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Figure 2. 5-HT receptors.
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Figure 3. Structures of Buspirone, Sumatriptan, Ramosetron, and Mosapride.
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Figure 4. Structures of mCPP, SB-242084, and Trazodone.

Z DX D IZHEEMRRE 2R & ATE OE (QOL) 12 < Bd5- L TV % 5-HT, 2 A RIT,
Bl —7y FELTHEFICHEENLOTHY | BIETITEAISHIENITDI,
5-HT, ZBIKT T=A FOME LIz >oH 5, 7% LinL, EE LD IL—T 1
Fea Bt L7234 H), 5-HT, /AT T =A & LTI, A > R—/L§EEIK Ro60-0175
9) H 2D WIEA T /7 Er— LFEEK Ro60-0213 (10) IZfRE S H{LEH F.

Hoffman—La Roche #EHHE SN TCNEDHTH 7= (Figure 5), '

Xy gm

NH, MeO NH,
R060-0175(9) R060-0213 (10)

Figure 5. Structures of Ro60-0175 and Ro60-0213.

3



LU, A v R—/LFEMK Ro60-0175 (9 IZHOWTHFMTIHMEIL7Z& Z A,
5-HT, A AHANPEIL AT 26 nM & EEERRE5 < | £ 72 5-HT,, BRI K LTI 2 £%
PR OTEHE L2v72 < 5-HT, XREHEREDMAZ T 5V — L& LTUIAR S THD &
Zz bz, ¥ R, 5HL, T BEROTEHAIZLARERFICEEG L T2 2 Lp3mb
NTWDT7w, %9 5-HT, AR OBEBEM BT I 5-HT,, L BTG & OTEBENLETH
%,

Z ZTEEDLIT, 5-HT, AR OERE-SCHMRE L OREALH G T 5 L &b,
IID QOL oA HI & LT3 M 2 B4~ < | 8IRW 5-HT, LT T =2 h D
A BRE L LIFEICEF T2 & & LT,

AHFFE DR

FEEOII, A F=VFEERIZ ) — MM E L. ErDEMH R ONERMEDM &
EE USEEREIT T, ETHHBEOBRRICE T, 1 v R— L BROEY T
SR E LT, AV E Y= VERBHREISN TS ZEICER L, 7 17y —)
BRAE B LU TAL S 15a 1F, 5-HT, B EBAMEIC BN TA o R—/LaFEk 9 L [H]
HEOEMEEZR LD, AV R—= VRN OA VXY — VERSOEWITFTETHH Z &
ERER LTz, FeWNTA XY — VB EOBEMILOEH AT @ 5-HT,, AR BUR
MK =4.00M)ZHT56,7-Y7oafk1sdz R L, ZOfELY, A 05—
WVERD 6 L& TAL~DOEHRIEOBEANIGE LNEB X, 6, T(II~T RERA MRS
TALEW T A v L, SRERIEME AN Lo, 2 OfER, & 5-HT,, S A RBURE (4]
=0.20 M) ZHT D70 A 2V —)LIFER15g 2 B Lo, fitl T 5-HT,, ZAEKIZ
T HEREOM EA R E L, 7aA U H Y —VBRO 3L, T OB D Ffb
AT o T fE R, 5-HT, A RBIFPER L O 5-HT,, TR EIC KT 2 RIREDOH TH - &
bAEEEXOLND, T-=F KIS Z R LT, £, L& 15g L&MW 151 I

4



ONT 5-HT, B E D Ry %0 7T AR 21T\, 5-HT, /IR & 5-HT,, /K
DT 2 BREHIDE K0 BIRPEDZ 42417 o 72, PI hydrolysis {52 K 0 (LEW 15i
DT F=A MEWEZ TN U725 R, 5-HT, ZFEIC L TEWT =2 MEM (ECy, =
1.0 nM) ZA L., 5-HT,, & ERICxE L TmV ek (24/2C = 93) 235 2 & & A
L7z, £/, 5-HT,ZRERT A=A F®D in vivo (BT DT T=Z MEOFEIE L SN
By Ty MBI HEFERIEAZROCZRAR ¥ 2B TROFEET 0.3 ng/kg &
WORABEL VIEABHERCE D Z L EHLMNI LIz, TORDILAEW 15 T72bb
(S—2-(T-—=FN—-1HF7m[2,3-gl A Z /S —)-1-A4)V)-1-AF)INZF)LT I %H
FHKG YM348 & L. ARBFIED HIYZER LAt G & L BRI UM RE R S a5

ELTHRAT =~ D TWD (F—E),

AZ)—ILERE
F\©(\\N BREOBEL NN ERiEan N, EBEOBEL N
N E— | —> o N —> o N
— c =/ = =/
NH, NH, NH, NH,
15a 15d 159 15i (YM348)

Chapter 1

BB TR L7z YM348 135\ 5-HT, S A ARBUftEd KO 5-HT,, e FIRIC 35
BREEZFTHILEMTHD, ZOEYORIIEAZBET DICHT0 . KEAK
MULEE L IR o, T2 T, ZOEWOREE LD T-=F N-1F7 1 [2,3-gl 1
&=V 11 ORI ERIEZRE Lic, 1IEROGIEZ, Bt 7 2BEOLED
BT TRARETH L0, ¥ T T LR —VOREEREZITIIZHIZY, 2 DO
RN,

O HEFEE LTHONTWS -7 aEe-2-7"4% 7 (36) NEfi Th 5,

@ BT CTOPAKZEIIZ 200 CLLEOEBRNSLETH S,



ZIZT, 1-7wE-2-74% /@) EAEED S, HHEFEEE LT, ZliTh D
raar7v hTATE R@DEHAWSZ L& L, MRk gD TEICEY Ve B
BAVEY =R 2Ta AL, KW T T2 T B F UL LILEY) 28 ~& A LT-
%, TEFNEOBILEITNT Va3 —/UK 38 24572, Fethic, BEMEEIHETO~RY
UIANLKERIEDBIKEIRZ 2 FE I LY . BRET 266 i BN EbNnD &5
A, BRI E R Uiz, ZORER, =% 7 —VERE L LTHY, —YE0RE
% N Z IMBGETE T 2 2 LIS K 0 @R CRUKEOS 2 1D FFLN T35 2 & %
R L. YM348 OREZ & 72 24bEW 111 ORI ERIES Rl Lz, B, Mg

DT IFNAVIZOW TG L. )7 YM348 DA kiEZ et L= (55 ),

10% Pd-C
J:/\L | N dlethyl fumarate
\/u\/ o
ethylene glycol

expenswe

) ) c. HCI N Y
—_— o AN _— !
.

_ EtOH Q
Me reflux

Y 93% Me 11i Me YM348 NH,

Chapter 2

IR D X DI 5-HT, BT T=A L L TYM348 & AH L CTWAN, e\ TH
FHIE, ZOYM348 Z XL ETHA U = ViFEK L IR D ERERT D5
L 5-HT, SR T A=A FORIR A B2t 2175 2 & & LT,

6



YM348 (L7 v MZEBWTEHENOGROEE L RoNSILEWTH LN, BHE
(10 mg/kg LA L) LT, MELEFOERANROND LW MERRH D, ™ %
) 5-HT,, BT v 2 T=A M2 AWEERLY, Zom/E EFERZ, 5-HT, %
BROIEEALAREEG LTV EEX LN, BEGIX, ZOME LR ORIER % Bk
LIcBMZ AT 288 6-HT, RET T =2 ORI A HRICHIFE 21T 72, iz,
YM348 | % 5-HT,, S ATt U CEEIRMEAMER Y & 5 BRI 8 o T2, 5-HT, AR D
TEPEALIZ DRI IR RIZBI G- L TV D HER S D726, * 5-HT,, T BRIRIT R 2 @R
OmEEbHETZ L E LT

. BHALEWONA AN—Ty hAZ UV —=2F (HTS) XV 5-HT, SR
FREEE DB Z A L, F 72 5-HT,, S ARITKR LIEF IR T T =2 MEME (5, = T%)
BRI RV TEEUHER 43 2 RH L, EARAIEMEOM LA B LB
EATOTMER, XY T B U OERFE T IEFE K (52) DIF D 235E W 5-HT, S F IR
BAEEZ AT HZ L, Fo, TALOBEHRELIE 5-HT, ZBERDO T T =2 MEPEIZKE
WIS TWDSZ EERRM L, BHIE ST A —2 —Z W CTHBIMIT 217V, 5-HT,,
D B, MEEEBTFHNTA—F—Thbbo, BLWo HEDOHIZ, o, BLWo, HIE
{7eB1EE B MHFELS 22 L WO MBERDH D Z EHH LN LTz, PLEOREOR
F. 5-HT, S ABAPE, 5-HT,, 2R, 5-HT,, RIS 58RI LU 5-HT,,
SZEERT A=A MEHEOHEH TH - E b AL THHEEZIHLND 6,T-V 7 r{Lk53 O
invivo fHli 21T - 724k R, YM348 LRS00 T » FENEBRIEM A2 7T 2 L 2B L
72

Cl

¢ T ERED ¢
O,N NH{AA~ ONN.7 ik o]
N-Me [——> NH —> NH
43 53

52

Chapter 3

7



BRI, YM348 ORSHFEH CTh oM/t EAEREZRFILIZE 2 A, 6,7-T 7 1
TR 5313 YM348 ([Z R oot ERAER Z RS 02 & AR S 4L, 5-HT,, AR
T A=A MEMEEZRBRESED Z SR Mt EFREHZERTES 2 2 /RHLE
(=),

AMFFEOFER, FHDIL, @\ 5-HT, ZEUEEFMELZ A L. 72> 5-HT,, AWK
L CEVBEIRM 2R 5-HT, /AT T=A  YM348 2RI L7-, £7-. T¥(kw
AEZR YM348 ORI A EL R L7c, S 612, YM348 CTHIEM Th - 721 L 5-
TERZFFZT . S HIT 5-HT,, LA MK 238 RNEN [ L L7z, YM348 & [F% 0%
HiEMEZ AT 5 65-HT, BT T=A FTHEIRXV Y T FERS 2 R L,

ZN S DAY DI BARAE N O YM348 D&RIERIEIC DWW T, BLUTREERNT R~

Cl

\’N Cl
N
b Wii:>“

Me NH

YM348 53

Figure 6. Selected novel 5-HT,¢ agonists.
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HTEWCERL, D L LTA Y — &R LT, F. Hoffman-La Roche #:iC
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—HDOA U E Y = IVHEEROERKREEY T,
A HE—=)VERAD 2-T 2 ) 7a LV EOE AL, LLTFIZART Method A &Y

Method B @ 38 Y D J51ETiT7-72 (Scheme 1),

Scheme 1. Synthesis of compound 15a-15s.
Method A (15a - 15i, 15k - 15m, 15p, 15r, 15s)
R R R S R N
¢ - Y

NH
1 14 15 2

12: X =0H 15-57%

56-97% from 12 48-98%
13: X=0Ms

Method B (15j, 15n, 150, 15q )

e N\ f
1M1 — N/N _ > 15
R \\ﬂ\\
16

NHBoc 17-66% from 11

Reagents and conditions: (a) NaH, (R)-propylene oxide, DMF; (b) MsCl, Et;N, CH,Cl,; (c) NaN3;, DMF; (d)
LiAlH,, THF or PPh;, H,0, THF; (e) N-Boc-O-Ts-L—alaninol, Cs,CO;, DMSO; (f) HCI, AcOEt.

— DD JEMethod A) I, £, KFENT M) T LEZANTAS U F Y — L 1ALD
i ALz 7o, (D) -7 e L AR RICK D TAFbEITH, ARk
MTHDLINT VIR IARE 2T VIR E D DTNAT D0~ NI T 7 4 —IC
K0T AZ LIk, BHET D LT AFIHUETH ST L 2 — )UK 12 % HE
T 5, NTAIIUE, 7Y MMEZITV, RRICKA) F U LT VI =0 AE 72T
M) 7 2= ViR AT 4 oW TIETEIT) ZLICK 0TI UK 15 2185 H1ETH
% (Scheme 1; Method A),

t 9 — 2D FE Method B) if, Method A & Lh#E L C TREERZ IS L7 f@i{H /e —

KN Cdh b, Method A, 2-7 I /7 7u NV EOEAIC 4 TREZELHEMETHAD,
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KV fEER 2-7 X T CAEROBEATGEE G LT, ZORER, Kkt o v LATFEE
T MBoc-0-Ts1-7 7=/ —n "2 ZHNTTAX /ML, LHO 1ALT L F K 16
BHEEL 72, BRMESRME T BREEIT VT 2 R 15 2155 kA AL L7z (Scheme
1; Method B),

I EHAA &2 — Vi8R Naf OGRIEEZTRT, "u T azfT5(4 05—
JU 11a-d |Z Bartsch & Yang ® HFEFFIHA L CER LT, ¥ ~aFrErHT5 o b
A P 1Ta-d ZHEREEET Y v AERNWTY T YV L, 2% 18-crown—6 {7/E T,

Wele 77 U 7 A& AW TEBRILZ 1TV A & ) — LEEEK 11a-d 2157 (Scheme 2),

Scheme 2. Synthetic route to compounds 11a-11d.

Me
a N
2, — O
R NH, o N
17a: R =4-F
17b : R =5-F

17¢: R =4,5-diCl
17d : R = 5,6-diCl

11a: R = 5-F (20%)
11b : R = 6-F (19%)
11¢: R = 5,6-diCl (49%)
11d : R = 6,7-diCl (45%)

Reagents and conditions: (a) (1) NaNO,, c. HCI then NaBF,, H,O; (2) AcOK, 18-crown-6, CHCl;.

A HEY =) e, Id DHZBEFERIE 2D MLV A2 17e, 17Td XL TFDO X 512 LT

Ak L7 (Scheme 3),

Scheme 3. Synthetic route to compounds 17¢ and 17d.

Cl Me ab Cl Me
I —— XX

cl cl NH,

18 17¢

76%

c 1) d Meo e Me
Cl NH, Cl H cl H)k’< Cl NH,
Cl Cl Cl Cl
19 20 21

17d
37% 59% 95%

Reagents and conditions: (a) KNO;, ¢. H,SO,; (b) SnCl,-2H,0, ¢. HCI, EtOH; (c) PivCl, K,COs;, acetone; (d)
BuLi, Mel, TMEDA, -BuOMe; (¢) KOH, HOCH,CH,OH.
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34-Y 7 bl (18) D 6w = hufk L., W THILAZXZHNT= okt
DIFTCEATO ZEICED PAA VU 1Te 2B LT, $£72.2,3-Y 7 rnuT =1 - (19)
e ANVHTIRE LB 20 & L7k, 6 iz U FA1 b, it T b AF L L
OGS ®bam 21 & L RZIceENa A VA TR#EST S Z L2 XD b a Y 17d
ER LTz,

ARNFUAEY —VFEEE 1le, UFIZLLTFO X DICLTHEM LT, TRSN TN
56-T 2 AE—)(22) & DT M LTt BRERKIRIE R TR iR+ 5 2 i
KV 6 RrFoA gy —nQ3)~E&H L, "W HALKBEIIHLTAT L
BEATH ZEICED, 6-A FFv A F Y —L(lle) 247=, 7= 6-& FaFi A
B =) (23T Frarany Bl I RINCS) ZEA S, 7 L& RN 7 vk
THZEIWZEVILEW 24 ~E BB L HNT AT LT D Z LI vibEY 1If 2 &

% L7= (Scheme 4),

Scheme 4. Synthetic route to compounds 11e and 11f.

Oy~ O —— L5
N — N @ — N
HN N HO N MeO N

R R

22 bl:23:R=H(41%) 11e: R = H (48%)
24: R = CI (54%) 11f: R = CI (56%)

Reagents and conditions: (a) NaNO,, H,SO, then 10 M H,SOy; (b) NCS, dioxane; (c) Mel, K,CO;, DMF.

TaA Y VEER Mg L FO L I L TE LTz, 1,3-v 7 g~
YUF @) E/aa T NTATE RERUSESE, F bk 26a " 257, 2k
FHRzFNLEDVTL 7 FFV REAVTHELINMAY L. B RTP U 2H
WTEBLE TV, Y K TaAf ¥ —)L 27a 2157, &klZ, 2,3-Y 7 nra-5,6-
DT 1,4 % 7 v (DDQ) B HWTHLKRFEL, 7 H DV ITKREMER & LT

TYNBYTTFNVAFIE T, RNT VU LRFEEROIBREL Y 2T, T oK
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V=L 11g BT, T- A F UK 1Th KO T-=F LR 11 b ST 547 bk 26b )
N26c LY [EERICER LT, (Scheme 5)

Scheme 5. Synthetic route to compounds 11g-11i.

aorborc f \,N
o o\ o —> o\ —> o N

R
25
26a: R = H (60%) 27a: R =H (73%) 11g: R = H (40%)
26b : R = Me (34%) 27b: R = Me (59%) 11h : R = Me (33%)
26¢ : R = Et (50%) 27¢: R = Et (80%) 11i : R = Et (79%)

Reagents and conditions: (a) CICH,CHO, NaHCO3, H,O; (b) (1) 2,3-Dibromopropene, Triton B, MeOH, H,0;
(2) HCIO4, HCO,H; (c¢) 1-Bromo-2-butanone, NaHCO;, MeOH, H,0; (d) #+~BuOK, HCO,Et, THF; (e)
H,NNH,-H,0, EtOH; (f) DDQ, dioxane or Pd-C, diethyl fumarate, ethylene glycol.

T—A Y7 VRICELTIE, 27a D T iz T2 F b L%, AFL~T x>
L) RaE s S AFUAEEITVD, 3 BKIREZ AT H{bEWIc L TavFEs
O S, BBERS ™ 24795 Z 212X W ARk L7 (Scheme 6),

Scheme 6. Synthetic route to compound 11j.

Y a N\ b D
N ‘ | N N
O_ H > o H/ —_— 0 H/

27a 28 1]
28% 32%

Reagents and conditions: (a) AcOH, TFAA; (b) (1) MeMgCl, THF, (2) L,, benzene.
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SPLICT NFRNIEZFT DA o F Y — VBRI 11k-110 13, KIET 57 b 1K 26a,
26¢ % HFEJEEFE LTV, Scheme 5 L IZIEFERD HFIEIZ LV | 3-T L F /LK 11k-110
4% L7z (Scheme 7), Scheme 5 (265X 512, 77 b D afi~DH/NL I VHEA
DRI L LT, BV UL 7 bR REAOTER, 7 EEADOSAIE, K

FT MU O NEKRBIED Y U L EHEIRE L THW, °

Scheme 7. Synthetic route to compounds 11k-11o0.

e

26a:R=H 29a:R1=H, R2 =Me (29%) 11k :R1=H, R2 = Me (44%)
26c:R=Et 29b : R1=H, R2 =Et (85%) 11 :R1=H, R2= Et(26%)
29c:R1=H, R2=Pr (85%) 11m:R1=H, R2=Pr(13%)
29d : R1 = Et, R2 = Me (16%) 11n :R1=Et, R2 = Me (34%)
29e: R1 =Et, R2 = Et (14%) 110 :R1=Et, R2 =Et (33%)

Reagents and conditions: (a) R’*CO,Et, KH, NaH, DME; (b) H,NNH,-H,0, EtOH; (c) DDQ, dioxane or Pd-C,
diethyl fumarate, ethylene glycol.

A MR KO NqIFLL FD L I L TAK L7 (Scheme 8),

Scheme 8. Synthetic route to compounds 11g-11q.

o

OMe
cd
a OEt b AW
o AN o —_— —_— —_— ,
_ oYy 0 N
R o R
26a:R=H 30a: R =H (85%) 31a: R=H (82%) 11p : R = H (49%)
26c: R =Et 30b : R = Et (37%) 31b : R = Et (84%) 11q : R = Et (85%)

Reagents and conditions: (a) KHMDS, CICO,Et, THF; (b) H,NNH,-H,O, EtOH; (c) CH,N,, dioxane, MeOH; (d)
DDQ, dioxane.

BV T BT ATF LT Y R KHIMDS) 2 VT kK 26a, 26c D7 v ko
{bZ2iTo7t%, 7 XM TF L EEAIEDLZ EIZED afiic= T LR =b
HaEAN LALAY 30a, 30b & L7=, L&Y 30a, 30bICXfLCE RTUUAEHSHE

HZ LI LB EITWVMEAE® 31a, 31b E L, HEWTCOT Y AX U EHNT 0-AF
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MMEEIT o 721%™ DDQ &AW BAKESISZITH 2218k Y 3-A R4k 11p &
N 1q a5k L7,

Fx ) [2,3-gl A ZY—Ar) IZBLTIE, fIIRSNATWD T b AR 32 & H%E
JFERE L THW, (BE g OERK & [RER D 7IETERK L7z (Scheme 9),

Scheme 9. Synthetic route to compound 11r.

32 33 11r
78% 78%

Reagents and conditions: (a) HCO,Et, -BuOK, THF, (b) H,NNH,-H,0, EtOH; (c) DDQ, dioxane.

6-t R A U F Y — L3I U THEEE L U w7 A& AWT L2 RIRIc =
b LALEW 34 & LTctk, = b ioiEEiTvMbEaEMm 35 & Lz, RBRICA /R
MrUZFNLEHANTEIY Y —VEBROEELITH) Z LIV E T a3, 4-e] X

VAR —L (11s) Ak L7- (Scheme 10),

Scheme 10. Synthetic route to compound 11s.

O —— Oy —— oy — \
N — N — N — N
HO H HO N HO N o) N
NO, NH, \=N
34 35

23 11s

95% 100% 81%

Reagents and conditions: (a) KNO3, H,SOy; (b) H,, Pd-C, AcOH; (¢) HC(OE);.
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FHh REPREEARTAM M OVE 5

B LTzA & — )VEBER D 5-HT,. f Y 5-HT,, 5 BRI %3 2 BLFMHE I DV TR
Bt L7 R % Tablel ~4 (27" T, 5-HT, L OV 5-HT,, S BRI 9~ B BAIHEIZ DV T,
B TR TIEIC LD & b 5-HT, fe O8N 5-HT,, 52 K % CHO flfciC R L S &, £

TNDZHEMIZEBT % PHI-65-HT OFpREYLHFE G T DAL G O G BLE R 21T

~

WVEEAT L 7=, FHiciE, 5-HT, KON 5-HT,, S A4 2 Bt 4 £ (M) & LR
L. 5-HT, BRIk 2B REDOFRIE & LT, 5-HTy e O 5-HT,, L FIEIZxH T2 4,
fED % K (5-HT,,) /£ (5-HT,) & L TR L7z, £91L UHIZ Ro60-0175 (9) DA > K—

WEBRHE A Y — VBN BH UL AW Z G L7 (Table 1),

Table 1. Affinities of compounds 9 and 15a-15f for 5-HT,c and 5-HT,4 receptors.

9 NH, 15a-f 2
Compd. R! R R K; (nM)* selectivity”
5-HTsc 5-HT)a 5-HT,4 / 5-HTsc

9 26 39 2
15a F H H 43 89 2
15b H F H 32 82 3
15e H OMe H 16 37 2
15f H OMe Cl 140 1200 9
15¢ Cl Cl H 7.5 11 1
15d H Cl Cl 4.0 9.1 2

* K; for [3H] 5-HT binding; human 5-HT,c and 5-HT,, receptors expressed in CHO cells.
selectivity = 5-HT,4 value / 5-HT,¢ value.

A B — VAR 15a D 5-HT, o OV 5-HT,, 52 SR EFPE L £ Al T 43 nM &2 10889 nM

THY, A F—=LiFEK 9 LIFITREDEEZAE LT, ZORIV A F—LER
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MHA E = NVESOERITTFE THDH 2 EPHERTE o), W TA v 7Y —
VIR EOBEBILDOEM AT 5T, 6-7 /A K 15b 1%, 5-7 /LA =K 15a & IZIX A%
D 5-HT, SEAARBIFIME L ONRIRMEA R LT, 6-A RF U1K 15e IE, 6-7 /A 2 {K 15b
KU T 5-HT, SEARABUPED [\ | L7e s, RO RIZR 6o Tz, 6-24 k
X UK 15e D THLIZ 7 v r FAE AN LT ALE W 15013 5-HT, Se AR BUFNPEDS £ fE T 140
nM & RIEIZAR T L7223, 5-HT,, A EBIRIMED 1200 nM & KESIKTFL, FRELT
5-HT,, SR kb4 2 B4R ME 1L | L7= (24/2C = 9), 5,6-Y 7 mafk 15¢ % 5-HT,.
SAMBIMED LAET 7.5 oM & @mUEMEZ R L72d, 5-HT,, S BRI k7 2 Bk
TR BN o=, —J7, 6, 7-V 7 1 r R 15d 1% 5-HT,. Z A ASHFNEDS A LT 4. 0 nM
ElbmWEEZ R LT,

6,7-Y 7 m K 15d 3, m\W 5HT, ZAERIWEAZ R LI Z L LY, A F Y —b
BRD 6L E TANA~DEHBEDOHNTFHFRIND LHWT L. 6,7 (MIT~T v BERAHEER

ke z T A L EEEOFE 21T > 72 (Table 2),

Table 2. Affinities of compounds 15g, 15r, and 15s for 5-HT,c and 5-HT,4 receptors.

K; (nM)? selectivity”
Compd.
5-HT,c 5-HT)a 5-HT;a / 5-HT¢
15d 4.0 9.1 2
Y
15r g NH‘\ 1.4 6.7 5
NH,
Y
15g 'S N\‘\ 0.2 0.78 4
NH,
o
15 Y N . 59 47 1
S - \\(
NH,

* K for [’H] 5-HT binding; human 5-HT, and 5-HT,4 receptors expressed in CHO cells.
b selectivity = 5-HT,4 value / 5-HT,¢ value.
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FT, T T = VEREMRSETALAEW 15r ZFHE L7 & 2 A, 5-HT, S AAH N
PRI AMET L 40M & 6, 7-V 7 nnff15d LV b EWEfME2 R L7z, £72. 201k
B O 5N, ZAREBEFMEIL LET6.7 nM THY, BIRMES M L L7 (2A/2C = 5),
FEWNT, 77 VERDMEERR LT LEW 15g i L7= & 2 A, 5-HT, S BEBIFIEX A
fEC0.20 M &2 E L7z, F/o, ZO(LEHD 5-HT,, ZRMRITHRTT 25N 4
G Chotz, —FH, XV — L EHMEER ST 7LA W 15s 13 5-HT, R IEHFMET £
fETHInM & REIRT L, F72 5-HT,, ZEIEICKT H@IREBIE T L7z, ZhbD
LD, T UY=L 15g N, EbmEWBIIIMEZ R LTcle, ZolbEmE T
Y7 L— hE UTIRBIBIIE AT S 2 & & LT,

TaA H Y — VR 15g 13, @V 5-HT, S AKE AN Z R T b oo, 5-HT, %
BARIZKET 2 BPEIL R DOV B DO TIERW=8 (28/2C = 4), H72 58 PFHEO M
EEBREL, &M 15g ~OBBELEALITH)> Z L & LT,

XU, 7aA o F Y — )L INLA~DERFLE A 2 fat L 7= 55 R % Table 31277,

Table 3. Affinities of compounds 15k, 151, 15m, and 15p for 5-HT,¢ and 5-HT;4 receptors.

NH,
K; (nM)? selectivity”
Compd. R
5-HT,c 5-HT7a 5-HT,4 / 5-HTy¢
15g H 0.20 0.78 4
15k Me 13 17 1
151 Et 2.5 11 4
15m Pr 25 64 3
15p OMe 0.51 8.7 17

* K; for [3H] 5-HT binding; human 5-HT,¢ and 5-HT,, receptors expressed in CHO cells.
b selectivity = 5-HT,4 value / 5-HT,¢ value.
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FP. SNATAFAIE (AFL, = F )L, T k) OEAEITo-EZ A,
WTIL D 5-HT, LA EEMMEFE T L, S 6I@EREOR Ly ooz, Lo
T, 78 AU F =)L 3MA~DT VX NFEOENIEE LS WL, —,
3=A FF RIS IZOWTHRFT LTz & 2 A, 5-HT, S AMBAFINEIL £ T 0.51 nM &
HEEHLR 15g & LR TURIFERZEO S WIEEZ 7R Uiz, £z, 5-HT,, S BRIRO BRI
KIETS8.7 oM TH Y, MEHIK 15g LT 10 EOE TR AL, FEFE LT,
5-HT,, Z BRI R 3@ INMEI K& <k L= (2A/2C = 17),

BT, 7aA XY = T ~OERISEANZ G LR % Table 4 127577,
T =)V TALAD A FIVFEDE AT O TIE 5-HT, R BN ZIFIT R ER,
ITFNVETIHETET, 4 Y 7o BV TIIRIBIET & B < 72 51F SIHENMET
FTHEMMNR SN, T-=F VIR 151 O 5-HT,c ZREF IS BB R L LEx DT
WK T CTH o723, 5-HT,, ZARMHFNEIX L ETO0.78 nM 225 13 nM & KIEIZIK T

L7722 &R0 FERE UTH-HT, ZFITHRT 2RI R E <M kL7 (24/2C = 15),

Table 4. Affinities of compounds 15h-15j for 5-HT,¢ and 5-HT;4 receptors.

R7 NH,
K; (nM)* selectivity”
Compd. R
5-HT,¢ 5-HT)a 5-HT,5 / 5-HTc
15¢g H 0.20 0.78 4
15h Me 0.30 2.1 7
15i Et 0.89 13 15
15j Pr 20 87 4

* K; for [3H] 5-HT binding; human 5-HT,¢ and 5-HT,4 receptors expressed in CHO cells.
b selectivity = 5-HT,, value / 5-HT¢ value.

TaAE =)V T OB BEEBEN D AF L o F LRl mEL< T BIT
O T, 5-HT,, LRI KT D BIREN ] LT H2EHEZZELET L0, Ry 7 E
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T IVIRHT 2 AT o T2, ARG ARENT S 2072 B, AR O E @ e ° 288 & LT, CGI
foT v 7T A MOE Y & HWT 5-HT, ZHEEOET MEIEEHEE LT, fi\ T,
CCDC 4D 7w 7' F . GOLD ™ & AW T, 7 (L #EEHATH 2L EW) 15g KON T-=F

IWRTH DILEW 151 D R v % v TN 247> 7= (Figure 8),

Compound 15g Compound 15i

Ne(5-HT,,)  Ser(5.HT,,) I;B{E-HTHJ Ser{5-HT,,)

Vallgs Y Vallgs )
Ala222 — Ala222

# . Fi E %

Serlid

Aspl3d Aspl34

Figure 8. Docking model of compounds 15g (left) and 15i (right) in 5-HT,c receptor.

WLEH DT I Ry IE, Aspl34 B LN Serl138 LAAHKIEGET D EHESIND,
Flo, TaA B = TALEFINLET D & & 2 b 5-HT, AR Vall8s 35
L OV Ala222 1%, 5-HT,, Z A TIE, Ile BEL W Ser ICEE#HD > TWD, T7hbb5,
TaA B =) TR Z OFERIE, 5-HT,, RO I )N 5-HT, T A & 22
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FIIZHNWEHEE S D, T, T AEHRIL L BEBIR)N S ATV, mFLike
MEE LT HICONT, 5-HLZHEEE Y & 5-HT,, L BRI 2 BRI OIR T 23
LWe, fERE LTEIRMEPAM ELTEEEZHND,

EROBREY . THOBRET=FLVENRE THL EB X, KIZ, 2O T-=F

VAR 151 D 3 (LI 72 D EHA LD E A &7 A7 (Table 5),

Table 5. Affinities of compounds 15n, 150, and 15q for 5-HT»c and 5-HT,4 receptors.

N
0 N
B \\XNHZ
K; (nM)* selectivity”
Compd. R

5-HT,c¢ 5-HT)a 5-HT,4 / 5-HT,¢
15i H 0.89 13 15
15n Me 5.0 46 9
150 Et 2.7 51 19
15q OMe 12 38 3

* K for [’H] 5-HT binding; human 5-HT, and 5-HT,, receptors expressed in CHO cells.
b selectivity = 5-HT,4 value / 5-HT,¢ value.

SPENATFNEB IO F VA EA LTLEW 150, 150 1%, 151 & HEATEPEITK
T L7z, Jeab Uiz 3AL~D A % B0 A LV ERMO M Ea R Lz /bEaw 15p
OFERLY, ZOT-ZF RIS LTS, 3M~DRA RFEOEANZLY, &
PFEO M B2 MR U CRMI L7223, 5-HT, BRI 12 nM & K&K TFL, &
IZERRME B ART L72 (2A/2C = 3),

UL EDORER IV, 5-HT, ZEEBAMES KO 5-HT,, BRI T 2 RIMEOH T
bolbbAELEZLND, T-F VL 151 T H(9)2-(T-=FL-1#7 1
[2,3-gl A L B ——-1-A V)~ 1-AF)NLZF LT I AR ER YM348 5 5 L
L. E2R2EMIMEZITO 2 & & LT,
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WU BRF LAY YM348 (151) O SKFRE

YM348(15i) . 5-HT B XN 5-HT, /R T T = & L THIHAL TV % mCPP(6) .
Ro60-0175(9) @ 5-HT,.. 5-HT,, 3 L O 5-HT,, S FIRIH T2 7 T =& MEM 2T L
7z 5-HT, KUY 6-HT,, LRIk 27 T =& MEMIEL, 5-HT, O 5-HT,, LK%
FNENHBLS 72 CHO Ml Z FHWT, £/, 5-HT,, ZARICKT 57 =2 MEME
IZ. 5-HT,, S AR & 58 Bl & 1 7= HEK-293 HMifid 2 VT PI hydrolysis 312 & 0 Al L
7o PI hydrolysis %, MifafE+H DA 2 & =1 U UFEORAKRY N—E CIZ LD
ARG T D, 5-HT ZHFERT T=A I, ZREFBICZ LD, RAKRY —F
C&IEMAL L, PI hydolysis ZEZ§Z LML TS, (LEWE 20 HHER X
VIREDA ) b=V VREDOGRIZ LV ERRT S b=V VEEO &%
ETHIELITED EC xR Lz, £/, +&ED5-HT (10 uM) Z{EAH SE 7R
DT F=A MEMEZEZ 100%E L, +oE0EY (10 W) Z/EA SR T I =2
MEMEZ £, EHE UTHRIE Lz, RPITITFHERE R & LT, 5-HT,, 5-HT,, KT 5-HT,,
SRR DT A=A MEWZ EC; M O £, L L TR LTz, £ Difii % Table 6
R,

FERINA 5-HT, 2 IR T 2= 2 b Td % mCPP ® 5-HT, S ARk 5 EC,, B 1% 120
M TH Y., 5-HT & He~ 6 (2085 L7z, 5-HT, Z/EICHT 57 2= MEMIX £, H
T 63%TH U BTN D TH 7=, F7-. mCPP O 5-HT,, ZZHAE KL 5-HT,, T2
R4 5 BC HIZZNEH 150nM & 93 M TH VY £72 £, EHZNTH 18%E 21%
THVINEDTH o7z, b-HL,ZHAKT T=A TS Ro60-0175 ¢ 5-HT, 25K
%35 EC, EIX 52 nM TH 0 | 5-HT &R 2f5RE L=, 77 T=& hMEMZ
R L7z (E,=88%), b-HT,, S22 % LTl EC,, filii 400 nM & 5-HT & H#R L 6 5K
T LD, 5-HT, /BRI LT 7T =R MEMEZ R LT (£,=91%), 5-HT,, 5%
PARITKE U T EC,, fEIE 2.4 M TH Y, 5-HT LN 2{EM A, 70T d=%
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NMEMEZ R U2 (£, =130%), —J7. YM348 @ 5-HT, S ZKIC%4 5 EC, filiZ 1.0 nM
EHRNLDOTHY, £, 1L T6%ThH o7, 5-HT, AT LTI BC, fli1E 93 nM, £,
EIX 97% & 5-HT L IFIEREDMEZ R LTz, 5-HT,, e BMRICx L TH ECy i 3.2 nM,
E A 110% & 5-HT & IZIERZEOME % R L7, YM348 | X Ro60-0175 & khfg L, 5-HT,,
ZRARD EC, i 50 M) L, F72 5-HT,, ZAMICHT D@L K& <Lz
(2A/2C = 7.7 vs. 93), (T 5-HT,, 22K D@8 IRME S Kx <\ kL= (2B/2C =

0.05 vs. 3.2),

Table 6. Functional activities of 15i and known 5-HT, agonists for the cloned human 5-HT,c,

5-HT>,a, and 5-HT»p receptors.

5-HT,c 5-HTsa 5-HT»p selectivity
Compd. ECsg Eorax ECsg Eonax ECs Enax SADC  IB/C
mM) &) oM O oM (%)
5-HT (1) 24 100 70 100 5.8 97 2.9 0.24
mCPP (6) 120 63 150 18 93 21 1.3 0.78
R060-0175 (9) 52 88 400 91 2.4 130 7.7 0.05
YM348 (15i) 1.0 76 93 97 3.2 110 93 3.2

E..x indicates intrinsic activity and is expressed as the percentage of maximal stimulation produced by 10uM
5-HT.

ERoEEHD T~ NHERFBRIERICOWTHRI Lz, 20T v MEBRIERIL.
T oD 5-HT, B RIEMACIC L DEHTH L Z Enmb TR Y | 5-HT, AR
TA=A D invivo @ B E LTHWOR TV, ¥ 7 v MEFHERBRIL, 7 v b
ALE W E R T EEE S LR OB G L, 20% 30 sy T v FohiEkE s
Ty hL, 1 PEH72 ) OFEREEIC L VG L7z, 2 OFEE#ERIZH VT, 5 L
4 Ll ED Ty MZEWTEHEFEN RO, 220 1 ILH 72 ) ORI,
L5ELLETHLMEEAZMEL L, #WRZm/MZIME (MED) T Table 7 (TR
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L7,

Table 7. Effects of representative indazole derivatives and known 5-HT,c agonists on penile

erections in rats after sc or po administration.

MED?
Compd.
sc (mg/kg) po (mg/kg)
mCPP (6) 0.1 3
R060-0175 (9) 0.3 NT®
15p 0.1 NE®
YM348 (15i) 0.03 0.3

* The lowest dose that significantly (p<0.05 as compared with vehicle) affected penile erections was considered
to be the minimum effective dose (MED). ° not tested. © not effective

FT. BN 5-HT, ZABART T=A M & LTHIBND mCPP ITHOWTHET L7z &
A BFERORE A& G X0 SEFRIEM MR T2 2 Lk, Bz
BT FERSTO0.1 mg/kg, AL T 3 mg/kg TH-o7=, Ro60-0175 DEe/NEEh
IR FEREE-T0.3mg/kg THY . mCPP & LEEE L T3 EFHWH DO TH o7, Fil
T, @V 5-HT, S BARBUFE S O 5-HT,, St ARIZ RT3 D3R M2 A3 21L& 15p 12
DWTHEILIZE Z A, B IFEREGTIXO0. 1ng/kg KOERAR RGN, ROKRE
TIHEAN R LN o 72, LAY 15p O OFK G- TOFEMED KIERE T, L&Y
15p D A bV EOES DMHINIZITIN =D TRV EEZBNLD, —J7. YM348
TR TELA R AEG L BITERAELY 7y FIEFRIEA MR ST, ZOFEM
13, 5-HT, SRR T v Z T=Z FTh 5 SB242084(7) D ICk W LESNT-Z &
2KV, YM348 OEEFFHEMIL 5-HT, ZBMIEELIZESS b D TH D Z &3k
ST,
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BhHE FoEOE LD

EHE DI, BRI 5-HT, ZRIET A= NORIEZ HIZ, 1 ¥ —/Vahsk
DA & AEETEVEAR BRI 21T o 72, TOBREICEBWT, 6,7-Y 7 rnuAf &Y —)
PR 15d 3@\ 5-HT, BB Z A3 5 2 L2 /AL, ftl T, A ¥ Y —L
D6, THCT T VBB LT 7 0 A & — VEFEK 15g 73 B2 &V 5-HT, 2 21K
BAMEEZAET DL 2R LTz, fV T, 5-HT,, BRI K L CoRRMEDm L% H
FIC 7 B A & — VBB 15g ~DEBEE AN ZAT > T2 iR, EC,, 6T 5-HT,, %
RIZxE LTV @I (24/2C=93) 25325 T-=F UK 151 # A L7z, 72, 5-HT,
ZRET T=A MO invivo IZBIT AT I=X MEDIRIE L S5, T v MIBITS
PEFFHAEMN 2 AN TCRBRICEB DT, (LAY 151 1T 0 &5 TERAE X 0 I R
TELZLZMOENT LT, 201D AW 15i T b (9)-2-(T-=F N-1/F7 1
[2,3-g] A v —=1-A W)~ 1-AFNEF)NT I & BARE R YM348 & L, AF
FOHRMZER LIbEMm L UTEIR L, MEERREREEIRHRIEE LTHRIRA T —U~ &

HHTW5,
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5 YM348 OZhRME K Y

FH I UHIC

B CRH LI (O-1-(T-=mFN-1F7 a2, 3-g A v F—-1-A)L)-1- A F
N FLT I (YM348, 15i) DERKBEZED HITHTe0 | LEEOY T L%
DRI BBTEDEMIELMLT DMERH D, £ T, FHELITTEITRZ
YM348 OZh=RIERIEDITE 21T > 72,

F. YM348 OFRME L 72D T-=F -1 71 [2,3-gl 1 &Y —(11i) DA RRIE
DIEFEAT>T0e 70 A 22—V 11i OEAIT, 24 Scheme 11 12" T X512, 1-
TaE-2-74% /2 36) xHFEFEEE LTHW, Y RrTa A U HY — K 27c &
BHL7cL— MZEVITo Tz, LML, ZOFRBUV— MIa A SO K ORIGSE
TEOHE TTEMEE L0, ALEW 11T ORI EBIEOMEST %2 HIIHRET 217 -
72

WIZ, YM348 OISy DT VX AL DORE E1T o 7o, — RIS A V2 — LV ER
(T D T NFIALDER, LALT IVFIARE 2 (LT )V FIVARD 2 D DfLE SRR E
T %, A BITRNRAR YM348 DERRAAT O 12D, T-=F -1 7 1 [2,3-gl A
Z— v () IZxtT 5 MBoe-0-Ts—1-7 7=/ — "W &7 )LF A bl & LTHWEZ

T IV IALDOREI 1T 572, LT, S OWTIRR S,
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WOH T F -1 T7a[2,3-gl A X — L (11i) DA
HTH EROARRE

B TP TR LS, T F -1 T 1 [2,3-gl A &Y =L (110) DRESK
DEELZ T, MALDHEZRW, -7 0E-2-7% /2 (36) & 1,3-v 7 m~*
P UA L (25) DFFA EATV. 36 12K LT 50%DILRTH b Ak 26 #1572, © #
WTC, FM=FNLEHBT TL -7 bFT REHANWT, IR VD afiizAL
MELTtR, P RIPUEMZLZ LIV Ve Feoyad v F Y — K 2Te &7
R AR 23¢ 70D BODULR TRz, IfkiZ, KRFEMEHIE LTT < /VEEY = F VAL
T, =F L7 Y a— VNEGERFNE TN T DU L W iKRE /L Z1TH 2 &
WX D, T%DINETHIE TS T-=FN-1F71a(2,3-gA &V — 11i #57-

(Scheme 11),

Scheme 11. Synthetic route to compound 11i.

o a
Bl’\/u\/ Me + L:\I\o —_— O N O —_— O X [e]
0}
36 25

Me Me
26¢c

N\ N\
[ | ,N d ,N
—. o N _— 0 N
Me Me 1i

27c

Reagents and conditions: (a) NaHCO;, MeOH, H,0, 0°C, then H,SO,, -20°C — rt (50%); (b) t-BuOK, HCO,Et,
THE, 0°C; (c¢) H,NNH,-H,0, EtOH, rt (80% from 36); (d) 10% Pd-C, diethyl fumarate, ethylene glycol, reflux
(79%).

AR L7z EREI, Bt 7 AREODEOERIZTRARETH L0, T/ T A

AT —=IVDOREEREATIICHTZY ., 2 OOMERNIH 5, OLHOORERIL, HFE
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JFRLE LTHOWTWD -7 8E-2-7 % /) 36) NEMi Th DA ThHDH, KEAKE
BXIBE, ZOMFBFEEOa A MNIEETH Y, Ll R EE~ & BT 5 Z LI
F0. BARIEWARDOEE X P2 RESIMA D ZENERD, 2. OV ED
O RE AT, B TR TOPKFEIZ 200 CULEOBBRAMNETHD E NI HTH D,
KREAT =)L TORIRTORNMIfERMEZ M, £z, HHMEOm THEREE LR TH
EROR0NETHD, 202 >ORBERAZERE L7ZGHL— FOREZITH)> 2L e L

7=,
HBIH BEARE

FHOMESETHD 1-TunE-2-7 X ) UHARREOZS, HEEFEEE LT, 71
n7 e h T AT RGN EHWHZ EE LT, Zua 7B N7 AT NIKEKRE L
THRESNTEBY, ZiMTHVEHIAFTLIENARETH L, FH—EE _Hiho
fb&EW 28 DA TRRIB LIZL DI, Z7ra TR AT R@TE 1L,3-v7a~F
PP F Q25 L0V RuynaA o ZY—)27a 25 %, 77 VBOT B F VL
EITVMEEY) 28 2457=, % T, Wolff-Kishner L™ 2LV 7 FNLIEEZT L

HL BT D Z LI L VLAY 27¢ %1572 (Scheme 12),

Scheme 12. Another synthetic route to compound 11i.

o same as scheme 5. | Q

- . N
HJK/CI + o o —>; AN N

27a

37 25
A\
\
Q | N a | N aromatization \,N
> 0 N —_— (@) N H/ —_— O H
Me 5 28 Me 27¢ 11i

Reagents and conditions: (a) H,NNH,-H,0, NaOH, diethylene glycol, 190°C (61%).
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RO FEZLY, BiTHSL 2-TmETE N EEHTAHZ L7, YM348 O
METHL7aA L Z Y —b i OFRNATRE L 72572 H3, Wolff-Kishner ¥t &Y
Wik BRI B W CRIRREDSLETH 5 &0 5 BIEAEMR ST
e, o — FOREEIT) 2L & LT,

o GEL— NI (LB EET Ltk BERE (BKERIE) 2175 &)
N—hTHY, TRIZERD DD EER T, I T, £, -7 F/HEQ8) 27 v
/LR (38) ~ L IRIE L, e TSI BIZ I TR U DK IR FE D K SO 22

PESYERAICL D, BRET LAY i M5 D & & 272 (Scheme 13),

Scheme. 13. Synthesis of compound 11i under acidic conditions.

acidic
+ " condition

!

o
Iz,

11i

FAMESRAL C O EFLEOG DRI 24T - 7ok & Table 8 IZ" 3, WL LT
X =t UL TERER, BRAbEE S UCRile b L IXIRER AR L, ik v~ K
777 4 — (HPLC) Z MW CRIS DR L 2 ii# Lz, FUSH, HPLC (IZFB W T HIY
P 11i OB —27 DIFNIT A B.C D 3 ARKDE—27 BNEH & iui=, HPLC ORI L 0 |
AL BIERFHIDEET 2 IZONTHII~E B L TNWD Z LR fERTE 22, K
JGOHFRURTH D B 2 bz, —J7, CITRRRFIZID 23 L 6 e W= ORI
EEZ BT,
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TH )=V R A AR E L72R (entry 1) TIE, PRI B 225 RO 11i
OIS ROSKE] Z2 09182 T, BIZERMW) C OFNIE 238 I3 2 1) 28 A,
Siviz, WIS, iz it & L72R (entry 2) Tk, HAYE T2 OSIERE WD
N BIERM C DRI Y £ L Ieolz, BRROHTRISZEIT>72% (entry 3)
TIEBUGHN U < | FRERISHE T | JRIERe 2 i & L725% (entry 4) (2OW T,
FOSIFHEFISRVD, BIERY C OBRIGNE o7z, mBBOWRIFIE, =% /=%
WS LTHY, —HEORERZ IMANEGERT 5% (entry 5) ThH V. EIEK

W CoARZIMAT, S, IR THRYAELND Z Lz R LT,

Table. 8. Aromatization of compound 38 under acidic conditions.

. temp. . HPLC (%)
entry  solvent acid time

(°O) 11i A B C
1 EtOH H,SO,4 reflux 5h 453 3.1 19.8 1.6
15h 71.9 1.5 11.8 2.6
23 h 78.9 0.5 5.5 33
33h 82.9 0.2 2.2 3.6
2 AcOH H,SO4 100-110 lh 75.8 0.4 2.6 9.6
2h 75.3 0.1 0.9 9.3
3 AcOH - 100-110 30 min.  56.6 4.5 21.4 2.0
3h 74.4 0.5 10.3 2.6
10 h 78.8 0.2 2.1 2.4
4 AcOH c.HCl 100-110 ~ 30 min.  82.9 - 0.1 8.3
5 EtOH c.HCl reflux 30 min.  83.0 1.2 12.4 0.3
lh 86.7 0.2 10.0 0.2
2h 90.3 0.1 6.8 0.3
3h 93.6 0.1 3.6 0.3
5h 96.5 0.1 1.0 0.3
6.5h 97.0 - 0.4 0.3

Pl EoistE -, T¥]EARAr— L TOT7aA 22— 11i O&KIEELLTIC
79 (Scheme 14), T LOBRIL. & TREICE L CTHRRE\LMEINThIL, IR0
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RECHTOERMIMA Iz, £z, MRIEOBRE bIThIh, Y YW TN T LY
0~ 7T 7 4 —%ERELIZERL— NN LT, TORER. RO 1,3- 7 a~
XU F LD, 8 T, b6%DINERT YM348 ORE L 72D T-=F)L-1HF7 1

[2,3-glA »&Z Y —/)L(Al) & LA r— LV THEMKT D Z LI LT,

Scheme 14. Multi-kilogram synthesis of compound 11i.

~ “OH
a b
—_ = o 0O — = o 0
0 0 = =
25

26a 39

~ -

37

Reagents and conditions: (a) NaOH, NaHCOs3, H,0, 0°C, then toluene, H,SO,, 0°C (64%); (b) -BuOK, HCO,Et,
toluene, 0°C; (c) H,NNH,-H,0, toluene, EtOH, rt (81% from 26a); (d) Ac,O, MsOH, AcOH, 50°C (80%); (e)
NaBH,, MeOH, H,0, rt (93%). (f) c. HCI, EtOH, reflux (93%).
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H=H T F 1T (2, 3-gl A Y — b (D) T 5 7 /L F AL DOREET

T-ZFN-1H#7 1 [2,3-g]lA4 %V —/L(11i) & NBoc-0-Ts-1-7 7=/ —/L(40) &
DD ENERF 5 AT o T, WIS A AT L, B TH 5 LALT L ¥ LK 16i
& 2TV H AR 41 DARLEL A HPLC K0 B L7z, Table 9~11 IZHERZRT,

FTL1LYED FUE40 L 2 N BEORBES T LE WV, WIHOBRE 21T -7

(Table 9), ¥HEIZ DMSO 2 FAWVZIEEIE. B9 E T2 LALT L /LK 161 7ML L T
AR L, RS DFENL 6. 1% T o7 (entry 1), A DMF ICEHE L7z L 2 A,
AL ERPUE DMK T L7z (entry 2) o DMI ARE TIIATERPUEIZME T L7222 o 7203,
REGGDIFE N S e~ 72 (entry 3), 7 h=hr UL (entry4) 7 & b2 (entry
5) VML U THWZBHINLESRIEITIC T L, BAEARITIEE 111 Thote, &
% THF (entry 6) X°A Y 7w/ —/b (entry 7) & L7c& 2 A, NEEFMEIIHE
IR T LVEATIERWARM TH D 207 VL F VR4 OIF ) BMESE L TARKR LT,
VL EOFER I Y | IEE DMSO 238 b BV E Il L, IRICHE 22 DG &1 T o 72,

Table. 9. Alkylation of 11i with 40 under various conditions.

Q TsO/\/ NHBoc
N/N 40 NHBoc S '
(0]
— base / solvent
11i 6i NHBOC

entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i/41  11i
1 1.1 Cs2COs (2) DMSO 60 24 1.4 6.1%
2 1.1 Cs,CO3 (2) DMF 60 24 1.2 7.5%
3 1.1 Cs,CO3 (2) DMI 60 20 1.4 27%
4 1.1 Cs,CO3 (2) MeCN 60 24 1.0 39%
5 1.1 Cs,CO3 (2) acetone 60 24 1.0 11%
6 1.1 Cs,CO3 (2) THF 60 20 0.9 54%
7 1.1 Cs,CO3 (2) iPrOH 60 20 0.6 39%
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WIZ, B AR 40 O &R O ISREIZ DWW TR L= (Table 10),

Table. 10. Alkylation of 11i with 40 under various conditions.

A TsO/\/ NHBoc
N/N 40 NHBoc =N
(o}
— base / solvent
11i 6i NHBOC

entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i/41  11i
1 1.1 Cs,CO3 (2) DMSO 60 24 1.4 6.1%
8 1.2 Cs,CO3 (2) DMSO 60 27 1.4 2.6%
9 1.3 Cs,CO3 (2) DMSO 60 24 1.3 4.0%
10 1.4 Cs,CO3 (2) DMSO 60 24 1.3 1.8%
11 1.5 Cs2CO3 (2) DMSO 60 27 1.4 0.3%
12 1.5 Cs,CO3 (2) DMSO 80 17 1.4 3.2%

R R 40 % 1.1 4 EDSIEXREEE L T < IZON TREEOFEEHIIK F L, 1.5
YEAWTEE JFEHZIZIETE R LTz (entry 8~11), IRFE % 80°C TG & 1T - T2 BEIX
(LERMEROIITEL Lo 7oy, REUSOIFEEIEEM L7z (entry 12), PA LD
FERL D . FIIUER 40 [TEDIZRORAR L E TH H T2, KISESEM ST 572Dl
FIUR 40 ZETRREZLEE L, EEONRENETE D & T VR A bR &
D kAR 40 D3RO D BMEET D & Rbil b,
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Wz, HERIZHOWTHETL7- (Table 11),

Table. 11. Alkylation of 11i with 40 under various cnoditions.

Q TsO/\/ NHBoc
N/N 40 NHBoc =<\
(o}
— base / solvent
11i 6i NHBOC

entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i/41 11i
11 1.5 Cs2COs (2) DMSO 60 27 1.4 0.3%
13 1.5 K,COs (2) DMSO 60 17 1.3 79%
14 1.5 Na,CO; (2) DMSO 60 17 - 71%
15 1.5 NaH (2) DMSO rt 72 1.3 12%
16 1.5 KO'Bu (2) DMSO rt 72 1.4 4.2%
17 1.5 NaOH (2) DMSO rt 72 1.2 6.1%
18 1.5 KOH (3) DMSO 60 30 1.5 6.3%
19 1.5 CsOH.H,0 (2) DMSO rt 72 1.2 11%
+ +
20 1.5 1;?1; 3(13\1)0 EZH(;((:% N rt 17 0.5  50%

Rt U Db, RIEAY UL (entry 13) BIOUREET Y 7 A (entry 14)

WCEF L A, BUSHENREK TN Lz, ZORKE LTiE, HEEOEEI T
TOWMMEDR T L7cled TIER W EB 2 b5, BHE LTKFELT NI UL
(entry 15), U U A tert=7 hF K (entry 16), KE&{bF N U 7 A (entry 17),
KAt/ U w7 A (entry 18), /KEg{bE 7 A (entry 19) ZHWRTIX, (rEsk
RIEIX R v D A IZIEREE CTIEd 508, REJEOFEENFET L0 o7, 2k
N IUR 40 DGIEDNENT-OTEEEZ D, HILE L TKEA Y v A, fHER
it e U CTHAER DV N T FAT R =T AW, RS LT/ n e A X
v EKRERWZZEROKIE (entry 20) ([ZFWWTIE, (CERPMENSTEAL, 2607
LXK 41 DIT D BMESE L TAER LT,

FROBRETE D 1.5 HED K40 & 2 M BOKEEE > T A% UV DMSO AL,
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60 CTHRINZITD Z EMIEREHTHDLZ BT, L, ZORESHEET
TIVFACEAT T B S . ALE RO R AITEET By, YM348 DO REEKZ
TS0, Y IVADTNIT LT~ NI T 7 0 —%H LR WERIGIEN BT
bHEEZOLNDTZD, W FIEOREILEIT T, ZORER, 7% bk, Bt Boc
L LA G DOEIBE R L7 ~ VIl 2 Bt OS2 2 LIk WV ERET D
PR Z BT X 5 2 & & L L7 (Scheme 15),

Scheme 15. purification of YM348.

A A\
N Cs,C0;(2eq.) 4N HCI- AcOEt  fumaric acid N
0 N o 10 0 .
= NHBoc DMSO H,0 — \\ fumarate
i 40 ym348 NH,
11i + 40 + Cs,CO,/ DMSO Filtrate
(1-:2-=86:11)
4 > ~<— 1N NaOH
N 1-substituted : 2-substituted =57 :35 ~<— extracted with CHCI
HLO Free base (73% yield)

-
extracted with ACOEt < fumaric acid

-<«— HO
evapo <> reflux
< ACOEt standing
~€—— 4N HCI-AcOEt YM348
58% yield
Filtration 99.4% purity

(1-:2- = 68:31)

recrystallization from H ,0

Cryst. Filtrate 54% from 11i
2-substituted. 95% purity (1-:2-=86:11) 99.85% purity (0.15% regio-isomer)
23% yield as HCI salt

EEY 11 ~DT VT IR EAT o T2 15 DTN ESRYER 161 & 41 DIREDY)
(1-alkyl : 2-alkyl=57:35) ZHEEEIZ X Y Bii Boc (L EAT\, GO I-E#sEZ2 =& /) —
VRO FEREREIT O & RERMEICEINTZ 2 LT S VRS ERIIHT T B, 20T
NEFNVREABIL, BIOET S 1 AT VT IUEO RN\ LA (1-alkyl :
2-alkyl=86:11) & 7 U — (b L /=&, /KisHEh 7 < e LB 2170 T L7cidd &2
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AHT 252 L2k 99. 4% FETHMIMAST-, &EBIC., KEBEEE LTHY, |
AEERAATO Z LTV, 99. 8E%D EHiE CTYM348 #1565 Z L2 RH LT,

FUE B REOELD

51T YM348 O T RER A IEDHR 21T o 7o, £ BHE LR D T-=F
W17 1 [2,3-gl A & —)V 11 ORIV EBIEZBRET LTz, £ OfER, ZfiZa
FIFEEHE VT, @miE T CORIEEERE LT, B R a sz At L, fin
T T-ZF N7 0 [2,3-glA > &=V 1P (ZxFT D855 D 7 v Vs D
BFEAT 570, ZORR. LT X EPMESRMICHE O D Rl ftb 2 AL,
SIZEIAE UL BV R 2 5B 5 7 OXERT 1k 2 fer L=, BLEOREHRE R
D, BSILEMTHD YM8 22V VT hrnu~ 757 4 —IC kbR %E
1792 L7, TEMAT —/VTHRICET 2 Z ENFTRE L 72 0 | BAFSERIC M
T2 E TG AN FTRE & 72 o T,
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HoE NV TREVHEROA R & ST
Hfl BEEOT YA

EE DL, B ETEW 5-HT, ZAEBFMEZ A L, ROKS TRVEMEL RS
BRFs(L G E LT YM348 Z il L7 Z & &b ~7e, fit W TEELIL, 2D YM348
HIILO LT HA Y —NVHERE TR DB EAT DR U, ZR/KT 3=
2 ORI A BRNCIZE 21T 2 L & LTe,

YM348 (TR ED DR OIEES SN 2EAWTH DN, H 7z 5 3EERNEH O
KV, BHEORETHE EFOERRRLLL &V MBEAR R S iz, ¥ 5
REY 5-HT,, ZFIET o Z T=A N Tdh 5 MDL100907 (42) ¥ ZHAWE=FEBRLD, =
O E EFAEMIZ, 5-HT,, ZBEROIEMEALEE G LT\ 5 EHERl X7z, YM348 X
5-HT,, 2 ZRIZ%F LT EC,, fif TV V@R M

selective 5-HT ,, antagonist

(20/2C=93) A L CWBH M, 5-HT,, Z&IKIC 0~ oH
/O A
XKL T7ZAVT T=A MEWE (£,79T%) %HL (5ﬂt}

TWDTI2, AR CIRui e v i e 18 A
Figure 9. Structure of MDL100907.
MBENTL DB BT,

ZZTEHELIL, ZoMEEFORERZENEE L, FlEk e a5 51Ty,
SZRNET A=A ORI Z BRI AT o7, FTo. YM348 & 5-HT,, 2RI %
L CEIREDMEN &0 S AR o 72, ™ 5-HT,, Z AR OIE AL I Ol IE K (2 B
HLTCWHHERH D720, * 5-HT,, Z RIS T iR MEom L Afed 2L & L
77

F9. BHALEONA ANV—T >y hAZ Y —=27 (HTS) LV 5-HT, SZZ&KIC
R OB A U, F 72 5-HT,, TR MITK LIEF RN T =2 MEM (£, = T%)
AR AR TP UHEK 43 2 R U7z 5-HT,, SRR O T = X MEEMEVE
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WL, 5-HT,, ZBARDIEMHAL B G LT 5 &35 2 B4 i)t _EA o IWE DMK
PR SND T, 2Oy TR BSR4 Z I EMER AT 2 & & LTz,
FI. 5-HT, ZARERICKIT 28 FtEZm LSS5 BT, XY 7B EVFHEK 43
DEF EAFNEERFIRVMLEDET VA v Lz, 12, XY T EE U HEK 43
THER L= e 2 A3 28WTH L0, FEE= et EmITBEEmMEOM
fafE B S OO R TG SN D7D, PO T = b ek a o @E I ~Z L
T AL BB N6, T AL T~T BB LTI baWET 1 v LTz,

VI EOBLRNG . EH DI 5-HL,, LBRITK L TRWT =2 MEMEZREFL D
D, 5-HT, ZAFRITH T 21EM DR Ex2 BfE L., LFICRT XY 7B U FERE
THA L, —HEOFFEROHEETEMM R 21T o 72, ZOFERIZ OV TLLFIZER
SN R

Figure 10. Synthetic plan.
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TEDN YT R UBEARDOGEZ LIRS,

FTRYTEEC LB BLUORITUTOLIICLTAMLE, 277 ==
WEE 44 L 2-(ATF AT X ) )= EHEG LT I NifElR 46 #157-%. 7 I K
Wy E AR T —THF $5R 2 AW TETT L, 7= 3TV T 2 UFEIK 48 2157, Clark
BOJFET RV, ALE Y 48 ORGKEER A T Ty v ufb Ltk kT
V2 =0 KW ERWERILRS 2TV Y T BB B 50 215372, LAY 50 &t
Werh, FEEEREE & (EH S = b ek 24TV, B o EREAOREGM L B L
THT-= k432 VTN AT Lra~v T T 7 0 —IZX0BEBELTZ, VT,
saaXfga-7unnIr D 2L 0LEY 43 OBATFALEITV, 6-7 mr-T-
=haRTRE (B2 2, 6,77 aa{kThHHr R TEE Y 53 ITEL
Tl filRENTWA 2,3-U 7 a7 = = )LEE 45 2 H3sFEFE LTHWT, {BE
W) 52 DERK & FIERD FIEIZ L V1T -7 (Scheme 16),

Scheme 16. Synthetic route to compounds 43, 52, and 53.

o
- o o cl
COH a R b R
—_— /N—Me —_— /N—M
HO
44: R=H 46: R =H (49%) 48: R=H (83%)
45: R=Cl 47: R=Cl (52%) 49: R=Cl (81%)
50 R = H (45%) 52: R=NO,(53%)
43 R =NO, (47%) 53: R=Cl (27%)

51: R =CI (37%)

Reagents and conditions: (a) SOCl,, then 2-(methylamino)ethanol, Et;N, CHCIl; or 2-(methylamino)ethanol,
EDCI, HOBt, DMF; (b) BH5-THF, THF; (c) PCls, 1,2,4-trichlorobenzene; then AICl;s; (d) f-HNO;, H,SOy; (€)
CH;CH(C1)OCOCI; DCE, then MeOH.
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T-AFNT I K ST 13MbEW 52 2 HFEHEELE L THW T FO X 91 L TERK
L7z, {b&% 52 % Boc JECTRELT-%, TiO=bukz#HrHWTELL -7 3
IR 54 ~EEMUTtR, TR KET T L ULLEW 55 2457, (LAY 55 1okt
LAFIEEITo T8, WBICT BT VEOBRELITN T-2F LT R /K57 %15

7= (Scheme 17),

Scheme 17. Synthetic route to compound 57.

54 R=NH, (33%) 56 : R = NMeAc (93%)
55 R= NHAc(83%) l:57 R = NHMe (46%)

Reagents and conditions: (a) Boc,0, Et;N, AcOEt; (b) Fe, NH,Cl, EtOH, H,O; (¢) AcCl, Et;N, THF; (d) Mel,
NaH, DMF; (e) HCI, AcOEt; (f) c. HCI.

TS T R A n kB L7 e ke AT 2B EKIILLFOL I ICLTE
i L7= (Scheme 18), (b5 43 D= ha ka2 AW CTEILL -7 /K58 & L1z
%, WA Y v A RAWTYT Y RL, YT AAEMZ D Z L2 R -V T )
K59 ~LBH LT, Fiz, VT RICT ALKED D VITEALSAE N Z D Z ik
V. T-7 v EE60 LNT-T7 1 ER 61 A5, &EIC. LEWS9. 60, 61 TiLEiL
IZONWT, RUYTEBEVERE EOATFNLVEORRELITV., BB E T 5EY 62,

63, 64 1537,

Scheme 18. Synthetic route to compounds 62, 63, and 64.

Cl

a HN b,cord
43 — N-Me — N-Me —>

58 59: R = CN (73%) 62: R = CN (86%)
89% 60: R =F (82%) 63:R=F (52%)
61: R = Br (67%) 64 : R = Br (28%)

Reagents and conditions: (a) Fe, AcOH; (b) NaNO,, c¢. HCI, then CuCN; (¢) NaNO,, 70% HF-pyridine; (d)
NaNO,, 47% HBr-H,O; then CuBr; (¢) CH;CH(CI)OCOCI, DCE, then MeOH.
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TALZ A PR VEZATLFHEER 73T TOL ST L TAEM LT (Scheme 19),
TEREN TS 3-A RFT-2-=Fa "z (65) D= s T30 ARFELH
W AKRFERIMZ L VBT LT =V UK 66 ~E ML, FVTT 2/ KA Ml b
U LX) T bak Ltk Bz W7 m ok 67 ~L AL, (LEaW
67 IZkt L, LR FET, A7 aEa A IR (NBS) &7 Y ERAS YT Fua=
FULQAIBN) OFRMEIZLY | RO AFNEOT o E(bEITVMEEY 68 & L
e, T AR ) U NS K Y T S HEEA LG 69 L LIz, TD%, T/
KEKFLVFULTAI =g LT NI =0 LA ZHNWTELL, 7= XF LT
LUART0 & L7z, Newton H5DHIEY ZHWV, bEHT0 %7 0ET hT AT K
CIFNT IV ERIESE, VT R TIUIR 71 LA LTtk BiEEE AV
TERILEOSZATWMEEY) 72 2457, &BIZ, KFEMTT /A URT P U LITKY

TF I VOB ATV HRET A 67 00-T-X NFI RO TEE L 73 2587,

Scheme 19. Synthetic route to compound 73.

NO, NH, cl cl
MeO Me a MeO Me b MeO Me c MeO 5
—_— —_— —_— r
65 66 67 68
100% 87% 100%
cl cl ¢
d MeO e MeO f MeO
_— CN —_— N H2 —_— NH
g, OEt
69 70 7 EtO
68% 71% 45%
Cl Cl
9 MeO h MeO
e NH ————> NH
—
72 73
8% 63%

Reagents and conditions: (a) Pd-C, H,, EtOH; (b) NaNO,, c. HCI; acetone, H,O, then CuCl; (c) NBS, AIBN,
CClg; (d) KCN, n-BuyNHSO,, EtOH, H,O; (e) LiAlH,, AICl;, THF; (f) BrCH,CH(OEt),; (g) H,SO4; (h)
NaBHj;(CN), 0.5 M NaH,PO, aq., THF.
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BENT, 77 VARV Y TR E SR L T LMD A kL% R T, Barker
SOHE™ RV, 2,3-UAFNLT /) =L (M) ETRETE R TATE R
NTEHZ =R, 2,22V hF T RF AR TS ~EEW L%, NY Y Vg%
AWTBRILEISE 21TV, 6, T-F A F R0 750 (76) 3Tz, (LAY 76 & NBS %
MANWT 2 oDOAFLNEEZNENRT v ELLTZR, 7 b MY UL ZEH S,
= RUMETT & Lis, ThERFET, BALKHEEZ AW TERILEZITV, ™ o
IKGELA I RE 78 & LT, wBIZ, RT U —TATFNLANLT ¢ RESRIZED A
R

paisty

[y iTv . HEEEY TH 566 79 2457~ (Scheme 20),

Scheme 20. Synthetic route to compound 79.

EtO
OH o (0] (0]
Me a EtO Me b Me c,d
—_— —_— CN
CN
Me Me Me
75 76 77

74

81% 80% 43%
0}
79 Br 79 0 7
e f g
_— \N —_— NH —_— NH
. (6]
NH -HBr 78 79
26% 56%

Reagents and conditions: (a) BrCH,CH(OEt),, NaH, DMF; (b) PPA, benzene; (c) NBS, AIBN, CCly; (d) NaCN,
DMSO; (e) HBr, AcOH; (f) NaOAc, H,O; (g) BH;-Me,S, THF.

LAY 86 DERIT, 3,4~V AF LT = 7 —/L 80 & HIEFEEE L CHW T, Scheme
20 \ZH HALEW 19 DA & RBED IR T To T, 7= /) ¥V 7|8 X —/VIK 81 2K
V) UEETCERALEOS T EAT o T2BE. BEREEZR 2 SO RMATH D 82 L 83 DIRE
WE 1:2 OFETHE, TRERAVMOEFER Y TR ETHEL, KT Boc
RANEEH LT, VATV I T AT~ NTT7 40— K0 BYEROGEEEZITV,
fba¥ 84 LIbEW 85 2157, &2, M{LEMDONIRELITV., A THL 7 1
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RV TR 86 LEDEMIKTH D 87 #157- (Scheme 21),

Scheme 21. Synthetic route to compound 86.

OEt

EtO —
HO Me a 0 Me b O%IMe o Me
o — O —— QX
Me Me Me Me
80 82 83
%

73
c-h O
> NBoc NBoc m

20% 46 / 87 / 42 /

Reagents and conditions: (a) BrCH,CH(OEt),, NaH, DMF; (b) PPA, benzene; (c) NBS, AIBN, CCly; (d) NaCN,
DMSO; (e) HBr, AcOH; (f) NaOAc, H,0; (g) BH;-Me,S, THF; (h) Boc,O, THF; (i) HCI, AcOEt.

A PSRRI & OB R

B LTER_ Y TR HEEARD 5-HT,.. 5-HT,, KO 5-HT,, 5 21264 % S Ank
o O 5-HTy Je OV 5-HT,, 2 FARIC KT 27 2 =2 MEMEIZ DWW TG L72fERZ LTI
T, 5-HT, KON 5-HT,, SZ BRI 2 BAPEIZ SOV T, i —F TR~k L [F
BROFIET XTI L7z, 5-HT,, S BMITxE 3 28I S\ Tid, Bin 7 r—=
YT DOFIEIZE Y B N 5-HT,, 5 K % HEK-293 MIARIZ R HL S, 5-HT,. & OY 5-HT,,
RIS 2 B & [RERIC L CREG IR E R 21T VORIl L 72, 5-HT, X TY 5-HT,,
SARRIZXT 27 2= A MEMEIL, 5-HT,. & OV 5-HT,, = BAK % Z 1L E 88 S 7= CHO
Ml 2 VT, BB— Tk~ 7o J7ik & [FAERD 714 (PT hydrolysis )12 & 0 #Hfh L .
B M AR UREE L7z,

FPUTITRHERE R & LT, 5-HT,, 5-HT,, KON 5-HT,, Z FIRICx T 2 BAtEZ £ 8
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(M) & U TR L7z, £72.5-HT, BRI K 2@ R o ek & LT 5-HT,. 2 Y 5-HT,,
SRR T D KAEDO % K (5-HT,,) /K (5-HT,.) Z . 5-HT,, 2 BRIk 3~ 2 Bk
FRRE L LT, 5-HT, KON 5-HT, 2 BARIZHKT 2 K ED %A A (5-HT,,) /K (5-HT,) & L

TR L7ze 5-HT, R ON 5-HT, RIS K 27 A =X MEMIT £, & L TRLE,

HTS L0 R &SN TR Y 43 1%, 5-HT, RIS K$ 28 £ E T
66 nM TH Y, YM348 73 0.89 nM TH 5D & LL#kd 5 Ly, 5-HT,, Z BRIk
L7 =R MEMEIX, YM348 /3 £ fET 97% & 707 T =X MEMEEZRTOITH L,

max

ROV TEE 431X E, ET 1%EFEFITIRNIN— vy LT T =X MEEZRT EWVD

max

BndH 5 (Table 12),

Table 12. 5-HT binding affinities and intrinsic activities of compounds 43 and 52.

Cl

ON
N-R

K; (maM)* selectivity Enmax’
Compd. R
5-HT,c 5-HT;a 5-HTz  2A/2C 2B/2C  5-HT,c 5-HTja
YM348 0.89 13 2.5 15 2.8 76 97
43 Me 66 400 1000 6 15 85 7
52 H 14 51 300 4 21 86 38

* K; for [3H] 5-HT binding; human 5-HT,c or 5-HT,, receptors expressed in CHO cells and 5-HT,p receptors
expressed in HEK293-EBNA cells. ° E,, indicates intrinsic activity and is expressed as the percentage of
maximal stimulation produced by 10uM 5-HT.

RV TEE A3 DA FNHEERLS L, T I & Lt kB 52 @ 5-HT,, %5
(RICKk$ 27 =2 MEMEIL £, BT 38%E T L7I=28, 5-HT, S A At
KABET 14 oM & 5 M E L7, Uiz, 5-HT, S A ARIC kT 2 @PUE S B
R AEZR LIz (2B/2C=21), 2L ORI, ZHhT I K ThHLLEMS2 2T
TL— F & LTIRBE(BIIZEZAT 9 2 & & LT,
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NV TEEVHEERS2 D67 v o rfF L7 £ T iE#E 2 28 L7k
EMORERE U TIRT, TALO= b a o Ko~ EH LR, 7L
Ak (63) < &7 2 £(62), 7 m ki (83), 7 mE K (64) TiL 5-HT, A ARBLIN
PEZm EL7e, £2, 2R OEFRLIEZGT 2FEMRITVT 5-H,, BRI
LT7 2= MERIFERWEETh o7z, —F5. TALZA X TEE(T3) AT LT
) H: (8 72 EOBFUEEEF T HF BRI L TE 5-HT, B IRHEMMAESME T L,
F7. B REIEEZ AT 2ILEWEEL B U 5-HT,, ZFERICKT 5T 2 =2 MEHER
L RDMAR RNz, Thb TAL2ZEBLTALEW O T, 5-HT, ZAMITK7

HIBREIL 6, T-V 7 n R 53 Nk b WS R A 5 272 (Table 13),

Table 13. 5-HT binding affinities and intrinsic activities of benzazepines.

R
NH

K; (nM)* selectivity Emal
Compd. R
5-HT,c 5-HTa  5-HTs  2A/2C 2B/2C  5-HTyc 5-HTja
52 NO; 14 51 300 4 21 86 38
62 CN 5.1 30 65 6 13 81 23
63 F 43 130 410 3 10 80 26
53 Cl 8.8 93 100 11 11 87 27
64 Br 2.4 10 25 4 10 71 32
73 OMe 20 62 84 3 4 88 56
57 NHMe 46 90 210 2 5 81 90

* K, for [’H] 5-HT binding; human 5-HT,c or 5-HT,, receptors expressed in CHO cells and 5-HT,g receptors
expressed in HEK293-EBNA cells. ° E, indicates intrinsic activity and is expressed as the percentage of
maximal stimulation produced by 10uM 5-HT.

VL EORERZ LT, FH DITEHIL T A — 2 =" % [ T i IS TG MEAR B AT %
ToTr, THLEBIEEZER LR TEE U FHERICE LT, BHREOIREME T

A—H—Thd nEBLOETHRTA—Z—TH25 on opfd& 5-HT, KK
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THT A=A MNENTH D E,, E% Table 14 1278 LTz,

Table 14. n, o1, 6p, and 5-HT»a agonistic activities of benzazepines.

Compd. R T Om Gp 5-HTsA Emax
52 NO; -0. 28 0.71 0.78 38
62 CN -0. 57 0. 56 0. 66 23
63 F 0. 14 0. 34 0. 06 26
53 Cl 0.71 0. 37 0.23 27
64 Br 0. 86 0.39 0.23 32
73 OMe -0. 02 0.12 -0. 27 56
57 NHMe -0. 47 -0.3 -0. 84 90

FREOMEEZ T e b LR % Figure 11 ISR, T ORE R, BEHIEOJGIAME S
FA=Z—=Th b nfiL 5-H, ZHEIIxT 2D £, M0 L ITHBIER S e o 7253,
BIHINTA—=F—ThH b on LW opfl & 5-HT,, TR T 2 £, HEDMIZ, o
HREL< R DITE B EITEL< 225 L WO MHBERRD bz, UEDZ Lng, v
VT RBE Y TAA~OEFRSIFEOE AN LY 5-HT, ZREICKT 57 T =2 MEHEE

KFSEDAREMNH D Z LR SN,
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Figure 11. Relationships between 5-HT»4 intrinsic activities and m, o, , and G,
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BT 6,7-V 7 anA Y —)LHEERISd D T v A XY —VERER 15g
SOEHIT LY 5-HT, ZHREBAEOR ER RO 2 L2k, XUy T7TEE Y
D6, Ty 7 unkEz/T AW S3 ICBELTYH, /e ainn T 7 VEA~D
U K0 5-HT, S B AEAPE O ] BN FTRE TIXARWINE B A MEtT 52 L & LT,

R TRE D6, TR T T U ERDHEER L TV (b5 79 KO 86 % A1k L aFl
L7z (Table 15), FDFER, 7uaX V7 79 K86 & 12 5-HT, 2B
FPEIZ Y7 aafR 53 L~KTF L, F72 5-HT,, AR L O 5-HT,, ZRIEICKT 5
EPRMEBIRT Lo, 70, 2 oW 5-0T,, BRI T 25 £, EOWEIE L6
Nilze THE, 77 VBEPHER LI EICLDETEEOHEMNEEL CWD EE X
bivd, LEORERLY ROV TREVFEERICEL UL, vraailao T T

BRADOEHITTFR I NN E NS T,

Table 15. 5-HT binding affinities and intrinsic activities of compounds 79, 86.

0} =
/ d
NH NH

79 86
K; (nM)* selectivity Emal
Compd.
5-HT,c 5-HT,a 5-HTz 2A/2C 2B/2C 5-HT,c  5-HTsa
53 8.8 93 100 11 11 87 27
79 23 99 34 4 1 57 40
86 20 46 90 2 5 82 47

* K, for [’H] 5-HT binding; human 5-HT,c or 5-HT,, receptors expressed in CHO cells and 5-HT,g receptors
expressed in HEK293-EBNA cells. ° E, indicates intrinsic activity and is expressed as the percentage of
maximal stimulation produced by 10uM 5-HT.

UL EO®RTofE R, 5-HT, 2 BAEBFM:, 5-HT,, 2B, 5-HT,, Z BRI 4 538K
PR LN 5-HT, ZHET T =X MEEDOE T6, -7 ua{fk 53 N> AL TH

HEEZ, ERLEBEM OB 2175 2 L L LT,
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HUUET 6, 7-Y 7 ua Xy TP (53) OFBEEM

6,7- 27Xy TR (83) DTy MIEFEEMIZELD invivo il 217 -
7o 7 v MEIEFBHERBRIL. B -E TR HELRBICLTITY., RANER A E

(MED) 2 & v @l L 7=,

IbEMS3 DT v b~DORROEREOFER, YM348 & FIFRIZ 0.3 mg/kg KV EhiELahss
TERDN R B 07=, YM348 O 5-HT, 2 BAIRIZ %92 BC, filiiX 1.0 nM TH D DITH L,
{bE% 53 D EC,, fEIZ 38 nM TH VIRV D TIEHH A, HEOHK5ICE D in vivo #F
i Tk YM348 LRIZEDOIEETH D Z LRS- (Table 16), ZiuE, {LE&Y

53 OIWEHREN YM348 L LERUFE L TV AT TITRWhEEZ NS,

Table 16. Functional activities for 5-HT,c and 5-HT»4 receptors, and effect of YM348 and

compound 53 on penile erections in rats after po administration.

ECso (nM) MED? po
Compound
5-HTsc 5-HT)a (mg/kg)
YM348 1.0 93 0.3
53 38 260 0.3

* The lowest dose that significantly (p<0.05 as compared with vehicle) affected penile erections was considered
to be the minimum effective dose (MED).

Wi E ERAER OB Z UL FITRT, YM348 (XMEHAEOREROEES 6D
fbEMmTHLMB, 7y b~OEHEORELE T, E EFOEMARRLLND &) RTE
BB D, BIREY 5-UT,, 7 > ¥ =2 hTdH 5 MDL100907 |2 & 0 Z o ifn £ EFVEH A
PHE SN D & W) ERFER XLV, ZolmE EAEMIL, 5-HT,, B EOIEME(LA RS-
LTWh EEX BN,

ZZ T UL, 7 =2 MEHAMNKIBIZIK T L7Z_U Y 7TEE Y 5312250 T T v b
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~ORAFRGIZ LY IE EFAEROFEZIT 72, £ ORER, YM348 Tix 10 mg/kg
L0 MEEFRERANRSNDDICH L R0 7 ¥ 531830 mg/kg £ TRl AT -
T E ESFAERIZR Sy 72, YM348 O 5-HT,, 7 =& MEAN £, T 97%
ThHhol=-DIZH L, {bEW 53 O 5-HT,, 7 I =2 MERIX £, ET27%& RE<IETFL

-2k i) FRAERHZRBECE - E 265 (Figure 12),

Figure 12. Effect of YM348 and compound 53 on mean arterial blood pressure (MABP) in

rats. All points represent the means = SEM, n =5 per group.
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I F=EDE LD

EELIL AR EMTHD YM3I8 21X LD ETHA V&Y — ViFERk L (TR
DEMHEA T HHHL 50T, /T 2= hOAIRLEZ BT ATT o 72, HIS KD
R SNTe_ TR FFEIR 43 & SR HETE A BARFSE 21TV 5-HT,, SE A RIS
95T = A MEMEAKIBICIKT U, & HIC 5-HT,, ZAEMICH 3 D IMEN M E L
TAbEW 53 AR Uiz, $£7. ZOMIEEMAHBIFEICHE N T, XY TEE Y T
MNOBBILDBEAHINTA—LZ—ThHbdo fELNo L 5-HL, ZHEIZHT 5 B,
EOMIZ, o AR o ERELS RDITE L, EITES 2D WO MRS L Z L%
AU, S5 LA S3 1T YM348 RSO NIEEEZFTHZ L2 AL, £
7o 5-HT,, ZREWIZH T 57 T =2 MEESMEW 2D, YM348 THRAFIHTH - 721

JE ERAERD 7202 & 2R LT,
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=5

FIUE  KeEh

BRSO EATEDE (QOL) 1T BIS- L TV % 5-HT, S A IRIT, Al S —
7y b E UTHERICHIRENS D TH Y | BUETIIEAITHIZEMTOIL TV S, Lo
L. EH5 LR EZBRMG L7240, o 7eBlfntk, BHPMEA R 5-HT, /T 2=
A FOHEFRL, ZNLDIEROFEMIZ O W TIEH VB ST\ ihotz, £
ZTCEF LT, 5HL, XA EOBEOMMRE L OMELZHIONCT 2L EbIC, Th
SATEDE (QL) OEE HYE LR 2 BT~ < 0 BRI 5-HT, /KT =
= A MDA A EE L LIFRICETT D2 L & Lz, ZORER, @V 5-HT, Z A

FtEa 4 U, ECy flfl T 5-HT,, S AR L CRVERIUWE (24/2C = 93) 2655, &
ni=7ma7 4 —NVuEHT HRBIEEYYM3I48 % L U7, 72, (L FTEE/: YM348
DENEMERRIEEZ R L, & HIC YM348 21X U &9 54 & — ViR L X
RIDEERT D, NV TREFHEER 53 2 A L, oML L TIC

eV am C 7,

FEah ClIAMIZE 2 BlET D2 Hh T > TOE B & ARG SCOME >V TR~ 7,

—® Tld, F. Hoffman-La Roche fEDBIZEH I LV WiiE S A > F—/vafEfk
Ro60-0175 (9) & Z DJE LA OREEIEMEARR 2 JEIZ . A v & — VEFE R OIS
IEVEFRAIISE 21T o 7o, EOWMRRIZIBNT, 6, 7T-V 7 mu A XY — LFEEK 15d 23
W S-HT, A ML AT 522 2 R LT, W T, A Z Y — LD 6, THLIZ
7T VUBRMPHEER Lo A U F Y — VR RE T A L, AR Bl LSRR, T e Ao
VY —VEEER 15g B EIZE W 5-HT, A MM AT 22 ¢ 2 R LT, &6
(2, 5-HT,, M L COBRMED M L2 HZ 7 va A v F ) — LFEIR 15g ~D
EHIE A 21T o 72455, BC, T 5-HT,, S BRI L TV iR (24/2C = 93)
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EHT D T-=F R YM348 (15) &2 R L7z, £7-. 7 v MIBIT28iE#ERIER %
AWV T, YM348 [R5 TIRHE L VI EANER T2 Z L 2L
MM LTz ko T, YM348 Z AW B A ZER LI L& & U CEIR L., MERBE

[EEVREIK L U TR AT — ~ 2 DTV 5,

FETIE, YM348 O LU ARERBI R G HIEDRR 21T o7z, £, L
2D T-=F 171 (2,3-glA4 & —)b i ORI ERIEEZRF L, £OkE
R, L7z IR A AW T, @R TORIS A BN LTz, B e =i G s % R
L7z, VT, T-F -1 7 1 [2,3-gl A 2 — /v M T D MEER 5 DT L
F LIS DR 21T o Te, ZORER. 1ALT NV F/VERPMERERITHE B 5 foi S
ZRH L. S BICEVE UTNLE R A2 0 BET 2 720 ORI IE AL LTz, LAEoD

BAERICE D, BR(AMTH D YM38 DR LI AN TTHE & 72 o 72,

FoETIL AR EH TH D YM348 Z X LD & T 514 &Y — ViFEIR L (T 58
5B AEAT DHH 5T, B ERT T =X hORIR A B Z 1T o 72, HIS X
DR ENT=ARU Y T Y UHBER 43 & RICHEETE R BRI 21TV 51T, AR
(X927 A=A MEEAKRIFICT L, & HIZ 5-HT,, A RISk 5 @R ME m) L
LifbeaMm 53 2z R L7z, 72, T OREEMMHENEICR T, XUy TEE T
MOBEBBIEOBTHINT A= —Thb o fELWo fEE 5-HT, ZHEIZXHT D £,
L O, o MERPo HREL 2D1FE B MEITELS 2D L WO MBERSH 2 &
R Lz, 512, LAY 5313 YM348 L RSO MIEEEZFTHZ L2 AL,
5-HT,, ZBIRIZHKT DT = A MEMENMEW -0, YM348 TREFIE CTH - - 1M)E |k

HAERN N L 2 LT,

PLE. ZF3E O3 5-HT, X BIROBECIERE & ORI E A2 O™ T 5 & & bic, Z
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NWHATEDOE (QOL) DthEx BRY & LAl Z BRI~ @&RDY 5-HT, = FIKT
= F ORI Z BRI ZAT o ToRE R B E L VR AEE L AT 2B LED
YM348 % R L, T¥(LHEZ: YM348 ORNRMAKIE LR L7z, £72. YM348
ERIFOROTEEZA L, YM348 THREHHE Th - -t EFEM 20 L 72t E
W53 & R LT,

Alal, FEH O RH LB BRIRG 5-HT, /KT T =A N THDH YM348 B LV
LB 53 1%, 5-HT, LR OBREM NI S & L 0 | BR-OMMEZR P 4TG0 (QOL)
DYBIIANTHD LEZONDT2D, FUEHIE S 5 W TR ETEFREE A~ DR
PR SN D,

55



Experimental section

In general, reagents and solvents were used as purchased without further purification.
Melting points were determined with a Yanaco MP-500D or a Biichi B-545 melting point
apparatus and left uncorrected. 'H and ""C-NMR spectra were recorded on a JEOL
JNM-LA300, a JEOL INM-EX400, a JEOL JNM-AS500, or a varian 400MR spectrometer.
Chemical shifts were expressed in & (ppm) values with tetramethylsilane as an internal
standard (in NMR description, s = singlet, d = doublet, t = triplet, m = multiplet and br =
broad peak). IR spectra were measured in a HORIBA FT-720 spectrophotometer; the
frequencies in the IR spectra are indicated in cm™. Mass spectra were recorded on a Hitachi
M-80, JEOL JMS-LX2000, or a JEOL JMS-DX300 spectrometer. HR-MS were obtained with
a Micromass Q-Tof Ultima API mass spectrometer. The elemental analyses were performed
with a Yanaco MT-5 microanalyzer (C, H, N) and Yokogawa IC-7000S ion chromatographic
analyzer (halogens) and were within £0.4% of theoretical values. Column chromatography

was carried out on a silica gel (Kanto Silica gel 60N).

Chemistry

Chapter I

5-Fluoro-1H-indazole (11a)

To a mixture of 17a (6.3 g, 50 mmol), H,O (13 mL), and conc. HCI (13mL) was added a
solution of NaNO, (3.5 g, 50 mmol) in H,O (10 mL) at -10 °C, and the resulting mixture was
stirred for 0.5 h at 0 °C. The insoluble material was removed by filtration, and to the filtrate

was added a solution of NaBF, (7.7 g, 70 mmol) in H,O (20 mL). The resulting precipitate
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was collected by filtration and washed with 5% NaBF, aq, cold MeOH, and Et,0, after which
it was air dried. This process yielded 7.86 g of 4-fluoro-2-methylbenzenediazonium
tetrafluoroborate as a slightly violet solid that was used in the next step without further
purification.

A mixture of 4-fluoro-2-methylbenzenediazonium tetrafluoroborate (7.86 g, 35 mmol),
AcOK (6.9 g, 70 mmol), 18-crown-6 (0.48 g, 1.8 mmol), and CHCI; (500 mL) was stirred at
room temperature for 3 h. The insoluble material was removed by filtration, after which the
filtrate was washed with H,O and dried over MgSO,. After removal of the solvent, the residue
was purified by column chromatography on silica gel (AcOEt/toluene = 1:8 to 1:4) to yield
11a (1.36 g, 20%) as a yellow solid. '"H NMR (CDCls) & 7.21-7.27 (1H, m), 7.53-7.54 (1H,

m), 7.55-7.57 (1H, m), 8.06 (1H, s); EI-MS m/z 136 [M*].

6-Fluoro-1H-indazole (11b)
Compound 11b was prepared from 17b using a procedure similar to that described for 11a,
in 19% yield as a pale yellow solid. 'H NMR (DMSO-dj) & 6.95-7.04 (1H, m), 7.28-7.35 (1H,

m), 7.80 (1H, dd, J= 5.1, 8.7 Hz), 8.09 (1H, s), 13.12 (1H, brs); EI-MS m/z 136 [M"].

5,6-Dichloro-1H-indazole (11c¢)
Compound 6¢ was prepared from 17¢ using a procedure similar to that described for 11a , in
49% yield as a pale yellow solid. 'H NMR (CDCl3) & 7.86 (1H, s), 8.10-8.11 (2H, m), 13.35

(1H, brs); EI-MS m/z 186 [M"].

6,7-Dichloro-1H-indazole (11d)
Compound 11d was prepared from 17d using a procedure similar to that described for 11a,

in 45% yield as a pale yellow solid. '"H NMR (DMSO-de) & 7.32 (1H, d, J = 8.8 Hz), 7.78 (1H,
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d,J=8.8 Hz), 8.22 (1H, d, J = 1.2 Hz), 13.75 (1H, brs); EI-MS m/z 186 [M*].

6-Methoxy-1H-indazole (11e)

To a mixture of 23 (1.90 g, 14.2 mmol), K,COs (2.35 g, 17.0 mmol), and DMF (20 mL) was
added Mel (1.06 mL, 17.0 mmol) at 0 °C and the resulting mixture was stirred at room
temperature for 15 h. To the mixture was added H,O, which was then extracted with AcOEt
and dried over MgSO,. After removal of the solvent, the residue was purified by column
chromatography on silica gel (AcOEt/hexane = 1:2) to yield 11e (1.02 g, 48%) as a white
solid. '"H NMR (DMSO-dq) & 3.81 (3H, s), 6.71-6.76 (1H, m), 6.88-6.92 (1H, m), 7.60 (1H, d,

J=8.7Hz), 7.92 (1H, s), 12.80 (1H, brs); FAB-MS m/z 147 [(M-H)"].

7-Chloro-6-methoxy-1H-indazole (11f)
Compound 11f was prepared from 24 using a procedure similar to that described for 11e, in
56% yield as a white solid. 'H NMR (DMSO-ds) & 3.94 (3H, s), 7.09 (1H, d, J = 9.0 Hz) ,

7.71 (1H, d, J = 9.0 Hz), 8.08 (1H, s), 13.24 (1H, brs); FAB-MS m/z 183 [(M+H) 1.

1H-Furo|2,3-glindazole (11g)

To a mixture of 27a (8.50 g, 53 mmol) and dioxane (150 mL) was added DDQ (13.4 g, 58.5
mmol), and the resulting mixture was heated at reflux for 2 h. After cooling, the insoluble
material was removed by filtration. To the filtrate was added saturated aqueous NaHCOs,
which was then extracted with CHCI; and dried over MgSO,. After removal of the solvent,
the residue was purified by column chromatography on silica gel (CHCI:/MeOH = 30:1) to
yield 11g (3.63 g, 40%) as a yellow solid. 'H NMR (DMSO-ds) & 7.16 (1H, dd, J = 0.7, 2.2
Hz), 7.41 (1H, d, J= 8.8 Hz), 7.66 (1H, d, J = 8.8 Hz), 8.06 (1H, d, /=2.2 Hz), 8.14 (1H, d, J
= 1.5 Hz), 13.39 (1H, brs); FAB-MS m/z 159 [(M+H)].
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7-Methyl-1H-furo[2,3-g]indazole (11h)

Compound 11h was prepared from 27b using a procedure similar to that described for 11g,
in 33% yield as a pale yellow solid. 'H NMR (DMSO-ds) & 2.51 (3H, s), 6.78 (1H, s), 7.31
(1H, d, J = 8.7 Hz), 7.55 (1H, d, J = 8.7 Hz), 8.09 (1H, d, J =1.5 Hz), 13.29 (1H, brs);

FAB-MS m/z 173 [(M+H) 1.

7-ethyl-1H-furo[2,3-g]indazole (11i)

To a solution of 27¢ (500 mg, 2.66 mmol) in ethylene glycol (5 mL) were added diethyl
fumarate (0.44 mL, 2.66 mmol) and 5% Pd on carbon, after which the mixture was heated at
reflux for 5 h. After cooling, the mixture was diluted with MeOH (50 mL). The catalyst was
removed by filtration. The filtrate was concentrated in vacuo, after which brine was added to
the residue. The resulting aqueous solution was extracted with AcOEt—toluene (1:3), the
organic layer was dried over MgSO,4 and concentrated. The residue was purified by column
chromatography on silica gel (AcOEt/hexane = 1:5) to yield 11i (391 mg, 79%) as a white
solid. mp 130 — 131 °C. '"H NMR (CDCl3) § 1.37 (3H, t,J= 7.5 Hz), 2.87 (2H, dq, /= 0.9, 7.5
Hz), 6.60 (1H, d, J = 0.9 Hz), 7.32 (1H, dd, J = 0.8, 8.7 Hz), 7.54 (1H, d, J = 8.7 Hz), 8.15
(1H, s), 10.85 (1H, brs). IR (KBr) v 3168, 3120, 3058, 2964, 2931, 2813, 1644, 1585, 1409,
1369, 1245, 1172, 1060, 948, 848, 796, 757, 661. FAB-MS m/z 187 [(M+H)"]. Anal Calcd for

C11H1oN,O: C, 70.95; H, 5.41; N, 15.04. Found: C, 70.94; H, 5.43; N, 15.06.

7-1sopropyl-1H-furo|2,3-g]indazole (11}))
To a solution of 28 (1.70 g, 8.41 mmol) in THF (50 mL) was added MeMgCl (8.40 mL, 3
M in THF) at 0 °C, and then the mixture was stirred for 0.5 h at room temperature. The

resulting mixture was poured into saturated aqueous NH4Cl and extracted with AcOEt. The
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combined extracts were washed with H,O and brine, and then dried over MgSQO,. After
removal of the solvent, the residue was purified by column chromatography on silica gel
(CHCI3/MeOH = 100:1 to 50:1) to yield yellow amorphous solid (2.36 g).

To this product (2.36 g) was added benzene (20 mL) and I, (10 mg), and the resulting
mixture was heated at reflux for 2 h. The mixture was cooled to room temperature and
concentrated in vacuo. The residue was purified column chromatography on silica gel
(toluene/AcOEt = 10:1) to yield 11j (539 mg, 32%) as a white solid. 'H NMR (DMSO-dq) &
1.34 (6H, d, J = 6.8 Hz), 3.08-3.22 (1H, m), 6.74 (1H, s), 7.33 (1H, d, J = 8.4 Hz), 7.56 (1H, d,

J=8.4Hz),8.09 (1H, d, J= 1.6 Hz), 13.27 (1H, brs); FAB-MS m/z 201 [(M+H)"].

3-Methyl-1H-furo[2,3-g]indazole (11k)

Compound 11k was prepared from 29a using a procedure similar to that described for 11g,
in 44% yield as a slightly yellow solid. '"H NMR (CDCls) & 2.63 (3H, s), 6.97-7.01 (1H, m),
7.35-7.40 (1H, m), 7.54 (1H, d, J = 8.7 Hz), 7.71 (1H, d, J = 2.1 Hz); FAB-MS m/z 173

[(M+H)"].

3-Ethyl-1H-furo[2,3-g]indazole (111)

Compound 111 was prepared from 29b using a procedure similar to that described for 11g, in
26% yield as a pale purple solid. '"H NMR (CDCl;) & 1.45 (3H, t, J= 7.5 Hz), 3.06 (2H, q, J =
7.5 Hz), 6.98 (1H, dd, /= 0.9, 2.4 Hz), 7.36 (1H, dd, /= 0.9, 8.7 Hz), 7.57 (1H, d, J = 8.7 Hz),

7.70 (1H, d, J = 2.1 Hz); FAB-MS m/z 187 [(M+H)"].

3-Propyl-1H-furo[2,3-g]indazole (11m)
Compound 11m was prepared from 29¢ using a procedure similar to that described for 11g,
in 13% yield as a purple solid. "H NMR (CDCl3) & 1.03 (3H, t, J = 7.5 Hz), 1.82-1.95 (2H, m),

60



3.00 2H, t, J = 7.5 Hz), 6.98 (1H, dd, J = 1.2, 2.4 Hz), 7.36 (1H, dd, J = 0.6, 9.0 Hz), 7.57

(1H, d, J=9.0 Hz), 7.70 (1H, d, J = 2.4 Hz); FAB-MS m/z 201 [(M+H)"].

7-Ethyl-3-methyl-1H-furo[2,3-g]indazole (11n)

Compound 6n was prepared from 29d using a procedure similar to that described for 11i, in
34% yield as a yellow solid. '"H NMR (CDCl3) & 1.37 (3H, t, J = 7.5 Hz), 2.68 (3H, s), 2.87
(2H, q,J=7.5 Hz), 6.69 (1H, s), 7.33 (1H, d, J=9.0 Hz), 7.46 (1H, d, J= 9.0 Hz); FAB-MS

m/z 201 [(M+H)].

3,7-Diethyl-1H-furo[2,3-g]indazole (110)

Compound 110 was prepared from 29e using a procedure similar to that described for 11g,
in 33% yield as a yellow solid. '"H NMR (CDCls) & 1.37 (3H, t, J = 7.5 Hz), 1.47 (3H, t, J =
7.5 Hz), 2.87 (2H, dq, /= 0.9, 7.5 Hz), 3.11 (2H, q, J = 7.5 Hz), 6.70 (1H, d, J=0.9 Hz), 7.33

(1H, dd, J= 0.9, 9.0 Hz), 7.50 (1H, d, J = 9.0 Hz); FAB-MS m/z 215 [(M+H)].

3-Methoxy-1H-furo|2,3-g]indazole (11p)

To a mixture of 40% aqueous NaOH (15 mL) and Et,0O (30 mL) was added portionwise
N-methyl-N-nitrosourea (4.21 g, 10.2 mmol) at 0 °C. After stirring for 0.5 h at this
temperature, the ether layer was decanted, and added to a solution of 31a (1.50 g, 8.51 mmol)
in dioxane (10 mL) and MeOH (20 mL) at 0 °C. After stirring at room temperature for 15 min,
AcOH was added until the solution became colorless, after which it was evaporated in vacuo.
The residue was diluted with CHCls, washed with saturated aqueous NaHCOs, dried over
MgSO,, and evaporated. The residue was purified by column chromatography on silica gel
(CHCl3:MeOH:sat NH; aq = 30:1:0.1) to yield
3-methoxy-4,5-dihydro-1H-furo[2,3-g]indazole (0.80 g, 49%).
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To this product were added dioxane (50 mL) and DDQ (1.41 g, 6.23 mmol), and the
resulting mixture was stirred at 60 °C for 0.5 h. After cooling, the insoluble material was
removed by filtration. To the filtrate was added saturated aqueous NaHCOs, which was then
extracted with CHCl; and dried over MgSQO,. After removal of the solvent, the residue was
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 11p (0.66 g,
85%) as a yellow solid. '"H NMR (DMSO-d) & 4.01 (3H, s), 7.08-7.10 (1H, m), 7.29 (1H, dd,
J=1.2,8.8 Hz), 7.45 (1H, d, J = 8.8 Hz), 8.03 (1H, d, J = 2.0 Hz); FAB-MS m/z 189 [(M+H)

+]'

7-Ethyl-3-methoxy-1H-furo|2,3-g]indazole (11q)

Compound 11q was prepared from 31b using a procedure similar to that described for 11p,
in 30% yield as a yellow solid. '"H NMR (DMSO-ds) & 1.30 (3H, d, J= 7.5 Hz), 2.85 (2H, q, J
=7.5 Hz), 4.00 (3H, s), 6.70 (1H, d, J= 0.9 Hz), 7.22 (1H, dd, /= 0.9, 8.8 Hz), 7.36 (1H, d, J

= 8.8 Hz), 12.16 (1H, brs); FAB-MS m/z 217 [(M+H)"].

1H-Thieno[2,3-g]lindazole (11r)
Compound 11r was prepared from 33 using a procedure similar to that described for 11g, in
78% yield as a pale yellow solid. '"H NMR (DMSO-ds) & 7.66-7.73 (2H, m), 7.83 (1H, d, J =

5.6 Hz), 7.87 (1H, d, J= 5.6 Hz), 8.16 (1H, s), 13.62 (1H, brs); EI-MS m/z 174 [M*].

1H-[1,3]Oxazolo[5,4-g]indazole (11s)

A mixture of 35 (360 mg, 2.41 mmol) and HC(OEt); (10 mL) was heated at reflux for 2 h.
After cooling, the solvent was removed and the residue was purified by column
chromatography on silica gel (CHCl3/MeOH = 50:1) to yield 11s (310 mg, 81%) as a pale

yellow solid. 'H NMR (DMSO-ds) § 7.55 (1H, d, J = 8.7 Hz), 7.82 (1H, d, J = 8.7 Hz), 8.23
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(1H, s), 8.83 (1H, s), 13.85 (1H, brs); FAB-MS m/z 160 [(M+H)"].

(2R)-1-(5-Fluoro-1H-indazol-1-yl)propan-2-ol (12a)

To a mixture of 60% NaH (0.48 g, 12 mmol) and DMF (15 mL) was added 11a (1.5 g, 11
mmol) at room temperature, and it was stirred for 0.5 h. To the reaction mixture was added
(R)-propylene oxide (0.89 mL, 13 mmol) at 0 °C, and it was stirred at room temperature for
17 h. The mixture was poured into water and extracted with AcOEt. The extracts were dried
over MgSO4 and evaporated. The residue was purified by column chromatography on silica
gel (AcOEt/toluene = 1:4 to 1:2) to yield 12a (0.87 g, 41%) as a yellow solid. '"H NMR
(CDCls) 6 1.28 (3H, d, J = 6.4 Hz), 3.18 (1H, d, J = 4.0 Hz), 4.20-4.25 (1H, m), 4.29-4.39
(2H, m), 7.15-7.20 (1H, m), 7.33-7.40 (2H, m), 7.97 (1H, d, J = 0.8 Hz); FAB-MS m/z 195

[(M+H)"].

(2R)-1-(6-Fluoro-1H-indazol-1-yl)propan-2-ol (12b)

Compound 12b was prepared from 11b using a procedure similar to that described for 12a,
in 40% yield. "H NMR (CDCls) 8 1.28 (3H, d, J = 6.4 Hz), 3.18 (1H, d, J = 4.0 Hz), 4.15-4.21
(1H, m), 4.30-4.38 (2H, m), 6.92-6.97 (1H, m), 7.07-7.10 (1H, m), 7.68 (1H, dd, J = 5.2, 8.8

Hz), 8.00 (1H, s); FAB-MS m/z 195 [(M+H)].

(2R)-1-(5,6-Dichloro-1H-indazol-1-yl)propan-2-ol (12¢)
Compound 12¢ was prepared from 11¢ using a procedure similar to that described for 12a,
in 43% yield. '"H NMR (DMSO-de) & 1.08 (3H, d, J = 5.9 Hz), 4.00-4.08 (1H, m), 4.30-4.32

(2H, m), 4.85 (1H, d, J = 4.9 Hz), 8.04-8.08 (3H, m); EI-MS m/z 244 [M*].

(2R)-1-(6,7-Dichloro-1H-indazol-1-yl)propan-2-ol (12d)
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Compound 12d was prepared from 11d using a procedure similar to that described for 12a,
in 24% yield. '"H NMR (DMSO-de) & 1.04 (3H, d, J = 5.4 Hz), 4.01-4.12 (1H, m), 4.50-4.57
(1H, m), 4.69-4.76 (1H,m), 4.88 (1H, d, /=5.2 Hz), 7.34 (1H, d, J= 8.4 Hz), 7.78 (1H, d, J =

8.4 Hz), 8.20 (1H, m); FAB-MS m/z 245 [M*]

(2R)-1-(6-Methoxy-1H-indazol-1-yl)propan-2-ol (12e)

Compound 12e was prepared from 11e using a procedure similar to that described for 11a, in
45% yield. '"H NMR (DMSO-ds) & 1.06 (3H, d, J = 6.0 Hz), 3.83 (3H, s), 4.05-4.16 (1H, m),
4.10-4.30 (2H, m), 4.85 (1H, d, J = 5.2 Hz), 6.73 (1H, dd, J = 2.0, 8.8 Hz), 7.08-7.11 (1H, m),

7.58 (1H, d, J= 8.8 Hz), 8.22 (1H, s); FAB-MS m/z 207 [(M+H) "]

(2R)-1-(7-Chloro-6-methoxy-1H-indazol-1-yl)propan-2-ol (12f)

Compound 12f was prepared from 11f using a procedure similar to that described for 12a, in
57% yield. "H NMR (DMSO-ds) & 1.00 (3H, d, J = 6.0 Hz), 3.94 (3H, s), 4.04-4.09 (1H, m),
4.46-4.50 (1H, m), 4.65-4.70 (1H, m), 4.84 (1H, d, J= 5.5 Hz), 7.10 (1H, d, J=9.0 Hz), 7.71

(1H, d, J= 9.0 Hz), 8.06 (1H, s); FAB-MS m/z 241 [(M+H)"]

(2R)-1-(1H-Furo|2,3-g]indazol-1-yl)propan-2-ol (12g)

Compound 12g was prepared from 11g using a procedure similar to that described for 12a,
in 51% yield. "H NMR (DMSO-de) & 1.09 (3H, d, J = 6.3 Hz), 3.99-4.18 (2H, m), 4.38-4.58
(2H, m), 4.50 (1H, d, J = 5.1 Hz), 7.39-7.44 (1H, m), 7.45-7.48 (1H, m), 7.63 (1H, d, J = 8.7

Hz), 8.08-8.12 (2H, m); FAB-MS m/z 217 [(M+H)"].

(2R)-1-(7-Ethyl-1H-furo|2,3-g]lindazol-1-yl)propan-2-ol (12i)
Compound 12i was prepared from 11i using a procedure similar to that described for 12a, in
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49% yield. "H NMR (CDCl3) § 1.32 (3H, d, J = 6.0 Hz), 1.39 3H, t, J = 7.8 Hz), 2.88 (2H, q,
J=7.8 Hz), 4.40-4.60 (31, m), 6.68 (1H, s), 7.30 (1H, d, J= 8.7 Hz), 7.51 (1H, d, J = 8.7 Hz),

8.04 (1H, s); FAB-MS m/z 245 [(M+H)"].

(2R)-1-(3-methyl-1H-furo[2,3-g]lindazol-1-yl)propan-2-ol (12k)
Compound 12k was prepared from 11k using a procedure similar to that described for 12a,
in 49% yield. "H NMR (CDCls) & 1.08 (3H, d, J = 5.0 Hz), 3.32 (3H, s), 4.07-4.10 (3H, m),
4.30-4.36 (1H, m), 4.40-4.46 (1H, m), 4.91 (1H, d, J= 5.0 Hz), 7.37 (1H, d, /= 10 Hz), 7.42

(1H, 5), 7.56 (1H, d, J= 10 Hz), 8.07 (1H, s); FAB-MS m/z 226 [(M+H)"].

(2R)-1-(3-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-ol (121)

Compound 121 was prepared from 111 using a procedure similar to that described for 12a, in
30% yield. '"H NMR (CDCl3) & 1.29 (3H, d, J= 6.3 Hz), 1.41 (3H, t, J= 7.8 Hz), 3.00 (2H, q,
J=17.8 Hz), 4.32-4.42 (2H, m), 4.47-4.55 (1H, m), 7.06 (1H, dd, J = 0.9, 2.4 Hz), 7.33 (1H,
dd, /= 0.9, 9.0 Hz), 7.53 (1H, d, J = 9.0 Hz), 7.72 (1H, d, J = 2.4 Hz); FAB-MS m/z 245

[(M+H)"].

(2R)-1-(3-Propyl-1H-furo|2,3-g]indazol-1-yl)propan-2-ol (12m)

Compound 12m was prepared from 11m using a procedure similar to that described for 12a,
in 28% yield. '"H NMR (CDCls) & 1.01 (3H, t, J = 7.5 Hz), 1.30 (3H, d, J = 6.0 Hz), 1.79-1.91
(2H, m), 2.96 (2H, t, J = 7.5 Hz), 4.34-4.42 (2H, m), 4.48-4.58 (1H, m), 7.07 (1H, d, J = 2.1
Hz), 7.33 (1H, d, J=9.0 Hz), 7.54 (1H, d, J=9.0 Hz), 7.72 (1H, d, J = 2.1 Hz); FAB-MS m/z

259 [(M+H) 1.

(2R)-1-(3-Methoxy-1H-furo[2,3-g]indazol-1-yl)propan-2-ol (12p)
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Compound 12p was prepared from 11p using a procedure similar to that described for 12a,
in 44% yield. '"H NMR (CDCl3) & 1.29 (3H, d, J = 6.3 Hz), 3.57 (1H, s), 4.09 (3H, s),
4.19-4.44 (3H, m), 7.01 (1H, dd, /= 0.9, 2.1 Hz), 7.27 (1H, dd, /= 0.9, 8.7 Hz), 7.51 (1H, d,

J=8.7Hz),7.70 (1H, d, J = 2.1 Hz); FAB-MS m/z 247 [(M+H)"].

(2R)-1-(1H-Thieno|[2,3-g]indazol-1-yl)propan-2-ol (12r)

Compound 12r was prepared from 11r using a procedure similar to that described for 12a,
in 15% yield. '"H NMR (DMSO-de) & 1.10 (3H, d, J = 6.4 Hz), 4.03-4.17 (1H, m), 4.45-4.56
(1H, m), 4.60-4.73 (1H, m), 5.02 (1H, d, J = 5.2Hz), 7.70-7.80 (2H, m), 7.91 (1H, d, J =

5.2Hz), 8.04 (1H, d, J = 5.2Hz), 8.25 (1H, s); FAB-MS m/z 233 [(M+H)"].

(2R)-1-(1H-[1,3]Oxazolo[5,4-g]indazol-1-yl)propan-2-ol (12s)

Compound 12s was prepared from 11s using a procedure similar to that described for 12a, in
28% yield. '"H NMR (DMSO-ds) & 1.05 (3H, d, J = 8.0 Hz), 4.20-4.33 (1H, m), 4.52-4.61 (1H,
m), 4.63-4.74 (1H, m), 4.92 (1H, d, J = 8.1Hz), 7.56 (1H, d, J = 9.0Hz), 7.80 (1H, d, J =

9.0Hz), 8.21 (1H, s), 8.87 (1H,s); FAB-MS m/z 218 [(M+H)"].

1-[(25)-2-Azidopropyl]-5-fluoro-1H-indazole (14a)

To a solution of 12a (0.80 g, 4.1 mmol) in CH,Cl, (15 mL) was added triethylamine (1.7 mL,
12.3 mmol) and MsCl (0.47 mL, 6.2 mmol) at room temperature, and it was stirred at this
temperature for 2 h. The mixture was poured into water and extracted with CHCls. The
combined extracts were washed with H,O and brine, and then dried over MgSO,. The solvent
was evaporated in vacuo to give the crude 13a.

The residue was dissolved in DMF (15 mL) without further purification. To this solution was

added NaNj3 (0.78 g, 12 mmol), and the mixture was stirred at 70 °C for 17 h. After cooling to

66



room temperature, the mixture was poured into water and extracted with Et,O. The combined
extracts were washed with H,O and brine, and then dried over MgSO4. The solvent was
evaporated in vacuo to yield 14a (0.83 g, 92%) as a yellow oil: 'H NMR (CDCl3) & 1.33 (3H,
d, J=6.8 Hz), 4.07-4.15 (1H, m), 4.29-4.40 (2H, m), 7.17-7.22 (1H, m), 7.35 (1H, dd, J = 2.0,

8.6 Hz), 7.41 (1H, dd, J = 4.0, 9.0 Hz), 8.00 (1H, d, J = 0.8 Hz); FAB-MS m/z 220 [(M+H)"].

1-[(2S)-2-Azidopropyl]-6-fluoro-1H-indazole (14b)

Compound 14b was prepared from 12b using a procedure similar to that described for 14a,
in 97% yield. "H NMR (CDCl3) & 1.33 (3H, d, J= 7.2 Hz), 4.08-4.16 (1H, m), 4.23-4.36 (2H,
m), 6.92-6.97 (1H, m), 7.09-7.12 (1H, m), 7.67 (1H, dd, J = 5.6, 8.8 Hz), 8.01 (1H, d, J=1.2

Hz); EI-MS m/z 219 [M"].

1-[(25)-2-Azidopropyl]-6-methoxy-1H-indazole (14¢)

Compound 14e was prepared from 12e using a procedure similar to that described for 14a,
in 80% yield. '"H NMR (DMSO-ds) & 1.24 (3H, d, J = 6.6 Hz), 3.83 (3H, s), 4.06-4.19 (1H, m),
4.42-4.46 (2H, m), 6.77 (1H, dd, J=2.1, 9.0 Hz), 7.18-7.21 (1H, m), 7.61 (1H, d, J=9.0 Hz),

7.98 (1H, s); FAB-MS m/z 232 [(M+H) "]

1-[(25)-2-Azidopropyl]-7-chloro-6-methoxy-1H-indazole (14f)

Compound 14f was prepared from 12f using a procedure similar to that described for 14a, in
60% yield. "H NMR (DMSO-d) & 1.23 (3H, d, J = 6.6 Hz), 3.95 (3H, s), 4.03-4.10 (1H, m),
4.73-4.76 (2H, m), 7.14 (1H, d, J = 9.0 Hz), 7.75 (1H, d, J = 9.0 Hz), 8.14 (1H, s); FAB-MS

m/z 266 [(M+H) "]

1-[(25)-2-Azidopropyl]-7-methyl-1H-furo[2,3-g]indazole (14h)
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To a mixture of 60% NaH (213 mg, 5.34 mmol) and DMF (10 mL) was added 11h (835 mg,
4.85 mmol) at 0 °C, and it was stirred at this temperature for 0.5 h. To the reaction mixture
was added (R)-propylene oxide (0.41 mL, 5.82 mmol) at 0 °C, and it was stirred at room
temperature for 70 h. The mixture was poured into water and extracted with AcOEt. The
combined extracts were dried over MgSO4 and evaporated. The residue was purified by
column chromatography on silica gel (AcOEt/hexane = 1:3) to yield a mixture of 11h and 12h
(700 mg).

This mixture was dissolved with CHCl; (25 mL). To the solution was added triethylamine
(1.26 mL, 9.12 mmol) and MsCl (0.35 mL, 4.56 mmol) at 0 °C, and it was stirred at room
temperature for 1 h. The mixture was poured into water and extracted with CHCl;. The
combined extracts were washed with H,O and brine, and then dried over MgSO,. The solvent
was evaporated in vacuo to give the crude 13h which was used for the next step without
further purification.

The crude 13h was dissolved in DMF (15 mL). To this solution was added NaN3 (0.98 g, 15
mmol), and the mixture was stirred at 80 °C for 15 h. After cooling to room temperature, the
mixture was poured into water and extracted with Et,O. The combined extracts were washed
with H,O and brine, and then dried over MgSO,. The solvent was evaporated in vacuo to
yield the crude product, which was purified by column chromatography on silica gel
(AcOEt/hexane = 1:10) to give 14h (510 mg, 41% from 11h) as a colorless oil. 'H NMR
(DMSO-dg) 6 1.30 (3H, d, J = 6.9 Hz), 2.52 (3H, s), 4.05-4.20 (1H, m), 4.50-4.75 (2H, m),
7.15 (1H, s), 7.36 (1H, d, J=8.7 Hz), 7.57 (1H, d, J= 8.7 Hz), 8.15 (1H, s); FAB-MS m/z 256

[(M+H)"].

1-[(25)-2-Azidopropyl]-7-ethyl-1H-furo[2,3-g]indazole (14i)
Compound 14i was prepared from 12i using a procedure similar to that described for 14a, in
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76% vield. 'H NMR (CDCLy) § 1.31 (3H, d, J = 6.6 Hz), 1.37 (3H, t, J = 7.8 Hz), 2.85 (2H, q,
J=17.8 Hz), 4.05-4.22 (1H, m), 4.43-4.56 (2H, m), 6.64 (1H, s), 7.28 (1H, d, J = 8.7 Hz), 7.47

(1H, d, J= 8.7 Hz), 8.03 (1H, s); FAB-MS m/z 270 [(M+H) 1.

1-[(25)-2-Azidopropyl]-3-methyl-1H-furo[2,3-g]indazole (14k)

Compound 14k was prepared from 12k using a procedure similar to that described for 14a,
in 68% yield. "H NMR (CDCls) & 1.30 (3H, d, J = 6.3 Hz), 2.58 (3H, s), 4.07-4.20 (1H, m),
443 (1H, d, J= 6.3 Hz), 7.03 (1H, d, J = 2.1 Hz), 7.32 (1H, d, /= 8.7 Hz), 7.46 (1H, d, J =

8.7 Hz), 7.69 (1H, d, J = 2.1 Hz); FAB-MS m/z 256 [(M+H)"].

1-[(25)-2-Azidopropyl]-3-ethyl-1H-furo[2,3-g]indazole (141)

Compound 141 was prepared from 121 using a procedure similar to that described for 14a, in
81% yield. '"H NMR (CDCls) & 1.33 (3H, d, J = 6.6 Hz), 1.41 (3H, t, J= 7.5 Hz), 3.02 (2H, q,
J="11.5 Hz), 4.08-4.24 (1H, m), 4.48 (2H, d, J= 6.6 Hz), 7.07 (1H, dd, J = 0.9, 2.1 Hz), 7.34
(1H, dd, J=0.9, 8.7 Hz), 7.54 (1H, d, J= 8.7 Hz), 7.72 (1H, d, J = 2.1 Hz); FAB-MS m/z 270

[(M+H)"].

1-[(25)-2-Azidopropyl]-3-propyl-1H-furo[2,3-g]indazole (14m)

Compound 14m was prepared from 12m using a procedure similar to that described for 14a,
in 81% yield. '"H NMR (CDCls) & 1.01 (3H, t, J = 7.5 Hz), 1.32 (3H, d, J = 6.6 Hz), 1.79-1.93
(2H, m), 2.97 (2H, t, J = 7.5 Hz), 4.09-4.20 (2H, m), 4.48 (2H, d, /= 6.6 Hz), 7.07 (1H, dd, J
=0.9, 2.4 Hz), 7.34 (1H, dd, /= 0.9, 8.7 Hz), 7.53 (1H, d, J = 8.7 Hz), 7.72 (1H, d, J = 2.4

Hz); FAB-MS m/z 284 [(M+H)"].

1-[(25)-2-Azidopropyl]-3-methoxy-1H-furo[2,3-g]indazole (14p)
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Compound 14p was prepared from 12p using a procedure similar to that described for 14a,
in 88% yield. '"H NMR (CDCls) & 1.31 (3H, d, J = 6.4 Hz), 4.10 (3H, s), 4.11-4.60 (1H, m),
4.28-4.38 (1H, m), 6.99-7.03 (1H, m), 7.26 (1H, dd, J= 1.2, 8.8 Hz), 7.50 (1H, d, /= 8.8 Hz),

7.70 (1H, d, J = 2.0 Hz); FAB-MS m/z 272 [(M+H)].

1-[(25)-2-Azidopropyl]-1H-thieno[2,3-g]indazole (14r)

Compound 14r was prepared from 12r using a procedure similar to that described for 14a,
in 88% yield. '"H NMR (DMSO-dq) & 1.33 (3H, d, J = 6.6 Hz), 3.98-4.08 (1H, m), 4.10-4.24
(1H, m), 4.69-4.88 (2H, m), 7.70-7.78 (2H, m), 7.94 (1H, d, J = 5.4Hz), 8.06 (1H, d, J =

5.4Hz), 8.20 (1H, s); FAB-MS m/z 258 [(M+H)"].

1-[(25)-2-Azidopropyl]-1H-[1,3]oxazolo[5,4-g]indazole (14s)

Compound 14s was prepared from 12s using a procedure similar to that described for 14a, in
56% yield. '"H NMR (DMSO-de) & 1.27 (3H, d, J = 8.8 Hz), 4.24-4.32 (1H, m), 4.77-4.83 (2H,
m), 7.61 (1H, d, J=9.0Hz), 7.84 (1H, d, /= 9.0Hz), 8.29 (1H, s), 8.90 (1H,s); EI-MS m/z 242

M7].

(25)-1-(5-Fluoro-1H-indazol-1-yl)propan-2-amine (15a)

To a stirred suspension of LiAlHs (218 mg, 5.74 mmol) in THF (10 mL) was added a
solution of 14a (630 mg, 2.87 mmol) in THF (5 mL) at 0 °C, and it was stirred at room
temperature for 1 h. The excess reagent was quenched by the addition of MeOH, followed by
the addition of water (0.22 mL), 15% aqueous NaOH (0.22 mL), and water (0.66 mL). After
stirring for 1 h, the resulting mixture was filtered through Celite and concentrated in vacuo to
give the crude product, which was purified by column chromatography on silica gel

(CHCI3/MeOH = 10:1) to yield 15a (393 mg; 72 %). This compound was subsequently
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converted to its hydrochloride to yield a white solid (mp 185-186 °C). '"H NMR (DMSO-d;) &
1.19 (3H, d, J = 6.4 Hz), 3.63-3.74 (1H, m), 4.54-4.75 (2H, m), 7.33-7.39 (1H, m), 7.58 (1H,
dd, J = 2.0, 9.2 Hz), 7.86 (1H, dd, J = 4.4, 9.2 Hz), 8.15 (1H, s), 8.36 (3H, brs); °C NMR
(DMSO-ds) 6 157.2 (d, J =236 Hz), 137.0, 133.6 (d, /= 6 Hz), 123.4 (d, /=10 Hz), 115.7 (d,
J =28 Hz), 111.2 (d, J = 10 Hz), 104.8 (d, J = 24 Hz), 50.8, 46.7, 16.0; FAB-MS m/z 194
[(M+H)"]. Anal. caled for C;oH;oN3F- HCIL: C, 52.29; H, 5.70; N, 18.29; Cl, 15.44; F, 8.27.

Found: C, 52.18; H, 5.72; N, 18.27; Cl, 15.25; F, 8.41.

(25)-1-(6-Fluoro-1H-indazol-1-yl)propan-2-amine (15b)

Compound 15b was prepared from 14b using a procedure similar to that described for 15a,
in 65% yield. This compound was subsequently converted to its hydrochloride to yield a
white solid (mp 160-161 °C). '"H NMR (DMSO-de) & 1.21 (3H, d, J = 6.4 Hz), 3.43-3.47 (1H,
m), 4.50-4.70 (2H, m), 7.04-7.09 (1H, m), 7.72 (1H, dd, J= 2.4, 9.8 Hz), 7.84 (1H, dd, /= 4.8,
9.0 Hz), 8.18 (1H, s), 8.34 (3H, brs); °C NMR (DMSO-ds) & 161.5 (d, J = 242 Hz), 140.3 (d,
J=13 Hz), 134.2, 122.8 (d, /= 11 Hz), 120.6, 110.3 (d, J =26 Hz), 95.5 (d, J = 27 Hz), 50.7,
46.6, 16.0; EI-MS m/z 193 [M™]. Anal. caled for C;oH;;N3sF- HCI: C, 52.29; H, 5.70; N,

18.29; Cl, 15.44; F, 8.27. Found: C, 52.46; H, 5.68; N, 18.11; Cl, 15.36; F, 8.47.

(285)-1-(5,6-Dichloro-1H-indazol-1-yl)propan-2-amine (15c)

To a solution of 12¢ (468 mg, 1.91 mmol) in CH,Cl, (20 mL) were added triethylamine
(1.06 mL, 7.64 mmol) and MsCl (438 mg, 3.82 mmol) at 0 °C, and it was stirred at room
temperature for 0.5 h. The mixture was poured into water and extracted with AcOEt. The
combined extracts were washed with H,O and brine, and then dried over MgSO,. The solvent
was evaporated in vacuo to give the crude 13¢ witch was used for the next step without

further purification.
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The crude 13¢ was dissolved in DMF (10 mL), to which NaN; (373 g, 5.73 mmol) was
added. This mixture was then stirred at 80 °C for 8 h. After cooling to room temperature, the
mixture was poured into water and extracted with AcOEt. The combined extracts were
washed with H,O and brine, and then dried over MgSQO,. After removal of the solvent to give
the crude 14¢ which was used for the next step without further purification.

To a stirred suspension of LiAlH4 (144 mg, 3.82 mmol) in THF (5 mL) was added a solution
of the crude 14¢ in THF (10 mL) at 0 °C, and it was stirred at room temperature for 0.5 h. The
excess reagent was quenched by the addition of MeOH, followed by the addition of water
(0.15 mL), 15% aqueous NaOH (0.15 mL), and additional water (0.45 mL). After stirring for
0.5 h, the mixture was filtered through Celite, and then concentrated in vacuo to yield the
crude product, which was purified by column chromatography on silica gel
(CHCI3/MeOH/sat.NH3 aq. = 10:1:0.1) to yield 15¢ (393 mg; 85% from 12¢). This compound
was subsequently converted to its fumarate to yield a white solid (mp 157-160 °C). '"H NMR
(DMSO-dg) 6 1.12 (3H, d, J = 6.8 Hz), 3.50-3.61 (1H, m), 4.42-4.59 (2H, m), 6.49 (2H, s),
8.11 (1H, s), 8.16 (1H, s), 8.21 (1H, s); >C NMR (DMSO-de) & 167.7, 138.7, 135.0, 133.3,
129.3, 123.3, 123.0, 122.0, 111.7, 52.3, 46.5, 17.2; FAB-MS m/z 244 [(M+H)"]. Anal. calcd
for C;oH1N3Clyr C4H4O4: C, 46.68; H, 4.20; N, 11.67; Cl, 19.69. Found: C, 47.12; H, 4.05; N,

11.71; CI, 18.17.

(28)-1-(6,7-Dichloro-1H-indazol-1-yl)propan-2-amine (15d)

Compound 15d was prepared from 11d using a procedure similar to that described for 15c,
in 57% yield. This compound was subsequently converted to its hemifumarate to yield a white
solid (mp 183-185 °C). '"H NMR (DMSO-de) & 1.01 (3H, d, J = 6.4 Hz), 3.50-3.61 (1H, m),
4.58-4.73 (2H, m) 7.37 (1H, d, J = 8.0 Hz), 7.80 (1H, d, J = 8.0 Hz), 8.25 (1H, s); °C NMR
(DMSO-de) 6 167.7, 136.1, 135.1, 134.1, 130.6, 125.1, 122.7, 121.0, 113.2, 56.0, 47.7, 18.8;
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FAB-MS m/z 244 [(M+H)+]. Anal. calcd for CioH1i1N3Clyr 0.5C4H4O04: C, 47.70; H, 4.34; N,

13.91; Cl, 23.27. Found: C, 47.82; H, 4.15; N, 13.93; Cl, 23.27.

(285)-1-(6-Methoxy-1H-indazol-1-yl)propan-2-amine (15e)

Compound 15e was prepared from 14e using a procedure similar to that described for 15a,
in 86% yield. This compound was subsequently converted to its fumarate to yield a white
solid (mp 138-139 °C). '"H NMR (DMSO-ds) & 1.12 (3H, d, J = 6.4 Hz), 3.55-3.66 (1H, m),
3.85 (3H, s), 4.43 (1H, dd, J = 6.8, 14 Hz), 4.55 (1H, dd, J = 6.0, 14 Hz), 6.48 (2H, s), 6.77
(1H, dd, J = 2.0, 8.8 Hz), 7.23-7.25 (1H, m), 7.62 (1H, d, J = 8.8 Hz), 7.99 (1H, s); >C NMR
(DMSO-de) 6 167.7, 159.0, 141.2, 135.0, 133.4, 121.5, 118.0, 112.6, 90.9, 53.4, 51.6, 46.5,
17.2; FAB-MS m/z 206 [(M+H) *]. Anal. caled for C;;H;5sN30- C4H404 0.1H,0: C, 55.76; H,

5.99; N, 13.00. Found: C, 55.76; H, 5.90; N, 12.96.

(25)-1-(7-Chloro-6-methoxy-1H-indazol-1-yl)propan-2-amine (15f)

To a solution of 14f (260 mg, 0.98 mmol) in THF (20 mL) was added PPh; (308 mg, 1.18
mmol) at room temperature, and it was stirred at 50 °C for 5 h. To the mixture was added H,O
(0.5 mL), and it was stirred at 50 °C for 15 h. The resulting mixture was concentrated in vacuo
to give the crude product, which was purified by column chromatography on silica gel
(CHCI3/MeOH/sat.NH3 aq. = 30:1:0.1) to yield 15f (222 mg; 95%). This compound was
subsequently converted to its fumarate to yield a white solid (mp 166-168 °C). 'H NMR
(DMSO-de) 6 1.04 (3H, d, J = 6.4 Hz), 3.51-3.61 (1H, m), 3.95 (3H, s), 4.68-4.78 (2H, m),
6.47 (2H, s), 7.14 (1H, d, J = 9.2 Hz), 7.75 (1H, d, J = 9.2 Hz), 8.13 (1H, s); *C NMR
(DMSO-de) 6 167.3, 154.2, 136.5, 135.0, 134.1, 121.1, 120.5, 108.8, 101.2, 57.1, 54.2, 47.5,
17.4; FAB-MS m/z 240 [(M+H)"]. Anal. calcd for C;;H4N3OCI- C4H404 0.4H,0: C, 49.63;
H, 5.22; N, 11.58; Cl, 9.77. Found: C, 49.48; H, 4.97; N, 11.54; Cl, 9.73.
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(28)-1-(1H-Furo|2,3-g]indazol-1-yl)propan-2-amine (15g)

Compound 15g was prepared from 12g using a procedure similar to that described for 15c,
in 47% yield. This compound was subsequently converted to its dihydrochloride to yield a
white solid (mp 209-210 °C). '"H NMR (DMSO-ds) 8 1.11 (3H, d, J = 6.8 Hz), 3.65-3.78 (1H,
m), 4.75-4.96 (2H, m), 7.48 (1H, d, /= 8.8 Hz), 7.69 (1H, d, /= 8.8 Hz), 7.84 (1H, d, J = 2.0
Hz), 8.17 (1H, d, J = 2.0 Hz), 8.57 (3H, brs); °C NMR (DMSO-dy) & 154.0, 145.2, 134.9,
133.8, 120.0, 117.1, 109.6, 107.0, 104.4, 51.6, 46.6, 15.7; FAB-MS m/z 216 [(M+H)"]. Anal.
caled for Cp,H;3N30- 2HCI: 0.1C,H¢O: C, 50.05; H, 5.37; N, 14.35; Cl, 24.22. Found: C,

50.06; H, 5.39; N, 14.28; Cl, 23.99.

(285)-1-(7-Methyl-1H-furo|2,3-g]indazol-1-yl)propan-2-amine (15h)

Compound 15h was prepared from 14h using a procedure similar to that described for 15f,
in 98% yield. This compound was subsequently converted to its fumarate to yield a white
solid (mp 191-197 °C). 'H NMR (DMSO-ds) & 1.05 (3H, d, J = 6.0 Hz), 2.52 (3H, s),
3.54-3.66 (1H, m), 4.55-4.63 (1H, m), 4.62-4.68 (1H, m), 6.51 (2H, s), 7.26 (1H, s), 7.37 (1H,
d, J=8.8 Hz), 7.57 (1H, d, J = 8.8 Hz), 8.14 (1H, s); *C NMR (DMSO-ds) & 167.6, 154.3,
153.3, 135.0, 134.3, 133.3, 119.5, 115.8, 110.9, 106.5, 100.4, 53.2, 46.6, 17.0, 13.7; FAB-MS
m/z 230 [(M+H)"]. Anal. caled for C13H;sN3O- C4H404 0.1H,0: C, 58.82; H, 5.57; N, 12.10.

Found: C, 58.62; H, 5.57; N, 12.20.

(285)-1-(7-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15i)

Compound 15i was prepared from 14i using a procedure similar to that described for 15a, in
89% yield. This compound was subsequently converted to its fumarate to yield a white solid
(mp 191-193 °C). '"H NMR (DMSO-ds) 8 1.05 (3H, d, J = 6.8 Hz), 1.33 (3H, t, J = 8.0 Hz),
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2.86 (2H, q, J = 8.0 Hz), 3.55-3.68 (1H, m), 4.61 (1H, dd, J =8.0, 14 Hz), 4.76 (1H, dd, J =
6.0, 14 Hz), 6.50 (2H, s), 7.28 (1H, s), 7.38 (1H, d, J = 8.8 Hz), 7.58 (1H, d, J = 8.8 Hz), 8.15
(1H, s); *C NMR (DMSO-dq) § 167.7, 159.7, 153.3, 135.0, 134.4, 133.5, 119.5, 115.8, 110.7,
106.6, 99.0, 53.1, 46.6, 21.1, 17.0, 11.8; FAB-MS m/z 244 [(M+H)"]. Anal. calcd for

Ci4H17N30- C4H404: C, 60.16; H, 5.89; N, 11.69. Found: C, 60.13; H, 5.83; N, 12.60.

(28)-1-(7-Isopropyl-1H-furo|2,3-glindazol-1-yl)propan-2-amine (15j)

Compound 15j was prepared from 11j using a procedure similar to that described for 15q, in
17% yield. This compound was subsequently converted to its dihydrochloride to yield a white
solid (mp 243-249 °C). '"H NMR (DMSO-ds) & 1.10 (3H, d, J = 6.8 Hz), 1.37 (3H, d, J= 7.6
Hz), 3.10-3.22 (1H, m), 3.61-3.79 (1H, m), 4.77 (1H, dd, J =8.8, 14 Hz), 4.92 (1H, dd, J = 6.4,
14 Hz), 7.40 (1H, d, J = 8.8 Hz), 7.52 (1H, s), 7.59 (1H, d, J = 8.8 Hz), 8.44 (1H, s), 8.68 (1H,
brs), 10.29 (1H, brs); °C NMR (DMSO-ds) & 158.3, 153.3, 134.7, 133.5, 119.6, 115.9, 110.7,
106.7, 99.9, 51.5, 46.7, 29.7, 20.6, 15.7, 13.5; FAB-MS m/z 258 [(M+H)]. Anal. calcd for
CisHi9N3;O- 2HCI' 0.3H,0: C, 53.67; H, 6.49; N, 12.52; Cl, 21.12. Found: C, 53.96; H, 6.36;

N, 12.50; CI, 20.93.

(285)-1-(3-Methyl-1H-furo|2,3-g]indazol-1-yl)propan-2-amine (15Kk)

Compound 15k was prepared from 14k using a procedure similar to that described for 15f,
in 84% yield. This compound was subsequently converted to its fumarate to yield a white
solid (mp 172-174 °C) '"H NMR (DMSO-ds) & 1.07 (3H, d, J = 6.4 Hz), 3.17 (3H, s), 3.
56-3.68 (1H, m), 4.54-4.63 (1H, m), 4.65-4.75 (1H, m), 6.50 (2H, s), 7.42 (1H, d, J = 8.8 Hz),
7.60 (1H, d, J = 8.8 Hz), 7.62-7.63 (1H, m), 8.12 (1H, d, J = 2.0 Hz); *C NMR (DMSO-ds) &
166.9, 154.1, 144.9, 142.1, 134.6, 134.4, 118.7, 116.5, 109.7, 105.9, 104.4, 53.6, 46.9, 17.6,
11.6; FAB-MS m/z 230 [(M+H)+]. Anal. calcd for Ci3H;5N3;0- C4H4O4 H,O: C, 56.19; H,
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5.82; N, 11.56. Found: C, 56.39; H, 5.81; N, 11.36.

(25)-1-(3-Ethyl-1H-furo|2,3-g]lindazol-1-yl)propan-2-amine (15I)

Compound 151 was prepared from 141 using a procedure similar to that described for 15f, in
61% yield. This compound was subsequently converted to its dihydrochloride to yield a white
solid [mp >195 °C (dec.)]. '"H NMR (DMSO-ds) & 1.12 (3H, d, J = 6.4 Hz), 1.34 (3H, t, J =
8.0 Hz), 2.97 (2H, q, J = 8.0 Hz), 3.62-3.75 (1H, m), 4.66-4.74 (1H, m), 4.78-4.86 (1H, m),
6.79 (2H, brs), 7.43 (1H, d, J=9.0 Hz), 7.66 (1H, d, J=9.0 Hz), 7.78-7.79 (1H, m), 8.14 (1H,
d, J = 2.0 Hz), 8.52 (3H, brs); °C NMR (DMSO-ds) & 154.2, 147.9, 145.1, 134.6, 117.9,
116.5, 109.7, 106.1, 104.4, 51.3, 46.7, 19.7, 15.7, 13.3; FAB-MS m/z 244 [(M+H)"]. Anal.
caled for Ci4H7N;O- 1.9HCI- 0.8H,O: C, 51.42; H, 6.32; N, 12.85; CI, 20.60. Found: C,

51.50; H, 6.34; N, 12.74; Cl, 20.65.

(25)-1-(3-Propyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15m)

Compound 15m was prepared from 14m using a procedure similar to that described for 15f,
in 48% yield. This compound was subsequently converted to its dihydrochloride to yield a
white solid (mp 191-193 °C). "H NMR (DMSO-ds) § 0.95 (3H, d, J= 8.7 Hz), 1.11 3H, t, J =
6.4 Hz), 1.73-1.82 (2H, m), 2.92 (2H, t, J = 8.7 Hz), 3.62-3.75 (1H, m), 4.65-4.73 (1H, m),
4.78-4.85 (1H, m), 5.74 (2H, brs), 7.43 (1H, d, J = 8.8 Hz), 7.65 (1H, d, J = 8.8 Hz),
7.74-7.77 (1H, m), 8.15 (1H, d, J = 2.4 Hz), 8.47 (3H, brs); °C NMR (DMSO-ds) & 154.1,
146.6, 145.1, 134.5, 118.3, 116.5, 109.6, 106.1, 104.3, 51.4, 46.7, 28.2, 22.0, 15.7, 13.8;
FAB-MS m/z 258 [(M+H)+]. Anal. calcd for C;5H19NsO- 1.8HCI- 0.8H,0: C, 53.40; H, 6.69;

N, 12.46; CI, 18.92. Found: C, 53.19; H, 6.58; N, 12.49; Cl, 18.78.

(25)-1-(7-Ethyl-3-methyl-1H-furo|[2,3-g]lindazol-1-yl)propan-2-amine (15n)
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Compound 15n was prepared from 11n using a procedure similar to that described for 15q,
in 42% yield. This compound was subsequently converted to its hydrochloride to yield a
white solid [mp >245 °C (dec.)]. '"H NMR (DMSO-de) 6 1.12 (3H, d, J = 6.6 Hz), 1.34 (3H, t,
J=17.5Hz), 2.51 (3H, s), 2.87 (2H, q, J = 7.5 Hz), 3.60-3.75 (1H, m), 4.63 (1H, dd, J = 7.9,
14 Hz), 4.74 (1H, dd, J = 5.7, 14 Hz), 7.31-7.39 (2H, m), 7.53 (1H, d, J = 9.0 Hz), 8.39 (3H,
brs); °C NMR (DMSO-ds) & 159.7, 153.5, 142.5, 134.3, 118.7, 115.3, 110.6, 105.8, 99.0,
51.3, 46.8, 21.1, 15.7, 11.8, 11.7; FAB-MS m/z 258 [(M+H)"]. Anal. caled for C;sH;oN;0-
1.05HCI 0.2H,0: C, 60.21; H, 6.89; N, 14.04; Cl, 12.44. Found: C, 60.29; H, 6.84; N, 14.03;

Cl, 12.34.

(28)-1-(3,7-Diethyl -1H-furo[2,3-g]indazol-1-yl)propan-2-amine (150)

Compound 150 was prepared from 110 using a procedure similar to that described for 15q,
in 33% yield. This compound was subsequently converted to its hydrochloride to yield a
white solid [mp >215 °C (dec.)]. 'H NMR (DMSO-d) 6 1.12 (3H, d, J = 6.6 Hz), 1.33 (3H, t,
J=175Hz), 1.35 3H, t, J = 7.5 Hz), 2.87 (2H, q, J = 7.5 Hz), 2.94 (2H, q, J = 7.5 Hz),
3.60-3.76 (1H, m), 4.65 (1H, dd, J= 8.3, 14 Hz), 4.78 (1H, dd, /= 5.7, 14 Hz), 7.32-7.40 (2H,
m), 7.55 (1H, d, J = 9.0 Hz), 8.46 (3H, brs); °C NMR (DMSO-ds) & 159.7, 153.5, 147.8,
134.4, 117.8, 115.3, 110.7, 105.8, 98.9, 51.3, 46.8, 21.1, 19.7, 15.8, 13.3, 11.8; FAB-MS m/z
272 [(M+H)"]. Anal. calcd for C;sH,N3O- HCI- 0.3H,0: C, 61.35; H, 7.27; N, 13.42; Cl,

11.32. Found: C, 61.21; H, 7.14; N, 13.30; C1, 11.41.

(25)-1-(3-Methoxy-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15p)

Compound 15p was prepared from 14p using a procedure similar to that described for 15f,
in 64% yield. This compound was subsequently converted to its fumarate to yield a white
solid (mp 160-162 °C). "H NMR (DMSO-ds) & 1.13 (3H, d, J = 6.4 Hz), 3.60-3.71 (3H, m),

77



4.04 (1H, ), 4.53 (1H, dd, J = 8.0, 14 Hz), 4.63 (1H, dd, J = 6.0, 14 Hz), 6.55 (2H, s), 7.36
(1H, d, J = 8.8 Hz), 7.48 (1H, d, J = 8.8 Hz), 7.63 (1H, d, J = 2.0 Hz), 8.13 (1H, d, J = 2.0
Hz); 3C NMR (DMSO-ds) § 166.5, 156.8, 154.9, 145.2, 135.8, 134.3, 115.5, 109.7, 107.3,
105.8, 104.5, 56.1, 51.8, 46.8, 16.1; FAB-MS m/z 246 [(M+H)*]. Anal. calcd for Ci3H;sN;O,

- C4H404 1.2H,0: C, 53.32; H, 5.63; N, 10.97;. Found: C, 53.25; H, 5.39; N, 10.74.

(25)-1-(7-Ethyl-3-methoxy-1H-furo|2,3-g]lindazol-1-yl)propan-2-amine (15q)

To a solution of 11q (295 mg, 1.36 mmol) in DMSO (10 mL) were added
(2S5)-2-[(tert-butoxycarbonyl)amino]propyl 4-methylbenzenesulfonate (674 mg, 2.04 mmol)
and Cs;COs (889 mg, 2.72 mmol) at room temperature, and the mixture was stirred at 60 °C
for 7 h. After cooling to room temperature, the mixture was poured into ice-water and
extracted with AcOEt. The organic extracts were washed with brine, dried over MgSQO,, and
evaporated in vacuo. The residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:5) to yield 16q.

To a solution of 16q in AcOEt (5 mL) was added 4 M HCI-AcOEt (5 mL) at 0 °C, and the
mixture was stirred for 2 h at room temperature. After removal of the solvent, to the residue
was added saturated aqueous NaHCO; and extracted with CHCIs. The extracts were dried
over MgSOj4 and evaporated. The residue was purified by column chromatography on silica
gel (CHCl3/MeOH/sat.NH3 aq = 30:1:0.1) to yield 15q (201 mg, 66%). This compound was
subsequently converted to its fumarate to yield a white solid (mp 202-205 °C). '"H NMR
(DMSO-dg) 6 1.09 (3H, d, J = 6.4 Hz), 1.32 (3H, t, J = 7.6 Hz), 2.85 (2H, q, J =7.6 Hz),
3.50-3.66 (1H, m), 4.02 (1H, s), 4.43 (1H, dd, J = 7.6, 14 Hz), 4.55 (1H, dd, J = 6.0, 14 Hz),
6.50 (2H, s), 7.21 (1H, s), 7.27 (1H, d, /= 8.8 Hz), 7.39 (1H, d, J = 8.8 Hz); FAB-MS m/z 274
[(M+H)]; °C NMR (DMSO-d) & 167.2, 159.6, 156.4, 154.1, 135.4, 114.2, 110.6, 107.0,
105.2, 99.0, 55.9, 53.4, 46.8, 21.1, 17.5, 11.8; Anal. calcd for C;sH;9N30,' C4H4O4: C, 58.60;
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H, 5.95; N, 10.79;. Found: C, 58.44; H, 5.86; N, 10.79.

(25)-1-(1H-Thieno|2,3-g]lindazol-1-yl)propan-2-amine (15r)

Compound 15r was prepared from 14r using a procedure similar to that described for 15f, in
71% yield. This compound was subsequently converted to its fumarate to yield a white solid
(mp 179-181 °C). '"H NMR (DMSO-d¢) & 1.05 (3H, d, J = 6.4 Hz), 3.50-3.66 (1H, m),
4.65-4.80 (2H, m), 6.49 (2H, s), 7.69-7.79 (2H, m), 7.95 (1H, d, J= 6.0 Hz), 8.13 (1H, d, J =
5.2 Hz), 8.19 (1H, s); °C NMR (DMSO-dq) & 167.5, 139.1, 134.8 (x 2), 134.0, 127.0, 122.6,
120.9, 120.7, 117.3, 116.0, 54.1, 46.6, 17.3; FAB-MS m/z 232 [(M+H)"]. Anal. calcd for
C12H3N3S: 1.1C4H4O4 0.25H,0: C, 54.19; H, 4.96; N, 11.56; S, 8.82. Found: C, 53.95; H,

4.67; N, 11.54; S, 8.82.

(28)-1-(1H-[1,3]0Oxazolo[5,4-g]indazol-1-yl)propan-2-amine (15s)

Compound 15s was prepared from 14s using a procedure similar to that described for 15f, in
78% yield. This compound was subsequently converted to its fumarate to yield a white solid
(mp 160-162 °C). '"H NMR (DMSO-d¢) & 1.09 (3H, d, J = 6.4 Hz), 3.74-3.86 (1H, m),
4.78-4.86 (2H, m), 6.49 (2H, s), 7.61 (1H, d, J = 8.8 Hz), 7.84 (1H, d, J = 8.8 Hz), 8.29 (1H,
s), 8.91 (1H, s); FAB-MS m/z 217 [(M+H) ']. Anal. calcd for C;;H;,N4O" 1.2C4H404 0.1H,0:

C, 53.11; H, 4.80; N, 15.68. Found: C, 53.10; H, 5.16; N, 15.51.

4,5-Dichloro-2-methylaniline (17¢)

To a mixture of 3,4-dichlorotoluene 18 (16.1 g, 100 mmol) and conc. H,SO4 (160 mL) was
added portionwise KNO; (7.0 g, 126 mmol) at 5 °C, and the resulting mixture was stirred at
room temperature for 2 h. After cooling to 0 °C, the mixture was poured into ice-water. The

resulting precipitate was collected with filtration and dried in vacuo to yield an orange solid.
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This orange solid was dissolved in Et,O, washed with brine and dried over MgSQO,. After
removal of the solvent, the residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:100) to yield 3,4-dichloro-6-nitrotoluene (17.8 g, 86 %) as a slightly
yellow solid.

To a mixture of 3,4-dichloro-6-nitrotoluene (9.20 g, 44.7 mmol), conc. HCI (40 mL) and
EtOH (40 mL) was added a solution of SnCl,: 2H,0 (50 g, 222 mmol) in conc. HCI (40 mL),
and the mixture was stirred at room temperature for 17 h. The reaction was quenched with
aqueous NaOH solution and extracted with CHCI;. The combined extracts were washed with
H,0 and brine, dried over MgSQOy, and concentrated in vacuo to yield 17¢ (7.0 g, 88%) as a
white solid. "H NMR (CDCl3)  2.10 (3H, s), 3.63 (2H, brs), 6.73 (1H, s), 7.09 (1H, s); EI-MS

m/z 175 [M*].

5,6-Dichloro-2-methylaniline (17d)

To a mixture of 21 (6.55 g, 25.2 mmol) and ethylene glycol (200 mL) was added KOH (7.0
g, 126 mmol), and the resulting mixture was heated at 170 °C for 7 h. After cooling to room
temperature, the mixture was poured into water and extracted with AcOEt. The combined
extracts were washed with H,O and brine, and then dried over MgSQO,. After removal of the
solvent, the residue was purified by column chromatography on silica gel (AcOEt/toluene =
1:10) to yield 17d (4.23 g, 95%) as pale yellow oil. 'H NMR (DMSO-dq) & 2.12 (3H, s), 5.36

(2H, s), 6.70 (3H, d, J = 8.0 Hz), 6.93 (1H, d, J = 8.0 Hz); EI-MS m/z 175 [M*].

N-(2,3-Dichlorophenyl)-2,2-dimethylpropanamide (20)
To a mixture of 2,3-dichloroaniline 19 (25.0 g, 154 mmol) and K,COs (44 g, 318 mmol) in
acetone (600 mL) was added pivaloyl chloride (19.5g, 162 mmol), and the resulting mixture

was refluxed for 8 h. The mixture was cooled to room temperature and then filtered through
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Celite. The filtrate was concentrated in vacuo and diluted with AcOEt. This solution was
washed with 1 M aqueous HCI, H,O, and brine, and then dried over MgSOy. After removal of
the solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane
= 3:1) to yield 20 (13.6 g, 37%) as a white solid. 'H NMR (DMSO-ds) & 1.24 (9H, s), 7.35
(1H, t,J= 8.4 Hz), 7.46 (1H, dd, J = 1.6, 8.4 Hz), 7.50 (1H, dd, J = 1.6, 8.4 Hz), 9.16 (1H, s);

FAB-MS m/z 246 [(M+H) 1.

N-(2,3-Dichloro-6-methylphenyl)-2,2-dimethylpropanamide (21)

To a mixture of 20 (10.22 g, 38.7 mmol) and TMEDA (3.15 mL, 27.1 mmol) in --BuOMe
(100 mL) was added BuLi (62 mL, 1.55 M in hexane) over 20 min at -20 °C. After stirring at
this temperature for 1 h, a solution of Mel (4.82 mL, 77.4 mmol) in --BuOMe (10 mL) was
added over 1 h at -20 °C. The reaction was quenched with ice-water and the aqueous phase
was extracted with Et,O. The combined extracts were washed with H,O and brine, dried over
MgSO,, and concentrated in vacuo to give the crude product. This was then washed with
i-Pr,0 to yield 21 (5.92 g, 59%) as a white solid. '"H NMR (CDCls) & 1.37 (9H, s), 2.20 (3H,
s), 7.08 (1H, d, J = 8.7 Hz), 7.15-7.23 (1H, m), 7.27 (1H, d, J = 8.7 Hz); FAB-MS m/z 260

[(M+H)"].

1H-Indazol-6-o0l (23)

To a mixture of 22 (2.13 g, 16.0 mmol), H,SO4 (16 mL), and H,O (20 mL) was added
dropwise a solution of NaNO, (1.21 g, 17.5 mmol) in H,O (5§ mL) at 0 °C. After stirring at this
temperature for 0.5 h, the mixture was cautiously poured into boiling 10 M aqueous H,SO4
(70 mL). After boiling for 10 min, and the mixture was diluted with water and cooled to room
temperature. The resulting solution was extracted with AcOEt and the combined extracts were

washed with brine, dried over MgSQOy, and concentrated in vacuo to give 1.78 g of crude

81



product as brown solid. This crude product was recrystallized from i-PrOH-Et,0 to yield 23
(885 mg, 41%) as a brown solid. 'H NMR (DMSO-ds) & 6.40 (1H, dd, J = 2.0, 8.4 Hz),
6.75-6.78 (1H, m), 7.52 (1H, d, J = 8.4 Hz), 7.86 (1H, s), 9.52 (1H, s), 13.42 (1H, brs);

FAB-MS m/z 135 [(M+H)"].

7-Chloro-1H-indazol-6-o0l (24)

To a solution of 23 (2.50 g, 18.7 mmol) in dioxane (100 mL) was added NCS (2.74 g, 20.5
mmol), and the resulting mixture was heated at 60 °C for 12 h. The reaction mixture was
concentrated in vacuo, and the residue was purified by column chromatography on silica gel
(CHCl3/MeOH = 30:1) to yield 24 (1.70 g, 54 %) as a white solid. "H NMR (DMSO-ds) &
6.84 (1H, d, J= 8.8 Hz), 7.51 (1H, d, J = 8.8 Hz), 7.97-7.99 (1H, m), 10.25 (1H, s), 13.08 (1H,

brs); FAB-MS m/z 168 [(M+H)"].

6,7-Dihydro-1-benzofuran-4(5H)-one (26a)

To a mixture of chloroacetaldehyde (40 mL, 40% in water) and NaHCOs3 (20 g, 240 mmol)
in H,O (160 mL) was added a solution of 1,3-cyclohexanedione 25 (22.4 g, 200 mmol) in
H,0 (230 mL) dropwise at 0 °C. The resulting mixture was stirred at room temperature for 70
h. Following the addition of AcOEt (200 mL), to the mixture was added H,SO, in order to
adjust the pH of the aqueous layer to 1. After 1 h, the mixture was extracted with AcOEt. The
combined extracts were dried over MgSO4 and concentrated in vacuo, and the residue was
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 26a (16.4 g,
60%) as a white solid. "H NMR (CDCls) & 2.12-2.20 (2H, m), 2.57 (2H, t, J = 6.9 Hz), 2.78

(2H,t,J=6.9 Hz), 6.42 (1H, d,J= 1.5 Hz), 7.56 (1H, d, J = 1.5 Hz); EI-MS m/z 136 [M*].

2-Methyl-6,7-dihydro-1-benzofuran-4(SH)-one (26b)
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To a solution of 25 (10.0 g, 89.2 mmol) in H,O (45 mL) was added a solution of Triton B
(37.9 mL, 40% in MeOH), followed by the addition of 2,3-dibromopropene (21.4 g, 107
mmol). This reaction mixture was stirred at room temperature for 6 days, and then diluted
with water, followed by extraction with AcOEt. The combined extracts were washed with
H,0 and brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by
crystallization from i-Pr,O to yield 2-(2-bromoprop-2-en-1-yl)cyclohexane-1,3-dione (10.5 g,
48%) as a white solid.

HCO;H (300 mL) and HCIO4 (30 mL) were added to this product, and then the solution was
stirred at 80 °C for 4 h. After cooling and removal of the solvent, to the residue was added
H,O0, after which it was extracted with Et,O. The combined extracts were dried over MgSOy4
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:5) to yield 26b (4.70 g,70 %) as pale yellow oil. 'H NMR (DMSO-ds) &
2.02-2.09 (2H, m), 2.26 (3H, s), 2.34-2.38 (2H, m), 2.82 (2H, t, J = 6.4 Hz), 6.25 (1H, d, J

=1.6 Hz); FAB-MS m/z 151 [(M+H) '].

2-Ethyl-6,7-dihydro-1-benzofuran-4(SH)-one (26c¢)

To a mixture of 1-bromobutan-2-one (25.0 g, 166 mmol) and NaHCOs (55.8 g, 332 mmol)
in MeOH (250 mL) and H,O (500 mL), was added a solution of 1,3-cyclohexanedione 25
(37.1 g, 332 mmol) in H,O (500 mL) dropwise at 0 °C. The resulting mixture was stirrred at
room temperature for 65 h. Subsequently, 1 M aqueous HCI (500 mL) was added and the
crude mixture was extracted with AcOEt. The combined extracts were dried over MgSO, and
concentrated in vacuo. To the crude residue was added H,SO4 (150 mL) dropwise at -20 °C.
After stirring at room temperature for 15 min, the mixture was poured onto ice and extracted
with AcOEt. The extracts were washed with water, saturated aqueous NaHCOs, and brine.

The organic layer was dried over MgSO, and concentrated. The residue was purified by
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column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 26¢ (13.6 g, 50%) as pale
yellow oil. 'H NMR (CDCls) & 1.23 (3H, t, J= 7.8 Hz), 2.10-2.21 (2H, m), 2.43-2.51 (2H, m),
2.63 (2H, q, J = 7.8 Hz), 2.83 (2H, t, J = 6.3 Hz), 6.25 (1H, s). IR (neat) v 2971, 2940, 2879,
1677, 1581, 1455, 1363, 1218, 1122, 1058, 1002, 933, 892, 813, 732. FAB-MS m/z 165

[(M+H)+]. HR-MS calcd for (CyoH 20, + H) 165.0916, found 165.0921.

4,5-Dihydro-1H-furo|2,3-g]indazole (27a)

To a suspension of --BuOK (16.5 g, 146 mmol) in THF (200 mL) was added a solution of
26a (10 g, 73 mmol) and HCOEt (23.7 mL, 292 mmol) in THF (150 mL) dropwise at 0 °C,
and the resulting mixture was stirred at this temperature for 2 h. To the reaction mixture was
added hydrazine monohydrate (3.9 mL, 81 mmol) and 1 M aqueous HCI (150 mL) at 0 °C,
and it was stirred for 20 h at room temperature. The reaction mixture was extracted with
AcOEt, washed with brine, and dried over MgSQO,. After removal of the solvent, the residue
was purified by column chromatography on silica gel (CHCI;/MeOH = 30:1) to yield 27a
(8.51 g, 73%) as a yellow solid. "H NMR (DMSO-ds) & 2.84-2.86 (4H, m), 6.63 (1H, d, J =

2.2 Hz), 7.43 (1H, s), 7.58 (1H, d, J=1.8 Hz); EI-MS m/z 160 [M '],

7-Methyl-4,5-dihydro-1H-furo[2,3-g]indazole (27b)
Compound 27b was prepared from 26b using a procedure similar to that described for 27a
(59%). '"H NMR (DMSO-ds) & 2.27 (3H, s), 2.77-2.83 (4H, m), 6.23 (1H, s), 7.40 (1H, s),

12.20 (1H, brs); FAB-MS m/z 175 [(M+H)*].

7-Ethyl-4,5-dihydro-1H-furo[2,3-g]indazole (27¢)
To a suspension of --BuOK (35.3 g, 314 mmol) in THF (400 mL) was added a solution of

26¢ (25.8 g, 157 mmol) and HCO;Et (50.6 mL, 628 mmol) in THF (300 mL) dropwise at 0 °C.
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The mixture was then stirred at this temperature for an additional 1.5 h. Subsequently, 1 M
aqueous HCI (350 mL) was added, and the crude mixture was extracted with AcOEt. The
combined extracts were washed with brine, dried over MgSO,, and concentrated in vacuo.
Without further purification the residue was dissolved in EtOH (600 mL). This solution was
added dropwise to a solution of hydrazine monohydrate (9.08 mL, 187 mmol) in EtOH (600
mL) over a period of 1 h and then stirred at room temperature for an additional 17 h. After
removal of the solvent, the residue was diluted with AcOEt and washed with brine. The
organic layer was dried over MgSO,4 and concentrated. The residue was purified by column
chromatography on silica gel (AcOEt/hexane = 1:4) to yield 27¢ (23.5 g, 80%) as a pale
yellow solid. mp 96 — 98 °C. '"H NMR (CDCl3) & 1.25 (3H, t, J = 7.5 Hz), 2.66 (2H, q, J=17.5
Hz), 2.88-2.94 (4H, m), 6.27 (1H, s), 7.27 (1H, s); FAB-MS m/z 189 [(M+H)"]. IR (KBr) v
3162, 3110, 3048, 2967, 2931, 2842, 1629, 1577, 1448, 1388, 1332, 1241, 1189, 1101, 1051,
1002, 933, 802. Anal Calcd for C;;H,N,0: C, 70.19; H, 6.43; N, 14.88. Found: C, 70.01; H,

6.58; N, 14.92.

1-(4,5-Dihydro-1H-furo|2,3-g]indazol-7-yl)ethanone (28)

To a solution of 27a (5.0 g, 31.2 mmol) in AcOH (5 mL) was added TFAA (26.2 g, 125
mmol) at room temperature. The resulting mixture was stirred at room temperature for 4 h,
and then concentrated in vacuo. The residue was diluted with 15 % aqueous NaOH and
extracted with AcOEt. The combined extracts were washed with H,O and brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (CHCIs/MeOH = 100:1 to 10:1), and then was washed with hot ethanol to yield 28
(1.74 g, 28%) as a pale yellow solid. 'H NMR (DMSO-ds) & 2.42 (3H, s), 2.85-3.02 (4H, m),

7.51 (1H, s), 7.61 (1H, s); FAB-MS m/z 203 [(M+H)"].

85



3-Methyl-4,5-dihydro-1H-furo[2,3-g]indazole (29a)

To a suspension of 35% KH (1.35 g, 11.8 mmol) and 60% NaH (9.12 g, 228 mmol) in DME
(300 mL) was added a solution of 26a (6.20 g, 45.6 mmol) in DME (300 mL) at 0 °C. The
resulting mixture was stirred at this temperature for 0.5 h, followed by addition of AcOEt
(13.4 mL, 137 mmol). The resulting mixture was refluxed for 3 h. After cooling, it was diluted
with AcOEt, and then washed with saturated aqueous NH4Cl, water, and brine. The combined
extracts were dried over MgSO4 and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (AcOEt/hexane = 1:10) to yield a pale yellow oil. To
this compound ware added EtOH (50 mL) and hydrazine monohydrate (3.60 mL, 74 mmol),
and it was stirred at room temperature for 2 h. The reaction mixture was concentrated in
vacuo, diluted with AcOEt, washed with H,O and brine, and then dried over MgSQO,. After
removal of the solvent, the residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:5) to yield 29a (2.32 g, 29%) as a yellow solid. '"H NMR (CDCl;) & 2.23
(3H, s), 2.77-2.84 (2H, m), 2.89-2.97 (2H, m), 6.66 (1H, d, J = 1.8 Hz), 7.31-7.34 (1H, m);,

FAB-MS m/z 175 [(M+H) 1.

3-Ethyl-4,5-dihydro-1H-furo[2,3-g]lindazole (29b)

To a suspension of 35% KH (420 mg, 3.67 mmol) and 60% NaH (7.36 g, 184 mmol) in
DME (200 mL) was added a solution of 26a (5.0 g, 36.7 mmol) in DME (30 mL) at 0 °C. The
resulting mixture was stirred at this temperature for 0.5 h, followed by the addition of ethyl
propionate (12.7 mL, 111 mmol). The resulting mixture was refluxed for 1 h. After cooling, it
was diluted with AcOEt, washed with saturated aqueous NH4Cl, water, and brine. The
combined extracts were dried over MgSO, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (AcOEt/hexane = 1:7) to yield a yellow oil.
To this compound ware added EtOH (50 mL) and hydrazine monohydrate (5.10 mL, 104
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mmol), and it was stirred for 2 h at room temperature. The reaction mixture was concentrated
in vacuo, diluted with AcOEt, washed with H,O and brine, and then dried over MgSO,. After
removal of the solvent, the residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:3) to yield 29b (5.85 g, 85%) as a yellow solid. "H NMR (CDCl;) & 1.24
(3H, t,J= 7.8 Hz), 2.63 (2H, q, J = 7.8 Hz), 2.80-2.96 (4H, m), 6.66 (1H, d, /= 2.4 Hz), 7.32

(1H, d, J = 2.4 Hz); FAB-MS m/z 189 [(M+H) 1.

3-Propyl-4,5-dihydro-1H-furo[2,3-g]indazole (29¢)

To a suspension of 35% KH (420 mg, 3.67 mmol) and 60% NaH (7.36 g, 184 mmol) in
DME (200 mL) was added a solution of 26a (5.0 g, 36.7 mmol) in DME (30 mL) at 0 °C. The
resulting mixture was stirred at this temperature for 0.5 h, followed by addition of ethyl
butyrate (14.5 mL, 111 mmol). The resulting mixture was refluxed for 2 h. After cooling, it
was diluted with AcOEt, washed with saturated aqueous NH4Cl, water and brine. The
combined extracts were dried over MgSO, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield a yellow oil.
To this compound ware added EtOH (50 mL) and hydrazine monohydrate (7.13 mL, 147
mmol), and it was stirred for 12 h at room temperature. The reaction mixture was
concentrated in vacuo, diluted with AcOEt, washed with H,O and brine, and then dried over
MgSO;,. After removal of the solvent, the residue was purified by column chromatography on
silica gel (AcOEt/hexane = 1:4) to yield 29¢ (6.30 g, 85%) as a yellow solid. "H NMR
(CDCls) 6 0.94 3H, t,J= 7.5 Hz), 1.58-1.70 (2H, m), 2.57 (2H, t, J=7.5 Hz), 2.79-2.96 (4H,

m), 6.58-6.62 (1H, m), 7.33 (1H, d, J = 2.1 Hz); FAB-MS m/z 203 [(M+H)].

7-Ethyl-3-methyl-4,5-dihydro-1H-furo[2,3-g]indazole (29d)
Compound 29d was prepared from 26¢ using a procedure similar to that described for 29a,
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in 16% yield as a yellow solid. "H NMR (CDCl3) 6 1.24 (3H, t,J=17.5 Hz), 2.25 (3H, s), 2.65

(2H, q, J = 7.5 Hz), 2.75-2.94 (4H, m), 6.26 (1H, s), 8.53 (1H, brs); FAB-MS m/z 203 [(M+H)

+].

3,7-Diethyl-4,5-dihydro-1H-furo[2,3-g]lindazole (29¢)

Compound 29e was prepared from 26¢ using a procedure similar to that described for 29b,
in 14% yield as a yellow solid. '"H NMR (CDCl3) & 1.24 (3H, t, J = 7.5 Hz), 1.26 (3H, t, J =
7.5 Hz), 2.60-2.70 (4H, m), 2.78-2.94 (4H, m), 6.25 (1H, s), 8.59 (1H, brs); FAB-MS m/z 217

[(M+H)"].

Ethyl 4-0x0-4,5,6,7-tetrahydro-1-benzofuran-5-carboxylate (30a)

To a solution of KHMDS (11.0 g, 55.1 mmol) in THF (100 mL) was added dropwise a
solution of 26a (3.00 g, 22.0 mmol) and THF (50 mL) at -40 °C, and it was stirred for 10 min.
To the reaction mixture was added dropwise ethyl chloroformate (2.32 mL, 24.2 mmol) at -40
°C. It was stirred at this temperature for 0.5 h, and then at room temperature for 2 h. The
reaction mixture was poured into ice-water, added 1 M HCI (200 mL), and then extracted with
AcOEt. The combined extracts were dried over MgSO4 and evaporated. The residue was
purified by column chromatography on silica gel (AcOEt/toluene = 1:10) to yield 30a (3.88 g,
85%) as a pale yellow oil. '"H NMR (CDCls) & 1.28 (3H, t, J = 7.2 Hz), 2.14-2.62 (2H, m),
2.81-3.14 (2H, m), 3.45-3.53 (1H, m), 4.22 (1H, q, J= 7.2 Hz), 6.69 (1H, d, J = 2.1 Hz), 7.34

(1H, d, J = 2.1 Hz); FAB-MS m/z 209 [(M+H) 1.

Ethyl 2-ethyl-4-0x0-4,5,6,7-tetrahydro-1-benzofuran-5-carboxylate (30b)
Compound 30b was prepared from 26¢ using a procedure similar to that described for 30a,
in 37% yield. '"H NMR (CDCl3) & 1.23 (3H, t, J = 7.2 Hz), 1.28 (3H, t, J = 7.2 Hz), 2.29-2.38
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(1H, m), 2.49-2.58 (1H, m), 2.63 (1H, q, J = 7.2 Hz), 2.79-2.88 (1H, m), 2.97-3.06 (1H, m),

3.43-3.48 (1H, m), 4.22 (1H, q, J = 7.2 Hz), 6.26 (1H, s); FAB-MS m/z 237 [(M+H)"].

1,2,4,5-Tetrahydro-3 H-furo[2,3-g]lindazol-3-one (31a)

To a solution of hydrazine monohydrate (0.78 mL, 15.9 mmol) in EtOH (30 mL) was added
dropwise a solution of 30a (3.00g, 14.4 mmol) in EtOH (20 mL), and it was stirred for 14 h at
room temperature. After removal of the solvent, the residue was washed with EtOH to yield
31a (2.08g, 82%) as a yellow solid. 'H NMR (DMSO-d¢) & 2.66 (3H, t, J= 8.4 Hz) , 2.83 (1H,

d,J= 8.4 Hz), 6.54 (1H, s), 7.56 (1H, s); FAB-MS m/z 177 [(M+H)*].

7-Ethyl-1,2,4,5-tetrahydro-3H-furo|2,3-g]indazol-3-one (31b)
Compound 31b was prepared from 30b using a procedure similar to that described for 31a,
in 84% yield as a yellow solid. '"H NMR (DMSO-ds) & 1.17 (3H, t, J = 7.5 Hz), 2.55-2.69 (4H,

m), 2.72-2.81 (2H, m), 6.14 (1H, s), FAB-MS m/z 205 [(M+H)"].

4,5-Dihydro-1H-thieno|2,3-g]indazole (33)

Compound 33 was prepared from 32 using a procedure similar to that described for 27a, in
78% yield as a pale yellow solid. '"H NMR (DMSO-ds) & 2.80 (2H, t, J = 7.6 Hz), 2.94 (2H, t,
J=17.6 Hz), 7.26 (1H, d, J= 4.8 Hz), 7.36 (1H, d, J = 4.8 Hz), 7.50 (1H, s), 12.41 (1H, brs);

EI-MS m/z 176 [M"].

7-Nitro-1H-indazol-6-o0l (34)
To a mixture of 23 (500 mg, 3.37 mmol) and H,SO4 (5.0 mL) was added KNO; (375 mg,
3.71 mmol) portionwase at 0 °C, and it was stirred at this temperature for 0.5 h. To the

reaction mixture was added ice (70 g), and it was stirred at 0 °C for 1 h. The resulting
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precipitate was collected by filtration and rinsed with water to yield 34 (575 mg, 95%) as a
pale yellow solid. 'H NMR (DMSO-ds) & 6.94 (1H, d, J = 8.4 Hz), 8.06 (1H, d, J = 8.4 Hz),

8.18 (1H, s), 11.60 (1H, brs); FAB-MS m/z 180 [(M+H) 1.

7-Amino-1H-indazol-6-ol (35)

To a solution of 34 (460 mg, 2.56 mmol) in AcOH (30 mL) was added Pd on carbon (10%,
50 mg). The mixture was stirred for 20 h under H, at 40 psi. The catalyst was removed by
filtration through Celite and the solvent was removed in vacuo. The resulting residue was
washed with i-Pr,0 to yield 35 (380 mg, 100%) as a pale yellow solid. '"H NMR (DMSO-d)
d 4.51 (2H, brs), 6.66 (1H, d, J = 8.4 Hz), 6.83 (1H, d, J = 8.4 Hz), 7.79 (1H, s), 8.40 (1H,

brs), 12.24 (1H, brs); FAB-MS m/z 148 [(M+H)"].

Chapter 11

6,7-Dihydro-1-benzofuran-4(5H)-one (26a)

To a solution of 1,3-cyclohexanedione (25) (32.0 kg, 285 mol), NaOH (10.3 kg, 258 mol)
and NaHCOs (7.18 kg, 85.5 mol) in water (220 L) was added a solution of chloroacetaldehyde
(37) (64.6 kg, 342 mol, 41.5% in water), whilst maintaining the temperature below 0°C. After
stirring for 1 h below 0°C, toluene (160 L) and H,SO, (18.7 kg) were added and the mixture
was stirred for a further 16 h below 0°C. The precipitate was removed by filtration and the
aqueous filtrate was extracted with toluene (64 L). The combined organic phases were washed
with saturated aqueous NaHCO3, brine and then concentrated to give 26a (24.8 kg, 64%) as a

pale yellow oil, which was 98.4% purity by HPLC analysis using YMC ODS-A A-302 ( 20%
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CH;CN / 80% water with 0.02M perchloric acid) with UV detection at a wavelength of 254

nm.

4,5-Dihydro-1H-furo[2,3-g]lindazole (27a)

To a solution of 6,7-dihydro-1-benzofuran-4(5H)-one (26a) (24.8 kg, 182 mol) and ethyl
formate (54.0 kg, 729 mol) in toluene (120 L), was added a mixture of -BuOK (40.9 kg, 364
mol) in THF (150 L), and then stirred for 0.5 h below 0°C. Following the addition of water
(120 L), to the mixture conc. aqueous HCI was added in order to adjust the pH of the aqueous
layer to 5. The aqueous phase was extracted with toluene (50 L), the combined organic phases
were washed with water (2 x 98 L) and concentrated to give the crude 39 (30.1 kg) in 99.0%
purity (HPLC). The residue, without further purification, was dissolved in toluene (60 L) and
EtOH (190 L). To this solution was added hydrazine monohydrate (80.35%, 12.6 kg, 202
mmol) and the mixture was stirred below 45 °C for 22 h. The reaction mixture was evaporated,
and to the residue was added water (180 L). The crystals were removed by filtration to afford
27a (23.7 kg, 81%) as a brown solid, which was 99.0% purity by HPLC analysis using YMC
ODS-A A-302 (40% CH3CN / 60% water) with UV detection at a wavelength of 254 nm. mp
135 — 137°C. '"H NMR (CDCls) &: 2.94 (4 H, s), 6.69 (1 H, d, J = 2.1 Hz), 7.30 (1 H, s), 7.35
(1 H,d,J=2.1 Hz). IR (KBr) v 3137, 3099, 3035, 2915, 1625, 1531, 1492, 1388, 1334, 1230,
1168, 1130, 1087, 1045, 983, 894, 827, 744, 595, 449. FAB-MS m/z: 161 [M+H]". Anal

Calcd for CoHgN,O: C, 67.49; H, 5.03; N, 17.49. Found: C, 67.64; H, 5.06; N, 17.57.

1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28)

To a solution of 4,5-dihydro-1H-furo[2,3-g]indazole (27a) (23.6 kg, 147 mol) in acetic acid
(49 kg) was added methanesulfonic acid (70.6 kg, 735 mol) and acetic anhydride (45.0 kg,
441 mol) and the solution stirred for 1 h at 40~50°C. Following the addition of 2-propanol
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(120 L), the solution was stirred for 1 h at 20~40°C, and the precipitate removed by filtration.
After the addition of water (230 L) to the precipitate, a solution of NaOH (5.88 kg, 147 mol)
in water (54 L) was added whilst cooling. The crystals were removed by filtration to afford 28
(23.8 kg, 80%) as a brown solid, which was 98.1% purity by HPLC analysis using TOSOH
TSKgel ODS-80TM ( 50% CH;CN / 50% water with 0.01M potassium dihydrogenphosphate)
with UV detection at a wavelength of 254 nm. mp 230 — 232 °C. "H NMR (CDCl;) &: 2.05 (3
H, s), 2.96 — 3.06 (4 H, m), 7.36 (1 H, s), 7.46 (1 H, s). IR (KBr) v 3305, 3168, 3083, 2942,
1166, 1644, 1508, 1446, 1392, 1307, 1174, 1108, 1051, 1004, 931, 811, 744. FAB-MS m/z:
203 [M+H]". 4nal Calcd for C;;H;oN,O,: C, 65.34; H, 4.98; N, 13.85. Found: C, 65.11; H,

4.89; N, 13.81.

1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanol (38)

To a solution of 1-(4,5-dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) (5.50 g, 27.2
mmol) in MeOH (110 mL) below 0°C, was added sodium borohydride (1.03 g, 27.2 mmol)
and the mixture stirred for 0.5 h at room temperature. After the addition of water (50 mL) the
mixture was concentrated to ~50 mL and stirred for 0.5 h at room temperature, followed by a
further 1 h at 0°C. The crystals were isolated by filtration to afford 38 (5.19 g, 93%) as a pale
yellow solid, which was 98.8% purity by HPLC analysis using TOSOH TSKgel ODS-80TM
( 60% CH3;CN / 40% water with 0.01M ammonium acetate) with UV detection at a
wavelength of 254 nm. mp 113 — 115°C. 'H NMR (CDCls) 8: 1.55 (3 H, d, J = 6.6 Hz), 2.90
(4 H,s),487(2H,q,J=6.6Hz),6.49 (1 H,s),7.27 (1 H, s). IR (KBr) v 3201, 2940, 1631,
1577, 1535,1421, 1332, 1301, 1216, 1182, 1078, 1002, 939, 879, 750. FAB-MS m/z: 205
[M+H]". 4nal Caled for C;1H;2N,Os: C, 64.69; H, 5.92; N, 13.72. Found: C, 64.43; H, 5.83;

N, 13.72.
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7-Ethyl-1H-furo|2,3-g]indazole (11i) From 38

To a solution of 1-(4,5-dihydro-1H-furo[2,3-g]indazol-7-yl)ethanol (38) (6.18 g, 30.3 mmol)
in EtOH (62 mL) was added conc. aqueous HCI (2.5 mL). The mixture was refluxed for 7 h
and cooled to room temperature. Following the addition of 10% aqueous NaOH solution (12.7
mL) and water (50 mL), the mixture was concentrated and 6M aqueous HCI (15 mL) was
added. This mixture was stirred for 0.5 h at room temperature and the resulting crystals
removed by filtration, rinsed with 1M aqueous HCI and water. Subsequently, the crystals
were dissolved in MeOH (25 mL), 10% aqueous NaOH solution (13.3 mL) was added and the
mixture stirred for 15 min at room temperature. Water (40 mL) was added, and the mixture
stirred for a further 1 h at 0°C. The resulting crystals were isolated by filtration and rinsed
with water to afford 11i (5.26 g, 93%) as a pale yellow solid, which was 97.4% purity by
HPLC analysis using TOSOH TSKgel ODS-80TM ( 60% CH3CN / 40% water with 0.01M

ammonium acetate) with UV detection at a wavelength of 254 nm.

7-Ethyl-1H-furo[2,3-g]indazole (6i). One-Pot Procedure From 28

To a solution of 1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) (23.6 kg, 117
mol) in EtOH (240 L) was added sodium borohydride (2.21 kg, 58.4 mol) and this was stirred
for 4 h at room temperature. After the addition of conc. aqueous HCI (16.5 kg, 176 mol) the
mixture was refluxed for 7 h. The mixture was concentrated, conc. aqueous HCl (33.2 kg, 354
mol) and water (90 L) were then added and the resulting precipitate isolated by filtration. The
precipitate was dissolved in MeOH (180 L), and then 10% aqueous NaOH solution (52.2 kg,
129 mol) and water (310 L) were added. The resulting solid was removed by filtration to
afford 11i (19.7 kg, 106 mol, 91%) as a pale yellow solid, which was 98.1% purity by HPLC
analysis using TOSOH TSKgel ODS-80TM ( 60% CH3;CN / 40% water with 0.01M

potassium dihydrogenphosphate) with UV detection at a wavelength of 254 nm.
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Chapter 111

6-Chloro-3-methyl-7-nitro-2,3,4,5-tetrahydro-1H-3-benzazepine (43)

To a solution of 50 (3.65 g, 18.7 mmol) in H,SO4 (10 mL) was added dropwise conc.
HNO; (1.30 mL, 20.6 mmol), while maintaining the temperature below 0 °C. After stirring for
1 h below 0 °C, the mixture was poured into ice-water and basified by the addition of NaOH.
The aqueous phase was extracted in CHCIs, and then the combined extracts were dried over
Na,S0O,4 and evaporated. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH/sat NHj aq. = 50:1:0.1) to yield 43 (2.09 g, 47%) as a yellow solid. 'H NMR
(CDCls) 6 2.36 (3H, s), 2.53-2.63 (4H, m), 3.00-3.07 (2H, m), 3.25-3.32 (2H, m), 7.12 (1H, d,
J = 8.0 Hz), 7.52 (1H, d, J = 8.0 Hz); °C NMR (DMSO-ds) & 147.8, 145.8, 139.3, 128.8,

123.1, 53.4, 52.8, 43.4, 30.9, 26.4; FAB-MS m/z 241 [(M+H)"].

2-(2-Chlorophenyl)-V-(2-hydroxyethyl)-/V-methylacetamide (46)

To a solution of (2-chlorophenyl)acetic acid 44 (25.0 g, 146 mmol) in DMF (250 mL)
were added HOBt (23.7 g, 176 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (33.7 g, 176 mmol), and 2-(methylamino)ethanol (13.2 g, 176 mmol) at room
temperature, and it was stirred at room temperature for 2 h. The reaction mixture was diluted
with AcOEt, washed with 1 M aqueous HCI, H,O, 1 M aqueous NaOH, and brine, after which
was dried over MgSO, and concentrated in vacuo to yield 46 (16.4 g, 49%) as a white solid.
'H NMR (DMSO-dq) & 2.85 (1.68H, s), 3.09 (1.32H, s), 3.33-3.39 (1H, m), 3.42-3.50 (2H, m),
3.56-3.63 (1H, m), 3.77 (0.88H, s), 3.85 (1.12H, s), 4.65 (0.44H, t, J = 5.3 Hz), 4.89 (0.56H, t,
J=5.3Hz), 7.23-7.31 (3H, m), 7.37-7.44 (1H, m); FAB-MS m/z 228 [(M+H)"].
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2-(2,3-Dichlorophenyl)-N-(2-hydroxyethyl)-/NV-methylacetamide (47)

Compound 47 was prepared from (2,3-dichlorophenyl)acetic acid 45 using a procedure
similar to that described for 46, to yield as a white solid (52%). 'H NMR (DMSO-d) & 2.85
(1.68H, s), 3.11 (1.32H, s), 3.32-3.39 (1H, m), 3.43-3.53 (2H, m), 3.56-3.64 (1H, m), 3.86
(0.88H, s), 3.94 (1.12H, s), 4.66 (0.44H, t, J = 5.3 Hz), 4.91 (0.56H, t, J = 5.3 Hz), 7.22-7.35

(3H, m), 7.48-7.56 (1H, m); FAB-MS m/z 262 [(M+H)"].

2-[[2-(2-Chlorophenyl)ethyl](methyl)amino]ethanol (48)

To a solution of 46 (18.2 g, 80.0 mmol) in THF (100 mL) was added BHs* THF (240 mL,
1 M in THF) at 0 °C, and it was stirred at room temperature for 0.5 h. To the reaction mixture
was added MeOH (20 mL) at 0 °C. After stirring at this temperature for 0.5 h, 6 M aqueous
HCI (100 mL) was added, and the mixture was stirred at room temperature for 0.5 h and then
concentrated in vacuo. After addition of H,O (100 mL) and NaOH (40 g) while cooling in an
ice bath, the mixture was extracted with CHCls, dried over Na,SO4, and evaporated. The
residue was purified by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. =
50:1:0.1) to yield 48 (14.2 g, 83%) as pale yellow oil. 'H NMR (DMSO-ds)  2.26 (3H, s),
2.44-2.60 (4H, m), 2.79-2.87 (2H, m), 3.44-3.50 (2H, m), 4.32 (1H, t, J = 5.5 Hz), 7.17-7.30

(2H, m), 7.23-7.44 (2H, m); FAB-MS m/z 214 [(M+H)"].

2-[[2-(2,3-Dichlorophenyl)ethyl](methyl)amino]ethanol (49)

Compound 49 was prepared from 47 using a procedure similar to that described for 48 to
yield as a white solid (81%). 'H NMR (DMSO-ds) & 2.26 (3H, s), 2.43-2.52 (2H, m),
2.54-2.62 (2H, m), 2.85-2.93 (2H, m), 3.41-3.44 (2H, m), 4.32 (1H, t, J = 5.5 Hz), 7.25-7.32
(1H, m), 7.36 (1H, dd, J = 1.7, 7.7 Hz), 7.48 (1H, dd, J = 1.7, 7.7 Hz); FAB-MS m/z 248
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[(M+H)"].

6-Chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (50)

To a solution of 48 (14.0 g, 65.5 mmol) in 1,2,4-trichlorobenzene (85 mL) was added PCls
(5.21 g, 25.0 mmol), and it was stirred at 110 °C for 0.5 h. To the reaction mixture was added
portionwise AlICI; (17.5 g, 131 mmol), and it was stirred at 200 °C for 5 h. After cooling to 50
°C, to the mixture was added H,O (300 mL) and conc. HCI (13 mL). After stirring at room
temperature for 0.5 h, the mixture was extracted with H,O. The aqueous layer was basified
with 50% aqueous NaOH and extracted with toluene. The combined organic phases were
washed with H,O and evaporated. The residue was purified by column chromatography on
silica gel (CHCly/MeOH/sat.NH; aq. = 50:1:0.1) to yield 50 (5.74 g, 45%) as brown oil. 'H
NMR (DMSO-dg) 6 2.23 (3H, s), 2.42-2.52 (4H, m), 2.87-2.95 (2H, m), 3.12-3.19 (2H, m),

7.14 (1H, d, J= 8.1 Hz), 7.37 (1H, d, J = 8.1 Hz); EI-MS m/z 195 [M'].

6,7-Dichloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (51)
Compound 51 was prepared from 49 using a procedure similar to that described for 50 to
yield a yellow oil (37%). 'H NMR (CDCls) 8 2.37 (3H, s), 2.50-2.65 (4H, m), 2.90-3.00 (2H,

m), 3.15-3.25 (2H, m), 6.96-7.06 (2H, m), 7.19-7.27 (1H, m); EI-MS m/z 229 [M*].

6-Chloro-7-nitro-2,3,4,5-tetrahydro-1H-3-benzazepine (52)

To a solution of 43 (0.36 g, 1.5 mmol) in dichloroethane (6 mL) was added a-chloroethyl
chloroformate (ACE-CI, 0.18 mL, 1.6 mmol) at room temperature, and it was heated at reflux
for 5 h. The solvent was removed under reduced pressure and the residue dissolved in MeOH
(6 mL). The resulting solution was heated at reflux for 2 h and evaporated. To the mixture was

added H,O (30 mL) and saturated aqueous NaHCO; (10 mL), and it was extracted with
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CHCI;. The combined organic phases were dried over Na;SO4 and evaporated. The residue
was purified by column chromatography on silica gel (CHCl;/MeOH = 100:1 to 30:1) to yield
52 (0.18g; 53%). This compound was subsequently converted to its hydrochloride. White
solid, mp 235-240 °C; "H NMR(DMSO-dg) & 3.16-3.38 (6H, m), 3.42-3.50 (2H, m), 7.46 (1H,
d, J=8.3 Hz), 7.85 (1H, d, J = 8.3 Hz), 9.70 (2H, brs); °C NMR (DMSO-ds) & 147.8, 146.3,
139.9, 129.0, 123.3, 123.0, 43.9, 43.4, 31.8, 27.0; FAB-MS m/z 227 [(M+H)"]. Anal. calcd
for C;oH;1N,O,CI- HCI: C, 45.65; H, 4.60; N, 10.65; Cl, 26.95. Found: C, 45.51; H, 4.39; N,

10.62; Cl, 26.75.

6,7-Dichloro-2,3,4,5-tetrahydro-1H-3-benzazepine (53)

Compound 53 was prepared from 51 using a procedure similar to that described for 52
(27%). This compound was subsequently converted to its hydrochloride. White solid, mp
203-204 °C; 'H NMR (DMSO-ds) & 3.12-3.27 (6H, m), 3.38-3.46 (2H, m), 7.24(1H, d, J = 8.4
Hz), 7.48 (1H, d, J = 8.4 Hz), 9.51 (2H, brs); °C NMR (DMSO-ds) & 141.0, 139.5, 130.5,
130.2, 129.2, 128.4, 44.4, 43.7, 31.5, 28.0; FAB-MS m/z 216 [(M+H)"]. Anal. calcd for
CioHINCl, HCIL: C, 47.55; H, 4.79; N, 5.55; Cl1, 42.11. Found: C, 47.41; H, 4.69; N, 5.56; Cl,

42.12.

tert-Butyl 7-Amino-6-chloro-1,2,4,5-tetrahydro-3H-3-benzazepine-3-carboxylate (54)

To a solution of a hydrochloride salt of 52 (0.95 g, 3.6 mmol) in AcOEt (15 mL) were
added Boc,0 (0.82 g, 3.8 mmol) and Et;N (0.53 mL, 3.8 mmol) at 0 °C, and it was stirred at
room temperature for 5 h. To the mixture was added H,O (50 mL), and it was extracted with
AcOEt. The combined organic phases were washed with 5% aqueous NaHSO,, H,0, brine,
and dried over Na,SQ,. After removal of the solvent, the residue was washed with hexane to

yield the N-Boc derivative (1.07 g, 91%) as a pale yellow solid which was used directly for
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the next step without further purification.

The N-Boc derivative was dissolved with EtOH (8 mL), and then added H,O (3 mL), Fe
(0.78 g, 14 mmol) and NH4Cl (75 mg, 1.4 mmol). After stirring at room temperature for 15 h,
the reaction mixture was filtered through Celite and the solvent was removed in vacuo. The
resulting residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:10
to 1:7) to yield 54 (0.30 g, 36%) as a pale yellow solid. 'H NMR (CDCls) & 1.46 (9H, s),
2.77-2.86 (2H, m), 3.08-3.16 (2H, m), 3.47-3.60 (4H, m), 6.56 (1H, d, J = 8.1 Hz), 6.82 (1H,

d,J = 8.1 Hz); FAB-MS m/z 296 [M'].

tert-Butyl 7-(Acetylamino)-6-chloro-1,2,4,5-tetrahydro-3H-3-benzazepine-3-carboxylate
(33

To a solution of 54 (0.35 g, 1.18 mmol) in THF (4 mL) were added Et;N (0.17 mL, 1.22
mmol) and AcCl (90 pL, 1.27 mmol) at 0 °C, and it was stirred at room temperature for 5 h.
To the mixture was added H,0O, and it was then extracted with AcOEt. The combined organic
phases were washed with brine and dried over Na,SO,. After removal of the solvent, the
residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:5 to 1:3) to
yield 55 (0.33 g, 83%) as white amorphous. 'H NMR (CDCls) & 1.46 (9H, s), 2.85-2.95 (2H,
m), 3.11-3.19 (2H, m), 3.49-3.61 (4H, m), 7.03 (1H, d, J = 8.2 Hz), 8.10 (1H, d, J = 8.2 Hz);

FAB-MS m/z 339 [(M+H)*].

N-(6-chloro-2,3,4,5-tetrahydro-1H-3-benzazepin-7-yl)-N-methylacetamide (56)

To a solution of 55 (0.23 g, 0.68 mmol) in DMF (3 mL) were added 60% NaH (30 mg,
0.75 mmol) and Mel (50 pL, 0.80 mmol) at 0 °C, and it was stirred at room temperature for 5
h. To the mixture was added H,0O, and it was extracted with AcOEt. The combined organic

phases were washed with brine and dried over Na,SO4. After removal of the solvent, the
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residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:3 to 1:1) to
yield N-methyl derivative (0.21 g) as a white amorphous solid that was used directly for the
next step without further purification.

The N-methyl derivative was dissolved with CHCl; (5 mL), and then added 4 M
HCI-AcOEt (1.5 mL). After stirring at room temperature for 5 h, the solvent was removed.
The resulting crystal was washed with AcOEt to yield 56 (0.16 g, 93%) as the hydrochloride
salt. White solid; '"H NMR (DMSO-d¢) & 1.67 (3H, s), 3.04 (3H, s), 3.05-3.35 (6H, m),
3.40-3.50 (2H, m), 7.31 (1H, d, J= 8.1 Hz), 7.36 (1H, d, J = 8.1 Hz), 9.58 (2H, brs); FAB-MS

m/z 253 [(M+H)"].

6-Chloro-N-methyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-amine (57)

A mixture of 56 (100 mg, 0.35 mmol) and conc. HCI (2 mL) was stirred at 100 °C for 2 h.
After removal of the solvent, the resulting crystals were washed with MeCN. To the crystals
were added saturated aqueous NaHCOs, and it was extracted with AcOEt. The combined
organic phases were washed with brine and dried over Na,SO4. After removal of the solvent,
the residue was purified by column chromatography on silica gel (CHCl;/MeOH/sat.NH3 aq.
= 15:1:0.1) to yield 57 (34 mg, 46%). This compound was subsequently converted to its
dihydrochloride. White solid, mp 242-247 °C; 'H NMR (DMSO-dq) & 2.76 (3H, s), 3.00-3.28
(6H, m), 3.35-3.46 (2H, m), 6.58 (1H, d, J= 8.3 Hz), 7.04 (1H, d, J = 8.3 Hz), 9.57 (2H, brs);
PC NMR (DMSO-dg) & 144.2, 136.7, 128.4, 127.6, 117.5, 108.2, 45.6, 44.4, 31.3, 30.1, 27.5;

FAB-MS m/z 211 [(M+H) 1.

6-Chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-amine (58)
Compound 43 (2.09 g, 8.63 mmol) was dissolved with AcOH (20 mL), and then Fe (2.42

g, 43.2 mmol) was added. After stirring at 70 °C for 2 h, the reaction mixture was filtered
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through Celite and the solvent was removed in vacuo. The resulting residue was diluted with
CHCI;, washed with saturated aqueous NaHCO; and dried over MgSQO,. After removal of the
solvent, the residue was purified by column chromatography on silica gel
(CHCl3/MeOH/sat NH; aq. = 20:1:0.1) to yield 58 (1.62 g, 89%) as a pale brown solid. 'H
NMR (DMSO-dg) 6 2.21 (3H, s), 2.35-2.44 (4H, m), 2.69-2.76 (2H, m), 2.97-3.05 (2H, m),

5.02 (2H, s), 6.53 (1H, d, J= 8.1 Hz), 6.77 (1H, d, J = 8.1 Hz); EI-MS m/z 240 [M*].

6-Chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine-7-carbonitrile (59)

H,O (30 mL), and then added conc. H,SO4 (1.52 mL, 28.5 mmol) were added to
compound 58 (3.00 g, 14.2 mmol). A solution of NaNO; (1.18 g, 17.1 mmol) in H,O (10 mL)
was added to the mixture at 0-5 °C. After stirring at 0 °C for 0.5 h, to the mixture were added
toluene (20 mL), NaHCO; (4.8 g, 57.1 mmol), and H,O (10 mL). The reaction mixture was
added to a solution of CuCN (3.19 g, 35.6 mmol), KCN (6.32 g, 97 mmol), H,O (40 mL), and
AcOEt (50 mL). After stirring at 70 °C for 2 h, the reaction mixture was diluted with AcOEt,
washed with brine and dried over MgSOj,. After removal of the solvent, the residue was
purified by column chromatography on silica gel (CHCl;/MeOH/sat.NH; aq. = 20:1:0.1) to
yield 59 (2.30 g, 73%) as a pale green solid. 'H NMR (DMSO-ds) & 2.24 (3H, s), 2.41-2.49
(4H, m), 2.87-3.02 (2H, m), 3.10-3.20 (2H, m), 7.34 (1H, d, J = 8.0 Hz), 7.30 (1H, d, J = 8.0

Hz); FAB-MS m/z 221 [(M+H)].

6-Chloro-7-fluoro-3-methyl-2,3.4,5-tetrahydro-1H-3-benzazepine (60)

Compound 58 (0.58 g, 2.75 mmol) was added to 48% aqueous HBF4 (1.26 mL, 9.63
mmol) at 0 °C. To the mixture was added portionwise NaNO; (0.19 g, 2.75 mmol), and it was
stirred at 0 °C for 1 h. After removal of the solvent, the mixture was stirred at 160 °C for 3 h.

After cooling, to the reaction mixture was added saturated aqueous NHj, which was then
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extracted with CHCls, dried over MgSQy, and evaporated in vacuo. The residue was purified
by column chromatography on silica gel (CHCls/MeOH/sat.NH3; aq. = 97:3:0.3) to yield 60
(0.48 g, 82%) as pale brown oil. '"H NMR (DMSO-ds) & 2.24 (3H, s), 2.40-2.50 (4H, m),

2.86-2.94 (2H, m), 3.06-3.13 (2H, m), 7.11-7.17 (2H, m); EI-MS m/z 213 [M*].

7-Bromo-6-chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (61)

A mixture of 58 (0.80 g, 3.80 mmol) and 47% aqueous HBr (3.3 mL) was refluxed for 0.5
h. After cooling to 0 °C, to the mixture was added portionwise NaNO; (0.26 g, 3.80 mmol) at
0-10 °C. After stirring for 0.5 h at 0 °C, the reaction mixture was added dropwise to a solution
of CuBr (0.65 g, 4.56 mmol) and 47% aqueous HBr (1.3 mL) at 0 °C. After stirring at 0 °C for
2 h, the reaction mixture was poured into ice-water and basified with saturated aqueous NHs.
The solution was extracted with CHCI; and dried over MgSO,. After removal of the solvent,
the residue was purified by column chromatography on silica gel (CHCl;/MeOH/sat.NH3 aq.
= 97:3:0.3) to yield 61 (0.70 g, 67%) as colorless oil. 'H NMR (DMSO-ds) & 2.23 (3H, s),
2.41-2.49 (4H, m), 2.86-2.93 (2H, m), 3.14-3.21 (2H, m), 7.07 (1H, d, J = 7.9 Hz), 7.51 (1H,

d, J=17.9 Hz); FAB-MS m/z 274, 276 [(M+H)].

6-Chloro-2,3,4,5-tetrahydro-1H-3-benzazepine-7-carbonitrile (62)

Compound 62 was prepared from 59 using a procedure similar to that described for 52
(86%). This compound was subsequently converted to its hydrochloride. White solid, mp
233-236 °C; 'H NMR (DMSO-d;) & 3.16-3.36 (6H, m), 3.39-3.46 (2H, m), 7.43(1H, d, J = 8.0
Hz), 7.82 (1H, d, J = 8.0 Hz), 9.69 (2H, brs); °C NMR (DMSO-ds) & 148.0, 139.1, 134.3,
132.8,129.2, 116.4, 111.1, 43.9, 43.5, 32.1, 27.2; FAB-MS m/z 207 [(M+H)"]. Anal. calcd for
CiHiuN:Cl HCI: C, 54.34; H, 4.97; N, 11.52; Cl, 29.16. Found: C, 54.28; H, 4.89; N, 11.56;
Cl, 29.22.
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6-Chloro-7-fluoro-2,3,4,5-tetrahydro-1H-3-benzazepine (63)

Compound 63 was prepared from 60 using a procedure similar to that described for 52
(52%). This compound was subsequently converted to its hydrochloride. White solid, mp
239-241 °C; "H NMR (DMSO-d) & 3.08-3.28 (6H, m), 3.32-3.46 (2H, m), 7.20-7.30 (2H, m),
9.61 (2H, brs); *C NMR (DMSO-dq) &; 156.1 (d, J = 244 Hz), 139.3, 137.7 (d, J = 4 Hz),
129.1 (d, J = 7 Hz), 119.3 (d, J = 17 Hz), 1143 (d, J = 21 Hz), 46.6, 37.8, 31.4, 26.8;
FAB-MS m/z 200 [(M+H) *]. Anal. calcd for C;oH;;NFCI- HCI: C, 50.87; H, 5.12; N, 5.93; F,

8.05; Cl, 30.03. Found: C, 50.75; H, 5.01; N, 5.91; F, 8.01; Cl, 30.22.

7-Bromo-6-chloro-2,3,4,5-tetrahydro-1H-3-benzazepine (64)

Compound 64 was prepared from 61 using a procedure similar to that described for 52
(28%). This compound was subsequently converted to its hydrochloride. White solid, mp
263-266 °C; '"H NMR (DMSO-ds) & 3.10-3.25 (6H, m), 3.42-3.48 (2H, m), 7.16 (1H, d, J =
8.0 Hz), 7.60 (1H, d, J = 8.0 Hz), 9.63 (2H, brs); °C NMR (DMSO-ds) & 141.5, 139.6, 132.3,
131.8, 129.6, 120.6, 44.3, 43.7, 31.5, 28.5; FAB-MS m/z 260, 262 [(M+H)"]. Anal. calcd for
Ci1oH1INBrCIl HCIL: C, 40.44; H, 4.07; N, 4.72; Br, 26.90; Cl, 23.87. Found: C, 40.20; H, 3.91;

N, 4.69; Br, 26.92; Cl, 24.06.

2-Methoxy-6-methylaniline (66)

To a solution of 1-methoxy-3-methyl-2-nitrobenzene 65 (10.0 g, 59.8 mmol) in EtOH
(300 mL) was added 10% Pd on carbon (1.88 g). The mixture was stirred at room temperature
for 2 h under H,. The catalyst was removed by filtration through Celite and the solvent was
removed in vacuo. The resulting residue was purified by column chromatography on silica gel

(AcOEt/hexane = 1:9) to yield 66 (8.20 g, quant.) as colorless oil. '"H NMR (CDCl3) & 2.18
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(3H, s), 3.85 (3H, s), 3.74 (2H, brs), 6.64-6.74 (3H, m).

2-Chloro-1-methoxy-3-methylbenzene (67)

To a solution of 66 (8.20 g, 59.8 mmol) in acetone (160 mL) and H,O (25 mL) was added
conc. HCI (20 mL). A solution of NaNO, (4.54 g, 65.8 mmol) in H,O (13 mL) was added
dropwise to the mixture at 0-5 °C. After stirring for 0.5 h at 0 °C, to the mixture was added
CuCl (6.51 g, 65.8 mmol). After stirring at room temperature for 1 h, the reaction mixture was
diluted with AcOEt, washed with H,O and brine, and then dried over MgSQO,. After removal
of the solvent, the residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:10) to yield 67 (8.15 g, 87%) as colorless oil. 'H NMR (DMSO-dj) & 2.32
(3H, s), 3.83 (3H, s), 6.93 (1H, d, J= 7.9 Hz), 6.97 (1H, d, J = 7.9 Hz), 7.19 (1H, t, J= 7.9

Hz).

1-(Bromomethyl)-2-chloro-3-methoxybenzene (68)

To a solution of 67 (4.00 g, 25.5 mmol) in CCls (50 mL) were added NBS (4.32 g, 24.3
mmol) and AIBN (40 mg). The reaction mixture was heated at reflux for 2 h. After cooling, to
the mixture was added saturated aqueous NaHCO;, and it was extracted with CHCl;, and
dried over MgSO,. After removal of the solvent, the residue was purified by column
chromatography on silica gel (AcOEt/hexane = 1:10) to yield 68 (5.94 g, quant.) as colorless
oil. "H NMR (DMSO-d) & 3.86 (3H, s), 4.73 (2H, s), 7.14 (1H, dd, J= 1.5, 8.3 Hz), 7.18 (1H,

dd, J=1.5,8.3 Hz), 7.31 (1H, t, J = 8.3 Hz).

2-(2-Chloro-3-methoxyphenyl)ethanamine (70)
To a solution of 68 (5.90 g, 25.1 mmol) in EtOH (30 mL) and H,O (30 mL) were added
KCN (1.79 g, 27.5 mmol) and n-BusNHSO, (40 mg) at 0 °C. The reaction mixture was stirred
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at 50 °C for 4 h. After cooling, the mixture was poured into water and extracted with AcOEt.
The organic extracts were washed with H,O and brine, and then dried over MgSQ,. After
removal of the solvent, the residue was purified by column chromatography on silica gel
(AcOEt/hexane = 1:3) to yield (2-chloro-3-methoxyphenyl)acetonitrile 69 (3.12 g, 68%) as a
white solid.

To a stirred suspension of LiAlH4 (0.75 mg, 19 mmol) in THF (50 mL) was added
portionwise AICl; at -20 °C. After stirring at 0 °C for 0.5 h, to the mixture was added a
solution of 69 (3.00 g, 16.5 mmol) in THF (10 mL) dropwise at 0 °C, and it was stirred at
room temperature for 3 h. The excess reagent was quenched by the addition of MeOH,
followed by the addition of 15% aqueous NaOH (0.75 mL) and water (2.5 mL). After stirring
for 0.5 h, the mixture was filtered with Celite and concentrated in vacuo to yield the crude
product, which was purified by column chromatography on silica gel (CHCl3/MeOH = 10:1)
to yield 70 (2.19 g; 71%). "H NMR (CDCls) & 3.00-3.14 (4H, m), 3.89 (3H, s), 4.26 (2H, brs),

6.83 (1H, dd, J = 1.3, 8.0 Hz), 6.90 (1H, dd, J = 1.3, 8.0 Hz), 7.17 (1H, t, J = 8.0 Hz).

N-[2-(2-Chloro-3-methoxyphenyl)ethyl]-2,2-diethoxyethanamine (71)

To a solution of 70 (2.10 g, 11.3 mmol) in DMF (40 mL) were added K,CO; (7.80 g, 56.4
mmol) and bromoacetaldehyde diethyl acetal (2.29 g, 11.6 mmol). The reaction mixture was
stirred at 50 °C for 6 h. After cooling to room temperature, the mixture was poured into cold
water and extracted with AcOEt. The organic extracts were washed with H,O, brine, and dried
over MgSO,. After removal of the solvent, the residue was purified by column
chromatography on silica gel (CHCl;/MeOH = 100:1) to yield 71 (1.53 g, 45%) as pale
yellow oil. 'H NMR (CDCl3) & 1.20 (6H, t, J = 7.0 Hz), 2.77 (2H, d, J = 5.6 Hz), 2.86-2.98
(4H, m), 3.50-3.58 (2H, m), 3.64-3.74 (2H, m), 3.89 (3H, s), 4.60 (1H, t, J = 5.6 Hz), 6.81
(1H, dd, J=1.3, 8.2 Hz), 6.87 (1H, dd, J= 1.3, 8.2 Hz), 7.15 (1H, t, /= 8.2 Hz).
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9-Chloro-8-methoxy-2,3-dihydro-1H-3-benzazepine (72)

Compound 71 (1.50 g, 4.97mmol) was added to conc. H,SO4 (10 mL) at 0 °C. The
reaction mixture was stirred at room temperature for 1 h. After cooling, the mixture was
poured into cold water and basified with 2 M aqueous NaOH The aqueous phase was
extracted with AcOEt. The combined organic phases were washed with H,O and brine, and
then dried over MgSOs. After removal of the solvent, the residue was purified by column
chromatography on silica gel (CHCI3;/MeOH = 100:1 to 10:1) to yield 72 (85 mg, 8%) as pale
yellow oil. "H NMR (CDCls) & 3.27-3.35 (2H, m), 3.41-3.50 (2H, m), 3.86 (3H, s), 3.98 (1H,
brs), 5.04 (1H, d, J = 9.9 Hz), 6.10-6.18 (1H, m), 6.72 (1H, d, J = 8.4 Hz), 6.93 (1H, d, d =

8.4 Hz).

6-Chloro-7-methoxy-2,3,4,5-tetrahydro-1H-3-benzazepine (73)

To a solution of 72 (85 mg, 0.40 mmol) in THF (20 mL) were added 0.5 M aqueous
NaH,PO4 (2 mL, 1.0 mmol) and NaBH3;CN (254 mg, 4.04 mmol) at 0 °C. The reaction
mixture was stirred at room temperature for 1 h. To the mixture was added saturated aqueous
NaHCOs, and it was extracted with CHCIs. The organic phases were dried over MgSOy4.and
evaporated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI3/MeOH = 10:1) to yield 73 (53 mg, 63%) as pale yellow oil. This compound was
subsequently converted to its hydrochloride. White solid, mp 233-235 °C; 'H NMR
(DMSO-dg) ¢ 3.01-3.50 (8H, m), 3.83 (3H, s), 6.97 (1H, d, J = 8.4 Hz), 7.16 (1H, d, J = 8.4
Hz), 9.13 (2H, brs); °C NMR (DMSO-ds) & 153.4, 138.1, 133.1, 128.3, 120.8, 110.3, 56.1,
45.1, 44.1, 31.3, 27.1; FAB-MS m/z 212 [(M+H)"]. Anal. calcd for C;;H;sNOCI- HCI-

0.3H,0: C, 52.11; H, 6.20; N, 5.52; Cl, 27.96. Found: C, 52.26; H, 5.93; N, 5.46; Cl, 27.96.
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1-(2,2-Diethoxyethoxy)-2,3-dimethylbenzene (74)

To a suspension of 60% NaH (4.72 g, 118 mmol) in DMF (100 mL) was slowly added
2,3-dimethylphenol 73 (10.0 g, 81.9 mmol) at 0 °C. After stirring at this temperature for 0.5 h,
to the reaction mixture was added bromoactaldehyde diethylacetal (19.37 g, 98.3 mmol), and
it was then heated at 170 °C for 3 h. After cooling to room temperature, the reaction mixture
was poured into ice-water and extracted with AcOEt. The combined extracts were washed
with 1 M aqueous NaOH, H,O, and brine, and then dried over MgSO,. After removal of the
solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane =
1:9) to yield 74 (15.8 g, 81%) as colorless oil. "H NMR (DMSO-ds) & 1.15 (3H, t, J = 7.1 Hz),
2.08 (3H, s), 2.20 (3H, s), 3.52-3.75 (4H, m), 3.90 (1H, d, /= 5.3 Hz), 4.81 (1H, t,J= 5.3 Hz),

6.76 (1H, d, J= 7.9 Hz), 6.78 (1H, d, J= 7.9 Hz), 7.01 (1H, t, J = 7.9 Hz).

6,7-Dimethyl-1-benzofuran (76)

To a solution of 75 (15.0 g, 62.9 mmol) in benzene (200 mL) was added PPA (15.0 g) at
room temperature, and the reaction mixture was heated at reflux for 2 h. After cooling to room
temperature, the benzene layer was decanted from the PPA, diluted with ether, washed with
saturated aqueous NaHCO3, H,O,and brine, and then dried over MgSQO,. After removal of the
solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane =
1:100) to yield 76 (7.34 g, 80%) as colorless oil. "H NMR (CDCls) & 2.38 (3H, s), 2.44 (3H,
s), 6.70 (1H, d, J=2.2 Hz), 7.04 (1H, d, J= 7.7 Hz), 7.30 (1H, d, J= 7.7 Hz), 7.56 (1H, d, J =

2.2 Hz).

2,2'-(1-Benzofuran-6,7-diyl)diacetonitrile (77)
To a solution of 76 (7.20 g, 49.3 mmol) in CCls (100 mL) were added NBS (17.5 g, 98.5

mmol) and AIBN (100 mg). The reaction mixture was heated at reflux for 3 h. After cooling
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to room temperature, the reaction mixture was filtered through Celite, and the filtrate was
evaporated in vacuo. The residue was diluted with ether, washed with saturated aqueous
NaHCO;, H,O, brine, dried over MgSO,4, and evaporated in vacuo to afford crude
6,7-bis(bromomethyl)-1-benzofuran as a yellow solid with was used directly for the next step
without further purification.

To the obtained yellow solid, DMSO (70 mL) and NaCN (7.25 g, 150 mmol) were added,
and the reaction mixture was stirred at room temperature for 3 h. The mixture was poured into
ice-water and extracted with AcOEt. The combined extracts were washed with H,O and brine,
and then dried over MgSQO,. After removal of the solvent, the residue was purified by column
chromatography on silica gel (AcOEt/hexane = 1:3) to yield 77 (4.17 g, 43%) as a yellow
solid. '"H NMR (DMSO-ds) & 4.23 (3H, s), 4.31 (3H, s), 7.05 (1H, d, J = 2.4 Hz), 7.37 (1H, d,

J=8.0Hz),7.71 (1H, d, J= 8.0 Hz), 8.14 (1H, d, J = 2.4 Hz); FAB-MS m/z 196 [(M+H)"].

6H-Furo[2,3-g][3]benzazepine-7,9(8H,10H)-dione (78)

Compound 77 (3.50 g, 17.8 mmol) was dissolved in AcOH (15 mL), and then HBr (33%
in AcOH, 30 g) was added. After stirring at room temperature for 5 h, the reaction mixture
was poured into ice-water, and the resulting precipitate was collected by filtration and dried in
vacuo to yield a yellow solid (2.54 g) that was used directly for the next step without further
purification.

H,0 (50 mL) and NaOAc (2.22 g, 27.1 mmol) were added to the yellow solid, and the
reaction mixture was heated at reflux for 1 h. After cooling to room temperature, the resulting
precipitate was collected by filtration and dried in vacuo. The resulting clude product was
purified by column chromatography on silica gel (CHCl;/MeOH = 30:1) to yield 78 (1.01 g,
26%) as a yellow solid. '"H NMR (DMSO-de) & 4.20 (3H, s), 4.35 (3H, 5), 6.99 (1H, d, J=2.2
Hz), 7.24 (1H, d, J= 7.9 Hz), 7.55 (1H, d, J= 7.9 Hz), 8.03 (1H, d, J = 2.2 Hz), 10.49 (1H,
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brs).

7,8,9,10-Tetrahydro-6 H-furo[2,3-g|[3]benzazepine (79)

To a solution of 78 (1.00 g, 4.65 mmol) in THF (20 mL) was added BH3- Me,S (1.86 mL,
10 M in Me,S) at -20 °C, and it was stirred at room temperature for 3 h. The reaction mixture
was cooled to 0 °C, then excess reagent was treated with MeOH. After stirring at this
temperature for 0.5 h, conc. HCI (5 mL) was added, and the mixture was stirred at room
temperature for 0.5 h and basified with 1 M aqueous NaOH. The mixture was then extracted
with CHCIl;, dried over Na,SO4, and evaporated. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. = 30:1:0.1 to 10:1:0.1) to yield 79
(488 g, 56%) as a pale yellow solid. This compound was subsequently converted to its
hydrochloride. White solid; 'H NMR (DMSO-ds) & 3.18-3.36 (6H, m), 3.36-3.50 (2H, m),
6.94 (1H, d, /= 2.0 Hz), 7.12 (1H, d, J = 7.8 Hz), 7.44 (1H, d, J= 7.8 Hz), 7.98 (1H, d, J =
2.0 Hz), 9.32 (2H, brs); °C NMR (DMSO-ds) & 152.6, 145.9, 135.9, 125.7, 124.6, 122.5,

119.0, 107.1, 45.3, 44.7, 31.7, 23.4; FAB-MS m/z 188 [(M+H) .

4-(2,2-Diethoxyethoxy)-1,2-dimethylbenzene (81)

Compound 81 was prepared from 3,4-dimethylphenol 80 using a procedure similar to that
described for 75 (73%). "H NMR (CDCl3) & 1.24 (3H, t, J = 7.0 Hz), 2.18 (3H, s), 2.22 (3H,
s), 3.57-3.82 (4H, m), 3.97 (1H, d, /= 5.2 Hz), 4.82 (1H, t, /= 5.2 Hz), 6.66 (1H, dd, J = 2.6,

8.0 Hz), 6.74 (1H, d, J = 2.6 Hz), 7.01 (1H, d, J = 8.0 Hz); FAB-MS m/z 238 [M'].

tert-Butyl 6,7,9,10-Tetrahydro-8 H-furo[3,2-g|[3]benzazepine-8-carboxylate (84) and
tert-Butyl 5,6,8,9-Tetrahydro-7H-furo[2,3-h][3]benzazepine-7-carboxylate (85)
A mixture of 86 and 87 was prepared from 81 using a procedure similar to that described
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for 76, 77, 78, and 79, in 59%, 21%, 61%, and 50% yield. The mixture of 86 and 87 (86:87 =
1:2, 400 mg, 2.14 mmol) was dissolved with THF (20 mL), and added Boc,0O (930 mg, 4.28
mmol). After stirring at room temperature for 1 h, the solvent was evaporated and the
resulting residue was purified by column chromatography on silica gel (AcOEt/hexane =
20:1) to yield 84 (120 mg, 20%) as colorless oil and 85 (284 mg, 46%) as colorless oil.

Compound 84: '"H NMR (CDCl;) & 1.48 (9H, s), 2.94-3.03 (2H, m), 3.07-3.14 (2H, m),
3.53-3.68 (4H, m), 6.76 (1H, d, J=2.1 Hz), 7.06 (1H, d, /= 8.3 Hz) , 7.26 (1H, d, /= 8.3 Hz),
7.59 (1H, d, J = 2.1 Hz); FAB-MS m/z 288 [(M+H) ].

Compound 85: '"H NMR (CDCl;) & 1.48 (9H, s), 2.92-3.03 (4H, m), 3.52-3.63 (4H, m),
6.68 (1H, dd, /= 0.8, 2.1 Hz), 7.27 (1H, s), 7.33 (1H, s), 7.56 (1H, d, J = 2.1 Hz); FAB-MS

m/z 288 [(M+H)"].

7,8,9,10-Tetrahydro-6 H-furo[3,2-g][3]benzazepine (86)

To a solution of 84 (110 mg, 0.38 mmol) in AcOEt (5 mL) was added HCI-AcOEt (4 M,
10 mL) at 0 °C, and it was stirred at room temperature for 3 h. After cooling to 0 °C, to the
reaction mixture was added diisopropylether (10 mL), and the resulting precipitate was
collected by filtration to yield 86 (74 mg, 87%) as its hydrochloride. White solid, mp 227-229
°C; '"H NMR (DMSO-ds) & 3.12-3.26 (6H, m), 3.27-3.42 (2H, m), 7.08 (1H, d, J = 2.0 Hz),
7.16 (1H, d, J= 8.4 Hz), 7.39 (1H, d, J = 8.4 Hz), 7.97 (1H, d, J = 2.0 Hz), 9.52 (2H, brs); "*C
NMR (DMSO-de) & 153.0, 146.0, 133.8, 132.0, 127.3, 125.9, 109.0, 105.3, 45.3, 33.7, 31.4,
27.4; FAB-MS m/z 188 [(M+H)"]. Anal. caled for C;oH;3NO- HCI: C, 64.43; H, 6.31; N,

6.26; Cl, 15.85. Found: C, 64.39; H, 6.29; N, 6.25; Cl, 16.11.

6,7,8,9-Tetrahydro-SH-furo[2,3-h][3]benzazepine (87)
The hydrochloride salt of 87 was prepared from 85 using a procedure similar to that
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described for 86 (52%). White solid. "H NMR (DMSO-dq) § 3.10-3.28 (8H, m), 6.89 (1H, d, J
= 2.0 Hz), 7.47 (1H, s), 7.48 (1H, s), 7.95 (1H, d, J = 2.0 Hz), 9.54 (2H, brs); °C NMR
(DMSO-ds) & 153.3, 146.0, 136.2, 134.5, 125.6, 121.5, 111.7, 106.3, 45.7, 45.5, 31.9, 31.7;
FAB-MS m/z 188 [(M+H)"]. Anal. caled for C;,H;3sNO- HCI: C, 64.43; H, 6.31; N, 6.26; Cl,

15.85. Found: C, 64.17; H, 6.43; N, 6.19; CI, 16.07.

Docking study

The crystal structure of B, (PDB code = 2RH1 from Protain Data Bank) was used as a
template, MOE 2007. 09 (Chemical Computing Group Inc., Montreal, CA) was applied with
homology modeling. Docking Simulation was carried out using GOLD (CCDC, Cambridge,

UK) software.

Pharmacology

Receptor Binding Assay

Experiments were performed with membranes obtained from Chinese Hamster Ovary
(CHO) cells expressing human 5-HT,c or 5-HT,4 receptors and Human Embryonic Kidney
293-Epstein-Barr virus nuclear antigen (HEK 293-EBNA) cells expressing human 5-HT,g
receptors. The membrane preparation was washed once with 50 mM Tris-HCI buffer (pH
7.4) containing 4 mM CaCl, just before it was use for the binding assays. The 5-HTac,
5-HT,a, and 5-HTyp receptor binding assays with [3H] 5-HT were carried out using the
methods of Pazos, et al.”” with a slight modification; reaction medium [50 mM Tris-HCl
buffer (pH 7.4) containing 4 mM CaCl,, 10 uM pargyline and 0.1 mg/mL /-(+)-ascorbic acid]

containing [H] 5-HT, membrane preparation and test compounds was incubated at 37 °C for
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30 min. Non-specific binding was determined in the presence of 10 uM 5-HT, and specific
binding was calculated as total binding minus non-specific binding. After incubation, 4 mL of
50 mM Tris-HCI buffer (pH 7.4) containing 4 mM CaCl, were added, and the medium was
filtered under vacuum through Whatman GF/B glass filter pre-treated with 0.1%
polyethyleneimine. The filter was washed with the same buffer solution (4 mL x 3). The
GF/B glass filter was immersed in 6 mL of liquid scintillator (Packard, Aquasol-2), the and
radioactivities was measured with a liquid scintillation counter (Packard, Tri-Carb-2500TR).
The amounts of protein were measured according to the method established by Lowry et al.”*
Dissociation constants (Kd value) were obtained by Scatchard analysis using SAS (ver. 6.11)
together with a software application software developed by our company (5-HT,c; 1.6 nM,
5-HT,a; 9.8 nM, and 5-HT,; 14 nM). Concentrations of compounds showing 50%
inhibition of receptor binding, ICsy values, were obtained by non-linear analysis using SAS
(ver. 6.11) together with a software application software developed by our company. K;
values indicating affinity for receptors were calculated by using a formula developed by

Cheng & Prussoff.”

PI hydrolysis Assay

PI hydrolysis assay was carried out using the methods of Aramori et al.”® with a slight
modification. Human 5-HT,c or 5-HT»a receptor expression CHO cells and 5-HT»g receptor
expression HEK 293-EBNA cells were seeded onto a 24 well plate (approximately 1 x 105
cells/well), and cultured for 1 day. After the addition of myo-[*H] Inositol (3 pCi/mL), they
were incubated for 24 h for labeling. After the cells were washed 2 times with phosphate
buffered saline (PBS), they were incubated with PBS for 20 min, and then further incubated
with PBS-LiCl solution for 20 min. After 20 min incubation with PBS-LiCl solution

containing the test compound, the reaction was terminated by adding 0.2 M PCA, after which
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the reaction mixture was allowed to stand at 4 °C for 1 to 3 hr. After 2M KOH and 100 mM
EDTA-2Na solution were added, the plate was centrifuged (2,000 rpm, 5 min). The
supernatant (1 mL) was added to a Bio-Rad AG1-X8 column, and washed with GPI solution
(5 mM disodium tetraborate, 60 mM sodium formate) (3.5 mL x 2), and eluted with 4 mL of
IP3 solution (0.1 M formate, 1 M ammonium formate). The elute was added to a liquid
scintillator (Aquasol-2) and measured with the liquid scintillation counter. ECsy values and
Emax (%) were calculated by non-linear analysis using SAS (ver.6.11) together with an
application soft ware developed by our company. Emax (%) indicated intrinsic activity and

the response produced by 10 uM 5-HT was defined as 100%.

Behavioral studies

All experiments were carried out during 13:00-19:00. Rats were placed individually in
transparent acrylic plastic cages to count the number of penile erections. A penile erection
was defined as previously described’’ :repeated pelvic thrusts immediately followed by
assuming an upright position (on hind limbs), an emerging, engorged penis and licking it.
The number of penile erections was observed for 30 min immediately after test compounds

s.c. or p.o. administration.

Cardiovascular effect

The rats were anesthetized with pentobarbital sodium (60 mg/kg i.p.), and a catheter was
inserted into the carotid artery to measure the systemic arterial pressure. The rats were used
in the study after a postoperative recovery period of two or more days. After conscious
animals were housed in cages for blood pressure measurement and stabilized for at least 30

min, YM348 (10 — 30 mg/kg) or compound 53 (3 — 30 mg/kg) were administered orally.
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