuiX, SERT EonaF Ui bnwatfona v
JR R R AAER OB ENFIRRIZ R D EIFF S LD,
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Table 6. 7 & E DMt

MeO._~ 0
"@\Q@

0
Compound X h-SERT? h-5-HT 142 CYP2D6 contribution

53 H 202 + 25 241+ 0.11 NT.

54 F 111+ 35 225+ 014 NT.

55 Cl 337+ 011 281+ 003 53.5%

46 Br 1.02 + 0.06 505z 1.07 0%

56 0.41+ 0.06 8.76 + 0.95 NT.

57 Me 525+ 1.25 772+ 142 48.5%

58 Et 9.85+ 1.36 193 + 050 18.4%

59 2-Pr 246 + 27 699+ 4.0 NT.

4 h = human. Ki values (nM) are the means of two or three independent experiments.; N.T. = not tested
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3-4. SERT 5 L U} 5-HT1a I kI3 % K RE AT
INETOMF T, SERT BLO5-HT1a K L. D Ki A3 10 fFOFPAN & 9
RAF72/37 AT, o, —Hi nM &0 D FEFIZRWEE G RETE 2~ L. CYP2D6
DTG0 60%LL F Th o7 bEW 46, 55 BN 57 Ok w b= 2HVARE
(SRI) 1&EMEFS XY 5-HT1ia ONRIEMEOFE 21T > 72 (Table 7), ZDFEFR, b
3 ODILAEWIE SERT #E A BHETEMEDNRIZHE WV SRITEVEZ 7R LTz, ZAuid, SRIVENE
T DLW A DB ST 5 72 912 SERT f5 A PHLETENE 2 B UE I /LA W 28R
THEVWIRA T T O—N) ELSHMELTVWSZ LA RLTE, TTH, LAWY 46 1
—H7 nM @ ICso % 7~ L & 90V SRITEME 24 LTz, iV T, 5-HTia ONIATEYE
DOFHIE S, T X TOREWN S-HTa T EEIZE CTH 5 = L RSz,
Table 7. {54 46, 55, 57 D SRITEME L 5-HT1a 7 2 =& MEMEOFH

I h-5-HT CYP2D6
h-SERT binding? -SRIP 14
Compound X . neing h-SR binding® A contribution

(K, nM) (ICs0, M) (Ki,nM) (%) (%)

46 Br 1.02 + 0.06 2.71+ 0.41 5.05+ 1.1 70.0 0

55 Cl 3.37+ 0.1 16.4+ 496  281+003 608 53.5

57 Me 525+ 125 453+ 120  772+142 495 485

h = human.

A Ki values (nM) are the means of two or three independent experiments.
b IC5q values (nM) are the means of at least three independent experiments. © LA intrinsic activity
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3-5. 7 v MHIBARIRZEICK T A b= fEREE EFAAER ORI

b5 46, 55 33 L V57 13X SRITEMEAZ /R L, 5-HTia 0 EEHEE CH B Z & 3o
e, 26O T Yy MIEEAIREICK T 5t e b=k ERAEH O A
T2, Fvy bh~A XA T IV AEEB LT, 7y h~A7aXA4T7 VA&
X, PEREEEA L e —7 %7 v NOMNIZHA L, #SHeAC BRI R % 1
L. AR Ui 2T 5 2 & T, T a—T BRI O T b BN O
WE AT 52 LN TE D, 7 a—7\TERENIIRIEN TN TS0 T, BHIYE
T57 v FORMNOYE %ﬁ%% Bo TEDREZLEZRET D LN TE LR
ﬁﬂ?ﬁ Td 5 (Figure 22),
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L&MW 46,55 35 L OV 57 % 10 mg/kg #2 (i 5- L 72 BR O ER G ICx T 520 h=
B R D R ROREFEZBE Lz (Figure 23), ZDFEH., W ofbaw
&7 v MAEHATEIC BT e b= ifiE EAEH AR Lz, ZOFERHOMI X
SERT (Zxf T 2 A A BHETENESS SRITEE L FHRI L. 46 23 & iR B 1 = iR &
AERER LTz, LEORERENS, (LAY 46 (DSP-1053) %A L7k ame L
TEBRDT7y hMinvivoiHMiziro 2 & & L,
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E2 200 Sz
53 £3
2
.sz 150 | &2 20000 |
-4
I § 78 EE
W 100 { =¥ o k-
3} wy 3
10000 |
m -
0 o . . ,
60 40 20 0 20 40 60 80 100 120 140 160 180 vehicle 46 55 57

Time after drug administration (min) 10 mg kg™, p.o

(A) Each poaint with a vertical bar represents the mean + SEM of percentage baseline value.

(B) Each column with vertical bar represents the mean + SEM of AUC of 5-HT percent over 3 h.

*P < 0.05, compared to the vehicle-treated group using parametric Tukey’'s multiple comparison test. Vehicle group,
n = 6; compound 46 and 57 10 mg kg™' groups, n = 3; and compound 55 10 mg kg group, n = 2.

Figure23. 7 v h~A 7 a XA 7 U v ADFHM#E R

(A) {bEW 46, 55, 57 RO & 54O T » MRIBERTREICBIT 5t 0 b= v ifgEE
DFERFEAL,

(B) {b&# 46, 55, 57 L O 5-#4 3RO T » MRIEERTREICB T 5t r b=
W B D _R— R T A x5 22L& (%) D AUC

3-6. DSP-1053 ® 7 v bk &M\ 7= in vivo FEhEFAMN

DSP-1053 (%, AR Y . SERT BL OV 5-HT1alZK L, £ D Ki 2y 10 {50 &
WEWD BIF72/NT AT, o, —HinM & W9 FERIZERWEE S TRENEE & e b
=V HLY AP (SRI) iE M2 7k L, CYP2D6 DRI E 52728 60%LL FCT& Y . 10 mg/kg
BOgEICTT v MRIEAERTRE ICB 2900 b= il E EREREZ R L, £
TT. HHP OB AEHE L THEHLTWDINE I MZHW+ 5720,
DSP-1053 @ 7 » k& AW 7= &HE in vivo EZEEHm ATz, ° £9, MR EDE
DRI KT % DSP-1053 D8 % L U BEHICRETT 5720, 7y h~A 2744
7 U AT L, 3, 10 mg/kg B O G-EFORTEERTZE ThOtr k=& R332 Dl
BEEZME Lz, TR, HEEFEMIZ3mgkg b ARER O b= FHEEOH
MR SNT=DIZxF L, F/X2 A2 20 TUE 10 mglkg F TEALD e dv> 72, 5-HTia
EENEE (SERfEEhEE, W EENE & H10) 127 v MRIBHERTE I ICB I 5 ' r b= i
BEE A S, RS VR ZBINSE S Z N5 TN D, 08 DL EOREE
225, BIIROIE Y | DSP-1053 1 in vitro FEARIZ I T 5-HT1a 2 AR O /EBHE T
BHD I EDNRENTZN, BN T — 2 TE LR 55EMBRFHEISNETH DL HDOD in
Vivo IZBW T 5-HTia ZBEOT o 2 A=A & LTERT 2 Z ERRmgEns
(Figure 24) ,

47



(A) 350
O Vehicle (8) 40,000 -
300 —&— DSP-10531 E
- -=—- DSP-1053 3 Y
£ 250 -®- DSP-105310 ¥ 30,000 G
o g 2 =
E73 200 $
B2 ; 20,000
53 T
= ! e
T ) o 10,000
L 2
50 <
0 0
0 60 120 180 Vehicle 1 3 10
Time after drug administration (min) mg/kg, p.o.
C) 350 D,
© -O- Vehicle ©) 40,000
300 —& DSP-1053 1
% -=- DSP-1053 3 g
£ i 250 —®- DSP-1053 10 % 30,000
o
0= 3
§ & 200 £
22 g mow
€S 3
<< 100 WQ"%W s
o - S 10,000
50 <
0 0 N .
-60 0 60 120 180 Vehicle 1 3 10
Time after drug administration (min) mg/kg, p.o.

(A and C) Each point with a vertical bar represents the mean + SEM of percentage baseline value.

(B and D) Each column with vertical bar represents the mean + SEM of AUC of 5-HT or DA percent over 3 h.
**P < 0.01, compared to the vehicle-treated group using parametric Dunnett's multiple comparison test.
Vehicle group, n = 6; DSP-10531 and 3 mg kg™ groups, n = 4; and DSP-105310mg kg™, n = 3.

Figure 24. DSP-1053 ® 7 v h~A 7 a XA T U 2 ADFE R °

(;ﬁ) DSP-1053 #1154 D7 » MRIBHRTREIZH T 51 b = EREE O RRERF
24k

(B) DSP-1053 #% 1% 5-1% 3 KM D 7 » METEARTREIZIIT 51 b = o iFHE
DAR—A T A NI D2 E(%) D AUC -

(C) DSP-1053 XM #% 5% D7 » MATEARTKEICI T D RN L ERERE ORI
1t

(D) DSP-1053 # H# 5-% 3 KD 7 v MRIEARTREIZIIT D R8I & O
NR—=2 T A KT DAL E (%) AUC

VT, 7 > MR K pkERER 12 C DSP-1053 DOHL 5 SREVER 2 3l L 7=, & DfE R,
DSP-1053 (% 1 mg/kg #& 05 & W S K EIC X 5 2 R o 512 COAERERPLD
SFRER 238 L7z (Figure 25, X A), —JF, fREML SSRID—>THH/\m Xtk
F 0%, 2 B OEFE S TIE 10 mgkg B 05 £ TH D SRRER O R BT <

(Figure 25, B). 3 M DE 512 T 3 mglkg #% O & 5005 H 5 72 bt 5 SREEH
3Bl L7 (Figure 25, [ C), YL ED X 512, DSP-1053 I/ m ¥t F o & Ehilg L,
HIFRE D OFWHL D SEIERO A vy M2 ERAENORT I LR I,
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(A) (B) (€)
200 4 200 -

DSP-1053 2W 200 - Paroxetine 2W Paroxetine 3W

§ 150 150, . . I 501 1 X

£ - E : : - -

2 100 I 2z 100 2 1004

f g $

E® E 59 E 9

o4 — — — . . — . 0 —
Vehicle 0.1 0.3 1 Vehicle 1 3 10 Vehicle 3 10

mglkg, p.o. mgikg, p.o mg/kg, p.o.

Each bar represents the mean + SEM of immobility time during a 5 min test session (n = 16—18 per
group). *P < 0.05, P < 0.01, compared to the vehicle-treated group using parametric Dunnett's multiple
comparisontest.

Figure 25. 7~ b8l KPR Ot . 9

(A) DSP-1053 [ # 5-CTD 7 v N @K KEERIRE 0 MEHh IRF [

(B) /uxtF o HHEKETOT v NIREIKEKGEREE O B

(C) NuXtF o =@lEEETOT v il K EkEERRE O M) IR

DSP-1053 (%, SERT 38 X OV5-HT1alZXf L, Z @ Ki 23 10 5 OFFAN & V9 B4
IRNT AT, o, —HInM & WD FEFITRWEG IR EEEZ R L, BRET5E
7 k= HDIARRE (SRI) 1EME L 5-HT1a B OS2 SR HEFTEMEZ DR R B SSRI O
BEDO—DThoHIEA Yy NOBIZWRL 525 Z LRfERS N, AMEEWIX,
L SSRI Ol ] 2 INEELZ 9 2 ik & SPE L & W o T2 ITE- OSBRI TH D Z &
DHER S AL, ¥ ol et L BN EKYEE T n 7 v A VER LTcTod, RS
Wyl U CRRIREER A~ L EATZ,

3-7. (bEMDEK

AL, R S—IH T DR DAY DR & AR =2 T
DT — MREIEREZENENER L, TVXIAERISICE Y &b a e Lz, £
F. SMP-304 OLEAINR B VB Eo T aE EOBHAIE OLHRF OO, XY
N UK 67, 74, 82 & ARk L 72, 2-bromo-3-methoxybenzyl bromide & kU 7
TZNVRAT 4 CEROGSE RAR=U LM 60 24570, HT, RAR=T L
60 & tert-butyl 4-oxopiperidine-1-carboxylate & @ Wittig S sz XD AL 7 ¢ 261 ~ &
B\, v YU A=A HWTOKRFZRMBOSIZ E Y . BSOSO 7 v £t % i
TP e LT 4 VERRE LSBTV, F 6T 62 ZHE KSR —1,4-
UAXY TS5 2 LT, PR 63 AR LTz, HiV T, 63 D =RAA T HRIC
K DWA F ARG KFOVERF A0 BocfbiZ LV, 7=/ —/L 65 ~LiEn, 7
= /=)L 65 D O-TNF WAL, & HIZ, HbKFE—14-U A4 F Y & it
12X B Boc /bR ZFT 5 Z & TRy UK 67 2157~ (Scheme 7).

49



OMe

OMe OMe -
Br i Br i ©i5;©\“300
Br PPh3*'Br F
60

61
OMe . OMe
iiii Br iv Br v
62 63
M
OH OH €00
Br Vi Br vii Br
64 65 66
Meo\/\o
iv
67

Scheme 7. & #K & & 4 4 (i) PPhs, toluene, reflux, (ii) tert-butyl

4-oxopiperidine-1-carboxylate, K2COs, 2-PrOH, reflux, (iii) Hz, 5% Rh-C, EtOAc,

EtOH, 45°C, (iv) 4N HCI/1,4-dioxane, AcOH, 50°C, (v) BBrs, CH.Cly, 0°C, (vi)

(Boc)20, 1,4-dioxane, H20, r.t., (vii) MeO(CH2)2Br, K.COs, KI, DMF, 80°C

4-Bromo-3-fluorobenzoic acid & 2-methoxyethanol & @ SNAr ST K 0 A1 V7R 1 68

AT, KFBILFRTE T N UL E =7 bR VRV =T L —T VR E -
TV P 68 DIRITISIZE D, T3 —/L 69 ~LEN -, VT, T/ a—/L 69
DAB L ANKR= b BRH LT 7 m B LSIZ LD, NP7 m I R70 6 RK
L7, &b vn7m 2 R70 705, 2-bromo-3-methoxybenzyl bromide & [FI&ED
FIEIC X0 R D ERY DU RUA 74 2457- (Scheme 8),
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MeO\/\ Meo\/\o

"y~ flwz — O

MeO\/\O MeO\/\O
iii Br iv Br v
—_— —_— —_—
Br PPh;"Br
71
MeO\/\O Meo\/\o
Br vi Br. vii
NBoc 3 NBoc 5
F
Meo\/\o
74

Scheme 8. F3 & RS Sf4: (i) MeO(CH2)2:0H, KOBu, NMP, 90°C, (ii) NaBH.,
BFs-Et20, THF, r.t., (iii) MsCI, EtsN, MesNHCI, toluene, 0°C, then LiBr, THF, reflux,
(iv) PPhs, toluene, reflux, (v) tert-butyl 4-oxopiperidine-1-carboxylate, K>COsg,
2-PrOH, reflux, (vi) Hz, 5% Rh-C, EtOAc, EtOH, 45°C, (vii) cHCI, AcOH, 50°C

3,5-Dibromophenol & 2-methoxyethyl bromide & @ 7 /L2 WALKGIZ, VLT, %/
RV Z E D, TAT e K76 ~EEW=th, KEATEFT MY U AIZ
HTNTE RT6 OREFTKISIZE D Tva— 77 #57-, Honiz7/va— 77 7}»
5. 73— 69 ERBED TFIEIZL D R ERY DU R 82 ARk LT
(Scheme 9).,
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MeO\/\O Meo\/\ Meo\/\o
E— B
/©\/ /©\/ /@\/PPhg,*Br'
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vi vii
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80 81
Meo\/\o
viii
i eV
Br
82

Scheme 9. #&A3K & ROt gef: (i) MeO(CH2)2Br, K.COs, DMF, 80°C, (ii) n-BulLi,
n-BuMgCl, toluene, 0°C, then DMF, (iii) NaBHa4, MeOH, r.t., (iv) MsCI, EtzN,
MesNHCI, toluene, 0°C, then LiBr, THF, reflux, (v) PPhs, toluene, reflux, (vi)
tert-butyl 4-oxopiperidine-1-carboxylate, K2COs, 2-PrOH, reflux, (vii) Hz, 5% Rh-C,
EtOAC, r.t., (viii) 10% HCI/MeOH, MeOH, r.t.

IREET U 7 AFIE T, 7 b= MU LHFTORINLERY DA 67,74, 82
E Ry T— NIRRT, 380 E DT AR AALKISIZ LY . BHROE T B{LEY 39 - 43
Z &k L7 (Schemel0),

MeO_~q MeO_~q
X o) )
g e
5 TsO O
6

67 2-Br 37b X=H

74 4-Br 38b X=Cl 39-43
82 5-Br

Scheme 10. A3 & SRS S (i) K2COs, MeCN, reflux

SMP-304 DA S—Y DR DA XY U EBROKREGBETI O, T — b
& 90, 93, 94, 102, 105, 111, 117, 122 # &Rk L7=, methyl 4-hydroxyphenylacetate &
3-bromo-1-propanol & O 7 /L ARSI LD 7L — L 83 ~ L= PDC %
WL S, VT, PPA Z W BRALSIZ LD 7 v a— L83 &5 k85 ~ &
LTz, 7 85 ZKRFILAYHEST NI UAZEVELL, 7La—186 & LT
@% FAPEARIEZ X D BIAKBOSZITV, S BIZ, /3T V7 MRHE Z W TR B IRINEOGR

XY, = AT 88 BT, KFMY TFULT VI =ULEHN, TAT /L 88 %iE
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T L%, FOUBEOREITH) 28 TRy — MR 90 2 &A% L 7= (Scheme 11),

OH ! O~ OH i
MeO,C MeO,C
iii o iv o
O\/\H/OH _— R
MeO,C (0] MeO,C MeO,C
0] OH
85 86

84

v 0 vi O vii O
_— R — —
MeOzC\m MeOZC\/@J Ho/\/@j

viii
TsO
90

Scheme 11. 33K & ftigeft: (i) Br(CH2)sOH, K2COs, MeCN, reflux, (ii) PDC,
MS3A, DMF, r.t., (iii) PPA, 80°C, (iv) NaBHa4, MeOH, r.t., (v) p-TsOH (cat.), benzene,
reflux, (vi) Hz, 10% Pd-C, EtOAc, r.t., (vii) LiAlH4, THF, r.t., (viii) p-TsCl, EtsN,
MesNHCI, CHClI, 0°C

rhr 8T v X — LRSI E D TR X =191 & L, T, KELY F 7L
TN =T LTETGE, FIERISZITVY, T — MPRIK 93 2157, F7-,
Fo T — MR 93 DKFLAR TR T R U AL DECKSIZEY, T —F
A 94 & &Rk L7= (Scheme 12),

0] ii 0]
MeOZC\m MeOzC\/@g HO/\/(I'Q
MeO OMe o)

Scheme 12. 3K & }iﬁi\*ﬁ:- (i) HC(OMe)s, p-TsOH, MeOH, r.t., (ii) LiAlH4, THF,
r.t., then 2N aq.HCI, acetone, r.t., (iii) TsCl, EtsN, MesNHCI, CH2Cl, 0°C, (v) NaBHz,
MeOH, THF, r.t.

k7 — MR 102 & 105 1%, methyl 2-(3-hydroxyphenyl)acetate 2>5 k27 — b
HfEAR 90 35 KTV 93 L RIBRDFIEIZ LY . ZNE AR LT (Scheme 13, 14),

92
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Scheme 13. ## & FtiZefE: (i) Br(CH2)sOH, K2COs, MeCN, reflux, (ii) PDC,
MS3A, DMF, r.t., (iii) PPA, 80°C, (iv) NaBH4, MeOH, r.t., (v) p-TsOH (cat.), benzene,

reflux, (vi) Hz, 10% Pd-C, EtOAc, r.t., (vii) LiAIHs, THF, r.t., (viii) p-TsCl, EtsN,
MesNHCI, CH2Cl», 0°C

MeO_ OMe
MeOzC\/(:f‘j Meo2c\m /\m
- N@fﬁ

Scheme 14. X3 & }iﬁi\ﬂtk: (i) HC(OMe)s, p-TsOH, MeOH, r.t., (ii) LiAlH4, THF,
r.t., then 2N aq.HCI, acetone, r.t., (iii) TsCl, EtsN, MesNHCI, CHCl,, 0°C

Ethyl 4-phenylbutyrate ™ 7 & F /WVALKIGIZ L 0 106 2 157-1% . Willgerodt-Kindler /<
XV, VANVKRUEE 107 & LTz, BPPA ERWIZBRLRISZITV, S HIT, KFE
BV F LT NI =0 L HWIZETRISIZE Y Tva—1 109 #1572, b~
VAT K DRI T v a— ORIz D, 7 h 110 & Ltk by U BRIES

AT, h T — MR 111 24 A5 L7- (Scheme 15),
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Scheme 15. #3E & KOS SR1F: (i) AcCl, AICls, CHCly, r.t., (ii) morpholine, Sg, reflux,
then 15% aqg.NaOH, 2-PrOH, reflux, (iii) PPA, 80°C, (iv) LiAlHa4, THF, reflux, (v)
MnO2, CH.Cly, r.t., (vi) TsCl, EtsN, MesNHCI, CH2Cly, 0°C

¥ 1V Bk 113 % methyl 4-hydroxyphenylacetate D 7 /L LAV G, & H1IZ, Sk
IFREOSZATOERR LT, oW TC, BN HAR U 113 005 by T — R R
111 & RO FIEIZ LY b T — MK 117 # A5 L7z (Scheme 16), — A7 /L 118
% methyl 4-hydroxyphenylacetate D YIESSIZ LV AR L, A Y Zbka A 2 A
IRV E R WTERIR ANV =0 DEEZERT 2GS, i T, MU =F 7 3
AR DT N FIACSIE ATV, BRIRA VT 0 K 119 21572, B BRALT 4 R
119 OAKRFT F U LT NI =0 Lx HWTRTTRISEZITV, S5, I HBRIG

W&V 121 L L72th, AT ¢ ROBALKIGIZE D v T — MK 122 = &R L2
(Scheme 17) .,

OH i O_~_"COsMe i
_— —
MeOsz©/ MeOZCV©/

112

ii 0 iv
O~ COH > —_
HO,C HO,C
0
114

113

o v O Vi O
_— —_—
HO HO TsO
HO 0 0
115 116 117

Scheme 16. a3 & SO g: (i) Br(CH2)3CO2Me, KoCOs, MeCN, reflux, (ii) 6N

aq.NaOH, MeOH, r.t., (iii) PPA, 80°C, (iv) LiAlH4, THF, reflux, (v) MnO2, CH.Cl,,
r.t., (vi) p-TsCl, EtsN, MesNHCI, CH2Cl», 0°C
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Scheme 17. 33K & SUGSM: (i) OH(CH2):SMe, DEAD, PPhs, THF, r.t., (ii) T20,
CHCly, -78°C, then Et:N, MeCN, rt., (iii) LiAlHs, THF, rt., (iv) p-TsCl, EtsN,
pyridine, CHxCly, r.t., (v) mCPBA, CHClI;, r.t.

REETT ) 7 DAFAE T, RN e Dok 74,82 & 35— Ak 90, 93,
94,102, 105, 111, 117,122 L O T AFMALKISIZ L O, B E T 2506 44 -52 =&
A% L7= (Scheme 18),

MeO\/\O Meo\/\o
4 2 i 4 2 /\/Ar
Ber HCI & TSO/\/Ar - Br‘@\/@
5 5
6 6
74 4-Br 90, 93, 94, 102, 105, 44 - 52
82 5-Br 111, 117 and 122

Scheme 18. #JE & KL S (i) K2COs, MeCN, reflux

FIAF Lo BERY D ANHEET AR B UBRO MBI BT 5 2 kTS
MAIBI OB O 7= 012, 7 o BN & L= FPBR 73 & 74 006 O B AR E WA
LRV D hRA 123, 126a, 126b, 126¢, 128, 131a, 131b # &k L=, E
REIZIE, Ry DR 123 1%, TREHE 74 OIKESRIC X 0 BT

(Scheme 19), F7-. FREUK T3 NOELNLD AT VR 124 D ~v 7 AR, ¥ i
W, HEAKE —FEf— F L 2 W RERSIZ X O N e XY O Uk
126a, 126b, 126¢ % &% L7= (Scheme 20), X2 U~ P ik 128 1%, 73 &
AFNRa L BEDN w7 ) TG L OBARER I L AR L7- (Scheme 21),
SO FRR 73 DU F AL Z B & T A K RE TR L OIS LY | 1293,
129b ~ & ZBHate . KT DIRIOEE L OMARESSIZ L D R DXy 2 0 HifH
& 131a, 131b #157- (Scheme 22), Xt d 2 X VXY DUk E T — b
AR 93 E DT IVFNALKINIC LY, HHE 5 53-59 4% L7- (Scheme 23),

MeO_~q MeO_~q
74 123

Scheme 19. A3 & KOS SR1E: (i) He, 10%Pd/C, MeOH, r.t.
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Scheme 20. F3E & K4 (i) n-BuLi, THF, -78°C, then B(OMe)s, r.t., (ii) R = F:
NaOH, AgOTf, MeOH, 0°C, then F-TEDA-BFs, MS3A, acetone, 0°C, R = Cl or I: NCS
or NIS, MeCN, r.t., (iii) 4N HCI/EtOAc, CHCI;, r.t.

MeO\/\o Meo\/\o
i i
73 127
MeO\/\O
128

Scheme 21. A3 & SRS (i) MeB(OH)2, Pd(PPhs)s, 1.0 M ag.K2COs, 1,4-dioxane,
reflux (i) 10% HCI/MeOH, r.t.

Meo\/\o Meo\/\o
Br. i R i
73 129a (R = MeCO)

129b (R = Me,(OH)C)

Meo\/\o Meo\/\o
R iii R
130a (R = Et) 131a (R = Et)
130b (R = i-Pr) 131b (R = j-Pr)

Scheme 22. #3E & &40+ (i) n-BuLi, THF, -78°C, then DMA or acetone (ii) H (0.4
MPa), 10% Pd-C, c.HCI, MeOH, r.t., (iii) 4N HCI/EtOAc, CHCl3, r.t.

57



Meo\/\o Meo\/\o (0)
o .
R NH . —'> R N/\/<j(ﬂj
TsO O
(0]
93

123, 126a-c,
128 and 131a-b

Scheme 23. 74 & [ St (i) KoCOs, MeCN, reflux

53 -59

3-8. B b NI/INME

SMP-304 @ CYP2D6 Hif & v o /-3 & SERT f5 AP EIEMED M E&2 By E L,
SMP-304 D e b9t 2 3k L7e, EE U O UEBRO 4 LITEBR LIz Do
NP UBRICEA LT Br JEO BN EOEHIZ LV . SERT fEATHERMEA M L L,
F BT O ZEHAIZ KW CYP2D6 DAXH 5 53 0 | S N RIRIZEGE S vz, (bd
) 46 O Br F DK FE N1 7 BRI T L T VA OEBSE RN RT K o1 (LAWY
46 R°F OFEZIK D SERT ~DOfEAFLEERMEIZIT, ~Na U fEEOEERE 2 b b,
SMP-304 OEMIERY P UBROD 4 (fIZEBL LD IVEOR B UBRICEA LT
Br XD EHANLE DA HIZ LV SERT A FEIEMED M E L7223, SERT &7
fEaa I LT AERIC R 2 B E A~ AR INTZZ ERZOERDO—D L
2B D, £, SMP-304 DN Y AV UEMUGHEND E WO MO L
FAA = Zfth D> “EBRMEEALICE L= & 2 A £ < DILAW T CYP2D6 D45
EPMEIT HDRER L o To, B ZZEHT D LD Z L iX, EFEECIREME
EDOT 7 7 —NELT DTz, CYP2D6 > DR (CYP ) (2 X D bl
OGO Z 00 SN Eb 5 Z LN PRSI, AW CHEME L 72 EE#IC I\ )T
t, CYP2D6 |2 X AR NIELS 72D HDHWNE, oo CYP FHIZ K 5 AEHHHE A3
72D L2k, CYP2D6 ODRHMEFHENEN LD EEZEZBND, In silico v
L2 b—va RO RIS AT O 2 & T CYP2D6 O G dGE LT
FRIIALICTE B b, KVFEMRRFNISHROBETH D,

A bAFZED ¢, SERT 38 X OV5-HT1a 2% L. & D Ki A 10 {5 OFAN & 0
I RAF72NT AT, o, —HinM & W D FEFIZRWEE SR ETE M2~ L. CYP2D6
DA AT 52708 60%LL F TH - 72{bEW 46, 55 B L ON57 O v b= H Y IAHHE

(SRI) JEMEDFHM % =l L7=, = DOfEF, SRITEMED R X (X, SERT fEGLEEMED
I ERSHBE L, 2o & X0 ARWFZERRIL. SERT #ia HEFTEME L SRITENE
IZESHBEL, A—7 v MEDOE L 720 SRITEMFHL O E & LT SERT #5ABH
EEMRFME A CE L LA RTBITHD LS A D,

s 3{EEW 46,55 38 LTNET 1L, WAL b [RIERIC 5-HTaa 0 fEENEME A 7R L7z
ZENL, PO OERICIERICEBE L E X DX HEEAEEICR T 5w =il
BOFAEREZT vy h~A 270 & AT VAT L=, FOREE. SERT #EAFH
EVEMEFS L O SRITEMED IR S IZHEV, bEY 46 i bifvvEr b= ilFffso F5H
TERZR L7220, (k& 46 (DSP-1053) % BHFsEM{LEME LT, 7 > ~in vivo
FHIIZ T, RN TO 5-HTia HOZARA~ORHUEROFE, B, BBET5
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PO SEROBR WAy hE2RL D ADICONWTHHNE2ITo72, TORE, 7 b
AT aEALT YL AT 5-HTIA T D=2 MR 2138720 . 5 FAToEn
REIZTEe b=ViERREE ER S R VilEBERICIIE (L E 5 2 e b v 9 fE
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3-9. EBRDHER

3-9-1. Synthesis

Melting points were determined on a Stanford Research System; OptiMelt MPA 100 without
correction. NMR spectra were recorded at ambient temperature on a JEOL JNM-AL400 FT

NMR spectrometer. Chemical shifts are expressed in & values (ppm) relative to the internal
standard tetramethylsilane, and signals are expressed as: s (singlet), d (doublet), t (triplet), m
(multiplet) or br (broad). IR spectra were recorded on a JEOL JIR-SPX60 spectrometer as
attenuated total reflection (ATR). High-resolution mass spectra (HRMS) were recorded on a
Thermo Fisher Scientific LTQ orbitrap Discovery MS equipment. Elemental analysis was
performed on a CE Instrument EA1110 and a Yokokawa analytical system 1C7000. In general,
reagents and solvents were used as obtained from commercial suppliers without further
purification. Reaction progress was determined by thin layer chromatography (TLC) analysis
on a Merck silica gel 60 F254 precoated glass plate. Visualization was done with UV light
(254 nm) or iodine. Flash column chromatography was conducted using Merck silica gel 60
(70-230 mesh). All reactions were carried out under a nitrogen atmosphere unless otherwise
mentioned.

3-9-1-1. (2-bromo-3-methoxybenzyl)(triphenyl)phosphonium bromide (60)

To a solution of 2-bromo-3-methoxybenzyl bromide (1.46 g, 5.25 mmol) in toluene (30 mL)
was added triphenylphosphine (1.65 g, 6.30 mmol). After reflux for 7 h, the reaction mixture
was cooled to room temperature and stirred at 0°C for 20 min. The resulting solid was
collected to give 2.70 g (95%) of the title compound as a white solid. *H NMR (300 MHz,
DMSO-Dg) &: 3.79 (3H, s), 5.16 (2H, d, J = 14.9 Hz), 6.71 (1H, brd, J = 7.3 Hz), 7.09 (1H,
brd, J = 8.6 Hz), 7.26 (1H, dd, J = 7.9, 7.9 Hz), 7.54-7.64 (6H, m), 7.67-7.76 (6H, m), 7.91
(3H, brdd, J = 8.3, 8.3 Hz).

3-9-1-2. tert-butyl 4-(2-bromo-3-methoxybenzylidene)piperidine-1-carboxylate (61)
To a mixture of the phosphonium salt 60 (2.70 g, 4.98 mmol) and potassium carbonate (1.03 g,
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7.47 mmol) in 2-PrOH (50 mL) was added 1-(tert-Butoxycarbonyl)-4-oxopiperidine (0.992 g,
4.98 mmol). After reflux for 10 h, the reaction mixture was concentrated. EtOAc (150 mL)
was added to the residue, and the mixture was washed with H>O (100 mL), dried over MgSOQea,
filtered and concentrated. The residue was then purified by silica gel chromatography eluting
with 17% EtOAc/hexane to give 1.80 g (94%) of the title compound as a colorless oil. H
NMR (300 MHz, CDCls) 6: 1.47 (9H, s), 2.27 (2H, t, ] = 6.8 Hz), 2.36 (2H, t, ] = 6.8 Hz),
3.39 (2H, t,J =5.9 Hz), 3.53 (2H, t, J = 5.9 Hz), 3.91 (3H, s), 6.32 (1H, brs), 6.79 (2H, d, J =
7.9 Hz),7.22 (1H, dd, J=7.9, 7.9 Hz).

3-9-1-3. tert-butyl 4-(2-bromo-3-methoxybenzyl)piperidine-1-carboxylate (62)

The olefin intermediate 61 (1.90 g, 5.00 mmol) was dissolved in EtOH (50 mL) and EtOAc
(50 mL) and hydrogenated over 5% Rh on carbon (0.760 g) at 45°C for 3 h. The catalyst was
removed by filtration, and the filtrate was concentrated to give 1.74 g (91%) of the title
compound as a colorless oil. *H NMR (300 MHz, CDCls) §: 1.45 (9H, s), 1.14-1.29 (2H, m),
1.55-1.68 (2H, m), 1.74-1.87 (1H, m),2.57-2.69 (2H, m), 2.71 (2H, d, J = 7.2 Hz), 3.90 (3H, s),
4.00-4.18 (2H, m), 6.76-6.78 (2H, m), 7.18 (1H, dd, J = 7.9, 7.9 Hz).

3-9-1-4. 4-(2-bromo-3-methoxybenzyl)piperidine hydrochloride (63)

To a solution of intermediate 62 (1.96 g, 5.10 mmol) in AcOH (40 mL) was added 4 N
HCI/1,4-dioxane (5.1 mL). After stirring at 50°C for 2 h, the reaction mixture was evaporated
in vacuo. Heptane (10 mL) was added to the residue, and the mixture was concentrated. To
the residue was added i-Pr.O (50 mL), and the whole was stirred at 50°C for 20 min. The
reaction mixture was cooled to room temperature and stirred at 0°C for 30 min. The resulting
solid was collected to give 1.19 g (68%) of the title compound as a white solid. *H NMR (300
MHz, CDsOD) &: 1.50 (2H, brd, J = 11.6 Hz), 1.87 (2H, brd, J = 14.9 Hz), 1.93-2.09 (1H, m),
2.79 (2H, d, J =7.2 Hz), 2.92 (2H, td, J = 12.8, 3.1 Hz), 3.29-3.40 (2H, m), 3.85 (3H, s), 6.86
(1H, dd, J = 7.7, 1.3 Hz), 6.90 (1H, dd, J = 8.4, 1.6 Hz), 7.24 (1H, dd, J = 7.7, 7.7 Hz).

3-9-1-5. 2-bromo-3-(piperidin-4-ylmethyl)phenol (64)

To a solution of intermediate 63 (1.19 g, 3.71 mmol) in CH2Cl; (25 mL) was added dropwise
AN BBrs in CH2Cl; solution (3.71 mL, 3.71 mmol) at 0°C for 10min. After stirring at room
temperature for 20h, MeOH (10 mL) was added to the reaction mixture. The resulting mixture
was stirred at room temperature for 30min and concentrated. Toluene (10 mL) was then added
to the residue, and the whole was concentrated. To the residue was added 3.3N aqueous KOH
(22.5 mL) and the reaction mixture was stirred at 50°C for 1 h. Next, phosphoric acid (2.92 g)
was added, and the whole was stirred at 50°C for 30 min. The reaction mixture was then
cooled to room temperature and stirred at 0°C for 30 min to give 0.893 g (89%) of the title
compound as a white solid. *tH NMR (300 MHz, DMSO-Ds) &: 1.07 (2H, brd, ] =7.9 Hz),
1.45 (2H, d, J = 13.0 Hz), 1.53-1.71 (1H, m), 2.33 (2H, t, J = 11.6 Hz), 2.56 (2H, d, J = 7.0
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Hz), 2.86 (2H, d, J = 12.3 Hz), 3.50-3.99 (1H, m), 6.63 (1H, brd, J = 7.3 Hz), 6.75 (1H, brd, J
= 7.3 Hz), 7.02 (1H, dd, J = 7.5, 7.5 Hz).

3-9-1-6. tert-butyl 4-(2-bromo-3-hydroxybenzyl)piperidine-1-carboxylate (65)

To a mixture of intermediate 64 (0.150 g, 0.555 mmol) in 1,4-dioxane (3.0 mL) and H20 (3.0
mL) was added di-tert-butyl dicarbonate (0.128 g, 0.555 mmol). After stirring at room
temperature for 3h, the reaction mixture was treated with H,O (50 mL) and extracted with
EtOAc (50 mL). The organic layer was washed with brine, dried over MgSQsa, filtered and
concentrated to give 0.208 g (quant.) of the title compound as a white solid. *H NMR (300
MHz, DMSO-Ds) 6: 0.98-1.15 (2H, m), 1.37 (9H, s), 1.44-1.55 (2H, m), 1.64-1.80 (1H, m),
2.59 (2H, d, J =7.0 Hz), 2.47-2.72 (2H, m), 3.89 (2H, brd, J = 12.2 Hz), 6.69 (1H,d, J=7.5
Hz), 6.78 (1H, d, J = 7.9 Hz), 7.05 (1H, dd, J = 7.9, 7.9 Hz), 10.1 (1H, s).

3-9-1-7. tert-butyl 4-[2-bromo-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (66)

To a mixture of intermediate 65 (0.200 g, 0.540 mmol), potassium carbonate (0.149 g, 1.08
mmol) and potassium iodide (0.0897 g, 0.540 mmol) in DMF (5 mL) was added
2-bromoethyl methyl ether (0.113 g, 0.810 mmol). After stirring at 80°C for 5 h, the reaction
mixture was treated with H>O (100 mL) and extracted with EtOAc/toluene = 1/1 (100 mL).
The organic layer was washed with brine, dried over MgSQa, filtered and concentrated in
vacuo. The residue was purified by silica gel chromatography eluting with 16%
EtOAc/hexane to give 0.203 g (88%) of the title compound as a colorless oil. *H NMR (300
MHz, CDCls) ¢: 1.12-1.29 (2H, m), 1.45 (9H, s), 1.55-1.67 (2H, m), 1.71-1.90 (1H, m),
2.55-2.70 (2H, m), 2.70 (2H, d, J = 7.0 Hz), 3.50 (3H, s), 3.82 (2H, t, J = 5.1 Hz), 3.99-4.21
(2H, m), 4.16 (2H,t,J=4.6 Hz), 6.77 (2H, d, J = 7.9 Hz), 7.15 (1H, dd, J = 7.7, 7.7 Hz).

3-9-1-8. 4-[2-bromo-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (67)

The title compound was prepared in a manner similar to that for the preparation of 63 using
intermediate 66. Compound 67 was obtained in 68% yield as a white solid. *H NMR (300
MHz, DMSO-Ds) 6: 1.41 (2H, brd, J = 11.4 Hz), 1.66 (2H, brd, J = 12.3 Hz), 1.77-1.92 (1H,
m), 2.67 (2H, d, J = 7.2 Hz), 2.76 (2H, t, J = 13.4 Hz), 3.20 (2H, brd, J = 12.5 Hz), 3.33 (3H,
s), 3.68 (2H, t, J = 4.6 Hz), 4.13 (2H, t, J = 4.2 Hz), 6.88 (1H, d, J = 7.9 Hz), 6.95 (1H, d, J =
8.3Hz),7.24 (1H,dd, J=7.9, 7.9 Hz), 8.71 (2H, 3).

3-9-1-9. 4-bromo-3-(2-methoxyethoxy)benzoic acid (68)

To a mixture of 2-methoxyethanol (16.5 g, 217 mmol) and potassium tert-butoxide (24.3 g,
217 mmol) in N-methyl-2-pyrrolidinone (175 mL) was added 4-bromo-3-fluorobenzoic acid
(19.0 g, 86.8 mmol). After stirring at 90°C for 6 h, the reaction mixture was cooled to room
temperature and added dropwise to a solution of conc.HCI (25 mL) in H2O (500 mL) for 40
min. After stirring at room temperature for 1 h, the resulting solid was filtered, rinsed with
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H20 (20 mL x 2) and MeCN (20 mL x 2), and then collected. The white solid was crystallized
using MeCN (380 mL) and stirred at room temperature for 1 h. The resulting solid was
filtered, rinsed with MeCN (20 mL x 2) and collected to give 20.1 g (85%) of the title
compound as a white solid. *H NMR (300 MHz, DMSO-De) &: 3.33 (3H, s), 3.70 (2H, t, J =
4.2 Hz), 4.23 (2H, t, J = 4.2 Hz), 7.44 (1H, brd, J = 8.1 Hz), 7.54 (1H, brs), 7.70 (1H, d, J =
8.1 Hz), 13.2 (1H, brs).

3-9-1-10. [4-bromo-3-(2-methoxyethoxy)phenyl]methanol (69)

To a suspension of sodium borohydride (8.08 g, 214 mmol) in THF (100 mL) was added
boron trifluoride diethyl etherate (35.0 mL, 285 mmol). After stirring at room temperature for
1 h, a solution of intermediate 68 (19.5 g, 71.2 mmol) in THF (300 mL) was added dropwise
to the reaction mixture for 30 min, and the whole was stirred at room temperature for 3 h.
H20 (200 mL) was then added dropwise to the reaction mixture for 20 min, and the mixture
was extracted with toluene (200 mL x 2). The combined organic layer was first washed with
3% aqueous NaHCOs (200 mL) and H>O (200 mL), and then concentrated to give 18.2 g
(98%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCl3) &: 1.70 (1H, t, J =
5.9 Hz), 3.49 (3H, s), 3.82 (2H, t, J = 4.8 Hz), 4.20 (2H, t, J = 4.8 Hz), 4.66 (2H, d, J = 5.7
Hz), 6.83 (1H, brd, J = 8.1 Hz), 6.97 (1H, brs), 7.50 (1H, d, J = 8.1 Hz).

3-9-1-11. 1-bromo-4-(bromomethyl)-2-(2-methoxyethoxy)benzene (70)

To a mixture of intermediate 69 (18.0 g, 68.9 mmol), trimethylamine hydrochloride (0.467 g,
7.12 mmol) and triethylamine (19.8 mL, 142 mmol) in toluene (90 mL) was added dropwise
methanesulfonyl chloride (8.56 g, 74.7 mmol) at 0°C for 30 min. After stirring at 0°C for 2 h,
the reaction mixture was added to 5% aqueous KHSO4 (180 mL) at 0°C. The organic layer
was separated, and the water layer was extracted with toluene (90 mL). The combined organic
layer was then washed with H,O (180 mL) and concentrated. To a solution of the residue in
THF (100 mL) was added lithium bromide (18.5 g, 214 mmol). After reflux for 1 h, H>O (100
mL) was added to the reaction mixture, and the whole was extracted with toluene (100 mL x
2). The combined organic layer was washed with 5% aqueous NaHCO3z (100 mL) and H20
(100 mL) and then concentrated to give 19.5 g (88%) of the title compound as a white solid.
'H NMR (300 MHz, CDCls) &: 3.49 (3H, s), 3.82 (2H, t, ] = 4.6 Hz), 4.20 (2H, t, ] = 4.6 Hz),
4.43 (2H,s), 6.87 (1H, dd, J=8.1, 1.7 Hz), 6.97 (1H, d, J = 1.8 Hz), 7.49 (1H, d, ] = 8.3 Hz).

3-9-1-12. [4-bromo-3-(2-methoxyethoxy)benzyl](triphenyl)phosphonium bromide (71)

The title compound was prepared in a manner similar to that for the preparation of 60 using
intermediate 70. Compound 71 was obtained in 78% yield as a white solid. *H NMR (300
MHz, DMSO-Ds) 6: 3.27 (3H, s), 3.52 (2H, t, J = 5.0 Hz), 3.66 (2H, t, J = 4.6 Hz), 5.12 (2H,
d, J = 15.8 Hz), 6.55 (1H, brd, J = 7.9 Hz), 6.59 (1H, brs), 7.47 (1H, d, J = 7.9 Hz), 7.60-7.81
(12H, m), 7.90 (3H, brdd, J = 7.7, 7.7 Hz).
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3-9-1-13. tert-butyl 4-[4-bromo-3-(2-methoxyethoxy)benzylidene]piperidine-1-
carboxylate (72)

The title compound was prepared in a manner similar to that for the preparation of 61 using
intermediate 71. Compound 72 was obtained quantitatively as a pale yellow oil. *H NMR
(300 MHz, CDCl3) 8: 1.48 (9H, s), 2.32 (2H, t, ] = 5.6 Hz), 2.43 (2H, t, ] = 6.7 Hz), 3.40 (2H,
t,J = 5.9 Hz), 3.46-3.55 (5H, m), 3.81 (2H, t, J = 5.0 Hz), 4.16 (2H, t, J = 4.4 Hz), 6.28 (1H,
brs), 6.68 (1H, dd, J = 8.1, 1.7 Hz), 6.74 (1H, d, J = 2.1 Hz), 7.46 (1H, d, J = 8.1 Hz).

3-9-1-14. tert-butyl 4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (73)
The title compound was prepared in a manner similar to that for the preparation of 62 using
intermediate 72. Compound 73 was obtained in 64% yield as a colorless oil. *H NMR (300
MHz, CDCl3) &: 1.04-1.20 (2H, m), 1.45 (9H, s), 1.51-1.70 (3H, m), 2.48 (2H, d, J = 6.6 Hz),
2.62 (2H, brt, J = 13.2 Hz), 3.49 (3H, s), 3.81 (2H, t, J = 5.3 Hz), 4.17 (2H, t, J = 4.6 Hz),
3.98-4.23 (2H, m), 6.63 (1H, dd, J=7.9, 1.7 Hz), 6.70 (1H, d, J = 1.8 Hz), 7.42 (1H, d,J = 8.1
Hz).

3-9-1-15. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (74)

The title compound was prepared in a manner similar to that for the preparation of 63 using
intermediate 73. Compound 74 was obtained in 88% yield as a white solid. *H NMR (300
MHz, CDCls) &: 1.47-1.94 (5H, m), 2.55 (2H, d, J = 5.5 Hz), 2.79 (2H, t, J = 12.0 Hz), 3.47
(2H, t, J = 13.0 Hz), 3.51 (3H, s), 3.81 (2H, t, J = 4.8 Hz), 4.15 (2H, t, J = 4.8 Hz), 6.62 (1H,
dd, J=7.9, 1.8 Hz), 6.68 (1H, d, J = 1.7 Hz), 7.43 (1H, d, J = 8.1 Hz), 9.50 (2H, brs); Mp:
171-172°C.

3-9-1-16. 1,3-dibromo-5-(2-methoxyethoxy)benzene (75)

To a mixture of 3,5-dibromophenol (37.7 g, 150 mmol) and potassium carbonate (41.4 g, 300
mmol) in DMF (150 mL) was added 2-bromoethyl methyl ether (31.2 g, 224 mmol). After
stirring at 80°C for 9 h, H20 (300 mL) was added to the reaction mixture and extracted with
EtOAc/toluene = 1/1 (300 mL and 100 mL). The combined organic layer was washed with
H20 (50 mL x 2) and brine (50 mL), dried over Na»SOg, filtered and concentrated. The
residue was purified by silica gel chromatography using 5%-6% EtOAc/hexane as eluent to
give 44.3 g (95%) of the title compound as a brown oil. *tH NMR (300 MHz, CDCls) &: 3.44
(3H, s), 3.73 (2H, t, J = 4.6 Hz), 4.08 (2H, t, J = 4.7 Hz), 7.03 (2H, d, J = 1.7 Hz), 7.25 (1H,
dd,J=1.7, 1.7 Hz).

3-9-1-17. 3-bromo-5-(2-methoxyethoxy)benzaldehyde (76)

To a mixture of 1.6 M n-BuLi in n-hexane (126 mL, 198 mmol) and toluene (120 mL) was
added dropwise 0.89 M n-BuMgCI in THF (116 mL, 100 mmol) at 0°C for 25 min. After
stirring at 0°C for 30 min, a solution of intermediate 75 (46.1 g, 149 mmol) in toluene (420
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mL) was added dropwise to the reaction mixture for 1 h, and the whole was stirred at 0°C for
2 h. DMF (28.7 mL, 373 mmol) was then added dropwise to the reaction mixture at 0°C for
40 min. After stirring at 0°C for 2 h, 2N aqueous HCI (300 mL) was added to the reaction
mixture, the organic layer was separated, and then the water layer was extracted with toluene
(100 mL). The combined organic layer was washed with H.O (100 mL) and brine (100 mL),
dried over Na»SOgs, filtered and concentrated. The residue was purified by silica gel
chromatography using 9%-13% EtOAc/hexane as eluent to give 28.8 g (74%) of the title
compound as a pale yellow oil. *H NMR (300 MHz, CDCls) &: 3.46 (3H, s), 3.77 2H, t, ] =
4.6 Hz), 4.17 (2H, t, J = 4.6 Hz), 7.33-7.39 (2H, m), 7.59 (1H, dd, J = 1.5, 1.5 Hz), 9.90 (1H,
S).

3-9-1-18. [3-bromo-5-(2-methoxyethoxy)phenyl]methanol (77)

To a solution of intermediate 76 (28.9 g, 112 mmol) in MeOH (112 mL) was added sodium
borohydride (4.22 g, 112 mmol). After stirring at room temperature for 3 h, H.O (200 mL)
was added to the reaction mixture and MeOH was evaporated. The remaining mixture was
then extracted with EtOAc (200 mL + 50 ml). The combined organic layer was washed with
brine (50 ml), dried over Na>SOs, filtered and concentrated to give 28.7 g (98%) of the title
compound as a pale yellow oil. *H NMR (300 MHz, CDCls) &: 1.77 (1H, t, J = 6.1 Hz), 3.45
(3H, s), 3.74 (2H, t, J = 4.6 Hz), 4.10 (2H, t, J = 4.6 Hz), 4.64 (2H, d, J = 5.9 Hz), 6.88 (1H,
brs), 7.00 (1H, dd, J = 2.0, 2.0 Hz), 7.10 (1H, brs).

3-9-1-19. 1-bromo-3-(bromomethyl)-5-(2-methoxyethoxy)benzene (78)

The title compound was prepared in a manner similar to that for the preparation of 70 using
intermediate 77. Compound 78 was obtained in 93% yield as a pale yellow oil. *H NMR (300
MHz, CDCls) o: 3.45 (3H, s), 3.74 (2H, t, ] = 4.6 Hz), 4.11 (2H, t, J = 4.6 Hz), 4.37 (2H, s),
6.90 (1H, dd, J=1.8,1.8 Hz), 7.01 (1H, dd, J = 2.0, 2.0 Hz), 7.13 (1H, dd, J = 1.6, 1.6 Hz).

3-9-1-20. [3-bromo-5-(2-methoxyethoxy)benzyl](triphenyl)phosphonium bromide (79)

The title compound was prepared in a manner similar to that for the preparation of 60 using
intermediate 78. Compound 79 was obtained in 87% yield as a white solid. *H NMR (400
MHz, CDCls) 6: 3.38 (3H, s), 3.63 (2H, t, ] =4.3 Hz), 3.94 (2H, t, ] =4.3 Hz), 543 (2H, d,J
= 14.4 Hz), 6.39 (1H, brs), 6.99 (1H, dd, J = 4.1, 2.4 Hz), 7.24 (1H, brs), 7.61-7.71 (6H, m),
7.75-7.86 (9H, m).

3-9-1-21. tert-butyl 4-[3-bromo-5-(2-methoxyethoxy)benzylidene]piperidine-1-
carboxylate (80)

The title compound was prepared in a manner similar to that for the preparation of 61 using
intermediate 79. Compound 80 was obtained in 95% yield as a colorless oil. *H NMR (300
MHz, CDCls) §: 1.48 (9H, s), 2.31 (2H, t, J = 5.8 Hz), 2.42 (2H, t, J = 5.5 Hz), 3.40 (2H, t, J =
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5.8 Hz), 3.45 (3H, s), 3.49 (2H, t, J = 5.9 Hz), 3.74 (2H, t, J = 4.7 Hz), 4.09 (2H, t, J = 4.6 Hz),
6.24 (1H, s), 6.69 (1H, dd, J = 1.7, 1.7 Hz), 6.91-6.96 (2H, m).

3-9-1-22. tert-butyl 4-[3-bromo-5-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (81)
The olefin intermediate 80 (34.6 g, 81.0 mmol) was dissolved in EtOAc (80 mL) and
hydrogenated over 5% Rh on carbon (9.74 g) at room temperature for 26 h. The catalyst was
removed by filtration, and the filtrate was concentrated to give 34.2 g (98%) of the title
compound as a colorless oil. *H NMR (300 MHz, CDCl3) §: 1.02-1.20 (2H, m), 1.45 (9H, s),
1.53-1.72 (3H, m), 2.45 (2H, d, J = 6.8 Hz), 2.56-2.70 (2H, m), 3.45 (3H, s), 3.74 (2H, t,J =
4.7 Hz), 3.98-4.19 (4H, m), 6.65 (1H, dd, J = 1.9, 1.9 Hz), 6.89 (1H, dd, J = 1.5, 1.5 Hz), 6.91
(1H, dd, J=1.9, 1.9 Hz).

3-9-1-23. 4-[3-bromo-5-(2-methoxyethoxy)benzyl]piperidine hydrochloride (82)

To a solution of intermediate 81 (34.2 g, 80.0 mmol) in MeOH (34 mL) was added 10 % HCI
in MeOH (103 mL). After stirring at room temperature for 24 h, the reaction mixture was
concentrated, and the residue was triturated with EtoO (100 mL), filtered and collected. The
solid was recrystallized using MeCN (132 mL) and stirred at 0°C for 1 h. The resulting solid
was filtered, rinsed with MeCN (20 mL) and collected to give 22.6 g (85%) of the title
compound as a white solid. *H NMR (300 MHz, DMSO-Dg) &: 1.25-1.40 (2H, m), 1.67 (2H,
d, J=14.0 Hz), 1.72-1.85 (1H, m), 2.49 (2H, d, J = 6.8 Hz), 2.77 (2H, td, J = 12.0, 2.4 Hz),
3.20 (2H, brd, J = 12.6 Hz), 3.34 (3H, s), 3.63 (2H, t, J = 4.5 Hz), 4.09 (2H, t, J = 4.5 Hz),
6.80 (1H, dd, J=1.7, 1.7 Hz), 6.96-6.99 (2H, m); Mp: 107-108°C.

3-9-1-24. 4-[2-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(7-chloro-2,3-dihydro-1,4-benzo-
dioxin-6-yl)ethyl]piperidine (39)

To a mixture of the benzyl piperidine intermediate 67 (50 mg, 0.137 mmol) and potassium
carbonate (41.7 mg, 0.302 mmol) in MeCN (1.0 mL) was added intermediate 38b (50.6 mg,
0.137 mmol). After reflux for 5 h, EtOAc (10 mL) was added to the reaction mixture and the
whole was filtered. The filtrate was evaporated in vacuo, and the residue was purified by
silica gel chromatography using 0%-5% MeOH/CHCI;z as eluent to give 60.8 mg (84%) of the
title compound as a colorless oil. *H NMR (300 MHz, CDCls) §: 1.15-1.31 (2H, m), 1.45-1.64
(3H, m), 1.80-1.91 (2H, m), 2.34-2.43 (2H, m), 2.60-2.74 (4H, m), 2.81-2.92 (2H, m), 3.33
(3H, s), 3.68 (2H, t, J = 4.6 Hz), 4.13 (2H, t, J = 4.8 Hz), 4.20 (4H, s), 6.84 (1H, s), 6.85 (1H,
d, J = 6.8 Hz), 6.88 (1H, s), 6.92 (1H, d, J = 8.4 Hz), 7.21 (1H, dd, J =8.1, 8.1 Hz); HRMS
(ESI) m/z calcd for C2sH32BrCINO4 [M+H]* 524.1198; found 524.1204.

3-9-1-25. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(7-chloro-2,3-dihydro-1,4-benzo-
dioxin-6-ylethyl]piperidine (40)
The title compound was prepared in a manner similar to that for the preparation of 39 using
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intermediates 74 and 38b. Compound 40 was obtained in 95% vyield as a colorless oil. H
NMR (300 MHz, CDCls) &: 1.23-1.42 (2H, m), 1.43-1.56 (1H, m), 1.63-1.70 (2H, m),
1.90-2.04 (2H, m), 2.44-2.58 (4H, m), 2.74-2.86 (2H, m), 2.92-3.07 (2H, m), 3.49 (3H, s),
3.81 (2H, t, J = 4.9 Hz), 4.17 (2H, t, J = 4.9 Hz), 4.22 (4H, s), 6.64 (1H, dd, J = 8.0, 1.8 Hz),
6.71 (1H, d, J = 1.8 Hz), 6.73 (1H, s), 6.85 (1H, s), 7.41 (1H, d, J = 8.0 Hz); HRMS (ESI) m/z
calcd for CosH32BrCINO4 [M+H]* 524.1198; found 524.1203.

3-9-1-26. 4-[3-bromo-5-(2-methoxyethoxy)benzyl]-1-[2-(7-chloro-2,3-dihydro-1,4-benzo-
dioxin-6-ylethyl]piperidine (41)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 82 and 38b. Compound 41 was obtained in 86% vyield as a colorless oil. H
NMR (300 MHz, CDCls) &: 1.21-1.40 (2H, m), 1.42-1.56 (1H, m), 1.60-1.69 (2H, m),
1.91-2.05 (2H, m), 2.42-2.56 (4H, m), 2.75-2.85 (2H, m), 2.92-3.04 (2H, m), 3.45 (3H, s),
3.74 (2H,t,J =4.7 Hz), 4.08 (2H, t, J = 4.7 Hz), 4.22 (4H, s), 6.66 (1H, dd, J = 1.8, 1.8 Hz),
6.73 (1H, s), 6.85 (1H, s), 6.90 (2H, d, J = 1.8 Hz); HRMS (ESI) m/z calcd for
C25H32BrCINO, [M+H]* 524.1198; found 524.1204.

3-9-1-27. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(2,3-dihydro-1,4-benzo-
dioxin-6-ylethyl]piperidine (42)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 37b. Compound 42 was obtained in 93% yield as a white solid. *H NMR
(300 MHz, CDCls) 6: 1.23-1.40 (2H, m), 1.42-1.55 (1H, m), 1.62-1.70 (2H, m), 1.86-1.99 (2H,
m), 2.44-2.57 (4H, m), 2.64-2.74 (2H, m), 2.92-3.02 (2H, m), 3.50 (3H, s), 3.81 (2H, t,J =4.9
Hz), 4.17 (2H, t, J = 4.9 Hz), 4.23 (4H, s), 6.62-6.68 (2H, m), 6.69-6.72 (2H, m), 6.77 (1H, d,
J =83 Hz), 741 (1H, d, J = 8.1 Hz); HRMS (ESI) m/z calcd for CzsH33BrNOs4 [M+H]*
490.1587; found 490.1591.

3-9-1-28. 4-[3-bromo-5-(2-methoxyethoxy)benzyl]-1-[2-(2,3-dihydro-1,4-benzo-
dioxin-6-yl)ethyl]piperidine (43)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 82 and 37b. Compound 43 was obtained in 76% yield as a colorless oil. *H
NMR (300 MHz, CDCls) &: 1.23-1.40 (2H, m), 1.43-1.56 (1H, m), 1.64-1.70 (2H, m),
1.87-2.00 (2H, m), 2.46 (2H, d, J = 7.0 Hz), 2.49-2.58 (2H, m), 2.65-2.75 (2H, m), 2.91-3.03
(2H, m), 3.45 (3H, s), 3.74 (2H, t, J = 4.6 Hz), 4.08 (2H, t, J = 4.6 Hz), 4.23 (4H, s), 6.63-6.68
(2H, m), 6.70 (1H, d, J = 1.8 Hz), 6.77 (1H, d, J = 8.1 Hz), 6.90 (2H, d, J = 1.8 Hz); HRMS
(ESI) m/z calcd for C2sH33BrNO4 [M+H]* 490.1587; found 490.1596.

3-9-1-29. methyl [4-(3-hydroxypropoxy)phenyl]acetate (83)
To a mixture of methyl 4-hydroxyphenylacetate (26.6 g, 160 mmol) and potassium carbonate
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(26.5 g, 192 mmol) in MeCN (500 mL) was added 3-bromo-1-propanol (17.4 mL, 192 mmol).
After reflux for 14 h, the reaction mixture was filtered, and the filtrate was concentrated. The
residue was purified by silica gel chromatography using 34% EtOAc/hexane as eluent to give
23.7 g (66%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) §: 1.75 (1H,
t, J = 5.5 Hz), 2.00-2.09 (2H, m), 3.57 (2H, s), 3.68 (3H, s), 3.87 (2H, td, J = 5.5, 5.5 Hz),
4.12 (2H, t, J =5.9 Hz), 6.84-6.90 (2H, m), 7.16-7.22 (2H, m).

3-9-1-30. 3-[4-(2-methoxy-2-oxoethyl)phenoxy]propanoic acid (84)

To a mixture of PDC (19.8 g, 52.6 mmol) and MS3A (18 g) in DMF (60 mL) was added
dropwise a solution of intermediate 83 (3.37 g, 15.0 mmol) in DMF (30 mL). After stirring at
room temperature for 20 h, EtO (600 mL) and celite® (20 g) were added to the reaction
mixture. After stirring at room temperature for 10 min, the reaction mixture was filtered, and
the filtrate was concentrated. 10% aqueous NaHCO3 (150 mL) was added to the residue, and
the aqueous layer was washed with EtOAc (200 mL). 2N aqueous HCI was added to the
aqueous layer to adjust pH of the solution to 2 and extracted with EtOAc (400 mL). The
organic layer was dried over MgSOs, filtered and concentrated to give 2.35 g (66%) of the
title compound as a white solid. *H NMR (300 MHz, CDCls) &: 2.85 (2H, t, ] = 6.3 Hz), 3.57
(2H, s), 3.69 (3H, s), 4.24 (2H, t, J = 6.3 Hz), 6.87 (2H, d, J = 8.5 Hz), 7.20 (2H, d, J = 8.5
Hz).

3-9-1-31. methyl (4-ox0-3,4-dihydro-2H-chromen-6-yl)acetate (85)

A mixture of intermediate 84 (22.4 g, 94.0 mmol) and polyphosphoric acid (112 g) was stirred
at 80°C for 2 h. Toluene (300 mL) and H2O (1000 mL) were then added to the reaction
mixture, and the whole was extracted with toluene (500 mL) and Et.O (500 mL). The
combined organic layer was dried over MgSQyg, filtered and concentrated, and the residue was
purified by silica gel chromatography using 25% EtOAc/hexane as eluent to give 19.0 g
(92%) of the title compound as a pale yellow oil. *H NMR (300 MHz, CDCls) 5: 2.81 (2H, t, J
= 6.5 Hz), 3.60 (2H, s), 3.70 (3H, s), 4.53 (2H, t, J = 6.5 Hz), 6.96 (1H, d, J = 8.5 Hz), 7.41
(1H, dd, J=8.5, 2.2 Hz), 7.78 (1H, d, J = 2.2 Hz).

3-9-1-32. methyl (4-hydroxy-3,4-dihydro-2H-chromen-6-yl)acetate (86)

To a solution of intermediate 85 (4.00 g, 18.2 mmol) in MeOH (90 mL) was added sodium
borohydride (0.757 g, 20.0 mmol) at 0°C. After stirring at room temperature for 4 h, the
reaction mixture was added to sat. aqueous NH4Cl (300 mL), and MeOH was evaporated.
The remaining mixture was extracted with EtOAc (500 mL), and the organic layer was dried
over MgSOy, filtered and concentrated. The residue was purified by silica gel chromatography
using 50% EtOAc/hexane as eluent to give 3.48 g (86%) of the title compound as a pale
yellow oil. *tH NMR (300 MHz, CDCls) 8: 1.90 (1H, t, J] = 4.2 Hz), 2.19 (2H, m), 3.56 (2H, s),
3.69 (3H, s), 4.23-4.30 (2H, m), 4.78 (1H, td, J = 4.2, 4.2 Hz), 6.81 (1H, d, J = 8.4 Hz), 7.12
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(1H, dd, J = 8.4, 2.2 Hz), 7.23 (1H, d, J = 2.2 Hz).

3-9-1-33. methyl 2H-chromen-6-ylacetate (87)

To a solution of intermediate 86 (3.43 g, 15.4 mmol) in benzene (75 mL) was added
p-toluenesulfonic acid (0.0793 g, 0.417 mmol). The mixture was refluxed for 2.5 h during
which water was removed azeotropically through a dean-stark. The reaction mixture was then
added to sat. aqueous NaHCO3 (300 mL) and extracted with EtOAc (300 mL x 2). The
combined organic layer was dried over MgSOsg, filtered and concentrated, and the residue was

purified by silica gel chromatography using 16% EtOAc/hexane as eluent to give 2.81 g
(89%) of the title compound as a colorless oil. *tH NMR (300 MHz, CDCls3) &: 3.52 (2H, s),
3.69 (3H, s), 4.79-4.82 (2H, m), 5.78 (1H, td, J = 9.7, 3.7 Hz), 6.39 (1H, td, J = 9.7, 1.5 Hz),
6.72 (1H, d, J=8.3 Hz), 6.88 (1H, d, J = 2.3 Hz), 6.99 (1H, dd, J = 8.3, 2.2 Hz).

3-9-1-34. methyl 3,4-dihydro-2H-chromen-6-ylacetate (88)

Intermediate 87 (2.00 g, 9.79 mmol) was dissolved in EtOAc (40 mL) and hydrogenated over
10% Pd on carbon (water ~50%, 0.700 g) at room temperature for 3 h. The catalyst was
removed by filtration, and the filtrate was concentrated to give 2.03 g (quant.) of the title
compound as a colorless oil. *H NMR (300 MHz, CDCls) &: 1.94-2.04 (2H, m), 2.77 (2H, t, J
= 6.6 Hz), 3.52 (2H, s), 3.69 (3H, s), 4.17 (2H, t, J = 5.1 Hz), 6.74 (1H, d, J = 8.1 Hz),
6.93-7.01 (2H, m).

3-9-1-35. 2-(3,4-dihydro-2H-chromen-6-yl)ethanol (89)

To a suspension of lithium aluminum hydride (0.558 g, 14.7 mmol) in THF (30 mL) was
added dropwise a solution of intermediate 88 (2.02 g, 9.79 mmol) in THF (10 mL). After
stirring at room temperature for 1.5 h, water (0.55 mL), 15% aqueous NaOH (0.55 mL) and
water (1.7 mL) were added dropwise to the reaction mixture at 0°C. After stirring at 0°C for
30 min, the reaction mixture was filtered, and the filtrate was concentrated to give 1.68 g
(97%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCl3) &: 1.39 (1H, t, J =
6.0 Hz), 1.95-2.04 (2H, m), 2.74-2.79 (4H, m), 3.82 (2H, td, J = 6.0, 6.0 Hz), 4.17 (2H, t, J =
5.1 Hz), 6.74 (1H, d, J = 8.3 Hz), 6.90 (1H, d, J = 2.0 Hz), 6.94 (1H, dd, J = 8.3, 2.0 Hz).

3-9-1-36. 2-(3,4-dihydro-2H-chromen-6-yl)ethyl 4-methylbenzenesulfonate (90)

To a mixture of intermediate 89 (1.18 g, 6.62 mmol), triethlyamine (1.85 mL, 13.2 mmol) and
trimethylamine hydrochloride (0.0633 g, 0.662 mmol) in CH2Cl, (30 mL) was added
p-toluenesulfonyl chloride (1.89 g, 9.93 mmol) at 0°C. After stirring at 0°C for 1 h, H20 (50
mL) was added, and the whole was extracted with CHCIz (50 mL x 2). The combined organic
layer was dried over MgSQg, filtered and concentrated, and the residue was purified by silica
gel chromatography using 12~25% EtOAc/hexane as eluent to give 1.90 g (86%) of the title
compound as a colorless oil. *H NMR (300 MHz, CDCl3) §: 1.94-2.02 (2H, m), 2.44 (3H, s),
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2.71 (2H, t,J = 6.4 Hz), 2.84 (2H, t, J = 7.2 Hz), 4.08-4.18 (4H, m), 6.66 (1H, d, J = 8.3 Hz),
6.76-6.82 (2H, m), 7.29 (2H, d, J = 8.1 Hz), 7.70 (2H, d, J = 8.1 H2).

3-9-1-37. methyl (4,4-dimethoxy-3,4-dihydro-2H-chromen-6-yl)acetate (91)

To a mixture of intermediate 85 (10.0 g, 45.4 mmol), trimethyl orthoformate (199 mL) and
MeOH (106 mL) was added p-toluenesulfonic acid monohydrate (0.864 g, 4.54 mmol). After
stirring at room temperature for 22 h, the reaction mixture was added to sat. aqueous NaHCO3
(500 mL) and extracted with EtOAc (500 mL). The organic layer was dried over Na;SOsa,
filtered and concentrated to give 12.1 g (quant.) of the title compound as a pale yellow oil. *H
NMR (300 MHz, CD30D) &: 2.08-2.14 (2H, m), 3.24 (6H, s), 3.56 (2H, s), 3.65 (3H, s),
4.25-4.32 (2H, m), 6.73 (1H, d, J =8.4 Hz), 7.10 (1H, dd, J = 8.4, 2.1 Hz), 7.41 (1H,d, J = 2.1
Hz).

3-9-1-38. 6-(2-hydroxyethyl)-2,3-dihydro-4H-chromen-4-one (92)

To a suspension of lithium aluminum hydrate (2.58 g, 68.1 mmol) in THF (190 mL) was
added dropwise a solution of intermediate 91 (12.1 g, 45.4 mmol) for 20 min. After stirring at
room temperature for 1 h, H>O (2.54 mL), 15% aqueous NaOH (2.54 mL) and H>O (7.63 mL)
was added to the reaction mixture at 0°C. After stirring at 0°C for 1 h, the reaction mixture
was filtered, and the filtrate was concentrated. To a solution of the residue (10.7 g) in acetone
(100 mL) was added 2N aqueous HCI (100 mL). After stirring at room temperature for 1 h,
acetone was evaporated from the reaction mixture, and the remaining mixture was extracted
with EtOAc (500 mL). The organic layer was washed with H>O (400 mL), and the aqueous
layers were combined and extracted with EtOAc (300 mL). The combined organic layer was
dried over MgSOy, filtered and concentrated to give 8.55 g (98%) of the title compound as a
pale yellow oil. *H NMR (400 MHz, CDCls) &: 2.78-2.86 (4H, m), 3.86 (2H, t, J = 6.4 Hz),
452 (2H,1,J=6.4 Hz), 6.94 (1H, d, J = 8.4 Hz), 7.36 (1H, dd, J = 8.4, 2.2 Hz), 7.76 (1H, d, J
= 2.2 Hz).

3-9-1-39. 2-(4-0x0-3,4-dihydro-2H-chromen-6-yl)ethyl 4-methylbenzenesulfonate (93)

The title compound was prepared in a manner similar to that for the preparation of 90 using
intermediate 92. Compound 93 was obtained in 89% yield as a white solid. *H NMR (300
MHz, CDCl3) 8: 2.44 (3H, s), 2.79 (2H, t, ] = 6.5 Hz), 2.91 (2H, t,J = 6.9 Hz), 4.18 2H, t,J =
6.9 Hz), 4.51 (2H, t, J = 6.4 Hz), 6.88 (1H, d, J = 8.4 Hz), 7.26 (1H, dd, J = 8.5, 2.5 Hz), 7.30
(2H,d,J=8.5Hz), 7.60 (1H,d, J=2.2 Hz), 7.71 (2H, d, J = 8.3 Hz).

3-9-1-40. 2-(4-hydroxy-3,4-dihydro-2H-chromen-6-yl)ethyl 4-methylbenzenesulfonate (94)

To a solution of intermediate 93 (0.500 g, 1.44 mmol) in THF (4.0 mL) and MeOH (7.0 mL)
was added sodium borohydride (0.0546 g, 1.44 mmol) at 0°C. After stirring at room
temperature for 1 h, H,O (50 mL) was added to the reaction mixture at 0°C, and the whole
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was extracted with EtOAc (50 mL x 2). The combined organic layer was dried over MgSOa,
filtered and concentrated to give 0.517 g (quant.) of the title compound as a colorless oil. H
NMR (300 MHz, CDCl3) 6: 1.79 (1H, d, J = 5.0 Hz), 1.94-2.19 (2H, m), 2.44 (3H, s), 2.89
(2H, t,J = 7.1 Hz), 4.18 (2H, t, J = 7.1 Hz), 4.25 (2H, dd, J = 7.5, 3.7 Hz), 4.73 (1H, td, J =
4.3,4.3 Hz), 6.73 (1H, d, J = 8.4 Hz), 6.95 (1H, dd, J = 8.4, 2.2 Hz), 7.07 (1H, d, J = 2.2 Hz),
7.30 (2H, d, J = 8.4 Hz), 7.70 (2H, d, J = 8.4 Hz).

3-9-1-41. methyl [3-(3-hydroxypropoxy)phenyl]acetate (95)

The title compound was prepared in a manner similar to that for the preparation of 83 using
methyl 2-(3-hydroxyphenyl) acetate. Compound 95 was obtained in 62% yield as a colorless
oil. 'H NMR (300 MHz, CDCls) &: 1.75 (1H, t, ] = 5.7 Hz), 2.00-2.09 (2H, m), 3.60 (2H, s),
3.70 (3H, s), 3.87 (2H, td, J = 5.7, 5.7 Hz), 4.13 (2H, t, J = 5.7 Hz), 6.79-6.90 (3H, m), 7.24
(1H,d,J=7.3 Hz).

3-9-1-42. 3-[3-(2-methoxy-2-oxoethyl)phenoxy]propanoic acid (96)

The title compound was prepared in a manner similar to that for the preparation of 84 using
intermediate 95. Compound 96 was obtained in 67% yield as a white solid. *H NMR (300
MHz, CDCls) 6: 2.85 (2H, t, J = 6.2 Hz), 3.60 (2H, s), 3.69 (3H, s), 4.25 (2H, t, J = 6.2 Hz),
6.79-6.90 (3H, m), 7.24 (1H, d, J = 7.9 Hz).

3-9-1-43. methyl (4-o0x0-3,4-dihydro-2H-chromen-7-yl)acetate (97)

The title compound was prepared in a manner similar to that for the preparation of 85 using
intermediate 96. Compound 97 was obtained in 71% yield as a pale yellow oil. *H NMR (300
MHz, CDClz) 4: 2.80 (2H, t, J = 6.4 Hz), 3.59 (2H, s), 3.69 (3H, s), 4.53 (2H, t, ] = 6.4 Hz),
6.95 (1H, d, J=8.6 Hz), 7.41 (1H, dd, J= 8.4, 2.4 Hz), 7.78 (1H, d, J = 2.4 Hz).

3-9-1-44. methyl (4-hydroxy-3,4-dihydro-2H-chromen-7-yl)acetate (98)

The title compound was prepared in a manner similar to that for the preparation of 86 using
intermediate 97. Compound 98 was obtained in 81% yield as a pale yellow oil. *H NMR (300
MHz, CDCIs) 6: 1.81 (1H, d, J = 5.0 Hz), 1.98-2.17 (2H, m), 3.56 (2H, s), 3.69 (3H, s),
4.22-4.31 (2H, m), 4.78 (1H, td, J = 4.4, 4.4 Hz), 6.77 (1H, d, J = 1.8 Hz), 6.84 (1H, dd, J =
7.7,1.7Hz),7.27 (1H,d, J = 7.9 Hz).

3-9-1-45. methyl 2H-chromen-7-ylacetate (99)

The title compound was prepared in a manner similar to that for the preparation of 87 using
intermediate 98. Compound 99 was obtained in 95% vyield as a colorless oil. *tH NMR (300
MHz, CDCls) é: 3.54 (2H, s), 3.69 (3H, s), 4.81 (2H, dd, J = 1.8, 1.8 Hz), 5.75 (1H, td, ] = 9.7,
3.7 Hz), 6.40 (1h, td, J = 9.9, 1.4 Hz), 6.69 (1H, d, J = 1.7 Hz), 6.76 (1H, dd, J = 7.7, 1.8 Hz),
6.90 (1H, d, J = 7.5 Hz).
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3-9-1-46. methyl 3,4-dihydro-2H-chromen-7-ylacetate (100)

The title compound was prepared in a manner similar to that for the preparation of 88 using
intermediate 99. Compound 100 was obtained in 77% yield as a colorless oil. *H NMR (400
MHz, CDCls) 8: 1.96-2.05 (2H, m), 2.76 (2H, t, J = 6.8 Hz), 3.54 (2H, s), 3.68 (3H, s), 4.17
(2H, t, J = 5.2 Hz), 6.71 (1H, d, J = 1.2 Hz), 6.75 (1H, dd, J = 7.6, 1.6 Hz), 6.98 (1H, d, J =
7.6 Hz).

3-9-1-47. 2-(3,4-dihydro-2H-chromen-7-yl)ethanol (101)

The title compound was prepared in a manner similar to that for the preparation of 89 using
intermediate 100. Compound 101 was obtained in 95% vyield as a colorless oil. tH NMR (400
MHz, CDClz) &: 1.39 (1H, t, J = 6.0 Hz), 1.96-2.03 (2H, m), 2.74-2.81 (4H, m), 3.83 (2H, td,
J=6.0, 6.0 Hz), 4.17 (2H, t, J = 5.2 Hz), 6.67 (1H, d, J = 1.6 HZz), 6.71 (1H, dd, J = 7.6, 1.6
Hz), 6.98 (1H, d, J=7.6 Hz).

3-9-1-48. 2-(3,4-dihydro-2H-chromen-7-yl)ethyl 4-methylbenzenesulfonate (102)

The title compound was prepared in a manner similar to that for the preparation of 90 using
intermediate 101. Compound 102 was obtained in quant. yield as a colorless oil. *H NMR
(400 MHz, CDCl3) 6: 1.96-2.00 (2H, m), 2.44 (3H, s), 2.74 (2H, t,J = 6.8 Hz), 2.86 (2H, t,J =
7.2 Hz), 4.11-4.18 (4H, m), 6.52 (1H, d, J = 1.6 Hz), 6.59 (1H, dd, J = 7.6, 1.6 Hz), 6.91 (1H,
d,J=7.6 Hz), 7.30 (2H, d, J =8.0 Hz), 7.72 (2H, d, J = 8.4 Hz).

3-9-1-49. methyl (4,4-dimethoxy-3,4-dihydro-2H-chromen-7-yl)acetate (103)

The title compound was prepared in a manner similar to that for the preparation of 91 using
intermediate 97. Compound 103 was obtained quantitatively as a pale yellow oil. *H NMR
(300 MHz, CDCls) &: 2.11-2.16 (2H, m), 3.26 (6H, s), 3.56 (2H, s), 3.68 (3H, s), 4.31-4.36
(2H, m), 6.76 (1H, d, J =2.2 Hz), 6.81 (1H, dd, J = 7.9, 1.7 Hz), 7.47 (1H, d, J = 8.0 Hz).

3-9-1-50. 7-(2-hydroxyethyl)-2,3-dihydro-4H-chromen-4-one (104)

The title compound was prepared in a manner similar to that for the preparation of 92 using
intermediate 103. Compound 104 was obtained in 77% vyield as a pale yellow oil. *H NMR
(400 MHz, CDClz3) &: 1.46 (1H, brs), 2.79 (2H, t, ] = 6.4 Hz), 2.87 (2H, t, ] = 6.4 Hz), 3.90
(2H, td, J =5.2, 5.2 Hz), 4.53 (2H, t, J = 6.4 Hz), 6.86 (1H, d, J = 0.8 Hz), 6.90 (1H, dd, J =
8.0, 1.6 Hz), 7.84 (1H, d, J = 8.0 Hz).

3-9-1-51. 2-(4-0x0-3,4-dihydro-2H-chromen-7-yl)ethyl 4-methylbenzenesulfonate (105)

The title compound was prepared in a manner similar to that for the preparation of 93 using
intermediate 104. Compound 105 was obtained in 90% yield as a pale yellow solid. *H NMR
(400 MHz, CDCls) &: 2.44 (3H, s), 2.79 (2H, t, ] = 6.4 Hz), 2.94 (2H, t, ] = 6.8 Hz), 4.23 (2H,
t,J = 6.8 Hz), 451 (2H, t, J = 6.4 Hz), 6.71-6.77 (2H, m), 7.30 (2H, d, J = 8.0 Hz), 7.71 (2H,
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d, J=8.4 Hz), 7.76 (1H, d, J = 8.0 Hz).

3-9-1-52. ethyl 4-(4-acetylphenyl)butanoate (106)

To a mixture of aluminum chloride (38.6 g, 289 mmol) and acetyl chloride (10.3 mL, 145
mmol) in CH2Cl, (200 mL) was added dropwise a solution of ethyl 4-phenylbutyrate (13.9 g,
72.3 mmol) in CH2Cl> (40 mL) at room temperature for 20 min. After stirring at room
temperature for 1 h, the reaction mixture was added to ice-water (1000 g) and extracted with
CHCI3 (1000 mL). The organic layer was washed with sat. aqueous NaHCO3 (300 mL), dried
over MgSOy, filtered and concentrated. The residue was purified by silica gel chromatography
using 14% EtOAc/hexane as eluent to give 16.5 g (98%) of the title compound as a colorless
oil. 'TH NMR (300 MHz, CDCls3) &: 1.25 (3H, t, ] = 7.3 Hz), 1.97 (2H, tt, ] = 7.5, 7.5 Hz), 2.32
(2H,t,J=7.5Hz), 259 (3H, s), 2.71 (2H, t,J = 7.4 Hz), 4.13 (2H, q, J = 7.3 HZz), 7.27 (2H, d,
J=8.1Hz),7.89 (2H, d, J = 8.1 Hz).

3-9-1-53. 4-[4-(carboxymethyl)phenyl]butanoic acid (107)

A mixture of intermediate 106 (18.5 g, 79.0 mmol), morpholine (24.1 mL, 276 mmol) and
sulfur (8.86 g) was first refluxed for 2.5 h, and then concentrated. To a solution of the residue
in 2-PrOH (62 mL) was added 15% aqueous NaOH (185 mL), and the whole was refluxed for
8 h. 2-PrOH was then evaporated, and 6N aqueous HCI (180 ml) was added to the remaining
reaction mixture. The resulting solid was filtered and dissolved in Acetone (400 mL), and the
insoluble matter was removed by filtration. The filtrate was concentrated to give 15.3 g (87%)
of the title compound as a pale yellow solid. *H NMR (300 MHz, DMSO-ds) &: 1.76 (2H, tt, J
=7.7,7.7Hz),2.19 (2H,t,J =7.3 Hz), 254 (2H, t,J = 7.9 Hz), 3.50 (2H, s), 7.11 (2H, d, J =
8.3 Hz), 7.15 (2H, d, J = 8.1 Hz).

3-9-1-54. (8-0x0-5,6,7,8-tetrahydronaphthalen-2-yl)acetic acid (108)

The title compound was prepared in a manner similar to that for the preparation of 85 using
intermediate 107. Compound 108 was obtained in 77% yield as a pale yellow solid. *H NMR
(300 MHz, DMSO0-Dg) 6: 1.96-2.08 (2H, m), 2.58 (2H, t, J = 6.4 Hz), 2.91 (2H, t, J = 6.0 Hz),
3.61 (2H,s), 7.28 (1H, d, J=8.1 Hz), 7.42 (1H, dd, J = 7.9, 2.0 Hz), 7.74 (1H, d, J = 1.8 Hz),
12.37 (1H, s).

3-9-1-55. 7-(2-hydroxyethyl)-1,2,3,4-tetrahydronaphthalen-1-ol (109)

To a suspension of lithium aluminum hydride (5.98 g, 158 mmol) in THF (300 mL) was
added dropwise a solution of intermediate 108 (9.20 g, 45.0 mmol) in THF (150 mL) at 65°C
for 30 min. After reflux for 1 h, water (5.9 mL), 15% aqueous NaOH (5.9 mL) and water
(17.7 mL) were added dropwise to the reaction mixture at 0°C. After stirring at 0°C for 30
min, the reaction mixture was filtered, and the filtrate was concentrated to give 8.37 g (97%)
of the title compound as a pale yellow oil. *H NMR (300 MHz, CDCls) &: 1.45 (1H, brs),
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1.68-1.82 (2H, m), 1.84-2.04 (3H, m), 2.61-2.90 (4H, m), 3.81-3.91 (2H, m), 4.73-4.81 (1H,
m), 7.03-7.11 (2H, m), 7.31 (1H, brs).

3-9-1-56. 7-(2-hydroxyethyl)-3,4-dihydronaphthalen-1(2H)-one (110)

To a solution of intermediate 109 (7.00 g, 36.4 mmol) in CH2Cl> (100 mL) was added
manganese dioxide (15.8 g, 182 mmol). After stirring at room temperature for 6 h, more
manganese dioxide (15.8 g, 182 mmol) was added, and the whole was stirred at room
temperature for 15 h. The reaction mixture was then filtered, and the filtrate was concentrated.
The residue was purified by silica gel chromatography using 33~50% EtOAc/hexane as eluent
to give 4.44 g (64%) of the title compound as a pale yellow oil. *H NMR (300 MHz, CDCls)
5:2.08-2.19 (2H, m), 2.65 (2H, t, J = 6.6 Hz), 2.89 (2H, t, J = 6.5 Hz), 2.95 (2H, t, J = 6.1 Hz),
3.88 (2H,t,J=6.5Hz), 7.22 (1H, d, J = 7.9 Hz), 7.36 (1H, dd, J = 7.9, 2.0 Hz), 7.90 (1H, d, J
= 1.8 Hz).

3-9-1-57. 2-(8-0x0-5,6,7,8-tetrahydronaphthalen-2-yl)ethyl 4-methylbenzenesulfonate (111)
The title compound was prepared in a manner similar to that for the preparation of 90 using
intermediate 110. Compound 111 was obtained in 99% yield as a white solid. *H NMR (300
MHz, CDClz) &: 2.07-2.18 (2H, m), 2.44 (3H, s), 2.64 (2H, t, J = 6.5 Hz), 2.89-3.01 (4H, m),
4.20 (2H,t,J=7.0Hz), 7.17 (1H, d, J = 7.9 Hz), 7.27-7.33 (3H, m), 7.71 (2H, d, J = 8.4 Hz),
7.74 (1H, d, J = 1.8 Hz).

3-9-1-58. methyl 4-[4-(2-methoxy-2-oxoethyl)phenoxy]butanoate (112)

The title compound was prepared in a manner similar to that for the preparation of 83 using
methyl 4-bromobutyrate. Compound 112 was obtained in 92% yield as a colorless oil. *H
NMR (300 MHz, CDClg3) &: 2.05-2.15 (2H, m), 2.53 (2H, t, J = 7.3 Hz), 3.56 (2H, s), 3.68 (3H,
s), 3.69 (3H, s), 3.99 (2H, t, J = 6.1 Hz), 6.84 (2H, d, J = 8.6 Hz), 7.18 (2H, d, J = 8.8 Hz).

3-9-1-59. 4-[4-(carboxymethyl)phenoxy]butanoic acid (113)

To a solution of intermediate 112 (6.85 g, 25.7 mmol) in MeOH (60 mL) was added 6N
aqueous NaOH (42.8 mL, 257 mmol). After stirring at room temperature for 15 h, MeOH was
evaporated, and 2N aqueous HCI (145 mL) was added to the reaction mixture. The resulting
solid was filtered and collected to give 5.66 g (92%) of the title compound as a white solid. *H
NMR (300 MHz, DMSO-ds) &: 1.85-1.97 (2H, m), 2.36 (2H, t, J = 7.2 Hz), 3.46 (2H, s), 3.94
(2H,t,J=6.4 Hz),6.84 (2H, d, J = 8.4 Hz), 7.14 (2H, d, J = 8.6 Hz), 12.18 (2H, s).

3-9-1-60. (5-0x0-2,3,4,5-tetrahydro-1-benzoxepin-7-yl)acetic acid (114)

The title compound was prepared in a manner similar to that for the preparation of 85 using
intermediate 113. Compound 114 was obtained in 49% yield as a pale yellow oil. *H NMR
(300 MHz, CDCls) 6: 2.17-2.27 (2H, m), 2.90 (2H, t, J = 7.0 Hz), 3.64 (2H, s), 4.24 (2H, t,J =
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6.6 Hz), 7.05 (1H, d, J = 8.3 Hz), 7.36 (1H, dd, J = 8.3, 2.5 Hz), 7.67 (1H, d, J = 2.2 Hz).

3-9-1-61. 7-(2-hydroxyethyl)-2,3,4,5-tetrahydro-1-benzoxepin-5-ol (115)

The title compound was prepared in a manner similar to that for the preparation of 109 using
intermediate 114. Compound 115 was obtained in 81% yield as a white solid. *H NMR (300
MHz, CDCls3) 8: 1.46 (1H, t, J = 5.8 Hz), 1.91-2.06 (3H, m), 2.08-2.22 (1H, m), 2.25 (1H, d, J
= 6.4 Hz), 2.84 (2H, t, J = 6.5 Hz), 3.85 (2H, td, J = 6.3, 6.3 Hz), 3.91-4.09 (2H, m), 4.84-4.91
(1H, m), 6.95 (1H, d, J = 8.1 Hz), 7.05 (1H, dd, J = 8.1, 2.2 Hz), 7.23 (1H, d, J = 2.2 Hz).

3-9-1-62. 7-(2-hydroxyethyl)-3,4-dihydro-1-benzoxepin-5(2H)-one (116)

The title compound was prepared in a manner similar to that for the preparation of 110 using
intermediate 115. Compound 116 was obtained in 59% yield as a pale yellow oil. *H NMR
(300 MHz, CDCla) 6: 2.15-2.27 (2H, m), 2.81-2.95 (4H, m), 3.86 (2H, t, J = 6.5 Hz), 4.23 (2H,
t,J =6.6 Hz), 7.03 (1H, d, J = 8.3 Hz), 7.31 (1H, dd, J = 8.3, 2.3 Hz), 7.63 (1H, d, J = 2.4 Hz).

3-9-1-63. 2-(5-0x0-2,3.4,5-tetrahydro-1-benzoxepin-7-yl)ethyl 4-methylbenzene-
sulfonate (117)

The title compound was prepared in a manner similar to that for the preparation of 90 using
intermediate 116. Compound 117 was obtained quantitatively as a colorless oil. *H NMR (300
MHz, CDClz) 6: 2.15-2.26 (2H, m), 2.44 (3H, s), 2.84-2.97 (4H, m), 4.15-4.24 (4H, m), 6.98
(1H, d, J = 8.3 Hz), 7.21 (1H, dd, J = 8.5, 2.3 Hz), 7.31 (2H, d, J = 8.4 Hz), 7.48 (1H, d, J =
2.4 Hz),7.72 (2H, d, J = 8.4 Hz).

3-9-1-64. methyl {4-[2-(methylsulfanyl)ethoxy]phenyl}acetate (118)

To a mixture of methyl 4-hydroxyphenylacetate (5.00 g, 30.1 mmol), 2-(methylthio)ethanol
(2.62 mL, 30.1 mmol) and triphenylphosphine (9.47 g, 36.1 mmol) in THF (100 mL) was
added dropwise 40% diethyl azodicarboxylate/toluene (15.7 g, 36.1 mmol) at 0°C for 15 min.
After stirring at room temperature for 6.5 h, the reaction mixture was concentrated, and the
residue was purified by silica gel chromatography using 16% EtOAc/hexane as eluent to give
4.77 g (66%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) §: 2.21 (3H,
s), 2.88 (2H, t, J = 6.8 Hz), 3.57 (2H, s), 3.69 (3H, s), 4.14 (2H, t, J = 6.8 Hz), 6.83-6.90 (2H,
m), 7.16-7.23 (2H, m).

3-9-1-65. methyl 2,3-dihydro-1,4-benzoxathiin-6-ylacetate (119)

To a solution of trifluoromethanesulfonic anhydride (2.51 mL, 15.0 mmol) in CH2Cl, (136
mL) was added dropwise a solution of intermediate 118 (3.27 g, 13.6 mmol) in CHCl, (27
mL) at -78°C for 30 min. After stirring at -78°C for 4 h, the reaction mixture was concentrated.
To a solution of the residue in MeCN (130 mL) was added dropwise triethylamine (9.48 mL,
68.0 mmol) at 0°C for 20 min. After stirring at room temperature for 16 h, the reaction
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mixture was concentrated. H,O (400 mL) was added to the residue, and the whole was
extracted with EtOAc (500 mL). The organic layer was dried over MgSOs, filtered and
concentrated, and the residue was purified by silica gel chromatography using 12%
EtOAc/hexane as eluent to give 2.56 g (84%) of the title compound as a colorless oil. *H
NMR (300 MHz, CDClz3) 6: 3.09-3.16 (2H, m), 3.50 (2H, s), 3.69 (3H, s), 4.36-4.44 (2H, m),
6.77 (1H, d, J = 8.4 Hz), 6.89 (1H, dd, J = 8.4, 2.0 Hz), 6.95 (1H, d, J = 2.0 Hz).

3-9-1-66. 2-(2,3-dihydro-1,4-benzoxathiin-6-yl)ethanol (120)

The title compound was prepared in a manner similar to that for the preparation of 89 using
intermediate 119. Compound 120 was obtained in 94% yield as a colorless oil. *H NMR (300
MHz, CDCls) é: 1.38 (1H, t,J = 6.2 Hz), 2.75 (2H, t, ] = 6.2 Hz), 3.10-3.16 (2H, m), 3.81 (2H,
td, J = 6.2, 6.2 Hz), 4.36-4.44 (2H, m), 6.77 (1H, d, J = 8.3 Hz), 6.85 (1H, dd, J = 8.3, 2.0 Hz),
6.91 (1H, d, J = 2.0 Hz).

3-9-1-67. 2-(2,3-dihydro-1,4-benzoxathiin-6-yl)ethyl 4-methylbenzenesulfonate (121)

To a mixture of intermediate 120 (1.0 g, 5.10 mmol), triethylamine (1.78 mL, 12.8 mmol) and
pyridine (0.410 mL, 5.10 mmol) in CH2Cl> (25 mL) was added p-toluenesulfonyl chloride
(1.94 g, 10.2 mmol) at 0°C. After stirring at room temperature for 13 h, H.O (150 mL) was
added to the reaction mixture, and the whole was extracted with CHCIlz (100 mL x 2). The
combined organic layer was dried over MgSQyg, filtered and concentrated, and the residue was
purified by silica gel chromatography using 16~20% EtOAc/hexane as eluent to give 1.76 g
(98%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &: 2.45 (3H, s),
2.82 (2H, t, J = 7.2 Hz), 3.09-3.15 (2H, m), 4.14 (2H, t, J = 7.2 Hz), 4.36-4.42 (2H, m),
6.69-6.72 (2H, m), 6.74 (1H, brs), 7.27-7.33 (2H, m), 7.68-7.73 (2H, m).

3-9-1-68. 2-(4,4-dioxido-2,3-dihydro-1,4-benzoxathiin-6-yl)ethyl 4-methylbenzene-
sulfonate (122)

To a solution of intermediate 121 (0.200 g, 0.571 mmol) in CH.Cl, (2.5 mL) was added 75%
3-chloroperoxybenzoic acid (0.394 g, 1.71 mmol) at 0°C. After stirring at room temperature
for 2 h, 5% aqueous Na>S>03 (10 mL) was added to the reaction mixture, and the whole was
stirred at room temperature for 30 min. H,O (10 mL) was then added, and the new mixture
was extracted with CHCIz (50 mL x 2). The combined organic layer was washed with sat.
aqueous NaHCOs (40 mL), dried over MgSQOg, filtered and concentrated. The residue was
purified by silica gel chromatography using 33% EtOAc/hexane as eluent to give 0.203 g
(93%) of the title compound as a white solid. *H NMR (300 MHz, CDCls) §: 2.45 (3H, s),
2.94 (2H, t, J = 6.7 Hz), 3.46-3.54 (2H, m), 4.18 (2H, t, J = 6.7 Hz), 4.77-4.85 (2H, m), 6.90
(1H, d, J = 8.6 Hz), 7.26 (1H, dd, J = 8.3, 2.1 Hz), 7.33 (2H, d, J = 8.6 Hz), 7.50 (1H, d, J =
2.1 Hz), 7.72 (2H, d, J = 8.3 Hz).
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3-9-1-69. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(3,4-dihydro-2H-chromen-6-yl)-
ethyl]piperidine (44)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 90. Compound 44 was obtained in 86% yield as a colorless oil. *H NMR
(400 MHz, CDCl3) &: 1.24-1.39 (2H, m), 1.42-1.56 (1H, m), 1.59-1.69 (2H, m), 1.87-2.03 (4H,
m), 2.45-2.55 (4H, m), 2.65-2.73 (2H, m), 2.75 (2H, t, J = 6.4 Hz), 2.97 (2H, brd, J = 11.2 Hz),
3.50 (3H, s), 3.81 (2H, t, J = 5.2 Hz), 4.13-4.19 (4H, m), 6.64 (1H, dd, J = 8.0, 2.0 Hz), 6.70
(1H, d, J = 8.4 Hz), 6.71 (1H, d, J = 1.6 Hz), 6.85 (1H, d, J = 2.0 Hz), 6.90 (1H, dd, J = 8.4,
2.0 Hz), 7.41 (1H, d, J = 8.0 Hz); HRMS (ESI) m/z calcd for C2sH3sBrNOs [M+H]+
488.1795; found 488.1800.

3-9-1-70. 6-(2-{4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-3,4-dihydro-
2H-chromen-4-ol (45)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 94. Compound 45 was obtained in 53% yield as a colorless oil. 'H NMR
(300 MHz, CDClz3) &: 1.23-1.40 (2H, m), 1.42-1.54 (1H, m), 1.63-1.70 (2H, m), 1.86-2.18 (4H,
m), 2.44-2.57 (4H, m), 2.68-2.77 (2H, m), 2.92-3.02 (2H, m), 3.50 (3H, s), 3.81 (2H,t,J=4.9
Hz), 4.17 (2H, t, J = 4.9 Hz), 4.21-4.28 (2H, m), 4.76 (1H, t, J = 4.0 Hz), 6.64 (1H, dd, J = 8.1,
1.8 Hz), 6.71 (1H, d, J = 1.8 Hz), 6.76 (1H, d, J = 8.3 Hz), 7.03 (1H, dd, J = 8.3, 2.1 Hz), 7.13
(1H, d, J = 2.0 Hz), 7.41 (1H, d, J = 7.9 Hz); HRMS (ESI) m/z calcd for C2sH3sBrNO4
[M+H]+ 504.1744; found 504.1751.

3-9-1-71. 6-(2-{4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-dihydro-
4H-chromen-4-one benzensulfonate (46, DSP-1053)

The free form of the title compound was prepared in a manner similar to that for the
preparation of 39 using intermediates 74 and 93. The free form of compound 46 was obtained
in 99% yield as a colorless oil. *H NMR (300 MHz, CDCls) §: 1.24-1.39 (2H, m), 1.40-1.73
(3H, m), 1.93 (2H, t, J = 10.6 Hz), 2.40-2.61 (2H, m), 2.48 (2H, d, J = 7.2 Hz), 2.66-2.87 (2H,
m), 2.79 (2H, t, J = 6.4 Hz), 2.95 (2H, d, J = 11.7 Hz), 3.49 (3H, s), 3.81 (2H, t, J = 4.9 H2),
4.17 (2H,t,J =4.9 Hz), 451 (2H, t, J = 6.4 Hz), 6.64 (1H, dd, J = 8.1, 1.8 Hz), 6.71 (1H, d, J
= 1.8 Hz), 6.89 (1H, d, J = 8.4 Hz), 7.32 (1H, dd, J = 8.4, 2.2 Hz), 7.41 (1H, d, J = 8.1 H2),
7.70 (1H, d, J = 2.2 Hz); HRMS (ESI) m/z calcd for C26H33BrNO4 [M+H]+ 502.1587; found
502.1591. The product was converted to the title compound quantitatively by treated with
bensensulfonic acid monohydrate (1.0 eq.) in 2-PrOH at room temperature for 1h. Mp:
142-143°C. Anal. Calcd for C32H3sBrNO-S: C, 58.18; H, 5.80; N, 2.12; S, 4.85; Br, 12.10.
Found: C, 58.09; H, 5.80; N, 2.25; S, 4.85; Br, 12.10.
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3-9-1-72. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(3,4-dihydro-2H-chromen-7-yl)-
ethyl]piperidine (47)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 102. Compound 47 was obtained in 82% vyield as a colorless oil. *H
NMR (400 MHz, CDCls) &: 1.23-1.38 (2H, m), 1.43-1.57 (1H, m), 1.60-1.68 (2H, m),
1.87-2.03 (4H, m), 2.48 (2H, d, J = 6.8 Hz), 2.51-2.58 (2H, m), 2.67-2.78 (4H, m), 2.96 (2H,
brd, J = 11.6 Hz), 3.49 (3H, s), 3.81 (2H, t, J = 5.2 Hz), 4.16 (2H, t, J = 4.8 Hz), 4.17 (2H, t, J
= 4.4 Hz), 6.62-6.65 (2H, m), 6.67 (1H, dd, J = 7.6, 1.6 Hz), 6.71 (1H, d, J = 1.6 Hz), 6.94
(1H, d, J = 7.6 Hz), 7.41 (1H, d, J = 8.0 Hz); HRMS (ESI) m/z calcd for C26H3sBrNOs
[M+H]+ 488.1795; found 488.1799.

3-9-1-73. 7-(2-{4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-dihydro-
4H-chromen-4-one (48)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 105. Compound 48 was obtained in 82% yield as a pale yellow oil. H
NMR (400 MHz, CDCls) &: 1.23-1.38 (2H, m), 1.43-1.57 (1H, m), 1.60-1.69 (2H, m), 1.95
(2H,t,J=10.0 Hz), 2.49 (2H, d, J = 6.8 Hz), 2.52-2.61 (2H, m), 2.74-2.83 (4H, m), 2.95 (2H,
d,J=11.2 Hz), 3.50 (3H, s), 3.81 (2H, t, ) = 4.8 Hz), 4.17 (2H, t, J = 4.8 Hz), 451 (2H, t,J =
6.4 Hz), 6.64 (1H, dd, J = 8.0, 2.0 Hz), 6.71 (1H, d, J = 1.6 Hz), 6.80 (1H, d, J = 1.2 Hz), 6.85
(1H, dd, J =8.0, 1.6 Hz), 7.41 (1H, d, J = 8.0 Hz), 7.80 (1H, d, J = 8.0 Hz); HRMS (ESI) m/z
calcd for CoeHz3BrNO4 [M+H]+ 502.1587; found 502.1592.

3-9-1-74. 7-(2-{4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-3,4-dihydro-
naphthalen-1(2H)-one (49)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 111. Compound 49 was obtained in 95% vyield as a colorless oil. *H
NMR (300 MHz, CDCls) &: 1.23-1.40 (2H, m), 1.42-1.55 (1H, m), 1.61-1.70 (2H, m),
1.88-2.02 (2H, m), 2.07-2.17 (2H, m), 2.49 (2H, d, J = 6.8 Hz), 2.51-2.59 (2H, m), 2.64 (2H, t,
J=6.4 Hz), 2.77-2.85 (2H, m), 2.89-3.01 (4H, m), 3.49 (3H, s), 3.81 (2H, t, J = 4.8 Hz), 4.17
(2H,t,J =49 Hz), 6.64 (1H, dd, J =7.9, 1.8 Hz), 6.71 (1H, d, J = 1.7 Hz), 7.17 (1H, d, J =
7.9 Hz), 7.31 (1H, dd, J = 7.7, 2.0 Hz), 7.41 (1H, d, J = 7.9 Hz), 7.85 (1H, d, J = 1.7 Hz);
HRMS (ESI) m/z calcd for Co7H3sBrNOs [M+H]+ 500.1795; found 500.1801.

3-9-1-75. 7-(2-{4-[4-bromo-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-3,4-dihydro-1-
benzoxepin-5(2H)-one (50)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 117. Compound 50 was obtained in 99% vyield as a colorless oil. *H
NMR (300 MHz, CDCls) &: 1.21-1.40 (2H, m), 1.42-1.56 (1H, m), 1.62-1.71 (2H, m),
1.88-2.01 (2H, m), 2.14-2.25 (2H, m), 2.49 (2H, d, J = 7.0 Hz), 2.51-2.59 (2H, m), 2.72-2.83
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(2H, m), 2.89 (2H, t, J = 6.9 Hz), 2.92-3.03 (2H, m), 3.49 (3H, s), 3.81 (2H, t, J = 4.9 Hz),
4.14-4.24 (4H, m), 6.64 (1H, dd, J = 8.0, 1.9 Hz), 6.71 (1H, d, J = 1.8 Hz), 6.99 (1H, d, J = 8.4
Hz), 7.27 (1H, dd, J = 8.2, 2.5 Hz), 7.41 (1H, d, J = 7.9 Hz), 7.58 (1H, d, J = 2.4 Hz); HRMS
(ESI) m/z calcd for C27H3sBrNO4 [M+H]+ 516.1744; found 516.1752.

3-9-1-76. 4-[4-bromo-3-(2-methoxyethoxy)benzyl]-1-[2-(4,4-dioxido-2,3-dihydro-1,4-benzo-
xathiin-6-yl)ethyl]piperidine (51)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 74 and 122. Compound 51 was obtained in 67% vyield as a colorless oil. *H
NMR (300 MHz, CDCls) &: 1.21-1.38 (2H, m), 1.42-1.55 (1H, m), 1.63-1.69 (2H, m),
1.87-1.99 (2H, m), 2.45-2.57 (4H, m), 2.72-2.82 (2H, m), 2.90-2.99 (2H, m), 3.47-3.53 (5H,
m), 3.81 (2H, t,J =4.9 Hz), 4.17 (2H, t, J = 4.9 Hz), 4.77-4.83 (2H, m), 6.64 (1H, dd, J = 8.1,
1.8 Hz), 6.71 (1H, d, J = 1.8 Hz), 6.90 (1H, d, J = 8.6 Hz), 7.29 (1H, dd, J = 8.6, 2.2 Hz), 7.41
(1H, d, J = 8.1 Hz), 7.61 (1H, d, J = 2.0 Hz); HRMS (ESI) m/z calcd for C2sH33BrNOsS
[M+H]+ 538.1257; found 538.1260.

3-9-1-77. 6-(2-{4-[3-bromo-5-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (52)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 82 and 93. Compound 52 was obtained in 99% yield as a colorless oil. 'H NMR
(300 MHz, CDClz3) &: 1.23-1.39 (2H, m), 1.42-1.56 (1H, m), 1.62-1.70 (2H, m), 1.86-2.01 (2H,
m), 2.46 (2H, d, J = 7.0 Hz), 2.49-2.58 (2H, m), 2.71-2.84 (4H, m), 2.90-3.01 (2H, m), 3.45
(3H, s), 3.71-3.76 (2H, m), 4.06-4.11 (2H, m), 451 (2H, t, J = 6.5 Hz), 6.66 (1H,t,J = 1.8
Hz), 6.87-6.92 (3H, m), 7.32 (1H, dd, J = 8.5, 2.3 Hz), 7.70 (1H, d, J = 2.2 Hz); HRMS (ESI)
m/z calcd for C2sH33BrNO4 [M+H]* 502.1587; found 502.1593.

3-9-1-78. 4-[3-(2-methoxyethoxy)benzyl]piperidine (123)

The intermediate 74 (0.500 g, 1.37 mmol) was dissolved in MeOH (10 mL) and hydrogenated
over 10% Pd on carbon (water ~50%, 0.250 g) at room temperature for 24 h. The catalyst was
removed by filtration, and the filtrate was concentrated. Sat. aqueous NaHCO3s (20 mL) was
then added to the residue, and the whole was extracted with CHCIls (20 mL x 2). The
combined organic layer was dried over Na:SQOg, filtered and concentrated to give 0.328 g
(96%) of the title compound as a colorless oil. *H NMR (300 MHz, CDCls) &: 1.05-1.22 (2H,
m), 1.56-1.64 (3H, m), 2.45-2.58 (4H, m), 2.99-3.08 (2H, m), 3.46 (3H, s), 3.73-3.78 (2H, m),
4.09-4.14 (2H, m), 6.71-6.78 (3H, m), 7.14-7.22 (1H, m).

3-9-1-79. [4-{[1-(tert-butoxycarbonyl)piperidin-4-ylJmethyl}-2-(2-methoxyethoxy)phenyl]-
boronic acid (124)
To a solution of intermediate 73 (1.00 g, 2.33 mmol) in THF (10 mL) was added dropwise
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2.6M n-BuLi in n-hexane (0.99 mL, 2.57 mmol) at -78°C. After stirring at -78°C for 30 min,
trimethyl borate (0.779 mL, 6.99 mmol) was added to the reaction mixture, and the whole was
stirred at room temperature for 5 h. 10% aqueous KHSO4 (20 mL) was added to the reaction
mixture, and the new mixture was extracted with EtOAc (20 mL x 2). The combined organic
layer was dried over MgSQsu, filtered and concentrated, and the residue was purified by silica
gel chromatography using 32~53% EtOAc/hexane as eluent to give 0.360 g (39%) of the title
compound as a white solid. *H NMR (300 MHz, CDCls) &: 1.06-1.22 (2H, m), 1.45 (9H, s),
1.60-1.71 (3H, m), 2.53 (2H, d, J = 7.0 Hz), 2.56-2.70 (2H, m), 3.46 (3H, s), 3.75-3.79 (2H,
m), 3.99-4.14 (2H, m), 4.18-4.23 (2H, m), 5.84 (2H, brs), 6.67 (1H, d, J = 1.3 Hz), 6.83 (1H,
dd,J=7.5,13Hz),7.73 (1H, d, J = 7.5 Hz).

3-9-1-80. tert-butyl 4-[4-fluoro-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (125a)
To a mixture of intermediate 124 (0.100 g, 0.254 mmol) and NaOH (0.0122 g, 0.305 mmol) in
MeOH (1.0 mL) was added silver trifluoromethanesulfonate (0.196 g, 0.762 mmol) at 0°C.
After stirring at 0°C for 30 min, the reaction mixture was concentrated and the residual
MeOH was removed by co-evaporation with acetone (1.0 mL x 3). To a solution of the
residue in acetone (20 mL) was added MS3A  (0.127 @) and
1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane  bis(trifluoroborate) (0.0945 g,
0.267 mmol) at 0°C. After stirring at 0°C for 1.5 h, the reaction mixture was filtered and
concentrated. H20 (30 mL) was then added to the residue, and the whole was extracted with
CHCI3 (30 mL x 2). The combined organic layer was dried over MgSQa, filtered and
concentrated, and the residue was purified by silica gel chromatography using 11~32%
EtOAc/hexane as eluent to give 0.0251 g (27%) of the title compound as a colorless oil. *H
NMR (300 MHz, CDCls) 6: 1.03-1.21 (2H, m), 1.45 (9H, s), 1.53-1.67 (3H, m), 2.47 (2H, d, J
= 6.6 Hz), 2.56-2.70 (2H, m), 3.46 (3H, s), 3.74-3.79 (2H, m), 3.99-4.14 (2H, m), 4.16-4.20
(2H, m), 6.63-6.69 (1H, m), 6.76 (1H, dd, J = 8.0, 2.1 Hz), 6.96 (1H, dd, J = 11.3, 8.2 Hz).

3-9-1-81. 4-[4-fluoro-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (126a)

To a solution of intermediate 125a (0.0251 g, 0.0680 mmol) in CHCI3 (1.0 mL) was added 4N
HCI/EtOAC (2.0 mL). After stirring at room temperature for 30 min, the reaction mixture was
concentrated to give 0.0258 g (quant.) of the title compound as a colorless oil. *H NMR (300
MHz, CD30D) 6: 1.31-1.50 (2H, m), 1.80-1.93 (3H, m), 2.58 (2H, d, J = 7.0 Hz), 2.87-2.99
(2H, m), 3.32-3.40 (2H, m), 3.43 (3H, s), 3.72-3.77 (2H, m), 4.14-4.18 (2H, m), 6.71-6.78
(1H, m), 6.93 (1H, dd, J = 8.2, 2.1 Hz), 7.00 (1H, dd, J = 11.4, 8.3 Hz).

3-9-1-82. tert-butyl 4-[4-chloro-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (125b)

To a solution of intermediate 124 (0.100 g, 0.254 mmol) in MeCN (1.0 mL) was added
N-chlorosuccinimide (0.0340 g, 0.254 mmol) and cuprous chloride (0.0252 g, 0.254 mmol).
After reflux for 3 h, H2O (20 mL) was added to the reaction mixture, and the whole was
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extracted with EtOAc (30 mL x 2). The combined organic layer was dried over MgSOs,
filtered and concentrated, and the residue was purified by silica gel chromatography using
20~41% EtOAc/hexane as eluent to give 0.0775 g (79%) of the title compound as a colorless
oil. *H-NMR (400 MHz, CDCls) &: 1.05-1.19 (2H, m), 1.45 (9H, s), 1.52-1.69 (3H, m), 2.49
(2H, d, J = 6.8 Hz), 2.56-2.69 (2H, m), 3.48 (3H, s), 3.80 (2H, t, J = 4.9 Hz), 3.97-4.14 (2H,
m), 4.17 (2H, t, J = 4.9 Hz), 6.68 (1H, dd, J = 8.0, 2.0 Hz), 6.71 (1H, d, J = 7.8 Hz), 6.73 (1H,
d,J=2.0 Hz).

3-9-1-83. 4-[4-chloro-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (126b)

The title compound was prepared in a manner similar to that for the preparation of 126a using
intermediate 126b. Compound 126b was obtained quantitatively as a white solid. *H-NMR
(400 MHz, DMSO-Dg) &: 1.26-1.39 (2H, m), 1.65-1.72 (2H, m), 1.74-1.84 (1H, m), 2.52 (2H,
d, J = 49 Hz), 2.73-2.82 (2H, m), 3.18-3.25 (2H, m), 3.34 (3H, s), 3.67-3.70 (2H, m),
4.15-4.18 (2H, m), 6.77 (1H, dd, J = 8.0, 1.7 Hz), 6.99 (1H, d, J = 1.7 Hz), 7.32 (1H, d, J = 8.0
Hz), 8.64 (1H, br s).

3-9-1-84. tert-butyl 4-[4-iodo-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (125c)

To a solution of intermediate 124 (0.100 g, 0.254 mmol) in MeCN (2.0 mL) was added N-
iodosuccinimide (0.0571 g, 0.254 mmol). After stirring at room temperature for 16 h, the
reaction mixture was concentrated, and the residue was purified by silica gel chromatography
using 11~32% EtOAc/hexane as eluent to give 0.104 g (86%) of the title compound as a
colorless oil. tH NMR (300 MHz, CDCls) §: 1.04-1.21 (2H, m), 1.45 (9H, s), 1.59-1.71 (3H,
m), 2.48 (2H, d, J = 6.8 Hz), 2.55-2.71 (2H, m), 3.51 (3H, s), 3.82 (2H, t, J = 4.9 Hz),
4.00-4.12 (2H, m), 4.15 (2H, t, J = 5.0 Hz), 6.52 (1H, dd, J = 7.9, 1.7 Hz), 6.62 (1H, d, J = 1.7
Hz), 7.64 (1H, d, J = 7.9 Hz).

3-9-1-85. 4-[4-iodo-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (126c¢)

The title compound was prepared in a manner similar to that for the preparation of 126a using
125c. Compound 126¢ was obtained quantitatively as a colorless oil. *H NMR (300 MHz,
CD30D) 6: 1.32-1.49 (2H, m), 1.79-1.94 (3H, m), 2.59 (2H, d, J = 7.0 Hz), 2.86-2.99 (2H, m),
3.32-3.40 (2H, m), 3.48 (3H, s), 3.77-3.82 (2H, m), 4.13-4.17 (2H, m), 6.59 (1H, dd, J = 8.0,
1.9 Hz), 6.80 (1H, d, J = 1.8 Hz), 7.66 (1H, d, J = 7.9 Hz).

3-9-1-86. tert-butyl 4-[3-(2-methoxyethoxy)-4-methylbenzyl]piperidine-1-carboxylate (127)

A mixture of intermediate 73 (5.00 g, 11.7 mmol), methylboronic acid (0.978 g, 16.0 mmol),
tetrakis(triphenylphosphine)palladium (0.674 g, 0.583 mmol), 1M aqueous K>COs3 (35 mL)
and 1,4-dioxane (80 mL) was refluxed for 4 h. After evaporation of 1,4-dioxane from the
reaction mixture, H.O was added, and the whole was extracted with EtOAc. The combined
organic layer was washed with brine, dried over MgSO4 and concentrated, and the residue
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was purified by silica gel chromatography using 20% EtOAc/hexane as eluent to give 3.46 g
(82%) of the title compound as a colorless oil. tH-NMR (400 MHz, CDCls) §: 1.05-1.19 (2H,
m), 1.45 (9H, s), 1.58-1.68 (3H, m), 2.20 (3H, s), 2.48 (2H, d, J = 6.6 Hz), 2.57-2.69 (2H, m),
3.47 (3H, s), 3.77 (2H, t, J = 4.9 Hz), 4.00-4.13 (4H, m), 6.60 (1H, d, J = 1.2 Hz), 6.64 (1H,
dd, J=7.4,1.6 Hz), 7.03 (1H, d, J = 7.8 Hz).

3-9-1-87. 4-[3-(2-methoxyethoxy)-4-methylbenzyl]piperidine (128)

A mixture of intermediate 127 (3.46 g, 9.50 mmol) and 10% HCI/MeOH (40 mL) was stirred
at room temperature for 12 h and then concentrated. Sat. aqueous NaHCO3 was added to the
residue, and the whole was extracted with CHCls. The organic layer was dried over Na>SOg,
filtered and concentrated to give 2.56 g (quant.) of the title compound as a white solid. *H
NMR (300 MHz, CDClgz) 6: 1.39-1.58 (2H, m), 1.58-1.74 (1H, m), 1.77 (2H, d, J = 13.9 Hz),
2.20 (3H, s), 2.52 (2H, d, J = 7.1 Hz), 2.70 (2H, t, J = 12.6 Hz), 3.33 (2H, d, J = 12.4 Hz),
3.47 (3H,s), 3.77 (2H, t, J = 4.8 Hz), 4.10 (2H, t, J = 4.8 Hz), 6.59 (1H, s), 6.63 (1H, d, J =
7.6 Hz), 7.03 (1H, d, J = 7.6 Hz).

3-9-1-88. tert-butyl 4-[4-acetyl-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (129a)
To a solution of intermediate 73 (1.00 g, 2.33 mmol) in THF (10 mL) was added 2.6M n-BulLi
in n-hexane (0.99 mL, 2.57 mmol) at -78°C. After stirring at -78°C for 30 min,
N,N-dimethylacetamide (0.259 mL, 2.80 mmol) was added to the reaction mixture, and the
whole was stirred at -78°C for 30 min. 10% aqueous KHSO4 (20 mL) was then added, and the
new mixture was extracted with EtOAc (30 mL x 2). The combined organic layer was dried
over MgSOs, filtered and concentrated, and the residue was purified by silica gel
chromatography using 22~43% EtOAc/hexane as eluent to give 0.128 g (14%) of the title
compound as a colorless oil. *H NMR (300 MHz, CDCls) §: 1.03-1.23 (2H, m), 1.45 (9H, s),
1.60-1.74 (3H, m), 2.54 (2H, d, J = 7.0 Hz), 2.57-2.70 (5H, m), 3.45 (3H, s), 3.78-3.83 (2H,
m), 4.00-4.12 (2H, m), 4.18-4.23 (2H, m), 6.70 (1H, d, J = 1.7 Hz), 6.79 (1H, dd, J = 7.9, 1.5
Hz), 7.70 (1H, d, J = 7.9 Hz).

3-9-1-89. tert-butyl 4-[4-ethyl-3-(2-methoxyethoxy)benzyl]piperidine-1-carboxylate (130a)

A mixture of intermediate 129a (0.128 g, 0.327 mmol), c.HCI (0.0338 g, 0.343 mmol) and
10% Pd on carbon (water ~50%, 0.100 g) in MeOH (5.0 mL) was hydrogenated at room
temperature under 0.4 MPa. After 36 h, the catalyst was removed by filtration, and the filtrate
was concentrated. The residue was purified by silica gel chromatography using 0~21%
EtOAc/hexane as eluent to give 0.0524 g (43%) of the title compound as a colorless oil. *H
NMR (300 MHz, CDCl3) &: 1.04-1.22 (5H, m), 1.45 (9H, s), 1.59-1.69 (3H, m), 2.48 (2H, d, J
= 6.6 Hz), 2.56-2.70 (4H, m), 3.47 (3H, s), 3.77 (2H, t, J = 5.0 Hz), 3.98-4.14 (4H, m), 6.61
(1H, d, J = 1.5 Hz), 6.67 (1H, dd, J = 7.5, 1.5 Hz), 7.05 (1H, d, J = 7.5 Hz).
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3-9-1-90. 4-[4-ethyl-3-(2-methoxyethoxy)benzyl]piperidine hydrochloride (131a)

The title compound was prepared in a manner similar to that for the preparation of 126a using
intermediate 130a. Compound 131a was obtained quantitatively as a colorless oil. *H NMR
(300 MHz, CDsOD) &: 1.14 (3H, t, J = 7.4 Hz), 1.28-1.49 (2H, m), 1.80-1.94 (3H, m),
2.53-2.64 (4H, m), 2.86-2.99 (2H, m), 3.32-3.40 (2H, m), 3.44 (3H, s), 3.74-3.78 (2H, m),
4.08-4.12 (2H, m), 6.69 (1H, dd, J = 7.3, 1.5 Hz), 6.73 (1H, d, J = 1.5 Hz), 7.04 (1H, d, J =
7.3 Hz).

3-9-1-91. tert-butyl 4-[4-(2-hydroxypropan-2-yl)-3-(2-methoxyethoxy)benzyl]-piperidine-1-
carboxylate (129b)

The title compound was prepared in a manner similar to that for the preparation of 129a using
acetone. Compound 129b was obtained in 30% vyield as a colorless oil. *tH NMR (300 MHz,
CDCl3) 6: 1.05-1.22 (2H, m), 1.45 (9H, s), 1.59-1.67 (9H, m), 2.49 (2H, d, J = 6.8 Hz),
2.56-2.69 (2H, m), 3.45 (3H, s), 3.75-3.80 (2H, m), 3.98-4.11 (2H, m), 4.18-4.23 (2H, m),
4.63 (1H, s), 6.67 (1H, d, J=1.7 Hz), 6.71 (1H, dd, J = 8.0, 1.6 Hz), 7.19 (1H, d, J = 7.9 Hz).

3-9-1-92. tert-butyl 4-[3-(2-methoxyethoxy)-4-(propan-2-yl)benzyl]piperidine-1-
carboxylate (130b)

The title compound was prepared in a manner similar to that for the preparation of 130a using
intermediate 129b. Compound 130b was obtained in 37% yield as a colorless oil. *H NMR
(300 MHz, CDCls) 6: 1.05-1.18 (2H, m), 1.20 (6H, d, J = 7.0 Hz), 1.45 (9H, s), 1.58-1.69 (3H,
m), 2.48 (2H, d, J = 6.6 Hz), 2.57-2.70 (2H, m), 3.25-3.36 (1H, m), 3.46 (3H, s), 3.77 (2H, t, J
= 4.9 Hz), 3.98-4.14 (4H, m), 6.61 (1H, d, J = 1.5 Hz), 6.70 (1H, dd, J = 7.6, 1.4 Hz), 7.10
(1H, d, J =7.5 Hz).

3-9-1-93. 4-[3-(2-methoxyethoxy)-4-(propan-2-yl)benzyl]piperidine hydrochloride (131b)
The title compound was prepared in a manner similar to that for the preparation of 126a using
intermediate 130b. Compound 131b was obtained quantitatively as a colorless oil. *H NMR
(300 MHz, CD30D) 6: 1.18 (6H, d, J = 7.0 Hz), 1.32-1.49 (2H, m), 1.83-1.93 (3H, m), 2.57
(2H, d, J = 6.8 Hz), 2.86-2.98 (2H, m), 3.24-3.40 (3H, m), 3.44 (3H, s), 3.74-3.79 (2H, m),
4.08-4.12 (2H, m), 6.71-6.75 (2H, m), 7.10 (1H, d, J = 7.9 Hz).

3-9-1-94. 6-(2-{4-[3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-dihydro-4H-
chromen-4-one (53)
The title compound was prepared in a manner similar to that for the preparation of 39 using

intermediates 93 and 123. Compound 53 was obtained quantitatively as a colorless oil. *H
NMR (300 MHz, CDCIs) &: 1.23-1.38 (2H, m), 1.44-1.56 (1H, m), 1.62-1.69 (2H, m),
1.87-1.99 (2H, m), 2.47-2.56 (4H, m), 2.72-2.82 (4H, m), 2.90-2.99 (2H, m), 3.46 (3H, ),
3.73-3.78 (2H, m), 4.09-4.14 (2H, m), 4.51 (2H, t, J = 6.4 Hz), 6.72-6.78 (3H, m), 6.89 (1H, d,
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J = 8.6 Hz), 7.14-7.21 (1H, m), 7.32 (1H, dd, J = 8.5, 2.3 Hz), 7.70 (1H, d, J = 2.2 Hz),
HRMS (ESI) m/z calcd for CosHaaNO4 [M+H]" 424.2482; found 424.2490.

3-9-1-95. 6-(2-{4-[4-fluoro-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (54)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 93 and 126a. Compound 54 was obtained in 59% yield as a colorless oil. *H
NMR (300 MHz, CDCIs) &: 1.22-1.38 (2H, m), 1.40-1.54 (1H, m), 1.62-1.69 (2H, m),
1.89-2.00 (2H, m), 2.45-2.57 (4H, m), 2.72-2.83 (4H, m), 2.92-3.01 (2H, m), 3.46 (3H, s),
3.77 (2H, t, J = 4.8 Hz), 4.19 (2H, t, J = 4.9 Hz), 4.51 (2H, t, J = 6.4 Hz), 6.64-6.71 (1H, m),
6.77 (1H, dd, J = 8.2, 2.1 Hz), 6.89 (1H, d, J = 8.4 Hz), 6.96 (1H, dd, J = 11.4, 8.3 Hz), 7.32
(1H, dd, J = 8.4, 2.4 Hz), 7.70 (1H, d, J = 2.2 Hz); HRMS (ESI) m/z calcd for C2sH33FNO.
[M+H]+ 442.2388; found 442.2396.

3-9-1-96. 6-(2-{4-[4-chloro-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (55)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 93 and 126b. Compound 55 was obtained in 98% vyield as a colorless oil. H
NMR (400 MHz, CDCls) &: 1.23-1.37 (2H, m), 1.43-1.56 (1H, m), 1.60-1.78 (2H, m), 1.94
(2H, t,J =12.0 Hz), 2.49 (2H, d, J = 7.2 Hz), 2.50-2.55 (2H, m), 2.72-2.80 (2H, m), 2.79 (2H,
t,J =6.4 Hz), 2.96 (2H, d, J = 11.5 Hz), 3.49 (3H, s), 3.81 (2H, t, ) = 4.8 Hz), 4.18 (2H, t, J =
4.8 Hz), 451 (2H, t, J = 6.4 Hz), 6.69 (1H, dd, J = 8.0, 1.8 Hz), 6.74 (1H, d, J = 1.8 Hz), 6.89
(1H, d, J = 8.5 Hz), 7.24 (1H, d, J = 8.0 Hz), 7.31 (1H, dd, J = 8.5, 2.2 Hz), 7.70 (1H, d, J =
2.2 Hz); HRMS (ESI) m/z calcd for C26H33CINO, [M+H]* 458.2093; found 458.2100.

3-9-1-97. 6-(2-{4-[4-i0d0-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (56)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 93 and 126¢. Compound 56 was obtained in 68% yield as a colorless oil. *H
NMR (300 MHz, CDCl3) 6: 1.23-1.39 (2H, m), 1.42-1.54 (1H, m), 1.62-1.69 (2H, m),
1.88-1.99 (2H, m), 2.46-2.56 (4H, m), 2.72-2.83 (4H, m), 2.91-3.00 (2H, m), 3.51 (3H, s),
3.82 (2H,t,J=4.9Hz),4.16 (2H, t,J =4.9 Hz),4.51 (2H, t,J = 6.4 Hz), 6.53 (1H, dd, J = 7.9,
1.8 Hz), 6.63 (1H, d, J = 1.8 Hz), 6.89 (1H, d, J = 8.4 Hz), 7.32 (1H, dd, J = 8.5, 2.3 Hz), 7.64
(1H, d, J=7.9 Hz), 7.70 (1H, d, J = 2.2 Hz); HRMS (ESI) m/z calcd for C26Hz3INOs [M+H]*
550.1449; found 550.1453.

3-9-1-98. 6-(2-{4-[3-(2-methoxyethoxy)-4-methylbenzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (57)
The title compound was prepared in a manner similar to that for the preparation of 39 using
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intermediates 93 and 128. Compound 57 was obtained in 93% yield as a colorless oil.
'H-NMR (400 MHz, CDCls) &: 1.24-1.37 (2H, m), 1.44-1.54 (1H, m), 1.61-1.69 (2H, m),
1.89-1.97 (2H, m), 2.20 (3H, s), 2.46-2.55 (4H, m), 2.72-2.82 (4H, m), 2.91-2.98 (2H, m),
3.47 (3H, s), 3.77 (2H, t, J = 4.9 Hz), 4.12 (2H, t, J = 4.9 Hz), 451 (2H, t, J = 6.5 Hz), 6.61
(1H, d, J = 1.2 Hz), 6.65 (1H, dd, J = 7.3, 1.5 Hz), 6.89 (1H, d, J = 8.5 Hz), 7.03 (1H, d, J =
7.6 Hz), 7.32 (1H, dd, J = 8.5, 2.4 Hz), 7.70 (1H, d, J = 2.2 Hz); HRMS (ESI) m/z calcd for
Co7H3sNO4 [M+H]* 438.2639; found 438.2643.

3-9-1-99. 6-(2-{4-[4-ethyl-3-(2-methoxyethoxy)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (58)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 93 and 131a. Compound 58 was obtained in 65% yield as a colorless oil. *H
NMR (300 MHz, CDCls) &: 1.19 (3H, t, J = 7.5 Hz), 1.24-1.40 (2H, m), 1.42-1.56 (1H, m),
1.63-1.71 (2H, m), 1.89-2.00 (2H, m), 2.46-2.57 (4H, m), 2.63 (2H, q, J = 7.5 Hz), 2.72-2.83
(4H, m), 2.91-3.00 (2H, m), 3.47 (3H, s), 3.77 (2H, t, J = 4.9 Hz), 4.12 (2H, t, J = 4.9 Hz),
451 (2H,t,J =6.4 Hz), 6.62 (1H, d, J = 1.1 Hz), 6.69 (1H, dd, J = 7.6, 1.2 Hz), 6.89 (1H, d, J
=8.4 Hz), 7.05 (1H, d, J = 7.5 Hz), 7.32 (1H, dd, J = 8.4, 2.2 Hz), 7.70 (1H, d, J = 2.2 Hz);
HRMS (ESI) m/z calcd for C2sHasNO4 [M+H]" 452.2795; found 452.2799.

3-9-1-100. 6-(2-{4-[3-(2-methoxyethoxy)-4-(propan-2-yl)benzyl]piperidin-1-yl}ethyl)-2,3-
dihydro-4H-chromen-4-one (59)

The title compound was prepared in a manner similar to that for the preparation of 39 using
intermediates 93 and 131b. Compound 59 was obtained in 71% yield as a colorless oil. *H
NMR (300 MHz, CDClz3) 6: 1.20 (6H, d, J = 6.8 Hz), 1.25-1.41 (2H, m), 1.45-1.55 (1H, m),
1.64-1.72 (2H, m), 1.89-2.02 (2H, m), 2.46-2.58 (4H, m), 2.73-2.83 (4H, m), 2.92-3.01 (2H,
m), 3.25-3.36 (1H, m), 3.47 (3H, s), 3.78 (2H, t, J = 5.0 Hz), 4.12 (2H, t, J = 5.0 Hz), 4.51 (2H,
t,J =6.4 Hz), 6.62 (1H, d, J = 1.5 Hz), 6.71 (1H, dd, J = 7.7, 1.5 Hz), 6.89 (1H, d, J = 8.6 Hz),
7.10 (1H, d, J=7.7 Hz), 7.32 (1H, dd, J = 8.4, 2.4 HZz), 7.70 (1H, d, J = 2.4 Hz); HRMS (ESI)
m/z calcd for Co9HaoNO4 [M+H]* 466.2952; found 466.2957.

3-9-2. Biological tests

3-9-2-1. Materials

All radioligands were purchased from Perkin Elmer Japan (Kanagawa, Japan). Cell
membranes expressing human serotonin transporter and 5-HTia receptor were purchased
from Perkin Elmer Japan. Chinese hamster ovary cells expressing human serotonin
transporter used for [®H]5-HT uptake assay were established in the Pharmacology Research
Laboratories at Sumitomo Dainippon Pharma Co., Ltd.
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3-9-2-2. Radioreceptor binding assay

In a total volume of 500 uL, 2.5 pL of test substance solution or dimethyl sulfoxide, 50 uL of
[*H]citalopram or [?H]8-OH-DPAT solution, and 447.5 pL of cell membranes were mixed.
Cell membranes expressing human serotonin transporter and 5-HT1a receptor were diluted
with the reaction buffer to a final concentration of 1 unit/447.5 uL beforehand. All samples
were reacted at 25°C for 0.5 h (for 5-HT1a) or 1 h (for serotonin transporter) in an incubator.
The reaction was terminated by addition of 4 mL ice-cold reaction buffer, and the cell
membranes were collected by vacuum filtration through GF/B glass filters. The glass filters
were then washed with 4 mL of ice-cold reaction buffer and placed in scintillation vials with
scintillation fluid. After more than 3 h, the radioactivity in each sample was measured with a
liquid scintillation counter for 2 min, and the calculated dpm value was used for data analysis.
In the serotonin transporter binding assay, GF/B glass filters were soaked in 0.05%
polyethylenimine solution for more than 15 min before use. The inhibition constant (Ki) was
calculated in Microsoft® Office Excel 2003 (Microsoft Corporation) using the Cheng—Prusoff
equation [Ki = ICso/(1 + ([L]/Kd)], where L is the concentration of radioligand in the assay
and Kd is the dissociation constant of the radioligand for the receptor.

3-9-2-3. [®H]5-HT uptake assay
Phosphate-buffered saline containing 0.1 mmol/L CaCl> and 1 mmol/L MgCl, was used as
reaction buffer. Dimethyl sulfoxide (1 pL) or test substance was mixed with reaction buffer

(199 uL), and 50 pL of the mixture was added to human serotonin transporter-expressing
CHO cells cultured in 96-well assay plates. The plates were pre-incubated at 37°C for 10 min.
During that time, dimethyl sulfoxide or test substance was diluted with [°H]5-HT solution in
another 96-well plate. After cells pre-incubation, 50 pL of the prepared [3H]5-HT solution
containing dimethyl sulfoxide or test substance was added to the wells, and the mixture was
incubated at 37°C for 20 min. After incubation, the liquid layer was discarded, and the cells
were rinsed twice with 200 pL reaction buffer before being lysed with 100 pL of the solvable
solution. Radioactivity in each lysate sample was measured as described in the previous
section.

3-9-2-4. Guanosine 5’-(y-thio) Triphosphate, [**S]-(GTPyS) assay for 5-HT1a receptor

To make up a total volume of 500 pL, 2.5 pL of test compound, GTPYS (2 mM, to measure
nonspecific binding), DMSO (to measure basal [*S]GTPyS binding) or serotonin (20 mM, to
measure maximal [*®*S]GTPyS binding); 50 pL of reaction buffer [HEPES-NaOH buffer (20
mM, pH 7.4) containing 100 mM NaCl, 10 mM MgCI2, 0.1 mM DTT, and 1 uM GDP]
containing 0.5 nM [*S]GTPyS; and 447.5 uL of cell membranes expressing human 5-HT1a
receptors were mixed. The following manipulation was carried out as described in the above
5-HT transporter binding assay. Intrinsic activity was expressed as relative value of the

activity of 100 pM serotonin, which was considered to be 100%.
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3-9-2-4-1. Data analyses

The following formulae were used:

1) Basal [®*S]GTPyS binding

Basal [*®*S]GTPyS binding (dpm) = Binding activity in the DMSO group (dpm) — Binding
activity in the GTPyS group (dpm)

2) Maximal [**S]GTPyS binding

Maximal [®*S]GTPyS binding (dpm) = Binding activity in the serotonin group (dpm) —

Binding activity in the GTPyS group (dpm)

3) Specific binding of the test substance

Specific binding of the test substance (dpm) = Binding activity in test substance group (dpm)
— Binding activity in GTPyS group (dpm)

4) Maximal specific binding

Maximal specific binding of the test substance was determined using Dx calculation (logistic
curve fitting) with the “measurement value input” function in Stat Preclinica Client Version
1.0. The direct estimation method was used. Maximal specific binding was calculated using
the logistic curve of test substance concentrations and the specific binding values.

5) Intrinsic activity of the test substance

When increment in maximal [®*S]GTPyS binding (Maximal [**S]GTPyS binding — Basal
[**S]GTPyS binding) was considered as 100%, intrinsic activity of the test substance, which is
equivalent to percentage increment in maximal specific binding of the test substance
(Maximal specific binding of test substance — Basal [®S]GTPyS binding), was calculated
using the following formula.

Intrinsic activity of the test substance (%) = 100 x {[Maximal specific binding of test
substance (dpm) — Basal [®*S]GTPyS binding (dpm)]/[Maximal [®*S]GTPyS binding (dpm) —
Basal [**S]GTPyS binding (dpm)]}

3-9-2-5. Assay for CYP2D6 metabolic contribution in human liver microsomes

Potassium phosphate buffer solution (0.2 mL, 50 mM, pH7.4) containing NADPH (final
concentration: 3 mM, Oriental Yeast Co., Ltd.), 1 mg/mL human liver microsomes
(XENOTECH, LLC), and a 1 uM test substance was heated in a water bath set at 37°C. After
15 ~ 30 minutes, methanol was added in a volume 3 times that of the reaction solution, and
the mixture was stirred to terminate the reaction. The reaction solution was next centrifuged
for protein precipitation, and the supernatant was collected and subjected to LC-MS/MS
analysis. The results were as follows.

- The test substance was quantified, and time-dependent change in the amount of the
substance remaining was logarithmically plotted. Metabolic rate was calculated from the
slope

- The ratio of metabolic rate obtained by addition of quinidine (final concentration: 4 uM) to
the reaction solution to metabolic rate obtained without quinidine addition was used as the
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rate of metabolic contribution of enzymes other than CYP2D6. The rate of metabolic
contribution obtained by subtracting the rate of contribution of other enzymes from the total
was used as the rate of CYP2D6 metabolic contribution. Specifically, it was calculated
according to the equation [rate of contribution (%) = {1 - (metabolic rate [with quinidine] /
metabolic rate [without quinidine])} x 100].

3-9-2-6. Rat microdialysis

3-9-2-6-1. Surgery

This experiment was performed using 5-6-week old male rats (Crlj:WI). A vertical guide
cannula (AG-04; EICOM) was implanted in the right side of the frontal cortex (3.7 mm
anterior, 3.0 mm lateral, and 1.5 mm ventral from the bregma) of the rat under pentobarbital
anesthesia [80 mg kg-1, intraperitoneal (i.p.)]. Microdialysis was conducted on the day after
surgery. A dialysis probe (A-1-4-03; EICOM) was inserted into the guide cannula under light
anesthesia with isoflurane and continuously perfused by Ringer solution (147 mmol/L NaCl, 4
mmol/L KCI, 2.3 mmol/L CaCly) at 2 IL min-1 using a microsyringe pump. Microdialysate
samples (10 IL) were continuously collected for 5 min at 20-min intervals and automatically
injected into the HPLC system. Compounds or vehicle were orally administered to the rats at
least 3 h after the start of perfusion, that is, when stable HPLC baseline values for 5-HT were
obtained in the dialysate samples. Measurement continued for 3 h after drug or vehicle

administration.

3-9-2-6-2. Chromatography

The collected microdialysate samples (10 uL) were separated by HPLC using a PP-ODS
column (EICOM) and a mobile phase containing 0.1 mol/L phosphate buffer (pH 6.0), 1%
methanol, 50 mg L™ ethylenediamine tetraacetic acid disodium, and 500 mg L™ sodium
1-decanesulfonateat a flow rate of 0.5 mL min™. The peaks corresponding to 5-HT and
dopamine were amperometrically detected using a graphite electrode set at 400 mV with an
Ag/AgCI reference electrode (RE-100; EICOM). Online data acquisition was performed using
PowerChrom software (Version 2.2; AD Instruments Pty Ltd., Nagoya, Aichi, Japan). Before
performing the microdialysis, the retention time of the HPLC peak for 5-HT was determined
using a standard solution. The peak height (mV) of 5-HT at each measurement was converted
into a percentage of the average of the last 4 pre-drug baseline values (percentage of
baseline).
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9% 4 7 DSP-1053 O EHEHMIAE Y v~ > — 4 — 4 U iFHE RO ARG

4-1. EE A 93 OERRM TR O A Rk & OIS

o b= HRVIAE (SRI) iEMEE 5-HTia H 2 BIRMLERENE 2 0 384 o
YRIRRFZE DOFE B, DSP-1053 ([T FK SN D7 n~r — 4 —F U &2 A3 5w
e b= hT U AR—H— (SERT) & 5-HTia ZAERITxT 5 5011 7255 A L EREE
PO AR L, 220, BEOETEEFRIK 93 O R4 — /LT v FAHELR
FERIA T ED I L 72 o7 (Figure 27), —XBIIZ7 m~ > — 4 —F 2 ORI
VRIREEME F 7o VTR BN T CORILBUS A NETH H, £, BEROEGAEIZD
TNLHREDONETHY | EEM L EGHIEOHEIX/2) -7 (Scheme 24), ™ %

EMENR S SN D PREIA 93 0fEICB N TIE, WICEMARSETTra~ /) Vi
EETDDNRA L N Dd, TOREEE L, HEEPMIEK 93 OGIEMKG %5

BT,
L 0 °
R
\©\/© o = Tso/\/©iﬁj

o
93
46 (DSP-1053): R=Br key intermediate
55: R=Cl
57: R=Me

Figure 27. SERT/5-HT1a dual inhibitors & % [ {4 93

OH
AcCl HC(OR)s Pd/C
Me
/ Lewis acid R (4 steps <53%) l
OH OH _CI (0]
X CI base
> o
R Lewis acid R (2 steps 19-72%) R

o o

(o)
2
Z “CN <>=O |-|+ @/ I Lewis acid T
CO,H

base (2-3 steps 14-59%)
Scheme?24. /7 mu~> — 4 — ZL/O) XA R
UL R IR B FE R O A ikiE % 7~ 97,  methyl 4-hydroxyphenylacetate % 8 JFEHE L,
3-bromo-1-propanol & D7 VX NAVKIGNZ LD Ty a—)L 83 ~ L &=t PDC % /]
WZFBIEESIZ L0 ViR ik 84 ~E M U T-, feV T, /LR U 84 @ PPA % H
WEBAERINIC KD 7 85 257, 7 b 85 b T ' X — NV REAITV, KFE L
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VFULT NI =0 LML L@ TS, R X DPRERIS, S 61T, b
JGaATH T L CEEHRRIA I 28T 5 &) HiETHS (Scheme 25), AA kA
TOREIL, UTomh Th o,
O Tx AL LR (methyl 4-hydroxyphenylacetate—83) :
WERNFHEE TH D (65%), Fio, R —ISRTH D72 OILER « FUSHE T IRFH]
FEORBUERER,
@ M1 fE (83—84) :
RN FRETHD (66%), mfEOEWPDC 2 AL TS, £, T,
KREOFEZ v LI3FEAE L, FUERBUENLETH S,
® BR{LLFE (84—85) :
PPA D W VHEIEIZ K0 JAMEZR A A « RILEEDS M E L 70D, FTo, KRED Y VR
PERIDFEET D,

@ 7I*IiLTEE o @ mBiLTiE
OH ! Br"™~"0H, K,CO; ' | PDC,MS4A | °
f— 3 MeO,C H —» MeO,C
MeO,C ; MeCN, reflux, 14 h 5 | DMF, r.t, 20h | VC-2 CO,H
__________ 5/ ....88% . 84
©I$1BI*E HC(OMe),, o
o MeO,C _catTsOH-H,0 Meozc\/@g HO/\/@
80°C 2h: MeOH rt, 13 h THF rt,1.5h
- M O OMe 83% MeO OMe
..--§9_°4= _____ 85% 132
o o
3M HCI TsCl, pyridine
—_— r
acetone, r.t., 1.5 h HO CH,Cl,, 0°C,18h [ TsO
quant. 92 O 95% 93 o

key intermediate
overall yield: 26%

Meo\/\o MeO. _~. o o
@\/@H + 93 K205 > N/\/GENJ
MeCN, 60 °C, 15 h o
X

Scheme 25. YRZEMFFERE DA kL
AREEOUCEIC T, £ OSEA O R b & S E & B s LT,

4-2. FEEHRIA 93 O — A BUEDffENT
4-2-1. 7 v/ b TFE (methyl 4-hydroxyphenylacetate—83) D g}

Methyl 4-hydroxyphenylacetate 7> % 83 ~0 7 /L% /UL TRAIZEIT HUNR DA E - K
WHEBMOSEEZ BN E L, £7. BHEOBRE Z1To72 (Table8), 7~ 2—
7% ). THF, DMF, DMSO &\ o 7=flix OIEEE~DE TR 2T 728, Wi
DEFEPIZ BT HEIER) 133 & 134 OAERRENE X, ° 7' =~ U L% LE S5
RiTFE N7 o7- (Table 8, entry1~6), H\ T, WEIZTE = KU Lz MW
G\, BT ZBRE LIk V) v LA LT & 2 AROS OBEIELEI AR 133 &
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134 DAERKEDOHE R B0, HWDREES U v LAOBRERED b O WIS U TG
DOEITIHESCRIZE R D AR EIIEVRAE T D Z ERp -7 (Table 8, entry 7), fx
e ) o NI Z A L, KT VXL TIRRDO X 95 A —ROKISIZB W T LIE
UISHBMEOIKRSORNE 2D 2 ERMmonNTnD, £Z T, /KSRFPOEKEE =
YhR—=AT L2 THEMEDKRIALWETEH B2, RKISKRFTOEKE 0.5%,
1.0%, 2.0% D55 TG EIT T2 & T A, BKE L0%IZH W T, i b SN E00
WZHEETT L, B 133 & 134 DA EN I Z L7 (Table 8, entry 8 ~10), F7=.
OISR FOEKEE 1L.0%ICay ha—1352 & T, RKIGAT—/V%Z1gh1b 759
CEFCHHBMER S RIS ETT 5 2 & 2R L7 (Table 8, entry 11),

Table 8. 7 /L% AL LEEDO G}
0 OH
(0]
MeO,C
Br H MeO,C +
(1.3 equiv)
\/@/OH K,CO; (2.2 equiv) 132 H 133 \g/
MeO,C solvent
A (methyl 4-hydroxyphenylacetate) j\/©,0
¥ Ho ™o \Ij)
134 H

Temp. HPLC purity @ 3 h (%)
entry? solvent o~

c 132 A 133 | 134
1 CH,CN reflux 92 - 3.9 14
2 acetone reflux 55 41 - 0.49
3 2-butanone reflux 79 17 1.8 0.91

4 THF reflux 12 82 - -
5 DMF 80 61 17 16 0.62
6 DMSO 80 54 25 13 1.4
Tbc CH,CN reflux 75 17 4.8 0.20
(crude)® reflux 83 0.43 12 0.24
8b 0.5% (viv)-H,0/ CH,CN reflux 94 0.32 1.9 1.7
9k 1.0% (viv)-H,O0/ CH,CN reflux 96 - 1.2 1.7
100 2.0% (viv)-H,0/ CH,CN reflux 93 - 0.46 24
11bd 1.0% (viv)-H,0/ CH,CN reflux 95 - 066 | 0.44

@ Screening was performed at a 1 g scale in freshly opened CH;CN.
b Freshly opened potassium carbonate was used. ¢ 50 g scale. 9 75 g scale. € Refluxed for 9 h

4-2-2. FR{b TFE (83—84) DHEt
YRR ZE R DA RETIX., 83 26 84 ~DO L TRIZBWT, PDC ZHWTEDL .,
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WERNFRETHY . REOFEZ v LAD35A URMER BB A NE LT 5 & o Toilf
R oz, £2C, KRFEOUGED T2, BLAIOE R 217 -7 (Table 9),
%9, NalOs & RuCls Z W2 IS 2 it L7z & 245, PDC Z W6 &
WM E EL7= (Table 9, entry2), © LvL, @ffiZet 7= a&HLCBY, £
7o VBRBEAROBLEND S LR HUGEN LI L % | 2,2,6,6-tetramethylpiperidine-1-oxyl

(TEMPO) Zfilifft & L CH WD~ OEIL G 2Rt Lz, BBLAl & LT,
(diacetoxyiodo)benzene (DAIB) ', trichloroisocyanuric acid (TCCA) &, NaClO, & F»
FNENSIEEAT o 7k F:,. TEMPO/NaCIO % fillfif & L NaClO, ZEa{bAl & L CTHW
HACISIZ BN THRD TREVWERTHM O 84 MG 615 Z L nbiro 7z (Table 9,
entry 3~5), °

Table 9. (b TFED Rt

oxidant o
MeO,C
CchN IH,0 MeOC CO,H
84

entry? | oxidant (equiv) catalyst (mol%) yield (%)
1 PDC (3.5) none 66
2 NalO, (4) RuCl,; (3) 85
3 DAIB (2) TEMPO (10) 30
4 TCCA(2) TEMPO (1)-NaBr (5) <5
5 NaClO,(2) | TEMPO (7)-NaClO (2) 98

@ Chromatographic purified alcohol 83 was used. ? Isolated yield.

4-2-3. BR{L THE (84—85) DiRit

84 725 85 DIEZRMFFEIF DBRAL THRIE PPA Z VTV | D@\ Vi L v i
IRAAT E RIS LB L T2 ) | F T, KED Y VERBERS AT D LWV o iR
bHoTe, £ T, SOCl, 2\ 84 i b~ A LI%., AICKL L{EHEE 5 Z
ETHCMIZEALIR 85 MEINETH LN D Z E b or-> 7= (Scheme 26),

1) SOCI,, cat. DMF / toluene

MeO,C CO,H 2V AICIs/ CHyCly, rit, Th MeO,C
84

88% o
85

Scheme 26. BR{L TFEDRRET

4-2-4. 7% —AHARE BEIC K 5 B EEPEIIA 93 D E Rk
D & > T2 7 )V AL TR - b T2 - B L TRRIC BT D s Matit R B E 2 |
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methyl 4-hydroxyphenylacetate % 135U} & L7z EE A 93 OF v 7T KA —)v
TOHEFM LT, WO TR T S SOSIEEEMER < 3enc#iT L, 7
Ja—)L 92 O R IABKEED RV TO M) Falb—i g ok
Ty T H—EITODOHT, EHEE (HPLC #iE:98.5%) @ 93 Z#AUL3 49% T 1.6 kg
BT D Z &N TE T (Scheme 27), BRERWFIERE DA Rk & ARG — A Aok & bk
#5&\%%ﬂ%w%mkﬁmﬁ@k@@ﬁimﬁmbko

OH! : l cat. NaCIO : o
\@/ ! Br™"0H, K,CO; ! | cat TEMPO_ :
M i—————— || MeO,C > M
e0,C : H e0,C CO,H

i 1%(v/v) H,0-CH3CN I CH,;CN / buffer |
reflux, 3 h 83, oil used dlrectly i 30-40 °C,2h 84, solid used directly
(96%)* = T (87%)° .
R i o (o)
1) SOCI,, cat. DMF / toluene : HC(OMe); 1) LAH/ THF
. rt,5h i | Mmeo,C cat. TsOH-H,0 MeO,C rt,1h
H > _— [ ——
i 2) AICI3/ CH,Cly, ' o MeOH MeO  OMe 2) 3 M HCI
¢ort,Th (95%)7 85, solid used directly rt, 15h 91, oil used directly (94%)?
"""""""""""""""" (99%)?
(0] (o]
e.N- .
HO _ es b slurryin toluene 10 HPLC purity: 98.5%
o CH3;CN 50 °C to 10 °C o overall yield:
0°C,1h 67% 93 49%

92, oil used
directly (99%)*

aCallculated yield.

Scheme 27. & —ARARIEIZ X D 93 DAL

one purification step

4-3. FEE A 93 O A L O ST
4-3-1. 5 " HARERIEMENZLO 72 DV — | ik
%D77AX7~WTE%¢WW93%AﬁT%kféﬁéﬁﬁAﬁ%%%ibk
3. PR - BifRAE L (85—91, 91—92) PRk « BT LEEDERE L W -T2 E b7 D
BETREFER DT, vV TFFr T T LA /7—/1/ Z i s A RE 7R A BiHE D FENT. % H
fEL. — MEMCHRIED R FICX D X 57255 OMFDT D, AR 8E
EHRIZEF Lo, PR - DR TRECRAL - Eor LIROERED 720 D /1— R %
Scheme 28 252 L 7=, 7725 3-bromopropan-1-ol ® K 5 727 /b 3 — VEEFCIE 7 < |
TV U BRI « TAT IV E WS T I NR VR =y N ERT HEEE VS
nv s — 4 —FUVRPEETEI NI CIRORERENAIEEE 70 b, L— & LTI
3-chloropropionyl chloride Z 5kl & 35X B U BRA~DT VAL E T O-7 V5%
AR & 0 BR A2 AE59 % path A & 3-bromopropanoic acid, B-propiolactone, benzyl acrylate.
& DML, benzyl propiolate ZJ5UEF & 5% O-7 /L ALK S DT IZ Friedel-Crafts 5Ot
WCEVEBRAZMEST D path B B2 b b, & 62, HAEFE % methyl
4-hydroxyphenylacetate 7> % 4-(2-hydroxyethyl)phenol (228 5 C & FUI3 8 5T LEE DO [al#E)S
AEEE D BRI,
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path A : cyclized to 3-chloropropionyl moiety

0 QH_c
R\/EZ) > R > Clﬁ(\’m OH
o}
0 MeOzC\/©/

methyl 4-hydroxyphenylacetate

Y
> €>=° HO/\/@

path B : cyclized to phenyl ring carbon

o £ 0,Bn 4-(2-hydroxyethyl)phenocl
=—CO0;Bn

BT AR Dok EIL LR DO :

ANVEK B =y FDEA HiZE LD

Scheme 28. AR 72 BEZE T D 7= D /L— K EREE

4-3-2. Path A (3-chloropropionyl chloride % /=7 v~ —4— A BRAEEE) DFRET
Methyl 4-hydroxyphenylacetate % HZ&JFEF & 9% path A OREFTZ1T > 72, AICIs 71T
T, methyl 4-phenylacetate & 3-chloropropionyl chloride % CH2Cl, % 7= 1% chlorobenzene
FChBGREI L7z E 2 A, HINET5 135 36, O-7 bR ESIT LT
136 BE LD DI Th 7= (Scheme 29), © F 7=, methyl 4-hydroxyphenylacetate &
3-chloropropionyl chloride % TfOH H CIEH S H72 & 2 A, 136 75 @ Fries {7 &% T
HiJD 135 235G Hiv7z (Scheme 30), LU, #@fED TIOH HCORISETH D Z &)
5. BHEORIAERNRER L, BUSHEHECRY AT 670 777 4 —I285
A LETHY | HEENERS 37% L IRINETH o7z, ARRFHERELD . v FFm
77 KA — L TCORGEIIIARGHV— MIARETH D &l L, etz L7z,

cl cl
OH \"/\/ , AICI,

OH
0 //.
> MeO,C Cl
Meozc\/©/ CH,CI, or chlorobenzene /7’ 2 \Q;(\/

o
135
o._0
MeOZC\/©/ \?
Cl
136

Scheme 29. path A DREET -1
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Cl Cl
o T

OH
(0]
Meozc - MeOZC Cl
TfOH
(o)

135
MeOZC\/©/ \E
136 cl

Scheme 30. path A D fRE} - 2

4-3-2. Path B (O-7 /L= /L{k.—Friedel-Crafts KUSIZ L5 7 B~ —4— A4 VB O
A

Methyl 4-hydroxyphenylacetate % Hi 585U} & 9% path B OGS 41T > 72, £7°. methyl
4-hydroxyphenylacetate & 3-bromopropanoic acid ® & % \ & B-propiolactone 1t & (3 Fepk:
T TOT X ALKIGS benzyl acrylate & @ Michael £1 1 G Z 5772 23, methyl
4-phenylacetate DIEME A F L ~DFISEDRIFOEET L, SOSITEHEZ > 72,
12 —75  benzyl propiolate & @ N-methyl morpholine (NMM) % 3 & L CTH 7= Michael
FMBUSTELCIZHET L. KRERBIISDETT D Z & b7 (Scheme 31),
13 % ZC. benzyl propiolate % iUk} & 9% path B OFEfM e it 2 Bas L7z,

5 ~COH
© ° =0 failed
MeO,C :> MeO,C I :> (o) (multiple byproducts)
? 2 W__COH
o Z>c0,Bn
85 84
=—C0,Bn good result

Scheme 31. path B O f&r5T
Methyl 4-hydroxyphenylacetate & benzyl propiolate & @ Michael I, 7 & K
=RFUH, NMM ZftiEE WD 2 & THOMNTHEIT L, SIET 137 2552 &
MTET, fWT, THE H1, NT D0 ARFEIZ K D KBRS EITS 2L TI37 %
HNVR B 84 ~EEINECTERT L Z LN TE, B LR 2[5 L 7= methyl
4-hydroxyphenylacetate 7> & @ 84 D& IE A NI 5 Z L 23 T& 72 (Scheme 32),
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OH ==-CO0,Bn , NMM (cat) v(j/o |
MeO,C. /[ j > Me0,C \L‘
e CH4CN, rt., 1h 2 CO,Bn
137

95%

(trans : cis = 6.2 : 1)

THF, r.t.,, 1h
99%

o
H,, PdIC \/@/ 1
? M902C COZH
84

Scheme 32. figfb THEZ #7284 DAL

B RARIETIEZ, DVR B 84 MHMIE/AY A FRA L AICKE 2 Hui-
Friedel-Crafts S intZ K 0 BR{LAA 85 215 T -, BEHEALM) A28 L 7oy 84 DEHERI D
OIRFIZRBRALBOGC S 2 AT Z E N TEIUX, S RGO BILNAIREL 72D,
Z 2T, 84 DEBRIL TR OKFI 21T >7- (Table 10), 84 & TFAA (34&E) Z/EH&H®
LA, HBID 85 1T T 2 b ODOKISOETITEN T, ¥ L L6,
ZTIZ~TFA BYE) ZMx 5 ERISBBIFNIINE SIS Z & bir-7- (Table 10,
entry 2~3), WIZ, BINTHBOYEEZH S T X FEL DA RF LT-, & OREE.
WINT 28O E%A 01 B EIZHD L2 & 2 A TFA S ACOH TGO MR # i3 H
F 0 ROLNRNA, HPOs Tik, 0.1 MEICHINTHEZIS LT H s DNNER)
LB AL LT IO EIEE T 85 MG B IVD T L 23 7= (Table 10, entry 4~6) ,
EH, AMPICREENT 84 & TFAA & DIERAWIC 0.1 H4ED HPOs 2 Wt %
BRAVSOS S0, FEFICIRFN 72726, 84 DA F VT AT VIS F v T — MNEIZED -
72139 1BV T HMER S HEIGAIRETH D Z EnbiroTe,

Table 10. BRfb TREDOHEES

84 0°Ctort
entry addit!ve HPLC purity 85/ | yield
(equiv) 84 @ 1h (%) (%)°
12 - 946 /- 88
2 none 2.72195.2° -
3 TFA(3) 90.2/7.41 -
4 TFA(0.1) 7.14/90.8° -
5 |H;P0O,(0.1) 98.11/- 97
6 |AcOH(0.1) 5.12/92.9 -

@ Data obtained by the use of AICI; in first-generation synthesis.
b Reaction did not reach completion after 8 h. ¢ Isolated yield.
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4-3-3. 55 " HARERUEIC K 2 EE P RIK 93 DA Rk

ERmEhc kv B &7z TFAA-HsPOu(cat) (2 L B B S s 2 8RO & 4 5
4-(2-hydroxyethyl)phenol 7> & O EE H (A 93 DAk % 1T - 7= (Scheme 33), Propiolic
acid 7> 5 F#E 7T AE 72 benzyl propiolate & 4-(2-hydroxyethyl)phenol & @ Michael {5 )&
I%. phenol OAFEF T EIZEZIRINOBLCMIZET L, 512, N UHBRIGZAT
9 Z & T, one-pot T 4-(2-hydroxyethyl)phenol 7» %5 138 #1525 Z LN TE 7=, #Hil\ T,
138 D/37 V7 MRFEZ K DIKFAIMBISZATUN, B b 2 [THE ORE I TG
FaaiTH 2 & T, ERlE D 139 & &I (4-(2-hydroxyethyl)phenol 7> & D 4 BeEITR:
75%) THRT DI ENTEZ, I HIT, TFAA H1, filllfi&E D HaPOs % V72 139 D
BALROS 21TV, B DN % 2— 70X ) — VK ORAERAFA TR F 2 L —
arTHIET, BMED 93 2155 LN TE L, A _HRENIER, Bt
RAIEL Y b BICED 49%7° 5 74%~ &\ E L, 48 BN D 5 B~ & HploL
— b s kA TRE & Lic, A% G RUEIL MR OfERGRIETH DT
D, YNATFXRTTHAT—/LTO 93 OERUCHEIGFRETH Y | K0 FEMIZ &I
el U7 ARG RIEIC K 0 . DSP-1053 O B PR BHE F IR O 4 a3 FEfl S Az,

/\/©/0H
. HO : TsCl, Et;N o
| 4-(2-hydroxyethyl)phenol ! cat. NMM Me3N-HCI‘ /\/©/ WL
o | T1s0 €O,Bn

CH5;CN
KpCO5  omomomomeeeene, 3
2vs - / 10°C,1h 0°C,1h
CO,H BnBr : CO,Bn :

ﬁ:

DMF

138, oil used directly

=

one-pot reaction

o ' 1) TFAA, cat. H;PO,, °
1) Pd/C, Hy, THF, r.t., 3 h . 0°Ctort,1h !
> Z=ccoomozocoonocnozoond » TsO
TsO

2) recrystallization from CO.H 2) 2-propanol/H,0 (10:1) o]
toluene/THF (9:1) 139, isolated solid 45°C,1h 93, isolated solid
HPLC purity: 97.2% HPLC purity: 99.1%
(4 steps 75% yield) overall yield: 74%

Scheme 33. & " HACERIEIZ LD 93 DARK

4-4. EET2 b ONT/ME

o b= HRVIAE (SRI) &ML 5-HTia H 2 BRI EENE 2 08 385 o
PESRRFZ2 DOFE . DSP-1053 (2 FH SN D7 n~r — 4 —F U 23 5
o b= b T U AR—H— (SERT) & 5-HT1ia ZERITH 92 501 702kE & L EREE
PR AR LT, 220, RO EEFFK 93 DR — T v S R[EER
R AR TIEOREO -0, BRita Bth Uiz, HBEMERFO SR TIEORETH -
Q7 NF AL TR - QL TR - OQBIL TREOKE AT v 7ix, ORIGHRD K& &
DRI b —/L - @Eg{LAI%Z NaClO-TEMPO/NaClO(cat.) ~Z5 5 - Qg 4
AT 5 AICK Z AW T=BLEIG~E FICRGRF 2T T 52 L TWETHZ &
NCET (BEEPMIE B OFE—MHAAGHKE) ., 62, F-MHRAERENPLDOE B
HRIEOR - SOS TROEMEEZ B L. AR — MET ARG L, 15
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J5UBF4 Methyl 4-hydroxyphenylacetate 7% 4-(2-hydroxyethyl)phenol ~& 4% Z &
T, B MREARIETIISNATH AT ATF LT AT OB T TRAZERT S Z LN T
Tl o, 7m~r—4—F UEEOHWEIZII NN o=y NOBEABNLET
& DM, 7 v =—/L 3-bromopropan-1-ol 2> 5 = X7 /L benzyl propiolate ~ &t A FE 425 =
LT, TNa— VORLTREZERTHZ LN TEE, S 5IT, TFAA-HzPO4(cat.) %
AWVIZIRA 2R BB RS & 3 2 L THOLR VBN OEE vy — 4 — 4 Uik
AT LI ENTEDL IR oTz, LTI, FH—HAREE - B IRERED
BEICLHUEDIR T LD D,

« PRERWTFEIRF DG AED B B — G BIE~DZEHIZ X DB R
TR« 28%7° B 49%~[1] k-,

TR . 7 AR ZEREL, 232, 3D ML HTO M) Fal—va D
THEMLE D 93 235G pk AT HE,

- B—RAEREN G H T HRERIE~DERIZ X HUER R
KU - 49%0> 5 T1%~1r) _E,

IS TREEL - 8 B[S 5 B ~Fii,

TREEAINIC X DO ~OFBR, E7o. FRrif 2B R L aTe /iR KWl ik
FEHIRIOMESR & W o 7o BLE T, AIEMFZERR TlX, TE 2RV oRMo Eiix BT
T2 OIZBBILEY % B LT B IERRFRICE T 2 22l £ ToW % 5 <
THOVEND D, FERIRRIRICI T 2L aMERER 2 FHITAT O 72 DI ITERBIFFER: D
BRGERHREZ RWIZTER L, ¥0 77 A2 75— /L COERAERAEBIELHEEL .,
ZLTH NG ZITO, eI 2 felr Lo, pasE b a Wk U 7c Ry e —
NEGERRETZAT O ONEE L, ARG Lo EEPEAK 93 OBEMRFHE, £3IT
PRARRY 72T T T & . DSP-1053 DOHFZERHFE DIREEIZ RV HBR T2 Z L3 TE 72,

4-5. EBRDER

4-5-1. General

HPLC was performed on a Shimadzu UFLC system; shim-pack XR-ODS column (3.0 mm i.d.
x 100 mm); gradient elution (0.05% TFA-H20/0.05% TFA-CH3CN 90:10 to 10:90 over 6
min, hold 2 min); flow rate = 1.0 mL/min, T = 40 °C, UV detection at 220 nm. The purity
listed is determined by area %. Melting points were determined on an electrothermal
apparatus without correction. NMR spectra were recorded on a JEOL JNM-LA300
spectrometer. Chemical shifts (8) are given in parts per million, and tetramethylsilane was
used as the internal standard for spectra obtained in CDCls or DMSO-ds. IR spectra were
recorded on a JEOL JIR-SPX60 spectrometer as ATR. High-resolution MS spectra were
recorded on a Thermo Fisher Scientific LTQ orbitrap Discovery MS equipment. Elemental
analysis was performed on a CE Instrument EA1110 and a Yokokawa analytical system
IC7000. Column chromatography was carried out using a Yamazen W-prep system. All
reactions were carried out under nitrogen atmosphere unless otherwise mentioned. Reagents
and solvents were used as obtained from commercial suppliers without further purification.
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4-5-2. First-Generation Synthesis (Scheme 27)

4-5-2-1. Methyl [4-(3-Hydroxypropoxy)phenyl]acetate (83)

To a solution of methyl (4-hydroxyphenyl)acetate (964 g, 5.80 mol) in CH3CN (15.2 kg) was
added water (193 kg), and the mixture was stirred for 15 min at ambient temperature; then
potassium carbonate (1.76 kg, 12.8 mol, 2.2 equiv) and 3-bromo-1-propanol (1.05 kg, 7.55
mol, 1.3 equiv) were added. The mixture was refluxed for 3 h and then allowed to cool to
ambient temperature. The precipitate was filtered off and washed with CH3CN (3.80 kg). The
combined filtrates were concentrated in vacuo. Then toluene (8.34 kg) and water (4.82 kg)

were added to the residue, and the layers were separated. The aqueous layer was extracted
with toluene (3.58 kg). The combined organic layers were washed with 0.5 M NaOH (1.93
kg) and 1% aqueous KHSOs solution (1.93 kg) and then concentrated in vacuo to give 83
(1.27 kg) as a yellow oil. In total 2.09 kg of 83 was prepared according to the above-described
procedure. It was used for the next step without further purification. *tH NMR (300 MHz,
CDCl3) 6 7.13 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 4.00 (t, J = 6.1 Hz, 2H), 3.72 (t, J
=5.9 Hz, 2H), 3.62 (s, 3H), 3.51 (s, 2H), 3.44 (br, 1H), 1.94 (t, J = 6.1 Hz, 2H); *C NMR (75
MHz, CDCls) 6 172.2, 157.6, 129.9, 125.6, 114.1, 64.6, 58.9, 51.6, 39.7, 31.6; IR (ATR) 3390,
1732, 1512 cm™t; HRMS (ESI) m/z calcd for C12H1704 [M + H]* 225.1121, found 225.1117.

4-5-2-2. Methyl [4-(3-{[(3-Hydroxypropoxy)carbonyl]oxy}propoxy)-phenyl]acetate (133)
Analytically pure 133 was obtained by silica gel chromatography. *H NMR (300 MHz,
CDCls) 6 7.18 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 4.33 (t, J = 6.2 Hz, 2H), 4.27 (t, J
= 6.2 Hz, 2H), 4.04 (t, J = 6.0 Hz, 2H), 3.73-3.65 (m, 2H), 3.67 (s, 3H), 3.56 (s, 2H), 2.42 (br,
1H), 2.13 (quin, J = 6.1 Hz, 2H), 1.89 (quin, J = 6.1 Hz, 2H); **C NMR (75 MHz, CDCls) §
172.3, 157.6, 155.2, 130.1, 126.0, 114.4, 64.8, 64.6, 63.7, 58.6, 51.9, 40.1, 31.4, 28.4; IR
(ATR) 3446, 1736, 1512 cm™*; HRMS (ESI) m/z calcd for CisH2307 [M + H]" 327.1438,
found 327.1433.

4-5-2-3. 3-Hydroxypropyl [4-(3-Hydroxypropoxy)phenyl]acetate (134)

Analytically pure 134 was obtained by silica gel chromatography. *H NMR (300 MHz,
CDClz) 6 7.16 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 4.20 (t, J = 6.2 Hz, 2H), 4.06 (t, J
= 6.1 Hz, 2H), 3.79 (t, ] = 5.4 Hz, 2H), 3.63—3.55 (m, 2H), 3.54 (s, 2H), 2.80—2.60 (m, 2H),
1.99 (quin, J = 6.1 Hz, 2H), 1.81 (quin, J = 6.2 Hz, 2H); 3C NMR (75 MHz, CDCl3) § 172.3,
157.8, 130.1, 126.0, 114.5, 65.3, 61.8, 59.8, 58.8, 40.3, 31.8, 31.4; IR (ATR) 3358, 1718,
1512 cm™*; HRMS (ESI) m/z caled for C14H210s [M + H]* 269.1384, found 269.1379.

4-5-2-4. 3-[4-(2-Methoxy-2-oxoethyl)phenoxy]propanoic Acid (84)

To a solution of KH2PO4 (319 g, 2.34 mol) and NazHPO4-12H,0 (838 g, 2.34 mol) in water
(18.1 kg) were successively added 83 (1.27 kg, 5.65 mol) in CH3CN (14.7 kg), TEMPO (111
g, 0.708 mol, 0.13 equiv), and NaClO (5% solution) (169 g, 0.113 mol, 0.02 equiv). After the
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mixture was heated to 30—40 °C (internal temperature), a solution of NaClO2 (80%) (1.28 kg,
11.3 mol, 2 equiv) in water (5.63 kg) was slowly added over 1 h. Then the mixture was kept
at 30—40°C for 2.5 h and cooled to 0—5 °C. A solution of 20% aqueous NaHSO3 solution
(9.38 kg) was added dropwise over 1 h, keeping the temperature lower than 10 °C during the
addition (CAUTION: generated sulfur dioxide should be trapped by aqueous NaOH solution.).
The mixture was warmed to room temperature, and then the biphasic system was separated.
The aqueous layer was extracted with EtOAc (8.46 kg), and the combined organic layers were
concentrated in vacuo. The resultant precipitate was added to water (2.82 kg), collected by
filtration, washed with water (2 x 1.41 kg), and dried in vacuo to give 84 (1.11 kg) as a white
solid. In total 1.93 kg of 84 was prepared according to the above-described procedure. It was
used for the next step without further purification. Mp 112 °C; *H NMR (300 MHz,
DMSO-Ds) 6 12.39 (br, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.14 (t, J = 6.0
Hz, 2H), 3.60 (s, 3H), 3.60 (s, 2H), 2.69 (t, J = 6.1 Hz, 2H); **C NMR (75 MHz, DMSO-ds) &
172.4, 172.0, 157.3, 130.5, 126.5, 114.3, 63.6, 51.7, 39.3, 34.2; IR (ATR) 1734, 1691, 1514
cm L, HRMS (ESI) m/z caled for C12H1s0s [M + H]* 239.0914, found 239.0910; Anal. Calcd
for C12H140s: C, 60.50; H, 5.92. Found: C, 60.50; H, 5.83.

4-5-2-5. Methyl (4-Ox0-3,4-dihydro-2H-chromen-6-yl)acetate (85)

Thionyl chloride (1.16 kg, 9.74 mol, 1.2 equiv) was added dropwise over 0.5 h to a
suspension of 84 (1.93 kg, 8.11 mol) in toluene (16.7 kg) and DMF (18.3 g). The mixture was
stirred at ambient temperature for 5 h and concentrated in vacuo. Toluene (8.60 kg) was added
to the residue, and the resultant solution was concentrated in vacuo (twice) to give the
corresponding acid chloride (2.08 kg) as a yellow oil. The residue was dissolved in CH.Cl,
(8.28 kg), and then added dropwise over 1 h to a suspension of AICl; (2.16 kg, 16.2 mol, 2
equiv) in CH2Cl. (19.3 kg) at ambient temperature. The mixture was stirred for 1.5 h and
added dropwise over 2 h to cooled (0—5 °C) 2 M HCI (20.8 kg), keeping the temperature
lower than 20 °C during the addition. The mixture was warmed to ambient temperature, and
the layers were separated. The aqueous layer was extracted with CH2Cl> (5.52 kg). The
combined organic layers were successively washed with water (4.15 kg), 5% aqueous
NaHCOz3 solution (4.16 kg), and water (4.16 kg), and then concentrated in vacuo. MeOH
(3.28 kg) was added to the residue, and the mixture was concentrated in vacuo to give 85
(1.71 kg) as a yellow solid. *H NMR (300 MHz, CDCls) § 7.77 (d, J = 2.4 Hz, 1H), 7.41 (dd, J
= 8.5, 2.3 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 4.52 (t, J = 6.5 Hz, 2H), 3.69 (s, 3H), 3.59 (s, 2H),
2.80 (t, J = 6.4 Hz, 2H); C NMR (75 MHz, CDCls) § 191.5, 171.6, 160.9, 136.9, 127.4,
127.0, 121.0, 118.1, 66.9, 52.0, 39.9, 37.5; IR (ATR) 1720, 1682, 1140 cm™t; HRMS (ESI)
m/z calcd for C12H1304 [M + H]" 221.0808, found 221.0805.

4-5-2-6. 6-(2-Hydroxyethyl)-2,3-dihydro-4H-chromen-4-one (92)
To a suspension of 85 (1.71 kg, 7.72 mol) in MeOH (4.03 kg) were added trimethyl
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orthoformate (9.89 kg) and TsOH-H,O (146 g, 0.766 mol, 0.1 equiv), and the reaction
mixture was stirred 15 h at room temperature. After 5% aqueous NaHCOs3 solution (8.50 kg)
was cooled down to 0—10 °C, the reaction mixture was added dropwise to that solution over 1
h. After the reaction mixture was warmed to room temperature, toluene (7.36 kg) was added,
and then the layers were separated. The aqueous layer was washed with toluene (4.42 kg), and
the combined organic layers were washed with water (3.40 kg) and then concentrated in
vacuo. Toluene (1.50 kg) was added to the residue and concentrated in vacuo to give 91 (2.05
kg) as a yellow oil. *H NMR (300 MHz, DMSO-De) & 7.36 (d, J = 2.2 Hz, 1H), 7.11 (dd, J =
8.4, 2.2 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 4.25 (t, J = 5.7 Hz, 2H), 3.61 (s, 2H), 3.59 (s, 3H),
3.17 (s, 6H), 2.09 (t, J = 5.8 Hz, 2H).

Obtained 91 (2.05 kg, 7.70 mol) in THF (3.64 kg) was added dropwise over 40 min to a
suspension of LAH (439 g, 11.6 mol, 1.5 equiv) in THF (23.7 kg) at such a rate that the
reaction temperature stayed in the range 20—30 °C. The mixture was stirred for 2 h and cooled
down to around 5 °C. Water (294 g) in THF (145 g) and 3 M HCI (20.5 kg) were successively
added dropwise over 2.5 h, keeping the reaction temperature lower than 15 °C during the
addition. Toluene (17.7 kg) was added to the reaction mixture, and the layers were separated.
The aqueous layer was washed with toluene (17.7 kg), and the combined organic layers were
washed with 3 M HCI (4.1 kg) and water (8.2 kg) and then concentrated in vacuo to give 92
(1.39 kg) as a brown oil. *H NMR (300 MHz, CDCls) § 7.70 (d, J = 2.2 Hz, 1H), 7.35 (dd, J =
8.4, 2.4 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 4.48 (t, J = 6.4 Hz, 2H), 3.81 (t, J = 6.7 Hz, 2H),
2.86 (br, 1H), 2.81 (t, J = 6.7 Hz, 2H), 2.75 (t, J = 6.5 Hz, 2H); *C NMR (75 MHz, CDCls) §
192.1, 160.3, 136.9, 131.7, 126.6, 120.8, 117.8, 66.7, 63.0, 37.9, 37.5; IR (ATR) 3404, 1682,
1616 cm—1; HRMS (ESI) m/z calcd for C11H1303 [M + H]* 193.0859, found 193.0856.

4-5-2-7. 2-(4-0Ox0-3,4-dihydro-2H-chromen-6-yl)ethyl 4-methylbenzenesulfonate (93)

To a solution of 92 (1.39 kg, 7.21 mol) in CH3CN (10.9 kg) were added Me3N-HCI (68.9 g,
0.721 mol, 0.1 equiv) and triethylamine (1.46 kg, 14.4 mol, 2 equiv). The mixture was cooled
down to around 5 °C, and then tosyl chloride (1.65 kg, 8.64 mol, 1.2 equiv) in CH3CN (5.44
kg) was added dropwise over 1 h. The reaction mixture was stirred for an additional 2 h, and
then 5% aqueous NaHCOs solution (10.4 kg) was added dropwise over 1 h. Toluene (8.98 kg)
and water (6.92 kg) were added, and the layers were separated. The aqueous layer was
washed with toluene (8.98 kg), and the combined organic layers were washed with 1%
aqueous KHSO4 solution (10.4 kg) and 10% aqueous NaCl solution (10.3 kg) and then were
dried over MgSQOg4 (750 g). The solid was filtered off and washed with toluene, and then the
filtrate was concentrated in vacuo to 7.2-fold volumes of estimated quantity of 93 (slurry in
6.46 kg of toluene). The suspension was then stirred at 50 °C for 1 h and cooled down to
10 °C over 1 h, held for 2 h, and then filtered. The solid was washed with cooled (5—10 °C)
toluene (2 x 1.30 kg) and dried in a vacuum oven at 50 °C. The target compound 93 (1.64 kg,
49% yield) was obtained as a pale-yellow solid (98.5% area purity by HPLC). Mp 125 °C; H
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NMR (300 MHz, CDCls) § 7.70 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 2.2 Hz, 1H), 7.30 (d, J = 8.1
Hz, 2H), 7.25 (dd, J = 8.4, 2.4 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 451 (t, J = 6.4 Hz, 2H), 4.18
(t, J = 6.9 Hz, 2H), 2.90 (t, J = 6.9 Hz, 2H), 2.78 (t, J = 6.4 Hz, 2H), 2.44 (s, 3H); 3C NMR
(75 MHz, CDCls) & 191.5, 160.7, 144.7, 136.7, 132.7, 129.7, 129.2, 127.7, 126.8, 121.0,
118.1, 70.2, 66.9, 37.6, 34.2, 21.5; IR (ATR) 1684, 1493, 1169 cm %; HRMS (ESI) m/z calcd
for C1gH1905S [M + H]* 347.0948, found 347.0938.

4-5-3. Second-Generation Synthesis (Scheme 33)

4-5-3-1. 3-[4-(2-{[(4-Methylphenyl)sulfonyl]oxy}ethyl)phenoxy]propanoicAcid (139)

To a suspension of potassium carbonate (12.0 g, 86.9 mmol, 1.2 equiv) in DMF (40 mL) were
added propiolic acid (6.09 g, 86.9 mmol, 1.2 equiv) in DMF (20 mL) at 0—5 °C, and the
reaction mixture was stirred for 10 min. Benzyl bromide (12.4 g, 72.4 mmol, 1.0 equiv) was
added, and the mixture was warmed to 25 °C and stirred for 2 h. Then water (90 mL) was
added to the residue at 0—5 °C. EtOAc-hexane (1:1) (60 mL) was added to the residue at
25 °C, and the layers were separated. The aqueous layer was extracted with EtOAc-hexane
(1:1) (30 mL). The combined organic layers were washed with 5% aqueous NaCl solution (2
x 30 mL) and dried over Na>SOs. After filtration, the solvent was removed in vacuo to give
benzyl propiolate as a yellow oil.

To a solution of 4-(2-hydroxyethyl)phenol (10.0 g, 72.4 mmol) in CH3CN (100 mL) were
added NMM (796 uL, 7.24 mmol, 0.10 equiv) and a solution of obtained benzyl propiolate in
CH3CN (20 mL) at 10 °C, and the reaction mixture was stirred for 1 h at 25 °C. The mixture
was cooled down to 0—5 °C, and then triethylamine (20.1 mL, 145 mmol, 2.0 equiv),
MesN-HCI (346 mg, 3.62 mmol, 0.050 equiv), and tosyl chloride (16.6 g, 86.9 mmol, 1.2
equiv) were added. The reaction mixture was stirred for additional 1 h at 0—5 °C, and then 3%
aqueous NaHCOz solution (100 mL) was added. The organic solvent was removed in vacuo,
toluene (100 mL) was added to the residue, and the layers were then separated. The aqueous
layer was extracted with toluene (50 mL). The combined organic layers were washed with 5%
aqueous NaCl solution (50 mL), 5% aqueous KHSOj4 solution (50 mL), and 5% aqueous NaCl
solution (50 mL), and then dried over MgSOa. After filtration, the solvent was removed in
vacuo to give 138 as a yellow oil. To a solution of obtained 138 in THF (300 mL) was added
10% Pd/C (50% wet) (6.00 g), and the mixture was stirred under hydrogen atmosphere (1
atm) at 25 °C for 3 h. The reaction mixture was filtered through Celite, and the filtrate was
concentrated in vacuo. The resulting solid was purified by recrystallization from toluene-THF
(9:1) (300 mL) at 70 °C, and cooled down to 0—5 °C over 2 h and held for 1 h. The solid was
filtered, washed with cooled (<5 °C) toluene, and dried in vacuo to give 139 (19.8 g, 75%
yield) as a white solid (97.2% area purity by HPLC). Mp 119 °C; 'H NMR (300 MHz,
CDCl3) 6 7.68 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.1 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 6.78 (d, J
= 8.6 Hz, 2H), 4.21 (t, J = 6.1 Hz, 2H), 4.16 (t, J = 7.1 Hz, 2H), 2.88 (t, J = 6.8 Hz, 2H), 2.84
(t, J = 6.1 Hz, 2H), 2.43 (s, 3H); 3C NMR (75 MHz, CDCls) § 176.9, 157.3, 144.6, 132.9,
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129.9, 129.7, 128.7, 127.8, 114.7, 70.8, 63.0, 34.4, 34.3, 21.6; IR (ATR) 1695, 1512, 1171
cm %, HRMS (ESI) m/z calcd for C1gH2106S [M + H]* 365.1053, found 365.1045.

4-5-3-2. 2-(4-Ox0-3,4-dihydro-2H-chromen-6-yl)ethyl 4-methylbenzenesulfonate (93)

To a solution of TFAA (26.8 mL) and phosphoric acid (85%) (316 mg, 2.74 mmol, 0.10
equiv) was added 139 (10.0 g, 27.4 mmol) at 0—5 °C, and the mixture was stirred at 25 °C for
1 h. The reaction mixture was concentrated in vacuo. Toluene-THF (2:1) (150 mL) and water

(100 mL) were added to the residue, and the layers were separated. The aqueous layer was
extracted with toluene (50 mL). The combined organic layers were washed with 5% aqueous
NaHCOs3 solution (2 x 50 mL) and 5% aqueous NaCl solution (50 mL) and dried over MgSQsa.
After filtration, the solvent was removed in vacuo. To the resulting solid was added
2-propanol-H20 (10:1) (55 mL), and the suspension was warmed to 45 °C and held for 1 h.
After the mixture was cooled to 25 °C, water (95 mL) was added and stirred at 25 °C for 1 h.
The mixture was cooled to 0—5 °C, held for 1 h, and then filtered. The solid was washed with
water (20 mL) and dried in vacuo to give 93 (9.32 g, 98% vyield) as a white solid (99.1% area
purity by HPLC). Obtained analytical data are in complete accord with that of 93 obtained
through first-generation synthesis.
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K LW S BLETEMEZ A L, 990 725 SERT 123 L CH A EEEZ /T 5
ZEDNgholo, ABEY 1 O SERT fEAHEEEOM 2 BN E L, AMERESE
WALEM L DERY P UBRANIZEBR LI DNV P VB 6 (LI A N1
FURTOEANEToT, TORER, Br &2 EA L7bEW 4 I28WTied SERT [
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L " SMP-304

1 LB 4
SERT Ki = 212 nM SERT Ki = 66.4 nM SERT Ki = 32.7 nM
5-HTia Ki = 29.3 nM 5-HT4 Ki = 2.72 nM 5-HT, Ki = 9.4 nM
Figure 28. SMP-304 oAl

BB TR SERT ARG & FHETVENE & 5-HTiaft B FLETEEZ DR D 7 > R okl Kvk
ARBRIC CTHEfFOSSRITH B8 X F o L0 i) S ROR Ay hERL
72SMP-3047278, D% DORFIT, CYP2D6DO A TR SN HHAH TH D Z &b
Do 1o, M T ORI O KERD % 5 od 2 REEER TH 52 M7 v —LP450 (CYP)

AFED—DTHHCYP2D6IZITEME 2N H 0 . HHE M D extensive
metabolizer (EM) & XEHNEMEDFI poor metabolizer (PM) N{FIET 5 Z ENHEH
TS, EMEPMTIXBFICIHIEENI0MUL R D Z R H Y . CYP2D6D HifY;
HTHLIEDITMF = e — L <D TERWEEENERIND, £ I T,
SMP-304DCYP2D6 D HARHT & W\ 9 BRBE DO TE iR & SERTHE A ML EE D m E 2 H i &
L. ELAF7EZ T o7, Z O, ©_U O UBRAMIICER L- XU B U BRICE R
L7=BrEE D EHALE O HIZ KL U | SERTHE A BHEIEMEDS M L L, A1 —BRMIEEAL O
ZEHZ K0 CYP2D6 DR FF 5 D I M RIEIZ e S iz, SERTH L UB-HT 1Al %}
L. ZOKIERL0EFOHIFHN &9 BIFRNT AT, 220, —HinM&E W 9 FERIC
BV A P ETEE 27~ L, CYP2D6 DA77 5- 2 1360%LL T T o 7oL & 14678 WL
S, 2. ALAEWA6DBriD D N1 7 L BRI T L F L A~ D BRI DAL
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B b [FREICS-HT1aBR 2 VEENEME 20 LTz, 19 DVEF O R B IR 12 B e i gEal
FE oo b= EED FRIERE T v b~A 70X A7 U AT TRME LT,
ZORER, WThoflbed®wbte b= riFdiEo EFIER%Z7R L, SERTHE & FLEE
PR L OSRIEEMED IR & & [AEEIC, {bAWse ik bR\ o b= lFEE & o EF/EH
%~ L7= (Figure 29),
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Figure 29. DSP-1053 /Al
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