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ZRERY & LToIRiRIE, S AR Rr B 22 S RS IFRE T & 2 & RIRRIZ . Hs AFIE D
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v 77 = ROAMKIE Mayer bO~A 70y =—7RISEMALIZHES 285 1L,
Scheme 1 TR T KO, 7AFLVUEHEORLRLIAHEE -7 I (1-7) &
cyanoguanidine Z H >, dry CH3CN #1, TMSCI Z/Nz., v~ 7 vy = —7 KIS %& {17
%, IPIOH ZNZ2 T, SHIZ~vA 7y =—7taE{TH 2 & T, HNORREFHER%
WREHFDLZENTET,

NH, + NC. N_ _N._ _NH,
2 NH, N \n/ \n/

9

N

n H NH NH * HCI
1: n=0 leg. 8: GPU-232, n =0 (83%)
2:n=1 9: GPU-239, n = 1 (60%)
3 n=2 10: Phenformin, n = 2 (82%)
4: n=3 11: GPU-240, n = 3 (72%)
5 n=4 12: GPU-484, n = 4 (98%)
g; n: g 13: GPU-532, n = 5 (74%)

14: GPU-533, n = 6 (88%)
Scheme 1. 7 /L% L U HERICEAT 5 277 = RFEKD G
Reagent and conditions: (i) dicyandiamide, TMSCI, CH3;CN, 130 or 150 °C under microwave irradiation, 10 or 15

min. (ii) iPrOH, 125 °C under microwave irradiation, 1 min

Scheme 1LIZBITFHKHEFE K7 I D5, 15 ICEHLTUIEALLZLOEFEH L,
—HFTeRIOTICTELTIE, Scheme 2 1ZRT Lo, FhFNTLa—ik (158
FON16) ZHRFEEE LTAMETT> THWWE, £9°. Moussa 5D J51kE 2 I2hE, dry
CH.Cly ' pyridine 777E FIZ T, hI/UHbLEITV, 17 B L OV18 Z2Z L4 47%, 78%D
IR T 7=, ft\ T, Barker 5071 “I2HEy, DMSO H 120 °C T KCN & DS A 4T
VD = R UUED 19 B8 XN 20 22 NI 89%, 90%DINR Tz, D=k U L DiE
TERUMZ B W TIE, LAH BT L VAR T VBT OW THRET 2 T2 2 A, EHLHD
A bRIES L IIERINECH - 72, £ 2T, AR e S CiE o Ui 3
fTL. [FIFEIZ Boc fREHITH Z LN TE D0, R LRSS TH D Butini H0J5ikE *
%53\ L1z, dry MeOH H, Boc,0 35 L UV NICl, f77E FIZ T NaBH, 2 i\ 5 = & T
TEROSZATV, 21 BE N 22 2 ZNE1 69%, 63% D BAF7R IR THE-, &EZIZ, 4 M
HCI/EtOAC Z W CIREL AT T % T I VAT NI T A u~ NI 57 4 —|C
KXBOWIEZITV, 6 BL T 22 NENEEMIITSET-,
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Scheme 2. {b&5# 6 B LT DAL
Reagent and conditions: (a) TsCI, pyridine, dry CH,Cl,, 0 °C to rt; (b) KCN, DMSO, 120 °C; (c) (i) (Boc),0, NiCl,,

©\(\/’CN ©\(\/’NHBOC —
. © n (d)

4 (47%) 19: n =4 (89%) 21:n =5 (69%) 6: n
5 (78%) 20: n =5 (90%) 22:n =6 (63%) 7:n

5 (quant.)
6 (quant.)

NaBH,, dry MeOH, 0 °C to rt; (ii) diethylenetriamine, rt; (d) (i) 4M HCI/EtOAc, EtOAC, rt; (ii) NH silica gel column

chromatography.

o IH MRREERALICBI T D T = X TV R DB AL

WEMEOE ST = RE 2 BEZLH~T ARV AR = LT Fa S ~E+ 52 &
LD BEMEZ HIT D Z LI X DIEMEORERAZ R L T7 = 2T FHEROERELT

77,

EREANT R~DOEH

Dolzhenko & @ J7iE ® 12w, HEM DO 77 = REAL %2 1,24-triazole K O
[1,2,4,Jtriazolo[1,5- a][1,3,5]triazine (ZZ5#4 U 7= 3h 8K 2 &Rk L7, iPrOH 1, =i FHi#k
9% Z & T. phenethylamine (3) & dimethyl-N-cyanodithiocarbonimidate @ )i~ %170, 1k
G 23 # EEMICIR T, iV T, EtOH 1, INEGERE 95 Z & C 23 & hydrazine hydrate
DEOGZEATVY, 24: GPU-218 % 80% DI TRz, & HIZ, IRHERE %I 2 72 HO0 Hi, N
BGRE 925 2 & T 24: GPU-218 & cyanoguanidine DA 1TV, 25: GPU-247 % 18% 7
IN#T157= (Scheme 3),

H
NH, N-CN N._S_ N §
O™ L e O e O
3 1eq. 23 (quant.) 24: GPU-218 (80%)
\< 2

24: GPU-218  + NC‘N — ©N N~ Y

H NH,

12eq. 25: GPU-247 (18%)

Scheme 3. GPU-218 33 X TN GPU-247 DA%
Reagent and conditions: (a) iPrOH, rt; (b) hydrazine hydrate, EtOH, rt to reflux; (c) conc. HCI, H,0, reflux.



X BHIZ, BT = REL % 1,3,5-triazine |28 # U 7= 358K % &/ L 7=, Scheme 4 |27k
T X, £F. Ma HDOHEE BIThEv, H0  NaOH 2%, MEGER+ 5 Z & T,
phenethylamine (3) & 2-chloro-4,6-diamino-1,3,5-triazine ® > %1TV>, 26: GPU-223 %
T3% DU THH7z, F72, Lebel 5D L IZHEVY, MeOH H1, NaOMe Z Nz, MN#GE
W95 Z & ¢, phenformin hydrochloride (10) & ethyl formate D& 4TV, 27: GPU-224
Z AT% DR TH=,

N ONH, @ NH,
3 leq. 26: GPU-223 (80%)
H H NH, o H N._NH,
O W e 5 O
NH NH - HCI H (6] (b) NN
10: Phenformin 3eq. 27: GPU-224 (47%)

Scheme 4. GPU-223 5 X T GPU-224 DA fk,
Reagent and conditions: (a) NaOH, H,0, reflux; (b) NaOMe, MeOH, reflux.

HNVR=)VT Fua S ~DEH

BT = RELE A A A Y AKX —"Toh % urea, thiourea 33 L UF semicarbazide (225 #4
T 52 L&A=, Scheme 5 (" X 512, urea D ATIX, Vauthey 5Dk * %
v "C., phenethylamine (3) & ethyl carbamate % toluene H', Al,O; Z 1%, MNEGEET 5 =
LT, 28: GPU-220 % 31%D UK T3/, thiourea (™ A TiE, Muccioli D ik “ic
7> T, bromobenzene ', phenethylamine Hif£H (29) & ammonium isothiocyanate % /i
Z. MENEFES 5 Z & T 30: GPU-222 % 42% DR TH7-, S 512, EtOH H1, Mel %
Iz, MEGERES 5 Z & T, 31: GPU-256 % 83% DI T3/, semicarbazide & AT
1%, Yogeeswari & D55 & HAWTEKEIT> 72, £3°. CHCI; H triethylamine % 1 %,
phenethylamine (3) & phenyl chloroformate % KOt S, 32 % & &EIIZG7-1%, EtOH H
hydrazine monohydrate % /il 2. INEGEE 5 Z & T, 33: GPU-221 % 87% DI HE T,

10



NH; O N NH
+ —_—
(j/V /\QJ\ NHz  (a) (j/V T

3 0.5 eq. 28: GPU-220 (31%)
H
NH, NTS\
©/V~HCI + NH,SCN ——~ ©/V o ©N NH - HI
29 Lleq. 30: GPU-222 (42%) 31: GPU-256 (83%)
o SNeaR AN ag L
(e)
32 (quant.) 33: GPU-221 (87%)

Scheme 5. GPU-220, GPU-222, GPU-256 5 &- ) GPU-224 D&%
Reagent and conditions: (a) Al,Os, toluene, reflux; (b) bromobenzene, reflux under N,; (c) Mel, EtOH, reflux; (d)

phenyl chloroformate, triethylamine, CHClI3, 0 °C to rt; (e) hydrazine monohydrate, EtOH, reflux.

phenformin ® ¥ 77 = REMNL & 77 =2 N EW LT AL AW DA% % 1T - 7=, Scheme

6 12T L 91T, Gers HDHE®IZHES T, thiourea (34) & Mel % EtOH 1, INEGEW
T 52 LT 35 & 9BWDOULETH, K\ T, NaOH %N 7-iREEEH (HO -
1,4-dioxane =1: 1) T Boc,0 & )i S, Boc fRi#AD 36 & 79% DR Tz, & HIZ
36 & phenethylamine (3) % CH,Cl, #, iR FHi#E L TG S8, 37 & 79%DULH T
72 12 4 M HCI-1,4-dioxane % VT 37 OBifE# %170, 38: GPU-231 % 99%DIY
TR,

S SMe - NBoc
H,N” "NH, (@) HN” "NH, () MeS” “NHBoc
34 35 (93%) 36 (79%)
H H
N\n/NHBoc NWNH2
(c) NBoc (d) ©/v NH - HCI
37 (86%) 38: GPU-231 (99%)

Scheme 6. GPU-231 D&k
Reagent and conditions: (a) Mel, EtOH, reflux; (b) (Boc),0, H,0/1,4-dioxane, NaOH aq, rt; (c) phenethylamine (3),

CH,Cl,, rt; (d) 4 M HCI-1,4-dioxane, rt.
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TT =V ATMEREETH L Z LD ZOMBEEMEORTI A BN E LTI T =V
ALy T 2= e A B AL ALEMB L —2OERZFR 2GRl A %
T2 ALB Y 42: GPU-299 OB AT 572, 7 7 HOEATIE, Level HD ik “ It -
T. 1 MHCI KiE#EZH . phenethylamine (3) & sodium dicyanamide % i 2., MIEGEFET 5
Z LT, 39: GPU-219 75: 22%@1124%4%710 = b rJEDEATIE, Makovec b DIk *
W - T, RAE WK (E,OMH,0 = 3 : 1) . phenethylamine (3) &
N—methyI—N—nitroso—N —nltroguanldine ZMz. 20°C LU N CHi#R3 % 2 & T, 40: GPU-293
% Q9% DINE Tz, 42: GPU-299 OARLTIX, Gers® & D FikICHE > T, EtOH H1,
phenetylbromide (41) & thiourea (34) ZJ/x.. MEGEFET 5 Z & T, 42: GPU-299 % 92%
DY T,

H
©/VNYNH2
|
N
CN
©/v 39: GPU-219 (22%)

\m o

40: GPU-293 (99%)

Br
©/V (C) ©/v T e

42: GPU-299 (92%)
Scheme 7. GPU-219, GPU-293 5 X U GPU-299 D& Ak
Reagent and conditions: (a) sodium dicyanamide, 1 M HCI aq., reflux; (b) N-methyl-N-nitroso-N-nitroguanidine,

Et,0/H,0 (3:1), 20 °C; (c) thiourea (34), EtOH, reflux.
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F=IH BUKPEEBAZICEE 2 B 277 = A DB Rk

BAKMED R B VBRI~ D EHHSE A 72 N2 X DIEME~ DB A BETT 57201
H—IE L RIS, Mayer 5O~ A 7 v =—7SEFIA L5k 2 258120
Scheme 8 IZ/ R T L 912, N EBUERICT OH, OMe, T /LF /o 7 238 N\ L 74l
72X FNT I (43-57) GV, BUKMESALICET 5 E 7T = RIFEERO G EAT

277,

H H
N\n/N NH,
@N NH NH * HC

U
|

R R
43: R = 4-OH 51: R = 4-CH,CH,NHAc 58: GPU-252, R = 4-OH (80%) 66: GPU-471,
44:R=4-OMe  52:R=2-Cl 59: GPU-301, R = 4-OMe (30%) R = 4-CH,CH,NHAC (97%)
45: R = 3,4-di-OMe 53: R = 3-C| 60: GPU-470, R = 3,4-di-OMe (89%) 67: GPU-469, R = 2-Cl (88%)
46: R = 2-Me 54: R = 4-Cl 61: GPU-529, R = 2-Me (85%) 68: GPU-474, R = 3 -Cl (88%)
47: R =3-Me 55: R = 2,6-di-Cl 62: GPU-476, R = 3-Me(94%) 69: GPU-473, R = 4-Cl (84%)
48: R = 4-Me 56: R = 2-Br 63: GPU-475, R = 4-Me (94%) 70: GPU-485, R = 2,6-di-Cl (76%)
49: R = 4-Et 57: R = 2-CF, 64: GPU-528, R = 4-Et (93%) 71: GPU-527, R = 2-Br (80%)
50: R = 4-t-Bu 65: GPU-531, R = 4-t-Bu (88%) 72: GPU-530, R = 2-CF5 (80%)

Scheme 8. XU B UVRICEMILZEA LTV T = RFEEEROAK
Reagent and conditions: (i) dicyandiamide, TMSCI, CH3;CN, 130 or 150 °C under microwave irradiation, 10 or 15

min. (ii) iPrOH, 125 °C under microwave irradiation, 1 min

F 7=, Scheme 9 |Z/RT L 21T, BAKMENLE L TCOHFEROEEMEZHEND D720
\Z, isopentylamine (73) & W THFEROM DV ITIENSZ AT 51bEW 76: GPU-477
AL, EHIT, NUBUVREANT R EFFROE Y DVITEH LT, 77 GPU-488
B L 78: GPU-489 A&k L 7=,

H H
YVNHZ Y\/N\H/N\H/NHZ
NH NH - HC
73 - 76: GPU-477 (95%)
Y. N_ N__NH
PN O T e
X X NH NH
74:X=CH,Y =N 77: GPU-488, X = CH, Y = N (68%)
75:X=N,Y=CH 78: GPU-489, X = N, Y = CH (77%)

Scheme 9. GPU-477, GPU-488 33 J. U GPU-489 MDAk
Reagent and conditions: (i) dicyandiamide, TMSCI, CH3CN, 130 °C under microwave irradiation, 10 or 30 min. (ii)
iPrOH, 125 °C under microwave irradiation, 1 min; (iii) 77 and 78 needed NH silica gel column chromatography for

purification.
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Scheme 8 35 L. TUF Scheme 9 IZ351F 2 & FEEE —#k T I D H b 43-45, 47-49, 52-56, 73—
WBELTIHBALEZLOEMAHE L, — 5T, 4-tert-butylphenetylamine (50).
2—methylphenetylamine (46) * X O 2-trifuluoromethylphenetylamine (57) 1% .
4-tert-butylbenzyl alcohol (79). 2-methylbenzyl nitirile (82) 5 X O* 2-trifuluoromethylbenzyl
nitirile (83) % HZEEEIE L CAKEIT> 72, Scheme 10 12”79 X 212, LA 81 D&
RCIE, 55 Hi5E— T Scheme 2 & [AIEEIZ, Moussa b DL P IZHEV, kI bz
Iz ZA, BHO R R TIEZe <, 7 rafbsivioba9 80 23 43%DILHE TR 5
N, UL, PNV AT AVOAEPREFHEOREmNR DAL ThoT2729H12, B
D b L AR ZTERAL RN SRR DA A A N K DBEHSIENE Z 72 &
EZbND, (LAY 80 VT, Barker © D “IZHEVy, DMSO H 120 °C T KCN
EDIEEATV, = R U UERD 81 % 8T%DILR Tz, RO =k U JLOEITLIIZE
LT, B _Hi%—THD Scheme 2 & [AIFEIZ, Butini b0 HE Y 2 BBIZHEREITO,
84-86 & ZTILE 4L 64%, 94%, 82%DILHE THI/z, 2T, 4 M HCI/EtOAC %:ﬂ%b\fﬂﬁ
REZATolcte, TIVVVATNI T hra~ b7 T 7 4 —IZ K HBHEEIT,
46 LN 57 2 Z L F 1 99%, 98%. 92% D UL T/,

80 (43%) 81 (87%)
@/\ @/\/ NHBoc @/\/
81: R =4-t-Bu 84: R = 4-t-Bu (64%) 50: R = 4-t-Bu (99%)
82: R =2-Me 85: R = 2-Me (94%) 46: R = 2-Me (98%)
83: R=2-CF3 86: R = 2-CF (82%) 57: R = 2-CF5 (92%)

Scheme 10. {L&%) 50, 46 K& V57 DAk
Reagent and conditions: (a) TsCl, pyridine, dry CH,ClI,, 0 °C to rt; (b) KCN, DMSO, 120 °C; (c) (i) (Boc),0, NiCl,-
6H,0, NaBH,, dry MeOH, 0 °C to rt; (ii) diethylenetriamine, rt; (d) (i) 4 M HCI/EtOAc, EtOAc, rt; (ii) NH silica gel

column chromatography.

f&® 51 OAMICE LTS, £9°, Butini 50Kk * 12 Leno T,

1,4-phenylenediacetonitrile (87) % ¥ JUE & L C DiBoc (A D 88 % 64% DI R T157-,
T 5% HCI/MeOH % I\ TR 217\, 89 & i BRI/, WKIT Lee B D Hik
MV AHEIZ, KH T, MeOH 2T 89 ZW&% L, NaOH Kigiiap-~< W inz, =
BT L hBER LI, ORI, MeOH IZHifif L72(Boc)0 &9 < DAl HiLT66 h
#ERE L. MonoBoc fK? 90 % 34%DULRTHT-, 72k, BABOBRICRIAERY & LT
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DiBoc {f:#/AR D 88 H, 15 H A7z, & 512, Nadres & D J77E Tt - T, K% . dry CH.CI,
1, 90, DMAP, NEt; % Il 2 7= 4. acetic anhydride > < Vx| =R T4h L,
AcBoc {R#AD 91 % 60%DULE THH7=, Hf%IZ, 5% HCI/MeOH % i\ T Boc 3
LR AT - 7= %%, 1 NaHCOs KRR U CHCly % AV Tt fiitHZ1T0, I
DALEW) 51 % A% DI R TH7-,

NHBoc
NCMQA «/Q/V &/(j/V
(a) BocHN 2HCl

87 88 (64%) 9 (quant.)
M@/V NHBoc M@/V NHBoc
(©  HN AcHN (e) A(;H,\,&/(j/V
90 (34%) 91 (60%) 51 (94%)

Scheme 11. {t.&4 51 DE AL

Reagent and conditions: (a) (i) (Boc),O, NiCl,6H,0, NaBH,, dry MeOH, 0 °C to rt; (ii) diethylenetriamine, rt; (b)
5% HCI/ MeOH, rt; (c) (Boc),0, NaOH ag, MeOH, 0 °C to rt; (d) Ac,0, NEt;, DMAP, dry CH,ClI,, 0 °C to rt; (€) 5%
HCI/MeOH, rt; (ii) sat. NaHCO; ag.

GPU-486 3 & ¥ GPU-539 D& hk
MEETEMEFBARF T OFE R (B =Hi = ~HIEIC T RD) I2X 0, S HITEWIET
EBINMREMEEZ B L TRUBUVEROA L MLIZClE n=207 %L ) ol —,
BEOTT7T =V %H$ 5 GPU-486, S HIZ, NUBUEROA/L MIIZ CLHE, n=50
TAFRLY U= BEROEST = RE2AT 5 GPU-539 D& AT -7, Scheme 12
2R T &L 91T, GPU-486 1L GPU-231 M4k (Scheme 6) & [FIEkIZ, CH,Cl W, =R T
N,N-bis(tert-butoxycarbonyl)-S-methylisothiourea (36) & 2-chlorophenylethylamine (52) %
FOS S, LB 92 % 89%DILRTH %, Miki#Ex1To 2L THROLNL, —T.
GPU-539 OARICE N TIX, £F Leach DL 22 BEIC, V4T 4 vERIGEA
V7 4 DIEITLEAIT > 7, PPhy & 4-bromobutyronitrile (94) % toluene H, Z &R T,
IMBGEGET 5 Z & THRABR=0U L7 mvA K95 % 88NDIHETH, I HIT KM T,
dry THF (Z sodium hydride Z /1 2. 721,95 Z > < D Nz, KR IZFHK T, =i T 15 min
L7, £0t%, dry DMSO #01%, =R T 2h#H#E L721%. 2-chlorobenzaldehyde %
Do VI TFL, & HIZEIRT4hiE#ET 5 2 & T, 5-(2-chlorophenyl)pent-4-ennitrile >
EZRAY (96) % 85%DILHE (EIK : Z1k =1:4) TH/Z, EZ DRAKEIZ'H NMR
BN CTHGE Lz, IRIC, L7 4 ORIT T, IRAEEE (EtOAC : 1,4-dioxane
=4:1) 1296 #Mx. KFEFHK T, PACIF/EFICER T8 h it o2& T, 97 %
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ERICIET-, F0%OEY 97 526 100: GPU-539 D4 FklX. Scheme 10 & T} Scheme
8 LFEIBED FHIETIT- 7=,

cl "
NBoc ©/V NHBoc NT]/NHZ
Me s NHBoc (a) NBoc (b) NH

36 (15 eq.) 92 (89%) 93: GPU-486 (quant.)
cl Cl
" w~_-CN
(© Br (d) (e)
94 95 (88%) 96 (85%) 97 (quant.)
I i Loy I
NHBoc
o Ot Ot —
® ©) () « Hcl
98 (72%) 99 (94%)

100: GPU-539 (69%)

Scheme 12. GPU-486 35 J: T GPU-539 D&%

Reagent and conditions: (a) CH,Cl,, rt; (b) 4 M HCI/EtOAc, rt; (c) PPhs, toluene, reflux, under N,; (d) NaH,
2-chlorobenzaldehyde, dry THF, dry DMSO, under N, at 0 °C to rt, (E form : Z form = 1 : 4); (e) Pd/C, EtOAc,
1,4-dioxane, under H,, quant.; (f) (i) (Boc),0, NiCl,-6H,0, NaBH,, dry MeOH, 0 °C to rt; (ii) diethylenetriamine, rt;
(9) (i) 4M HCI/EtOAC, EtOAc, rt; (ii) NH silica gel column chromatography; (h) (i) dicyandiamide, TMSCI, dry

CH3CN, 130 °C under microwave irradiation, 10 min. (ii) iPrOH, 125 °C under microwave irradiation, 1 min.
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B=H HETEEAEE

REETE VAR B 2 T4 5 BT UFICEHIAT 2 5 AR OIRIRSE X b L A& &/
BA b VRSB DIEE 2R L LT,

FHIH RRRE A b U AIRE LR AR b L ARE

KBREA NV RRE

IREESRIRAE T2 A DR 2 DT, BN AICHEORE TH 5, EEN T,
DS AURIRE O MR e 7 B & AR 72 A BT AR o T, BRSEAYIEAY 20 mmHg LT 1K
FREREIN A 2-30%FEEMFET D E SN TS (Tablel), Z D K 9 RIKEAZERE IZ B W
TIHEREFEA L RAGE E 7D~ AY —ER T, HIF-1® 8FFESh, =30 X—{
AR BT 2 AR 8 KL OB BRSO, iR - R, RIS T 5 0E
B HEORBLEZFHE L CRE~OMEIEAK Hid, *HIF-1 (X HIF-1a & HIF-1B ® 2 >
DY Ta=y b ~Tr &EKEZEHR L TDNAIZHEET 5, 2095, HIF-1a
D& Ry EREITBFRIRTICHE STV D, BERIRIFE DR R A A P OREE
D7) N T v Y KEREEESE (proline hydroxylases: PHDs) (2 & 0 KEg(L &4,
VU UERILIN T v T VISR (arrest-defective protein 1: ARD1) (2 X > T7&F 1k
S5 & von Hippel Lindau (VHL) EEEKEZTER L, S Hic2 X F o U H—ERH
ALTabedFALEN, TrT TV —ARICEo THRIND, BRBRREDMETT S
& PHDs OEEEIEMENE L AR T T 5720, L b L TER L TEICBAT L., ErEE
FTOTrET—F— TNV —EIRIC B D AKEE RIS A MR (hypoxia responsive
element: HRE) (254 L CIRBSBIKFEE GG L 2 HE T D, TORER, RNAOEME
(oA R, M F ISP DA B ETORENFEIND, TP fHL DN
AZBWT, HIF-1 DIEHALIC Ko TEHEEAETT 2 0o @ELH 0, £z, B
L AJZ BT HIF-1 IEEOIHI A FBS ARIFRICIRB TH D5 Z & blEI TV D,
B L oT, HIF-1 OEHZIHIT S Z A TEUE, DAOEEZIIHI L, EEEZ T
T, BATRIRONREZEDDH Z ENTED LRSI D,
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Table 1. &-FEAS A KRS OO ik 35 1 s 3

Y =1 YEH F S Hﬂmﬁﬂm

FIERBFIE 4.9 N.D

BREEEIH A 12.2 40.0

Bt A 7.5 38.5
ADA 10.0 ND

@b A 2.7 51.6
FEHHA 5.0 51

BISZERDA 2.4 30.0

mmHg

VHL ) ™
PHD_ OH JOAC 'i OH JOAC J UP
ARD1 Proteosomal
-y = — = [
/ HIF-1a HIF-1a > degradation
x@ .
/
, )
/
Glycolysis
 PHD_ N Nucleus — o

Angiogenesis

> M .
| I GLUT1 etastasis

L FTRPATERTY [ VEGE etc. | IMVaSION
Hypoxia HIF-1 target

genes

Figure 5. HIF-1a (& J 2 [KFER3E 520 °

/MR A R LR (unfolded protein response: UPR)

/MR (ER) 135 R B OEEZAT ) BELRMEAN/INGE Th 5, BG4
YT E B DTS X I NAENITIEOA L4, BRx REMiZZTH 2 LT
BEREZ b S IOV & X 7 IR T Do Z DR T/MEARRNITFET D53 F 3 v
B NE LRI B DYV B A BHERNCHED TV D, MBS D & D 2 e il 8 2
IZA R LRI LD/ NRENTD Z R 7 GO 0 B3RS S i, MR &
IS 2378 (unfolded proteins) 723#&fET HIRHED ER A R L A TH D, HIHL A
b LU ZADEEIRIG G D WVITRFFMERET 250, MIET AR b= 22 LT
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WS 528, Zauzxt LT, /NaBEERE R F X T 2B AT A TH H/MafE A kLA
J&E (UPR) ZIEME(LEN D Z L L BB TS, UPRIL, ¥ /X7 B DR E X
ADHEERVAT A THDH &L BT, IFHERFTIIT MDD DY b AR R 72t
ElzRi-L TV,

/NEARRE 133> DO 1R E @A % > X7 CH 5 inositol-requiring protein 1 (IRE1),
protein kinase RNA-like endoplasmic reticulum kinase (PERK). activating transcription factor 6
(ATF6) 23/ MMk A F LAt —b UTH(ET D, b3, /MafknzEcoo 1
> %~ glucose-regulated protein 78 (GRP78) tiEA 425 Z L1 Xk 0 RiEME/RAEIC
HHM, ERA b L Az &H L CGRPT8MT ) BHANEL NI BITHER T D 120D
Bt 5 2 & TR b SN D, IREVUIAES A v — %2R L CIEME(L L, 855K 7-X box
binding protein 1 (XBP1) ® 7 L'mRNA % Bl LiEMHARIOXBP1%Z =2 — F4-5mRNA (Z
LTS, IR S IEMERIXBPLIZE I S, IMAKSY T3 v <1 L (GRP78 73
&) DEAR G IR ZFE 9 HERSE (ER stress response element) & %\ ZATF6
PA MTHAE LT Ty n r OWRGEaES 5, PERK (34 I~ —2JEk L TiE
P U, EEEAYTRERBALAIR 7-20 (o subunit eukaryotic initiation factor 2: elF2a) % [E#Z U
VEME L CEAEORRAE T 5, ATF6IZ/IMER A b L A AR NG & 52 1)
@Jlﬁéﬁ”bﬁlﬁﬁ@ﬁ B, MR DOKI50 kDa DATF6Wr 7 13eZIcB4T L CERSEIZH &

DT OB RET D, £~ T, i BHAAEE X7 E Z /R
75%4}4 EYA~EHEL, 2 EXF L - TuT T Y — LRI K o THMT 2/ Ak
REd 45y f# (ER associated degradation: ERAD) &\ 9 #tE & 777E L. /NN O BR BEHERT
(CEEp&E A2 B 7= L5 (Figure 6),

B0 AFHREREIIC 35 1 DERA b L A1E, BAMUNRERICE T 2 IKRFE - KeE R
FLRIZE DD TH Y | UPRIEMEALIZ S A MR/ NRERIC B T D AEFICEE TH D &
%K B, FERIRRFEREICB T 2B AMBBOALFICTFE LT D 2 ENlEINT

o 'E BT, GRPT8DIEBUNMITAL # 22 N AFE THE SN TEY, FLid AAlI~DIK
%’ ﬁ'ﬁﬂé@ﬁiﬁi‘f%ﬁﬁ PE. LT A SIS OB~ D E G N E SN TS, 2L 5
T, BAKIIIZIS 1T DUPRDIENMEZ Ml 25 Z & 28 TE U, A A iﬁd%iﬁ@ﬂ
BSZRBREEI IS TE 22 <72 0 | HREINHI RN R0, FEAIME 2 & OFEMEE 2 T, B Adh
BOMEEEDDL L ENTE DL EHFHEEIND,
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g |

Unfolded
ER E v 4 "»_\ #™\ “Protein
/@ o @\0 \ GRP78
e N =2
ERAD
PERK i i 1‘
\l ATF6 \1, Splicing
elF2q) XBPL Transcriptional Up-regulation
/ \ of Molecular Chaperone
Suppression of \‘ GRP78 Promotion of Unfolded
Protein Synthesis GRP94 etc. Protein Degradation
— ERSE H ATF6 site » UPR target
genes

Nucleus

Figure 6. /MEEA kL A JREHHE

oI AR O S

DN A INEREE AR L 7= in vitro 227 ) —= U iR & LT, KERSE - RS
TIZBWTHE SN D HIF-1 555 ML, UPR IEM L~ DB A R RILE LY 7 = T
—PT7 oA RHOUPRIGEN Y 7 2T =BT oA ICCIHMiT A2 L & Lz, &5
T3 — AR ZEEHCIREFE A b LA AW EERBRIC L D, A LA @R
IR EE ORIl BTV, S EIEKR LICFFERED R 7 ) — = 73 i & 51 L7z,

Hypoxia Low Nutrition

Glucose free
medium

5

0,
11 (2 'f/x 2-Deoxyglucose
Test *HIF-1/UPR dependent luciferase assay
=Cytotoxicity assay

Figure 7. S A MM/ NBES TV o L— X —D R 7 U —= 1 J I
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IKFRSRE « UPRIEEN Y 7 =25 —8T vi&A

KBERISENVY 727 —8T vEA121X, HIF-1 23454 3 5 hypoxia responsive
element (HRE) % 7' & &— % —fEIKIC AT 5 p2.1 75 A3 R Z— (Figure 8)% & A4
~ AV MEE(G 15 E AT p)cDNA3L 7 X — 362 HEK293 M |28 s 15 A, G418 I
TRV 7Y ar LIERERBRZ BN L THEE L, T CICARMEEICB W THY. S 1
TV = HEK293 p2.1 #3 & FAW=7 v A S vz, ©

UPR JEENT 7 =T —BT vEA 121X, UPR JGERBLSITH D ER stress responsive
element (ERSE) # A7 4 % . pGRP78prol60-luc 75 A I KX~ % — (Figure 8)® %
pcDNA3.1 X7 & — L 3L HEK293 HifIZ IR FEA L G418 ThOE LV v a &b
BERBROBNL AR AT, BV v a VLT BFHOHE 27 o — 2 O, & 512 G418
DX A b—a Ui, A BT T T3 O — 7 v — v R LT,
IERICKRE Lz 57 FEO 7 v— 2 X0 | G@E RS HLEERF OIEME & ik LT 2-DG (20
mM) JLERRFOIEPELLAS S N m— | #62, #74, #85 (JEMELL: 3.14, 3.76, 5.57) &N
i L7z (Figure 9),

p2.1 pGRP78prol60-luc
ENO1
3xHRE promoter SV40 Luc+ GRP78 Luc+ SV40
promoter promoter promoter
fragment
I : HRE (hypoxia responsive element ) I: ERSE (ER stress responsive element )

Figure 8. fKEAZE K (N UPR INE T T A I Ry & —20.%

4 Normal
N W 20 MM 2-DG
— 6f-----------------m- - - mmmm - m - m -
X
c
T
S Af-mmmmmmm e B
a
S 314____ M. 376 g 557
- s
E
= |l il
-
X o

#1 #24 #46 #55 |#62 |#70 #71 |#74 |#83 |#85 |#91

Figure 9. UPRIGZE LR —Z —H A7 v —r DN 7 = 7 — B
GRP78 promoter activity was obtained using HEK293 GRP78 clones treated with 20 mM 2-DG for 24 h.
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T, KbLIEMEAEWY o — HEK293 GRP78#85 Z# W\ C, Wy 7 =7 —¥ T
YA L MTT 7 v A2 XD MIREMRRBR 21TV, 2-DG IR B D ik & it L 72t 2R
Figure 10 [IZR T L D1, v 7 = 7 —BIEMHEIZ 0.3 mM BL ECTEIEETH Y . — 5T 05
mM L CHIBEDAETFR K 40% S (X T L7722 E2vh ., 2-DG 1 0.3 mM 2354 ©
bHHEEZ, EBED UPR IEENLNVY 7 2T —BT v A2 X DAY OFEIL 0.3 mM
2-DG ICTIRREA L AAMZNTHZ L & LT,

EHICAPLADOKFE LT, FAha—ARZEH (GF)., KEEELRE (1% O
Hypoxia), 7/ 22— A RZ R HIHKEEFR L (HypoxiatGF) @ 3 @D DA R LRI LD
N7 =T —BiEM AR LR R Figure 11 IR T X 2 IWFHRDO R F L AITEBWT
b, VYT =T — BRI EE AR OVE M &R L TR e o 7n, FFIC
Hypoxia+GF ALEECiE, BSEEBIERICBWTEHE LWHIIRA~DZ A=Y R A5, A ML
ZEFETH D Z PRI NI, UPR IMREHRSFICE N THIEM LT 2 2 LR H5H
NTEY ¥ ERE - KBS TV A P LRICHBEER G 2528, A7 o— 3
kL ATMRPEDME < . Hypoxia+GF ZLBED X 5 7258 VA b L A2k L Clid Rl Th D &
EZzbhi,

10 100 ©
Luciferace >
2 Activity <
£ s
.; >< —~\
O / \ Py
< § | \/\;/ %
Q= - L_____ N o ____
% 5 5 \~T’ 50 o
o ©°
2L I S
S ad” 2
- Cell =}
v 10.3mM Survival 32
S
0 0
0 0.2 0.4 0.6 0.8 1.0
2-DG (mM)

Figure 10. HEK293 GRP78 #85 % \ 7= 2-DG 2 £ D il
GRP78 promoter activity was obtained using HEK293 GRP78 #85 treated with 0.1-1.0 mM 2-DG for 24 h.
Cell viability was determined by MTT assay using HEK293 GRP78 #85 treated with 0.1-1.0 mM 2-DG for 24 h.
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[y
o
o

50 f-- F---- -———- -

Luciferace Activity (%)

o

Normal GF Hypoxia  GF+Hypoxia

Figure 11. HEK293 GRP78 #85 % JU /= A + L A Dt
GRP78 promoter activity was obtained using HEK293 GRP78 #85 incubated in normal medium, glucose-free

medium (GF), normal medium under 1% O, (Hypoxia), glucose-free medium under 1% O, (GF+ Hypoxia) for 48 h

A M LV RAARREICRIT 2 HIREERBRORE

MR FEMERRBR & LTI, B H 50 7 — 703 LR Ml s 2 2 251,
phenformin 2R Y7 4 72 bo—LE LTHV, 9, KRR E R 1k
DG AI T, ML HT29 2, A P L AAfTE LTIE2-DG B LU/ v a—A Rz
e (GF) Z M U CREBR M Gt Lic L 2 A, 7 a— AR ZE#MZ v
7= 3,000 cells/well (96 well plate), 48 h ALFR|Z W Tl b iV IBIR FE N B S 7= (Figure
12A), & B2, A F L RAER & U TIERER SR AP (1% O,: Hypoxia) % [RIREIZAT - 7o #f 5.
Figure 12B |27~k 9L 912 phenformin (FKEEFE A N L AR\ CHEFREEM: 2 7R S 72
Mol IHIT, VNV a—ARZEMHREBEELIIZIBW T, 7V a—ARZE AL
HEIRIFRBEOFEZ R LN, BT TIEH DD, 7va— AR ZEEHLEED | e~
TEMEOBWHN RSN, T M HNOEEEA N L ASEICE Y L AT o — i
PN TIE RN EEZBND, 72, SIEITKERRLE 1% O, & 48 h & L7273,
ERIREORGHOMIORE R E2 it 022 b, SRVETHD EERX D, UL ED
BT 0. A7 U —=2 7FHlCI T DfifamrEati & L Tid, 73— A RZE L
PRI T 2 IR il s e iR s 762 2 & LT,
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<~ Normal
- GF

A~ Hypoxia
=@~ Hypoxia+GF

£ 100 100 @--nm-om - - T RRREEEE
c < % A
3 3 A
© S
[} [}
& 50 E 50 p-----mm N
I T
2 2
2z 2
> >
@ 0 @ 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Phenformin (mM) Phenformin (mM)

Figure 12. {Jg3E - K538 2 b L 2 FI2331F % phenformin Oz
Cell viability was determined by MTT assay using HT29 cells treated with phenformin incubated in normal medium,

glucose-free medium, normal medium under hypoxia (1% O,), glucose-free medium under hypoxia (1% O,) for 48 h

VL EDOFER LU BSAMUNEEE 2B L7z in vitro 227 U —= Z5Hli% & LT, &
FRE S T TS S LD HIF-1 B BEVE(L~D B %2 HEK293 p2.1 #3 % 7= (Kik %
JISENY T 2T =BT vlA | RRBRET THESND UPR {EHEI~DZE A
HEK293GRP78 #85 % W /= UPR LB /N> 7 =7 —FB T vt A I HIZ HT29 M & 7
LA — AR ZEE A AW 7V 30— 2R E e FIBIREY 2l F O R 24TV A lE
B LTZFERBEOR 7 ) —= 2 Fili 21T 572, F£7-. Accord for Excel i X O
ACD/pK, DB Product Z i\ T, clogD = pK, 72 EDbEMT — 2 2HH L, T b &4
YTEME & OFBIC SOV T HEBR LT,

LR, MR MR BA R SR ORI OV TR R D,
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FHoIH U o —HERICET SRl

phenformin (I B U EE T T = RN T LU U —2 0T 5L & -
TW5, 22T, FiO LI v I —DOR SOFRE#EILORTT 21T 7,

Table 2 IZ/RT LI, TAFLL U U A—DREIOE# (n=0-6) OFEE, HIF-1E
LTV UPR OIEMARICEI L TlE, Vo —%2EL<T5 L L bIT, TOMEIER R L
oo BT 7/1/:1—/1%27&14& BiFoMiaEEcEALTH, Vo h—%2 k<75
EHICEEITIER Ls, — 5L Gl RSB S i eI B LTYB\ U h—
ERELSTDHELELICHEME iiﬁéﬁﬁb HH i 7 ‘ﬁ@)@fﬁ“@& LClE, n=2, 6 2B\ T
X n=5 2 bIEBRERE NS T b OO EIRMED M) EiX ifmwtkb\zé AFSN
n=0 TiX, T XTOIEEITHELR L, I HIZ, n=1 KO3 THEEEOBRRMERJED L
7o uhwﬁ%i D, TAFLr Yo h—%2E{THIET, WTNOIEHLIEET 5
ZENRDbhoT, i, IBEEOR EORERE E X B D, T4, phenformin X°
metformin OHIFLHN~DOIR Y IAZIZEET 5, AI F A4 N T 2 AR —%— (OCTs) 72
EORBERHESNTNDEZ L, BB T = ROEWRIES 7 /L 2 — AR Z FIEIC
BILHMEOEIRMERNSLE VB Lo 2 2EBETDHE, FT UV AR—Z—%)
L72B 0 AH NS E LT rTREMEN B 2 b, 7ok, n=2 L ETIT HIF-1 XV UPR @
TEMEAEIMEIER SR L7223, 7 a—ARZ R T Dm0 R T n = 3
DG EERE ATITEIC L R0 ool GROMEEGBE L, 5% O MR &
ORCEUVROEBRINROBEFHCHWIbEWIE=TF L) U — 2T oG L
L7,

Table 2. V > 7 —#HEIZB9 2% 7

g

NH NH
ICy, of Cytotoxicity
GPU-No. n Transactivation (M) ICqy (UM)° Selectivitye ¢ 109D
HIF-12  GRP78b Gle (+) Glc (=) Glc (+)/Glc (—) PH7-4°

232 0 >100 >100 > 1000 > 1000 - -4.83
239 1 547+86 1266+ 19.8 1053+ 10.1 31.0 + 7.8 34 -6.73
Phenformin 2 274 +6.1 107.8 £94 976.2* 95.0 46.2 += 9.2 21.1 -6.64
240 3 277+61 868+223 407.4+808 869+ 9.4 47 -6.57
484 4 94+04 388=%42 22884138 123+23 18.6 -6.49
532 5 20+01 96=%03 843+ 117 30%x11 28.1 -6.40
533 6 13+02 55=*06 271+13 19+03 14.3 -6.30
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# 1Cs, values for inhibition of HIF-1 activity was obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for 24
h with test compounds.

b |Cq, values for inhibition of GRP78 promoter activity was obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csy values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free
medium for 48 h.

Values are the mean + SD of triplicate experiments.

d Selectivity was obtained from I1Csq in normal medium/ICsg in glucose-free medium.

¢ The ¢ logD values were calculated by Accord for Excel ver. 7.1.5.

SFHIUIE HEIAEERALIZ B 5 R

BT = NEMLOTEME~DREERFT 2720, B 77 = Fifiiad SEHA~T n B,
EWFRVFEMIR T D AR =)L T F a7 d, urea, thiourea, guanidine |ZZ#t L 7=5%
BRIZOWTIHB AT > 72, S HICHIEMEZFET 2720, ERgMMEERE LT, v 7
JHo= bu kAN LRI ON T HRHli 21T - 72,

EBRA~T RO

BT = REML & & B HA~T B BRICEH L CIRIAMEO ] BT X DI O 858 % W75
L7z, GPU-218, GPU-223, GPU-224 }; (X GPU-247 |Z Table 3 {Z/R" 4 KL 912, WFho
EE D B L RS Ao Tn, ZhUE, BIKIC X W IREES M B L7 —J7 ¢, HEREMK
{TpoTCLEoZENFEREEZ BND,
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Table 3. ZEF T 1 ERFHERDOFEAMR

o

ICg, Of ICs, Of ¢ logD
GPU-No. R Transactivation (uM) Cytotoxicity (uM)c pK,d (pH 7.4)0
HIF-12 GRP78° Glc (+) Glc (=)

H H
Phenformin R;N N N2 274461 1078294  9762+0950 462492 122  -6.64

NH NH
H H
N
v
218 ’\} />’NH2 > 100 > 100 > 100 > 100 4.8 1.49
g N
%N N NH,
223 N‘YN >100 >100 >100 >100 87  -0.25
224 H‘{ \W N 2 > 100 > 100 > 100 > 100 6.9 0.96
NN
H
%N%N\ N _NH;
247 \N’N\fN > 100 > 100 > 100 > 100 4.6 1.17
NH,

# 1Cs, values for inhibition of HIF-1 activity was obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for 24
h with test compounds.

P 1Cs, values for inhibition of GRP78 promoter activity was obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csp values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free
medium for 48 h.

Values are the mean + SD of triplicate experiments.

d The pK, values of neutral-monocation equilibria and ¢ logD values were calculated by Accord for Excel ver. 7.1.5.

HIVR=)VT Fa J O

—Ji. ANR=NT Fu T OFE TR, BEEOKFE R —%FF> phenformin 4%
SEHYEAA L L TAR L7 GPU-220, GPU-222, GPU-231 D9 &, /7 =V 2 HF7T 5
GPU-231 ™ %443, phenformin (ZPEELd % HIF-1 & TN UPR OFEMALIHEIER & 71 22—
ARZEMITHB T DB 2 i E 2 7R Uiz, pKEZ 3% & phenformin &Y
GPU-231 |34 HEH) pH ICBWCE ) W F A U1 D — T, WTENOTEE L R E 2o
7B 7T = ROEWYFHIEMMAR T 5 urea, thiourea % H 3 % GPU-220 KT GPU-222
F=a2— FINURIRRETH D Z Lo To, pK EOFER 2, GPU-221, GPU-219
BLOGPU-293 b [AERICAFM pH IZB W T=a— F I VRRETH DL L EZDBNRD,
ZORERIE, A pHIZBWTCE ) AT A AN/ D Z LN IEE KO IV A
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ThHHZLERBETHEDEZEZBND, S HIT, B THRARZEY AT 5 A1
HF A T AR—Z— (OCTs) 72 OB A EZESH & A pH 2B W T
FA RN BV, MIEICED AER T RWAEEERE W EEZ XL BLD, L
UM S| pKEDOFEREN S, GPU-299 1 X Y GPU-256 |4 pH IZBWTE /A
FAURIDEIENZNIT TH LN, EEE RS ehotc, ZOHEMBE LTL, 5%
MEICE L2 T 7 b R TR T LE-T I ENRBT N EEZD
N5, Fi7-. clogD fEM D, HEENE LM & ORI R STz,

Table 4. H/VR=)L7F a7 O

o

ICy, Of ICgq Of ¢ logD
GPU-No. R Transactivation (uM) Cytotoxicity (uM)c pK,e (pH 7.4)
HIF-12  GRP78 Glc(+) Glc(—)
N__N__NH
Phenformin g "N 27.4£61 1078+ 9.4  9762%950462+92 122  -6.64
NH NH
N_NH
220 Y 2 > 100 > 100 > 100 > 100 02 081
0
N K
221 SN > 100 > 100 > 100 > 100 37 023
0
N_NH
222 Oy > 100 > 100 > 100 > 100 12 181
s
S.__NH,
299 Lo ¢ >100 > 100 > 100 > 100 86 0.6
NH
256 NS >100 > 100 > 100 > 100 91 097
NH
H NH
231 g 2 233+80 461%73 >1000 87.642 131 -2.23
NH
N._NH
2
219 g i > 100 > 100 >100 > 100 06 055
Neen
N K
293 NG, > 100 > 100 > 100 > 100 21 133
NH

2 ICs, values for inhibition of HIF-1 activity were obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for
24 h with test compounds.

b 1Cq, values for inhibition of GRP78 promoter activity were obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csp values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free
medium for 48 h.

Values are the mean + SD of triplicate experiments.

28



4 The pK, values of neutral-monocation equilibria were calculated by ACD/pK, DB Product version 12.5.

¢ The ¢ logD values were calculated by DS Accord for Excel ver. 7.1.5.

B HRRIZRT D EWAL RO

R

WA 2 B 77 = RICEE LT, RUEBUEA~D OH < OMe /e P OE 7t
B, TR Ty OEAEITO, HIF-1 O UPR OIEHEALIIHIER & 71
T — ARZERIMTIIT DIERA I B~ OB RIS OV TGt L7z, Eiz, X
VEUVEROBEBEMIZOWTHERET 720, 4 Y TR EAELOE Y UV LT
fbewmaak L, Az T -7,

NUBUBR~DBEBESR

RUPUBONTAIC OH B A A Lz GPU-252 & /8T ALk A ZALIZ OMe H% 15
FTOEA L7z GPU-470 1B W TiE, W OTEME R OEEIT A L, 737 L2 OMe
$A 128 A L7z GPU-301 Tl HIF-1 BEIEMEIZ R L7z (ICso ik 35.3 £ 8.0 uM) 23,
100 uM IZBW T UPR #IERIZ R b2 o tz, F7o, SRV EMEZ R L7223, i
WAL & 7L 32— R R Z EEHIALEE T OBRRMEIXIZIZ R DI (ICs0 normar: 25.3 £ 0.9 uM,
ICsocr: 19.6 £ 0.4 uM),

NRUBUVRIZT VX NVELZE AN LTZLEY (GPU-529, 476, 475, 528, 531, 471) Tl
Me £} O Et F£ 238 A L7287 phenformin X ¥ & 580 HIF-1 & Y UPR OIEMEALHD
fERZ R LTz, EBIT, Z Vv a—ARZEMEFRGMaEEL L, P THAL B
A2 Me 2438 A L 72 GPU-529 TI 56 {5 & D3R MEZ 7R L72 (ICso normar: 403.1 £ 31.2
UM, ICsper: 7.2 £ 35 uM), —H T, LV EEWELILTH S t-Bu % E A L7- GPU-531
&, HIF-1 BLETEMEIZOR L7223, 100 M (238 W\ C UPR MHIEIZ R Sl o7, *
7oy MM EEZ R U722S, @IRPEIL 3.8 5 L IEF I/ E oz, &5 a:%ﬁ%}b\%iﬁﬁ@%%
BN LT GPU-ATL IV T DI b RS o T, TAFAEOEAORER, R
LA —ARZEMITHIT DA OBIRMEX, 7R EE L R DI _Oirbﬁizbﬂ
DT ENGy ol (Me > Et>t-Bu), E£72, GPU-252 T GPU-471 AW T ALDTENE S
IRERDo T LD O EWEBRIL OB APNEELORKN TH D Z & 2VRIE S
i,

mua o EEANLEA Y (GPU-469, 474, 473, 485, 527, 530) 1X. Wi b
phenformin £ ¥ &8V HIF-1 & O UPR OTEMHALIIGHER 2R LTz, 62, Zra—
AR Z GAEBINP) 7o i dEME o L, T h AL M CI F A A L7z GPU-469 Tl
67 i & OEIRM: %75 L72 (ICs0 normar: 350.4 £ 11.9 uM, ICsor: 5.2 £0.7 uM), — 5 T, A X
AL, ZXTALC Cl FA A LT HGE T, BRI RE WA Lz, £, A0 MriZ
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Cl 2% 2 D A L7= GPU-485 DIEMK Y, 7V 3 —ARZEMIZET HHilRENE
GPU-469 LT 2 L85V D ThHh o7, EHIT, AV MIlZBW T &Em<., &
TREIMEDE D Br i, CF K% 38 A L7z GPU-527 &Y GPU-530 Mi#& R4 ¢, GPU-469
WX T2 oTle, TRHDRERNE, NUBUEAOBEWEL L LTI ML~
Me Z: K T8 Cl ZEDE AN, HIF-1 2 OY UPR OIFMALIIHIER., 7 v a— A RZ MR
BT D MREFEEDORIRIEIZB N TR BAD THDL Z L bholz, S HIZ, Me ENE
TGP, Cl ENEREIMETHLIZ L 2BET D &, BEHRAE L L TUIE TR
R G RPN RO OBIRYEICEET 5 B 2 bivd, charton
BICL s TERINERIED 7 7 VT NI — VR ERITHY T H T A—F—Th
% upsilon (v) & (H: 0, Me: 0.52, Et: 0.56, t-Bu: 1.24, Cl: 0.55, Br: 0.65, CF3: 0.91)% (231>
TMeZ & CLENIFEFRCMHETHD Z &0, £b LM LT Br &, CR L& fEn K
XL DI O EEDORIRMENME T LT D 2 & b SRR RS IEIEIC RS 5
ZLEIFTOLLDOTH D, £z, clogD 6 NEEME & IEME L OFBILA bR

77,

Table 5. X ¥ L BA~DOEHL LR

H H
X N\”/N
|// NH NH
R
ICs, Of Cytotoxicity
GPU-No. R Transactivation (uM) ICqy (UM)C Selectivity (;||—|032)e
HIF-12 GRP78b Glc (+) Glc (—) Glc (+)/Glc (<)
Phenformin H 274 +6.1 1078 9.4 976.2 £ 95.0 46.2 £9.2 211 -6.64
252 4-OH > 100 > 100 > 100 > 100 - -6.90
301 4-OMe 353 8.0 > 100 253*09 196=*x04 1.3 -6.78
470 3,4-di-OMe >100 > 100 >100 > 100 - -6.66
529 2-Me 6.0+ 01 87.9%x49 403.1 +31.2 72=+*35 56 -6.50
476 3-Me 49+06 57.0=*x39 3141 +£120 93=*x15 34 -6.49
475 4-Me 52+04 604+x24 346.0 = 35 82=*x11 42 -6.59
528 4-Et 30+03 41.3=*6.8 80.3*44 61+11 13 -6.52
531 4-t-Bu 144 £ 0.7 > 100 87817 234=%x41 3.8 -5.79
471 4-CH,CH,NHACc > 100 > 100 > 1000 > 1000 - -6.51
469 2-Cl 58+03 374%31 3504 119 52=+*07 67 -6.39
474 3-Cl 36*02 615*x42 1575 £ 85 89+x12 18 -6.36
473 4-Cl 52+*09 882%27 170.6 £ 223 189 *+43 9.0 -6.35
485 2,6-di-Cl 15610 67974 334.1+142 15.2+37 22 -5.99
527 2-Br 3104 299%x94 2176 x£112 73*x05 30 -6.32
530 2-CF4 50+£03 89.2*x45 316.6 £ 10.6 158 £ 0.7 20 -6.02
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 |Csy values for inhibition of HIF-1 activity was obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for 24

h with test compounds.
® 1Cq, values for inhibition of GRP78 promoter activity was obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csp values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free

medium for 48 h.
Values are the mean + SD of triplicate experiments.
d Selectivity was obtained from I1Csq in normal medium/ICsg in glucose-free medium.

¢ The ¢ logD values were calculated by Accord for Excel ver. 7.1.5.

RUPVBROBEEMICOVTORE

RUBUVBREA Y a EVREICER LTz GPU-477 |X, phenformin L Y & F550 723
5% HIF-1 SEBIEMELINEIE R ON7 L o — 2R 2 S0 BT 28R a2 2R
L, XUBUVERMLATIERNZ EERB L, ZHOREITE RSO 7 L—7 N Wik
L 7= buformin OfEM & FIFFEEOMH 2~ LTz, 2

NUBURE YY) DVEAOER LUTZGE TR W T OEE B IRIFHEE LT, £2,
RN 2D GPU-488 IXEmIRETIEH H M, 7/ a—ARZEMITET D MlnmEE%
R UTZ (ICscr: 245.0 £ 16.7 uM), — 7 C, ZEHE 4 (LD GPU-489 Tl%, 1000 uM £ T
BEFBN Lo Tz, ZORRIE, BEORWS DN AN H 25H 0N, L0 BHE
(IEEZERT D2 2R LT 5,

Table 6. ¥ U EROEEMEO KRG

H H
N_ N_ _NH
Ry
NH NH
ICy, of Cytotoxicity
GPU-No. R Transactivation (uM) ICep (UM)° Selectivityde ¢ 109D
HIF-12  GRP78b Glc(+)  Gle (=) Glc ()Gl (=) PH7-4¢
Phenformin Q}‘ 274+ 61 107.8+9.4 9762+ 950 46.2 9.2 21.1 -6.64
477 ﬁ}l 335+11  >100 >1000  70.7 5.3 >14 -6.89
N
488 S > 100 > 100 >1000 2450+ 16.7 >4.1 7.02
=
489 | > 100 > 100 > 1000 > 1000 - -6.93
N2
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# 1Cs, values for inhibition of HIF-1 activity was obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for 24
h with test compounds.

b |Cq, values for inhibition of GRP78 promoter activity was obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csy values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free
medium for 48 h.

Values are the mean + SD of triplicate experiments.

d Selectivity was obtained from I1Csq in normal medium/ICsg in glucose-free medium.

¢ The ¢ logD values were calculated by Accord for Excel ver. 7.1.5.

GPU-486 3 X T} GPU-539 D LA

INEFTOMBLY, €I/ T7=RET7 7=V EH LT GPU-23L 8, B/ T =F
WIS AIEE A R L2 . 7. RUPUVEBRICBIT ABBESEOBRF TIZ. A
MZIZ Cl 3£ A B A L7z GPU-469 73 HIF-1 #i55EVE L #n] /FE H & OF UPR JEMEAL BN E
RAOHERIZINZ, e bENTZ 7V 3 —ARZEMFEIR I MREEZ R L2 &b,
TN OREEA TS GPU-486 Ak - iHii L7z, S HI1C, TaAFL U o —#Hk
DORRHERN S HEOIERIC L HifadrE D 7L o — AR Z SRR S £ 0 &1k
LRNWHEOD JEWENBER L2 b on=5DT ¥ LU v hI—%H%% GPU-539
ARk - Bl L7z,

FER L LT, GPU-486 1%, Cl D7\ 7 =V FEIKTHh H GPU-231 (Table 4) &
g LT, &0 5Rvy HIF-1 S8 5 S ML ENHIE A & O UPR I&EMALENHIER., 27 1ra—2
RZFEMITB T HMlaEEZR Lz, —F T, @FEEIcES O CTHMREEATI, 3
PR 14 (5128 F o 72, GPU-469 D AL TZ 7L 30— AR Z S8R AU Al ia 71 %
REFLOD, S HIIEMEDOHETRAZ B L THR L7 GPU-539 1%, FEHIZHRV HIF-1 #i5
BIEMEALINHIVE KOV UPR JEMEALINEIER . 70 2 — A RZ SRR T DMt %
ATz, LA LRn s, @FEETHIZI W T HMEEENTR < Bli, SR 13 5 Th
ol ZORRNG, T3 —ARZEMIZET DM EE0@REICE L T, U
A—zME L7 LICX Y ClEDEHRESRNTHE T EX O, ClEADEBERAE
[Nz, BB E BT = RN OEBRE SIS EOBIRMEIC L o THETH D Z
EWIRE X LT,
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Table 7. GPU-486 35 J U8 GPU-539 0 &1 ifi

ICso o_f Cytotoxicity ¢ loaD
GPU-No. Structure Transactivation (uM) ICgo (MM)© Selectivity® (oH ?4)e
HIF-12 GRP78° Glc (+) Glc (—) Glc (+)/Glc (—) '

i:l/\/ WNHZ 129+ 05 334%£22 189.9x17.0 14025 14 -1.77
NH

NH NH

@H )k ,10*£01 75+*01 240%x14 19=+01 13 -6.05

# |Csy values for inhibition of HIF-1 activity was obtained using HEK293 p2.1 #3 cells under hypoxia (1% O,) for 24

h with test compounds.

P 1Cs, values for inhibition of GRP78 promoter activity was obtained using HEK293 GRP78 #85 cells treated with
0.3 mM 2-DG and test compounds for 24 h.

¢ 1Csp values from MTT assay using HT29 cells treated with test compounds incubated in normal or glucose-free
medium for 48 h.

Values are the mean + SD of triplicate experiments.

¢ Selectivity was obtained from ICs, in normal medium/ICs, in glucose-free medium.

¢ The ¢ logD values were calculated by Accord for Excel ver. 7.1.5.
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INEROEE

UPR THMEALBREIER B L OV L 2 — AR Z SR el E s s shi, v
77 = RREUBERFIED phenformin OEEE Y — K <‘: L. biguanide %3z, ¥ B
AL, 72 B ONT 2B DERAL A %5 alkylene linker (243 1) CREERERLZITV, 39 D
%Q%MK%AJ& L7z, B2, E1H D HIF-1 iﬁﬁ?ﬁiﬂ:z‘o‘i(ﬁ UPR &AL EIHIEH

IR A N L AT D IEIRA 2 IR ME LS DV TR L 72 /55, LA 0%
E%Hto

1) alkylene linker 75%%@551“6‘% HIE ETEMEIEE BT b oo, @EREE T CoMinEE b
HR LBIRMEITIRIEE b Lo T,

2) biguanide *Bu@’ﬁ?ﬁ&“c %, guanidino F&IZZ8H#4 L 7= GPU-231 @ 473 phenformin (ZJC
T DIEMEZ R LI &0nh ABRICB N T T A AT 5 2 ENEETH
DT ENRBEEINT,

3) _u¥ yfﬁﬁﬁ{im@%@ﬁ%)\éﬁ%mﬁﬁ L7z, o-Me k& 5 T o-Cl E%
A L7284 (GPU-469 3 X () GPU-529) | _{Eﬂf_ﬁ*%@?ﬁéﬁfﬂiﬂ’ﬂ%ﬁ%ﬂ— L
723, ﬁf%%b VB LSO D R \%@%0)%)\ (Z CIEMESEES S L < I
HETDHZ ERbroT,

4) F MI~OEBRDEFEGIEDO Me KB L OE 1 KEIEDO CIEDO EH B2\ T
L AR— Z R OBRWINEIER & 70 2 — AR Z AR BT DELT BRI 7o
fomgtEZ R LicZ L, EHEOIENE, FrIORINGMEIT ST o BILE %)
RED ORI RROEENRENEEZ BND,

5) GPU-539 OfEFR NG, B UBREAL L biguanide AL OHEEENS, Friz/va—2A
RZEMITIBT DA ORIRVEIC RS 5 2 LR s v,

LI E oMb A WEtL, BRI THF A MR A L, EFITRVIBRIE 2R 2
EMD ., FRERMIIENE Y AL 2R D Z EN TSN 0D, T 7=
RRIEE O IABIZEAT AL DR 2k~ BT 5,

Y OWMMEOBEEMZTRE LIfl & LT, {Eﬂtﬂ‘xlﬂ@ﬁﬂl P - H%@lﬂ PE 2 R 3K
BT 2B THH Y B 2F—D rule of five 3d 5, P ZhICkD L. 45T 8 500
IF.pH741281FT5 logD 285 LL R TH D Y ORI IC k%’%fﬂi/\ﬁt@ﬁ:rﬁx 51ELLT
IKFREEZ AN 10 HLL T TH LA, BRIl KOS REICENL L VD &
SNbd, £, TAN T EBERDOWMEIZL D &, log D 23 1-3 & 72 A0 EW ISR &
BB DO T A R EEOBENOHER L STV, T4EY —RELE
phenformin {24y F &7 205, pH 7.4 (2317 % log D #3-6.64, 7J<??ﬁ*/\fﬁifﬂ7-f§7b> 6 1., 7K
FEAZREANSHTH D, SEEK LTz, ©77 = RiMia A+ 55 EA L e T =
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RENLOBYERIER IZE N oD, 1FEAEDLAMITBWT, pHT7.41281) % log D iX
BND-TLRoTEY FriZlogDN U B v 2% —0Drule of five 7 H K& < AT 5,
Fio. IT7 =V UFEEIRO GPU-231, GPU-486 (ZB\W\WCh, pH 7.4 12815 5 log D I,
ZTNER, 233, -L77 THY, Thbb U B ZAF—0D rule of five nH K& AT
BY, 7 =FBLOI T =V 2 (7 b6 iE. BMUCHRELZ ZE L TWnWd &
ITBZE, —FH T, BT = R A2 S EEE L2 b o Iz, ARSI
BWTHMET, pH741CB T 5 logD BNRERMEL 0D EBEZHNDHHEDONRNL D0
L5, WTHLH HIF-I/UPR BLETE P2 R S 2o Tz,

77 = RRIEAWITAERNSGEEThOTF A a8 O TR0 MW EL Y AL « JEH
B LTI, AIF A T o AR—Z— (OCT1-3) DEEMBM LTINS,
FrIZ metformin (IZBWTEZ L OWERHY ., P THLHEEIF AL M T AR—F—DiE
(L2 AN BREIC G- 2 D BICB L COEDNEA TV D, P £, BT,
multidrug and toxin extrusion transporters (MATE1 } O) MATE2/2K) <CEaPES: T AL 3
HERH T A T AR —H—"Th % plasma membrane monoamine transporter (PMAT)
o metformin OFL Y iAA - PEHIC BT 5 %5 b A STV 5, ™ BRI Zhou HIZ LV |
pH 6.6 |Z331F 5 PMAT 72> 5 @ metformin OELY IAZ D EFRI SR IBIT HHY IAHZD 4
fBELL R Z ERHE SN TR Y | “BSAB/NREE COIRY AZIZBIT 5 EEMEHE
MEns, —J., HEEZAT 5 phenformin OEY IAZIZEI LT, HIT?D Segal & 38
HRERWEH 2 #ds LT D, OCTL / v 7 #'0 Uil & V72 FEBRIZ IS\ T metformin
TIX AMPK OV AT R S v T MR EE OIRE5 23~ 47z, — 75 phenformin i,
OCT1 / v 7 Z 7 N K HEENITEN o7, T70bH, metformin DY A A
1L OCTLIZ K& KFEL TWABDIZ%E LT, phenformin I% OCT1 %/ & 22U VEL V) GA b
HERTFIE L, OCTL BN/ NSNWZ LRI, Y £, AT A I =F
Y RFUAR—H—1(OCTNL) #/0 L7, X hary RUT~ORYVIAHLHA LN E RS
TV, OCTNL / v 7 B AT K% PRSI OJEsCFLEREEA DI & Hd ST
W5, ®E BT, metformin & [FEIHEIC phenformin DHL AL FIZ ST & BAERFFE ) i
/U-’Gl/\z)o 68, 73, 76, 77

UbEomREELY, ARIEEEZ/RLIEES 7= RBX O 7T =V I, pKa E D,
ERIEEIZBWT AT A UM ERT EEZX NN, FERZ AT DGR RS
PEAERLTND Z &b, phenformin & [FERIC, AT F A BT UV AR—F — L TR
2B B O — M X > CHIFINICED Z i, REOER X X7 B L FEAERT
LTk T“E‘ﬁ%%ﬁfﬁ LTV ETHREND, 5%, KMbEWE s — RETHRI3E~ & R
B3 % 7= o12ik, MR PN D JA S OBk L OHITR NENRE D FRHT & AZ ) 531 D[R E D #L
D Eﬁn%k&)éd&%ﬁ)&bé EEZLND,
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B_E

v 77 = FHEEEOLEYENE

Bf RRRBERAOM RN

FHIE RS L OMERMR SR R IR A w

BB i S~ T2 A7 U — = T ORERG b bEWIT
DOWT,lHEFMEB IO NV a—ARZEMICE T 2 Mla#EE2 1 pM-1 mM OFEF T
Fiat L7, Figure 13 127" T X 2 . WINDLEM b EN - IREEERE 2R L TEB Y
FFIZ Figure 13C 33 KUY 13D 12779 GPU-529 35 U GPU-469 Tl K5I\ TIEH
ICHRWEMEZ R L2 (ICsper: 72235 uM, 52 £0.7 upM ), — 5 T, W KMEICB WL TIX
300 uM £ TIRIFRMEAZ /RS, EH 5 Y phenformin &l LT, X0 BRI KSREE
REEER LT,
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Figure 13. HT29 #ifil % Fu /= 7L o — R R Z S0 38 1) 5 I BE (R AF RO 2
Cell viability was determined by MTT assay using HT29 cells treated with phenformin (A), GPU-231 (B), GPU-529
(C), and GPU-469 (D) under normal or glucose deprived condition (GF) for 48 h. Each point represents mean = SD

of triplicate experiments.

KERR I L MRS - (KRB
BFE S HIZBW T phenformin DIRFESEFMEN RO LR -T2 Z LD,
A7 Y —=2 TRHMIC BT AR EE Tl E R LN L a—ARZEHTITo T2,
L L7 6, FEEODNAMUNREIL, KEBEEL MK 7 L2 — 22 N L ARFEEHZAE T
TWb EEZ LD, GPU-231 35 XN GPU-469 % AV, KR A b L AE KON,
Kl - 7L a—ARZDO W A~ RS TIZEBIT D HT29 MR &7 5 Bk & 3l
L7,

fid & LT, Figure 14 (2" K 5 ITERERFE R b L ARKMFDH DL TIL, GPU-231
FBELUGPU-469 13 300 uM & TlRIEHMEEZ RS T, EH D bBHERMHICBIT 2R L 1F
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ERECH -T2, —F., KEE - /L a—ARZ W A ML RALETIZBONTIE, &6
DLW EMEE R LY, 2N OB NV a—ARZFMOHDEE & g L THET
9V H D ToH Y | phenformin & [7 U 27~ L7, #&d & LT, phenformin, GPU-231,
GPU-469 |3 74 & 58Uy HIF-1 BLEIE 243728 ARER R Sk Nk 1T 2 = INAY e m
ARSI &G HIF-1EMEN &M A BRR A 2N 2 & DR S LT,
ZD—FHT, I NVa—ARZFEMEB LMMRBEHE+ 7V 32— A RZEMETIZHE O TILER
7 ERNBNT-Z &b, T DLEHOBMEIX T L a—ARZFHIITB N TO R
BRMICEND DO THD Z RSz,

A B
“-Hypoxia = Hypoxia
-@-Hypoxia+GF =@ Hypoxia+GF
100 __L_,A,__A__y_p___ 100 poe oo -

A

L]0 [ 'SP P — 50

Survival Rate of Control (%)
Survival Rate of Control (%)

0 . . . 0 , . .
0.001 0.01 0.1 1 0.001 0.01 0.1 1
GPU-231 (mM) GPU-469 (mM)

Figure 14. {256 - B SM: FICI 1T 5 GPU-231 35 KUY GPU-469 Ol ia it
Cell viability was determined by MTT assay using HT29 cells treated with GPU-231 (A) and GPU-469 (B) under
hypoxia (1% O,), glucose-free medium under hypoxia (1% O,) for 48 h

5 IH  pb3 FEEL DA

1989 4E|Z Bert 52Xk > T, & FOKEGH AT p53 BIn T DA « KM ESEE TR
OONDZ ERP LNl X o) 7‘ . PS3 IEBAMEER T & LT#%
H4 L ipotz, ®p53 BIEFMNER « KELENAHIRTIET R b — AFFERENREE
ENTEY ., ALFEFEMEOHKRO—2>TH D EEZ LN TND O”ée_ﬁﬁ\@
DR X —REH, &0 DITRERBESER SN 57203C, ps3 Off - =L F—{GHC

RAETRE» BN ME ST\ 5, % ¥biguanide (2%, FERSHFHLEIEA > AMPK %
PEALTERDRHE SN TN D Z & 6 LS LT ERES R, DADOT LT —
RS L TV DR S S B X b5, £ 2T, 20 E ClllamtEic v Tun
% HT29 fMfEiE, p53 mutant TH 5 Z &6, & 51T p53 wild (HCT116), p53 null
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(HCT116p53") ¥ T 2 23 AMIMIC KI5 . phenformin & &ML AW REDO MM HENEZ
e L7,

fEF & LT, phenformin &G LEWRET, p53 BIE DAL « KRITK LT, 7L
O — ARZHMEEIR A2 R L2 &b, 2 b Db oMinENEIX p53
AL DOER « RRDEBELEZ RN LIRS, R bENZEREZ R L0
X, HT29 Z Wl TH o723, ZHUTERT 1 2 — L& ED B0 SRt % |
phenformin & HT29 % AV C4T\, £ 7 1 k 22—/L%& HCT116 & Y HCT116p53" % A
WEEBRIZZEDOE S LcedlZEEZ b5,

A B

%~ Control <+~ Control

100 100

Survival Rate of Control (%)
Survival Rate of Control (%)

50 50
0 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Phenformin (mM) GPU-231 (mM)
C D
¥ Control ¥-Control
100 100

50 50

Survival Rate of Control (%)

Survival Rate of Control (%)

0 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1
GPU-529 (mM) GPU-469 (mM)

Figure 15. HCT116 fifid (p53 wild) fifia % v 7= 7V o — R R ZKIFICBT DIREKRLT
R A e
Cell viability was determined by MTT assay using HCT116 cells treated with phenformin (A), GPU-231 (B),

GPU-529 (C), and GPU-469 (D) under normal or glucose deprived condition (GF) for 48 h. Each point represents

mean + SD of triplicate experiments.
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+- Control ¥ Control

100 100

50 50

Survival Rate of Control (%)
Survival Rate of Control (%)

0 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Phenformin (mM) GPU-231 (mM)
C D
> Contl‘Ol ‘> Control
-& GF

100 100 gm=go=g-------------

50 50

Survival Rate of Control (%)

Survival Rate of Control (%)

0 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1
GPU-529 (mM) GPU-469 (mM)

Figure 16. HCT116p53" il (p53 null) #ifZ =70 o — AR Z LSBT HIRE
A B2 1

Cell viability was determined by MTT assay using HCT116p53" cells treated with phenformin (A), GPU-231 (B),

GPU-529 (C), and GPU-469 (D) under normal or glucose deprived condition (GF) for 48 h. Each point represents

mean + SD of triplicate experiments.
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B HIF-1a Z U7 BRBHE

HIF-1 X a & BOERD 200 Ta=y Mpbied, EFMEMKICENTR 7=
= § (HIF-1p) IXEFMICHEAL TWER a7 2=y & (HIF-la) OZEMEEFEHR
B, BURRGEEH & RS RET TR ICHIE S T D, B Lo T, HIF-1 OFEMER
HIF-1B IZ#5 A T& % HIF-la D &I L > TR E %S, & Z T phenformin & =L ERED
HIF-la # > /87 B ORBUIK T D58 %  HT2O fifuz Wiy = A Z 7 a v MEIZ
Ko TRM L 7=,

Figure 17 OFER A5, phenformin }2 OV GPU-231 1 20, 50 uM (28T, (KEEE A k
VALK o TILE L7 HIF-la & VR 7 R BLZ RERTFICHIGEI Lz, X512,
GPU-469 & * GPU-529 1%, L VIRWRETH S 1, 10 pM [ZBWT, REERFIICIK
feE A R L AL > THLHE L7z HIF-1o Z > 787 B3 HL A B RIS L=, 2O
MR B RBIOR LBBBISENL Y 72T —EBT v A OfERLE KT LD TH

77,

Phenformin GPU-231
Conc. (uM) — — 20 50 20 50
Hypoxia — + — + — 4+ — + — +
HIF-1lo bd - - -l -

B‘actin — — W— R —t — W— — ot s—

GPU-469 GPU-529

Conc. (uM) — — 1 10 1 10
Hypoxia — + — + — 4+ — + — +
HIF-1a —_— - - -— -
B-actin |« ol

Figure 17. HIF-1a % > X7 'E OFRBUT KT 5 2
HT29 cells were incubated with phenformin, GPU-231, GPU-469, and GPU-529 for 4 h under normoxic (20% O,)

(-) or hypoxic (1% O,) (+) condition.
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B=f GRP78 ¥ v/ N\ BREEHE

phenformin & L ABREZ DWW T UPRICBIT DT 0 BAAREH /R0 OIEFARIZ
BEARKE BT ST v Xa L Z %7 GRPT8 DX L3 BT 5B %
HT29 fifa 2 e v =22 7 m y MEIC L - TRl L 7=,

Figure 18 O 725 . phenformin & T8 GPU-231 1% 30, 100 uM (23T, REEKIFN)
2NV a—ARZA N L AIZL > T L7z GRPT8 & /87 B3 B e FEAR A7 2 4
Hl L7z, & 512, GPU-469 K& TF GPU-529 1%, L WAKWEE TH 5 10, 30 uM 1IN\ T,
BRI N3 —ARZA N LRI X - CILiE L= GRP78 ¥ v /X7 R BL % R FE
KAFBTINH LT, ZOfERIT, UPR JEENL T 7 =27 —B7 v A OFERE L b
L<iE, E0umsfER 2"+ b0 Thotz, 72, 2 b Db/ MKy 1+
¥R K87 GRPYA X LR EFRBUZIHSOWT HILEMEMA 27~ L7238, GRP78 ~D
ER &3 2 BN S VWD ThH -T2,

Phenformin GPU-231
Conc. (pM) — — 30 100 Conc. (uM) — — 30 100
Glucose + - + - + - Glucose + - + - + -
GRPIY | e —— e —— — GRPI | ey e e w— w—
GRP78 [ " S S . GRP78 e e— — -
Braclin | www e ww w— - B-actin e —— — ——
GPU-469 GPU-529
Conc.(uM) — — 19 30 Conc.(uM) — — 10 30
Glucose 4+ — 4+ — 4+ — Glucose + — + — 4+ -—
GRP94 T e = T —_—
GRP78 — — GRP78 [ e e v —
B-aCLIN [ o — —— — B-ACHIN |- o o ——

Figure 18. GRP78 % > /X7 B DFEBUT X4 % 52 %8
HT29 cells were treated with phenformin, GPU-231, GPU-469, and GPU-529 for 24 h in normal (2 g/L glucose) (+)

or glucose-free (-) medium.
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SBOER i EHT A E A

EREFREIIN ABUNREEIC BT DA L~ TORESISEROGE LTEETH
%o lﬁ/#h@iﬁf‘k iﬁ%%@ﬁﬂe DOHHE NN E 22720 23 AKIREIE R BT 72 1L & o fif
FAaFET D ZENIHE, AT S->odH 5, 1970 4EHIEEIC J. Folkman 12 &
S>T MEZENETHRAER &V EENRB SN, ¥ S Fakic >0 Tix
FEVWMEMHR SN CTE =, IWEOMEFEDS A =X LOMFIZ L Y | Folkman @
HER DN RS SV D K D12 oTe, ZORER, EATHERNGD AN 5 (i /8 PN B
JiEIK - (vascular endothelial growth factor: VEGF) EP%D?L{Z!K/\/\:/X‘<77°75§F%%§M H
KIZBWTH 2007 FITAR Sz, ZORRIZED | BB AR T 5 E R E
FHIOH RPER R S 4L, BUE, FUROZ 72 5315y o’tﬁﬁf*”iﬁeuuwﬁﬁ%ﬂmﬁb
Tnd, Pz ok 5 2ety i L v m g AL sﬂa%@nwﬁ IR E Y 2 L— X — (T
BWCTHETHDLEEZOLND,

T4, metformin 23— AMPK (K AFAYIZ ILE N BZAIIE O#RE . VEGF JE B0 L E #E
EERAZ AT ERARESNRTNDEZ L, BELIC, STy ytar ¥ /87 GRPT8
D, BADMEFECBNCEREREEZ R L TND L2 ReT @t a2,
B4R DN TR LA O e HE L EERIC SV CTRE LTz,

—IH VEGF % > /R 7 AW HE

HIF-1 O Pt & LT, BAOT X —G, MEHE, BE-CRBICEDS
G MEE L DS A Z B BICENTW B X BTV 5, > % Z ¢, phenformin,
EEFILAE RN T, MEFHAEICED 58T ThDH VEGF-A O/H /37 %
BT 5 B8 % ELISA 12 X » TRl L 7=,

Figure 19 IZ/R T & 912, 1%0, IC X HEEFEA R L AR RT3 —ARZ A b LA
X o T, HT29 MIfIC 31T 5 VEGF-A X L 237 3 UNE TN 2 1%, 3-4 (52 £ T

# L7=, phenformin & ¥ GPU-231 [#EAEEHE A b L A2 L » CJuiE L7z VEGF-A # /%
7 Gy, 10-100 M IZBWTAHEICHHI Lz, —FH, ZVva—ARZA RV AIZE -
TILEE LTz VEGF-A & /X7 5z A BT 21213, X0 @mWRE (phenformin;
100 uM, GPU-231; 50-100 uM) RNMEETIHh-7=, £7-. GPU-469 K (8 GPU-529 |T{KF%
FA ML R X > T L7z VEGF-A & 2 %7 436 % 10 pM IZ B W TH B L7-
N, T —RARZARNVRIZE > TILE Lz VEGF-A ¥ 287 53U il L7g oy -
72 (0.1-10 pM), ZH 5 D#EFIZ. phenformin, GPU-231, GPU-469 & O* GPU-529 73 IfiL
B ENEERNEZAT L2 L 2R LT,
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Figure 19. VEGF-A 23 h % o 7% 7 BB b4 5 B2

In ELISA of VEGF-A secretion, HT29 cells were treated with test compounds for 24 h in normal medium under 20%

O, (Normal), 1% O, (Hypoxia), or in glucose-free medium (GF).
Data are the mean £ SD of triplicate experiments. The differences between each control and the compound-treated

samples were statically significant (*P < 0.05, **P < 0.01).

5FTH RUNMEIRIE (CAM) YAIZ X 2 M8 8 £ B E RE O F M

BAE, M HAEOFMHZE LTIE in vitro 12317 5 IEH b I 5 IR P9 Bz #0ia
(HUVEC) % A= &R 0 34T R0 in vivo (2361 5 7 - XD M4 - 27l %
FII~ U AL FIE 2 ERHITF IS, TS OFFM R I B A L e & SRR AT
T5ETEREZFETHDIN, BRI X FREMTHLI-OHATE W LR T
& %, Folkman |2 & > TEA S HBINEIRIE (CAM) 15 213 R I L2 M7 IR & Fuvy,
ELICTTADREHE L TRIMEEHOBENDVETIMETE 5720, Zh 6 OFHEH%
DR TEZEORKZTMT 5 LTS HITENTND EEZXBND, £ ZTHEGELNT
A LS O invivo (2317 2 M HT A L E 2N R 2 CAM IEIZ TR L 7=,

Figure 20 (Z7:9° X 912, phenformin & Y GPU-231 (3#¢ 55 5 ug/CAM (ZF W THu
M F AR EEN 27 Lz, & 512, GPU-469 M (N GPU-529 1 X 0 sV & R L., 2
ug/CAM (2B W TR 72 i & Br AL EEHA 2R Lz,
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Phénformin
Control 5 ng/CAM 5 ug/CAM
752 £ 11.3 846 £ 12.4

9
B

\

GPU-529 | GPU-469
2 ng/CAM 2 pg/CAM
75.8 + 13.4 71.6 + 135

© 100 [-============mmmmm e
©
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Dose 1

(MG/CAM)  phenformin  GPU-231 GPU-529  GPU-469

Figure 20. CAM 7" vt |2 2 2% MU 7 ABIL i (1 O et
The CAMs of 4-day-old chick embryos were treated with test compounds for 2 days.

(A) Pictures of test compounds show avascular zone around the silicon ring where the test compounds were

administrated. Applied dose (ug/CAM) and antiangiogenesis ratio (%; mean + SD) is shown under pictures. (B)

Antiangiogenesis ratios of compounds calculated from the following formula; Antiangiogenesis ratio (%) = [1 —

(control point/drug point)] x 100. Eight to ten eggs were used in total for each condition.
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/NE

FHEICBITANARMNREEY 2 L —X2 —D A7 ) —= Rl L » TEIZN

T EmifbA Y. GPU-231, GPU-469, GPU-529 | phenformin Z % . #F& W75 1S
DOWTHRFT L7ZfER. LN O R 2157,

1)

2)

3)

4)

5)

phenformin ¥ & U8 GPU-469 IFKEFE A b L A5 (1%0,) TIiTHiT 5 HT29 flifaic

xf U CIEER I 2 R e 2 R S 220 72,

T3 — AR ZFMTI T @RI EETEIZ OV T, p53 mutant @ HT29 FlifEiC

Nz, HCT116 p53 wild, HCT116 p53 null . ZH W CTElk & Bt L 72 5.

p53 DIBLIIMEAM LA DOFENE - BIRPEITE L W2 LRI ST,

R AR HIF-1o 38 X OV GRP78 & /3 7 B3 Bl A 4l L 72, FFlZ GPU-469 5

& OV GPU-529 (% phenformin 33 & Y GPU-231 L ¥ {38V HIVER 278 L 7=,

R A WEHTIRERE A N L A FCILtE S LD VEGF-A % 2 /37 B0k & il L7z,

F 7z phenformin 3 X O GPU-231 IZ&EREIZBWNT I L a—ARZ A MLV AN TIL
X5 VEGF-A % 237 By &) L=,

CAM EIZ Tl Fr A EVER 2 58 L 7= #5 5. phenformin 3 X O GPU-231 1% 5

RY/CAM IZEB W THRWIME AR EFFEMNZ 7~ L, & 512, GPU-469 ¥ LU GPU-529

T LV IRNIREEZR L, 2 ug/lCAM IZFB\W THEE 22 i & BB L EE R 2R L=,
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%ﬁ% 3'0 X Utﬂn iG]

MNATRBED EF L BEOGEERIZHED, EEERERR < BERZA., 7%
UGERHFE T2 Z 8 LIRS 3 < RO B TW D, FH X, BN A OEE; 72
PUNREEA N LA TFIZHEIT 208 AMBOEISINE ZET 5 Z & I2 ko> T BADENE
EOTERIRY U, B - BR AR EEZWET LI ENARETH DL EEX T, £Z T, A
W NREE RN & T DI ORI A B L T, WR@?W%ﬁﬁiéMK#%RW
3£ biguanide RILEMITHEH L, FEESHKI I ALR—2 27 ) —= 2 FFHIC
HREEIEVEABEIMIE 21T o T S BITEN TR EE I DV T B @m%&/na
ST KIT % BB in vivo TO ML HAEBLEMEIC W THE LT,

LRI on-milzE s,

1) VU — F{E&# D phenformin O % | biguanide AL, 2B BRI, b NI D
LB OEL % & 5 alkylene linker 1253 1F, FFEARAGKRZITV 39 FOFHFER L SR L
7o HIF-1 88 5IEMA KO UPR JEMEALIHIER . W ONTARRE A b U AKFITRIS
2 BRI 72 AR EEME IS DUV TR L 7245 5L, alkylene linker 733‘:%%1’6‘3@6 X ETEMEIT
M ET 5600, WEFERE N COMaEME SR UBRIRMEITIZIEE(L Lo T,
biguanide E\z D ZHATIE, guanidino L IZAHE L 72 GPU-231 0 Z47)3 phenformin (2T
MU DiEMEZ R L2 D ABMRIEHCB T T A AT 5 2 ENEETH
HIZEWNRBENT, NV BRI A~DOBEBILE A R A BRI LS. 0-Me
F=H DT o-ClIEZEA LA (GPU-469 35 X 1N GPU-529) |ZHFICEN 7= (K38
@R%ﬂ%ﬁ@%mLkﬂcfﬁf%%w%@%%@ﬁ®mw%@%®ﬁkﬁiU\
IEERNEEE S L IEEERT D 2 E03bh o7z, S5, GPU-539 OFERNG, N2
B BN & biguanide FRAL O BEBEAS ., FFIZ 7L 3 — AR Z SR T D laEED
BRUEIC T D Z LRI I LT,

LT, phenformin, GPU-231, GPU-469 5 X TN GPU-529 % Fu 7= WIS MERTEAT
FERICOWVWTIRR S,

2) phenformin, GPU-231 3 X% GPU-469 (XK A b L A% (1%0,) FizkiT 5
HT29 il L CiER e filila st 2 R S 72 o e,

3) U a—ARZEMITEIT HERAMLENEIZ- OV T, p53 mutant @ HT29 il
Nz, HCT116 p53 wild, HCT116 p53 null #ZH FHH WV CElE & Mt L 72 5.
EHLOMIBICE N THEIRMEZ R L2 2 s, pb3 BIUTEMLAY O
BEIRMEICEE L 202 EAURBR ST,

4) ZhHDEEWIE HIF-1a 38 KLUV GRPT8 ¥ /3 7 B3 Bl 240 L 7=, 4712 GPU-469
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B £ U GPU-529 X phenformin 3 X Y GPU-231 L 0 LW IHIER 2R L1, &5
IO DILEWITIERIEFHE X R L AT TIUE S LD VEGF-A Z 237 B 53U Z il
Lto % 72, phenformin 35 & O GPU-231 IZEREIZH WD TIRGEE X N LA F Tt
S35 VEGF-A % 87 B 05 il LTz,
5) CAM LI CIfn & #Hr A EEM 2580 L 72 &5 %, phenformin 5 X% GPU-231 13 5
ug/CAM 12 wf%wm PAEREEA AR L, X510, GPU-469 33 & 0 GPU-529
IFEVBRWEIEEZR L, 2 pg/CAM (2R CHAZE 2 M BT AL EER 2R Lz,

ARFFEICHB O TEH L, BRIRFEILE & UPR ISHT 2R A2 EIEICA 7 U —=
TR A AT o T2 4G R HIF-1 E/EA & UPR BREERICIZ & A EOHAITB W THE %
BT, LInLRR D, ZRENOBEISISEMIC E D X5 72B8# 3 & 2 7MEHH 28NS
STVRV, BAMUNREE TIE HIF-1 > 75k, UPR ¥ 7 LRICHITZ T mTOR @
T FIAGEN | AKIESE - K5 A R L RITSE U TEMEE 2 IT I S Tcn g = &
WhH, FNHOEMER 7 B A R—7280, AR, XXV EER, EH
e ERnar ha—/L i, BAMRIES R/ NREICEIS LAEF LTS LB XD
s

LU, ABFZEIZ3W T, BTN A ORUNEEE 2 12361 288 E 2 BLE 3 2 28 AU
BREEE Y o L—& — & L C, biguanide #3E{& GPU-469 5 & U GPU-529 DBHFIZHZh L
7o RALEWIED APUNREIZB W TEEIL SN S | HIF-1 38 X VUPR 1T L THEATE
PHAETEMEZ R L, D AR ESLICB D CO LRI E 2 T T 5D TH D, S
DIZDABUNEREEA N L A2 K o TIL#E &S5 VEGF-A &% L /37 43 Wh %A BHE L in vivo
TOMEFEREERZET DL LN TR BARREDO Y — NMeam e LTaE M
Tho eI, SO MEREL L ENBEOMIZIT OMELRH D EEZ BN
%, F7-. biguanide FHEMROMEETEMEMBEMIE L V&L NI EIL, 5% O E R
{LEHE 2 X RIS 5720 D7 a—THEICE > THERRLOTHDHEEZD
o,
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Eif5E

p2.1 plasmid vector Z LG L CWeZ& E L2V a v X - R ¥ AR5 Gregg L.
Semenza Z#% ., i N2 pGRP78pro160luc plasmid vector Z#Iffk5- L T\ /=72 & £ L7=MH
ENEE LG v 2 —& W =L+, W ONS HCT116p53" Z i fit 5 L T\ /=
FEE LY a X - RT R A K Bert Vogelstein 15| L 9,

D0 IR, AMFIENT I THARTEHIRFE 70 2 HFEE & SERE A ) £ U 7 ATl B
FR R FRIFA LT IGRIBEEAC IR TKIRT THBARINIRIE I i 2 R L £, AT
JED TR 7=V B E, HERE, WO 2 B 0 F L7zl BEERL K AR AL
FIRGEPEFAC AT . BRI HEEER, FIIthBh#. R LIS 2 LE
v AANRY MVROTEESHOREEZ L TN E & £ LI RER Rt o % —,
MHEA-RIF, ISR RITEHE L £, AMFROHEEICHZY ZHIiWiciZE £ L
M5 B BB R R b RGP AL P FE . RIS RS AR IR B L 97, SEBRICER L
T SINTZEE E Lic, EARFEEE L, BT, KO REFERIEHB L £,
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E B OB

ARERFAEI T Sigma-Aldrich, FOGHEE T3, BB T3, BRI, T o477
A, FUHF, EELS:, Cambridge Isotope Laboratories M HEEA L=, BT L7 1
~ b 7774 =R U BT AP-300 (KRBLpEE) 2. 7T I U BV
Chromatorex® 100-200 mesh (& =+ U > 7{k%) MW=, ~A 787 =—7 Sl
Initiator 2.0 (Biotage AB) % FHu 7z,

'H-NMR 1% JEOL JNM EX-400 (400 MHz), JEOL JNM AL-400 (400 MHz), 7213 JEOL
JNM ECA-500 (500 MHz) (JEOL Ltd.) % f\ Tl L7, C-NMR iZ JEOL JNM EX-400
(100 MHz). JEOL JNM AL-400 (100 MHz), % 7=1% JEOL JNM ECA-500 (125 MHz) (JEOL
Ltd.) &AW THIE L7, H-NMR DOfb2: 7 Ml tetramethylsilane (0.00 ppm) % PN
fE%E 2 LT ppm HAL THER L72, BC-NMR DAL 7 MRS D 227 k)L (CDCly:
77.2 ppm, CD3OD: 49.0 ppm, DMSO-dg: 39.5 ppm) % PNEREHE & L C ppm HfL THRR L7z,
K fRfER L OVE D RRE El ~ A A7 kL, FAB ¥ A A7 hLZIE JMS-SX 102
(JEOL Ltd.) &M 7z, K fiEREs L ORI fiERE DART v A A7 kL% JMS-T100TD
(JEOL Ltd.) &M e, BlSGHE I3 AR ERT S S S 2 A L TRl
ETHDH, IR AT ML FT/IR-230 (JASCO) ¥ L UF Spectrum 100 FT-IR (PerkinElmer)
ZEA L CHIE L=, JtHEOHTI2IE Micro Corder IM10 (J-SCIENCE LAB Co., Ltd) %
Wi, g7 v~ T 7 4 —IZiE Art. 7749 Kieselgel 60 PF254 (Merck) % Fu >, 254 nM
DUV 7 A hTrR{E L7=, pKa & clog D i DS Accord for Excel 7.1.5 (Accelrys software
Inc.) 35X O ACD/pK, DB Product version 12.5 (Fujitsu Limited) Z & L CHEH L7=,

R I F IR, B ] L7,

Ptz

N RWR T=w AL (AKEER), A A 12 (REREET ), Trypsin-EDTA (GIBCO®,
Life Technologies Inc.), EDTA (Sigma-Aldrich), EMEM (FnytffidE T-2), RPMI1640 (Fit
MK T 2). MEM NEAA (GIBCO®, Life Technologies Inc.). fetal bovine serum Lot. No. S.
6MO0030 (Nichirei), Lot. No. JBS-5145 (Japan Bioserum), fiifg A K L7 k<A > (Meiji
Seika Pharma Co., Ltd.). #ifg» <A > (Meiji Seika Pharma Co., Ltd.), x> /b
=V 71U 7 A (Meiji Seika Pharma Co., Ltd.)

BEFEA

p2.1 7*7 A X RiX Gregg L. Semenza {#+: (School of Medicine, Johns Hopkins University)
LY W72 72, pGRP78Iucl60 T A X RILE MEILE - (WML A EiFEs
LR EY 2 —) ko ZTHEE =727z, pcDNA3.1 (Life Technologies Inc.).
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FUGENE® HD Transfection Reagent (Roche Applied Science). Opti-MEM (Life Technologies
Inc.)

N T 25— T7 oA

Luciferase Reporter Gene Assay, high sensitivity (Roche Applied Science)., DMSO (Fi¢iffidk
T.2£). FB12 Luminometer (Berthold detection systems)

BCAT vi&4

Bovine Serum Albumin (PIERCE), Working Reagent A, B (PIERCE), MULTISKAN JX plate
reader (Thermo Fisher Scientific)

MR ER A RER

HCT116p53" % Bert Vogelstein f# 1 (School of Medicine, Johns Hopkins University) J ¥
T 727272, Thiazolyl blue tetrazolium bromide (MTT 53K, FuGiizk T.2),
RPMI1640 glucose (-) (GIBCO®, Life Technologies Inc.)

JIXTAZr7ay bk

Sodium chloride (FI3¢E#lE T.2%), Potassium chloride (Sigma-Aldrich), Na,HPO, (74 7 A
7 A7), KH,PO, (Sigma-Aldrich), SDS (FnYt#fi T.3£). Tergitol Solution (Sigma-Aldrich).,
Sodium deoxycholate (Fryg#fi%E T.2), 2-Amino-2-hydroxymethyl-1,3-propanediol (Tris, &3
A5, DTT (Fnyt sl T.2) . PMSF (Fnt#ii#K T.2%) . Sodium orthovanadate
(Sigma-Aldrich). Sodium fluoride (-7 7 A 7 A7), Complete EDTA free (Roche), Glycerol
(F71 747 A7), BPB (Sigma-Aldrich Japan), 2-Mercaptoethanol (5% 2 4 {.%), PageRuler
Plus Prestained Protein Ladder (Fermentas) . Acrylamide ( fi Y #fi 3 T 2 ) |
N,N'-methylene-bis(acrylamide) (Fot#i3E T3€). APS (75 7 A4 7 A7), TEMED (Fthl
FK T ZE), Glycine (Sigma-Aldrich), Ponseau-S (Sigma-Aldrich), Acetic acid (FIYG#is3E T.3£),
Methanol (FiY6Hi3E T-3£), Skim milk (FYEHMiZE T3£), Tween 20 (Fiyt#lidk T.3).,
Nitrocellulose membrane (Amersham Biosciences). PVDF membrane (Bio Rad). Mouse
monoclonal anti-HIF-1a. (Novus) . Actin (Santa Cruz Biotechnology). Anti-mouse IgG
Peroxidase conjugate (Sigma) . Anti-goat IgG Peroxidase conjugate (Sigma) . KDEL
monocolonal antibody (Stressgen). Immobilon Western Chemiluminescent HRP Substrate
(Millipore), Pierce Western Blotting Substrate (Thermo Fisher Scientific), LAS 3000 mini
imager and Multi Gauge software Science Lab version 2005 version 3.0 (Fuji Photo)

ELISA

Human VEGF-A Platinum ELISA (eBioscience)

CAM 7 vt&A

Methyl cellulose (777 7 A 7 A7), Opsite Flexifix (smith & nephew), 1 > s 7 U RA(K
BRSK T 35) . P-008 (A) (Showa Furanki)
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HHEA RIZBIT B General Procedure

General Procedure 1% (277 = RAKICBIT A2~ 7 07 = — T K)

: 2-5 mL microwave vial [ZA ¥ —F ——ZE AL, KEHDT I (0.80-2.40 mmol),
dicyandiamide (1.0 eq.), TMSCI (1.1 eq.). dry CHsCN (24-3.6 mL) #/Nx 7=, &R %
BHE LB IC B A B L, ~ A ~ 2% 10-30 min, 130-150 °C THAH L7= (0-400 W),
MmA%, iPrOH (3.0 eq.) ZINA TIREIK AT LIci2, RavaHBE L TEHIT~vA 7 1
HA& 1min, 125°C CHRE L=, BFohi-bv /7 = RIEBRIEDO L EZ 7 ¢ v 2 —J8EL L
CH,CN T [FIEd LT,

General Procedure 2 */(= k U )L D5t & Boc i)

C FEH D=1V (46-51, 2.50-4.00 mmol), (Boc),0 (2.0 eq.). NiCl, 6H,0 (5 mol%) % dry
MeOH (3040 mL) (Z¥&fi# L. k¥ T C NaBH, (7.0-10.0 eq.) % 30 4y LL EosiF Thnz.,
SRR T 4-25 h fi#pR L 7=#. diethylentriamine (1.0 eq.) %Nz C=iEC 30 min #H#: L 7=,
R 2 JE R4 £ EtOAC T L=, D7 A8 % NaHCO; fafi/Kiaik < 3 [\, fi
FIEEIKT 1 EYEF L, BKmMEE~ 7 R0 A TR, 7 0 V2 —J8E L, a2 8+
BMELLE, BONTREMIT VDTN T AT a~ N7 57 40— THE LT,

General procedure 3 (Boc @ iifri& & HCl D i)

: Boc fRi#{A (52-57, 1.50-3.60 mmol) % /L& EtOAC IZIEfE L. & 512 4 M HCI/EtOAC
(4mL) N2 T6-7h=RTHIL LI, WHAZBIEREL T I VEBEL ST, &6
T VAT NVERW Y a— NI T A a~ 7T 7 ¢ — (CHCly/methanol =1 :
D X FEEITO, WEEABEREEL CHNO 7 Y —E /) 7 3 (58-63) 2157,

E—EE _HE RICET MR
Scheme 1 DEER

Phenylbiguanide hydrochloride (8: GPU-232) D&k %

General Procedure 1 {27~ T, aniline (1, 168 mg, 1.80 mmol) % A>T 150 °C, 15 min,
CHsCN (2.40 mL) OSMTRISETTVY, 8 (320 mg, 83%) %1%/, AT L OEMIETER
BV 7 VIEEASE S (MeOH) %17 - TH+7-, colorless needles; Mp 246-249 °C (lit. 244—
247 °C); *H NMR (400 MHz, DMSO-ds): & = 7.04-7.08 (m, 3H), 7.30-7.35 (m, 8H), 9.79 (s,
1H); FABMS: m/z calcd for [M-CI]": 178, found 178. AL &I CEBE CTH Y | EFE A
7 MVBLOBAR—H L2 EIC K O EEERRE LT,
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Benzylbiguanide hydrochloride (9: GPU-239) ™A A% *

General Procedure 1 {Z7€ - T, benzylamine (2, 193 mg, 1.80 mmol) % Hv>T 150 °C, 15
min, CHsCN (2.40 mL) O CTRISZFTVY, 9 (245 mg, 60%) Z457=, AT L OV EDTE
PERER Y o 7 VXSS (IPrOH) 247> C4537-, colorless needles. Mp 197-199 °C (lit.
196-197 °C); *H NMR (400 MHz, DMSO-ds): & = 4.35 (d, J = 5.8 Hz, 2H), 7.0 (s, 4H), 7.22—
7.48 (m, 7TH), 7.95 (br s, 1H); FABMS: m/z calcd for [M-CI]*: 192, found 192. Anal. Calcd. for
CoHuuNsCl: C, 47.47; H, 6.20; N, 30.76. Found: C, 47.44: H, 6.12; N, 30.69. A{b.-&¥i% Tk
B THY, FRARNZ MBIOEAN - L2 LIV EEERE LT,

2-Phenethylbiguanide hydrochloride (10, Phenformin) ™A A% *

General Procedure 1 (27— T, phenylethylamine (3, 255 mg, 2.10 mmol) % T 150 °C,
15 min, CH,CN (3.70 mL) DS TRIGZ1T\, 10 (307 mg, 73%) %157, i M VAW
TEMERBR Y 7 VXSS (IPrOH) 217> CTf$72, white powder. Mp 175-177 °C (lit.
175-178 °C); 'H NMR (400 MHz, DMSO-dg): 6 =2.77 (t, J = 7.0 Hz, 2H), 3.33(q, J = 7.0 Hz,
2H), 7.23-7.43 (m, 12H); FABMS: m/z calcd for [M-CI]": 206, found 206. AAL&4913 SCEREE
HTHY, EFLAXZ MBI OMAN —H L Z LT L VEEEZRE LT,

3-Phenylpropylbiguanide dihydrochloride (11: GPU-240) D& 5% *

General Procedure 1 (27— T, 3-phenylpropylamine (4, 243 mg, 1.80 mmol) % fu T
150 °C, 15 min, CHsCN (2.40 mL) DG TS ZFTVY, 11 O—3FEsE (137 mg, 30%) %
7= M R OVETE BRI S (EtOH+IPIOH) Z1T-7-& 2 A, G T
&5 11 Z457-, colorless solid. Mp 197-200 °C; *H NMR (400 MHz, DMSO-de): & = 1.84 (br
s, 2H), 2.65 (t, J = 7.7 Hz, 2H), 3.24 (br s, 2H) 7.18-7.48 (m, 5H), 8.44, 9.04, 9.51 (br s, total
6H); FABMS: m/z calcd for [M-2CI-H]*: 220, found 220. A{LEWIT BRI CTH Y . EiT
AR MR L= LI K 0 EEEE LTz,

4-Phenylbutylbiguanide dihydrochloride (12: GPU-484) D&k *

General Procedure 1 (27> T, 4-phenylbutylamine (5, 149 mg, 1.00 mmol) % v T
130 °C, 10 min, CHsCN (3.00 mL) DS THRISZAITV, 12 O—HEREH (264 mg, 98%) %
e i R OVETEM BRI S (BtOH) #1To72& 2 A, i ch 5 12
%#15%7-, colorless powder. Mp 158-160 °C; 'H NMR (400 MHz, CD;0D): § = 1.70 (br, 4H),
2.68 (t, J = 7.0 Hz, 2H), 3.33 (t, J = 7.0 Hz, 2H), 7.15-7.28 (m, 5H); DARTMS: m/z calcd for
[M-2CI-H]": 234, found 234; Anal. Calcd. for Cy,H»Cl,NsO,: C, 47.06; H, 6.91; N, 22.87.
Found: C, 47.02; H, 6.86; N, 23.10. At GWIISCHEREERN R AT MR —H LIz Z &
(ZE RS ARE LT,
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5-Phenylpentylbiguanide dihydrochloride (13: GPU-532) ® & ik,

General Procedure 1 (Z7€&—> T, 5-phenylpentylamine (6, 163 mg, 1.00 mmol) % v T
130 °C, 10 min, CH3CN (3.00 mL) D&M TRISZATYY, 13 O—HEEEHL (209 mg, 74%) %
7o B M OVEMEERBR R IC MG (BtOH) Z1T-o72L 2 A, ZHEmiETh 5 13
%#15%7-, colorless powder. Mp 164-165 °C; 'H NMR (500 MHz, DMSO-de): & = 1.31-1.37 (m,
2H), 1.56-1.61 (m, 4H), 2.58 (t, J = 6.9 Hz, 2H), 3.23 (q, J = 6.9 Hz, 2H), 7.15-7.30 (m, 5H),
7.88, 8.55, 9.09, 9.52 (br s, total 6H); *C NMR (125 MHz, DMSO-d): & = 25.8, 27.2, 30.6,
35.1, 42.3,125.7, 128.3, 128.3, 142.1, 151.8, 155.0; DARTMS: m/z calcd for [M-2CI-H]": 248,
found 248; Anal. Calcd. for C;3HCloNs: C, 48.75; H, 7.24; N, 21.87. Found: C, 48.50; H, 7.19;
N, 21.93. KA FHULEM TH D,

6-Phenylheptylbiguanide dihydrochloride (14: GPU-533) DAk,

General Procedure 1 (Z7&- T, 6-phenylhexylamine (7, 177 mg, 1.00 mmol) Z AT
130 °C, 10 min, CH3sCN (3.00 mL) DG TS ZFTVY, 14 O—3 R (261 mg, 88%) %
oo AT R OVEMIEHERER S RS G (EtOH) Z2{T-o7z& 2 A, i THh 25 14
%#15%7-, colorless powder. Mp 168-169 °C; *H NMR (500 MHz, DMSO-de): & = 1.27-1.37 (m,
4H), 1.52-1.58 (m, 4H), 2.56-2.59 (t, J = 7.0 Hz, 2H), 3.23 (q, J = 7.0 Hz, 2H), 7.15-7.29 (m,
5H), 7.94, 8.56, 9.11, 9.51 (br s, total 6H); *C NMR (125 MHz, DMSO-ds): § = 25.9, 27.3, 28.2,
30.9, 35.1, 42.4, 125.6, 128.2, 128.3, 142.2, 151.8, 155.0; DARTMS: m/z calcd for [M-2CI-H]":
262, found 262; Anal. Calcd. for C;4H,sCIoNs: C, 50.30; H, 7.54; N, 20.95. Found: C, 50.15; H,
7.52; N, 21.02. AALEWIHHULEM TH 2,

Scheme 2 D E§k

4-Phenylbutyl tosylate (17) DAk *

SCHR D S5 HE - T, *tosyl chloride (1.14 g, 6.00 mmol) % CH.Cl, (6 mL) IZIAfE L. 7k
W PR L7235, 4-phenylbutyl alchohol (15, 750 mg, 5.00 mmol) & pyridine (403 pL, 5
mmol) %Nz 7=, F|IRIZT24 h i L7-, ISR %Z CH.ClL, THM L. 0.1 M HEEz
T 2\, NaHCO; faf/K¥s#E < 2 [, Safnffik T 1 Efeidf L, BRI~ 7120 A
THLE, 7 4 VX —JEIR L, W EZTEREE LT, SoNIREWIS VBTNV H T A
vua~ ~7Z 74— (n-hexane/CHCl; =2 : 1) (2 TR L 17 (707 mg, 47%) % 157=, pale
yellow oil. '"H NMR (400 MHz, CDCls): & = 1.66 (br, 4H), 2.44 (s, 3H), 2.56 (t, J = 7.0 Hz, 2H),
4.03 (t, J = 7.0 Hz, 2H), 7.10 (d, J = 6.8 Hz, 2H), 7.18 (t, J = 7.5 Hz, 1H), 7.26 (t, J = 7.2 Hz,
2H), 7.33 (d, J = 8.2 Hz, 2H), 7.78 (d, J = 8.2 Hz, 2H). A(LAMILCIREEAITH Y . L7 A
R MR LTI S XD EEEZRE LT,
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5-Phenylpentyl tosylate (18) D&k ¥

SCHEROD I HE > T, *tosyl chloride (1.14 g, 6.00 mmol) % CH,Cl, (6 mL) (ZIAfE L., K
W PR L7223 5, 5-phenylpentyl alchohol (16, 821 mg, 5.00 mmol) & pyridine (403 uL, 5
mmol) MMz 706, =SIRIZ T8 h#EF L7z, MG % CHClL, TAIR L, 0.1 M
2 C 2 [5], NaHCOs fafi/kIE T 2 [Bl, fafnAfiKC LY L, Bokiiig~ 7 1> v
LNTHLEE 7 4V H —IEEL L, WA ERE L Lz, BN TREWMIEIS I BT VH Z
Lrnv~ h7Z7 4— (n-hexane/CHCl; =2 : 1) (2 THRIL . 18 (1.43 g, 78%) %157~
pale yellow oil. *H NMR (400 MHz, CDCly): & = 1.31-1.38 (m, 2H), 1.52-1.60 (m, 2H), 1.63—
1.70 (m, 2H), 2.45 (s, 3H), 2.56 (t, J = 7.0 Hz, 2H), 4.01 (t, J = 7.0 Hz, 2H), 7.12 (d, J = 6.8 Hz,
2H), 7.18 (t, J = 7.2 Hz, 1H), 7.27 (t, = 7.2 Hz, 2H), 7.34 (d, J = 7.7 Hz, 2H), 7.78 (d, J = 8.2
Hz, 2H). RALEMIISCEER CTH O | EREART MAR—H L2 Z S IC KV EZIRE
L7,

5-Phenylpentyl nitrile (19) MDAk *

SCEROD ST HE - T 17 (625 mg, 2.10 mmol) % DMSO (5 mL) (Z#f# L . KCN (668 mg,
10.3 mmol) #/Nz., 120 °C TS5 h#HE#H L7, KnEKRZ=HIRE THATL 2%, HO0 %
NNz, EtOAc Thhtl L7z, £ 7=l % BoKiiig~ 7 1% 7 AT, 7 4 V2 —R
WL, WIAZBIEREE L., BOoNTREMIS I I TNV T Ara~ NI TF7 14—
(n-hexane/CHCl; =2 : 1) (I TRHLL | 19 (291 mg, 89%) % 7157, colorless oil. '"H NMR (400
MHz, CDCly): & = 1.67-1.72 (m, 2H), 1.76-1.82 (m, 2H), 2.35 (t, J = 7.0 Hz, 2H), 2.66 (t, J =
7.0 Hz, 2H), 7.17-7.31 (m, 5H). AMLEWITSTREERI TH Y | LAY AR —FH LT
TR HEEEE LT,

6-Phenylhexyl nitrile (20) D&k *

SCHR D J7 10> T, 18 (1.91 g, 6.00 mmol) % DMSO (15 mL) (Z¥&fi# L. KCN (1.95 g,
30.0 mmol) M1z, 120 °C TS5 hHH L1-, MNREEZ R E THAIL7-%. HO0 %
%z, EtOAc THiH L7=, £ 7= AifE 2 BAKIEE~ 7 R 7 A THIRE, 7 4 V2 —I8
WML, WEABIERE E L, BOoNTBEWI VDTN D T AIa~w T T 7 4 —
(n-hexane/CHCI; =2 : 1) 1 THEHLL | 20 (935 mg, 90%) % 7157, colorless oil. '"H NMR (400
MHz, CDCly): & = 1.44-1.56 (m, 2H), 1.62-1.72 (m, 4H), 2.33 (t, J = 7.0 Hz, 2H), 2.63 (t, J =
7.0 Hz, 2H), 7.16-7.30 (m, 5H). AMbLEMITCEBERN CTH O . FFLAZ MURn—E L7z
LI R0 REEERGE LT,
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1-tert-Butoxycarbonylamino-5-phenylpenthane (21) @&k

General Procedure 2 (2%t~ T, 19 (478 mg, 3.00 mmol) ZHW\ T, &G oNT-IEREY
XV B TFNAT A7~ 87T 7 4 — (CHCly/n-hexane = 2 : 1) ([CTHERIL, 21 (543
mg, 69%) %757, yellow oil; '"H NMR (400 MHz, CDCl3): § = 1.33-1.39 (m, 2H), 1.44 (s,
9H), 1.48-1.52 (m, 2H), 1.59-1.67 (m, 2H), 2.61 (t, J = 7.3 Hz, 2H), 3.11 (q, J = 7.3 Hz, 2H),
450 (s, 1H), 7.16-7.29 (m, 5H) ; *C NMR (125 MHz, CDCls): 5 =26.4, 28.4, 29.9, 31.1, 35.8,
40.5, 79.0, 125.7, 128.3, 128.4, 142.5, 155.9; DARTMS: m/z calcd for [2M+H]": 527, found
527; Anal. Calcd. for Ci¢H,sNO,: C, 72.96; H, 9.57; N, 5.32. Found: C, 72.93; H, 9.59; N, 5.28.
KEEWIFHULED TH D,

1-tert-Butoxycarbonylamino-6-phenyl hexane (22) @& k%

General Procedure 2 (27> T, 20 (693 mg, 4.00 mmol) Z FH\WTITV, SO N7IRAY
XV B AN T A7 a~ 87T 7 4 — (CHClyn-hexane = 2 : 1) ([C TR L, 22 (694
mg, 63%) %157, yellow oil; '"H NMR (400 MHz, CDCl3): § = 1.33-1.35 (m, 4H), 1.44 (s,
11H), 1.62 (t, J = 7.0 Hz, 2H), 2.60 (t, J = 7.0 Hz, 2H), 3.11 (g, J = 7.0 Hz, 2H), 7.16-7.30 (m,
5H); BC NMR (125 MHz, CDCl,): 6 = 26.6, 28.4, 28.9, 30.0, 31.3, 35.8, 40.5, 79.0, 125.6,
128.2, 128.3, 142.6, 155.9; DARTMS: m/z calcd for [2M+H]": 555, found 555; Anal. Calcd. for
CisH2sNO,: C, 73.61; H, 9.81; N, 5.05, Found: C, 73.51; H, 9.86; N, 4.85. A{t.&¥iL8 4L
BEMTH D,

Phenylpentyl amine (6) D&k *®

General Procedure 3 (27> T, 21 (481 mg, 1.80 mmol) % FVTAT\>, 6 (296 mg, quant.)
%#15%7-, pale yellow oil. 'H NMR (500 MHz, CDCl5): & = 1.33-1.39 (m, 2H), 1.48-1.54 (m,
2H), 1.60-1.66 (m, 2H), 2.61 (t, J = 7.4 Hz, 2H), 2.71 (t, J = 7.4 Hz, 2H), 7.16-7.29 (m, 5H).
AMEEITREEI TH Y, EFEART AR LT Z LI X D EEERE LTz,

Phenylhexyl amine (7) ® &k 1

General Procedure 3 (27> T, 22 (460 mg, 1.70 mmol) % FHVNTATV>, 7 (295 mg, quant.)
%#15%7-, pale yellow oil. '"H NMR (500 MHz, CDCls): & = 1.34 (br, 4H), 1.48 (br, 2H), 1.61 (br,
2H), 2.59 (t, J = 7.4 Hz, 2H), 2.69 (t, J = 7.4 Hz, 2H), 7.16-7.28 (m, 5H). AALE¥13SCHkEE
HMTHY, EFRAXRT MAR—HK LD LIV iEEERE LT,
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B—EE _HE _HICET AR
Scheme 3 DEER

N-2-Phenethylamino-N’-cyano-S-methylisothiourea (23) ® &k *

SCHEROD IR T, “PrOoH (1.6 mL) | phenethylamine (3) (96.0 mg, 0.79 mmol) &
N-cyanodithiocarbonimidate (129 mg, 0.79 mmol) /1%, =R CT2hfHP L1z, Hikz 7
S VA —EEL, WL, 23 (182 mg, quant.) Z437=, 'H NMR (400 MHz, CDCl,): 8 = 2.44
(s, 3H), 2.92 (t, J = 7.2 Hz, 2H), 3.63 (br s, 2H), 7.19-7.35 (m, 5H); FABMS: m/z calcd for
[M+H]": 220, found 220. AALAWIISCERBERI CTH D . EFEART AR —FH L7z Z L
KOS ZE LTz,

3-Amino-5-(2-phenethylamino)-1,2,4-triazole (24: GPU-218) DA F%

SCHEROD I HE > T, EtOH (3.5 mL) (= 23 (500 mg, 2.28 mmol) %z 7= SkiEiK 1
hydrazine hydrate (0.22 mL, 4.56 mmol) % ~ L. 3 h =it L7z, & & Pl L 7=
methanethiol Z B/ EREE L, 15072k % H,O THYg., 2 L T 24 (373 mg, 80%) %
13700 M1 e OVETE R o 7V IT B s (H0) %47 > THE7-, colorless powder.
Mp 118-120 °C (lit. 118-119 °C). *H NMR (400 MHz, DMSO-dq): 6 = 2.78 (t, J = 7.5 Hz, 2H),
3.23 (br s, 2H), 5.16 (br s, 1H), 5.61 (br s, 1H), 7.20~7.28 (m, 5H), 10.69 (br s, 1H): FABMS:
m/z calcd for [M+H]": 204, found 204. AL EWIISCERBEFN CTH D . EFLARY PLB IO
BlS ALz bick o EEERE LT,

2-(2-Phenethylamino)-5,7-diamino-[1,2,4]triazolo[1,5-a][1,3,5]triazine (25: GPU-247) D&
E‘Z 42

SCHR D T HE S T, *H,0 (4 mL) (2 24 (370 mg, 1.82 mmol) & cyanoguanidine (184 mg,

2.19 mmol) % Iz 7- AR |2 R (0.18 ml, 1.82 mmol) Zhiz . 21.5 h InEGER L 7=,

FIRE THH LI FREZE 7 4 V2 —IEHL HO Z VT2 BV Rzt 2170 25 (86.8 mg,

18%) % 15%7-, oHTE L OEWIEIERBH Y > 7 VxS (H,0+DMF) 217> CTH7z,
colorless powder. Mp 294295 °C (lit. 298 °C); *H NMR (400 MHz, DMSO-d): & = 2.85 (t, J =

7.2 Hz, 2H), 3.38 (q, J = 7.2 Hz, 2H), 6.42 (t, J = 5.8 Hz, 1H), 6.57 (s, 2H), 7.20-7.28 (m, 5H);

FABMS: m/z calcd for [M+H]": 271, found 271. ALAWITSCRREERITH V. EREAAT K

MBI OBSAR KLz Lk EEE e L,
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Scheme 4 DEB

N-Phenethyl-1,3,5-triazine-2,4,6-triamine (26: GPU-223) D&k 1

SCHER O T IEIC Bt - T, **2-chloro-4,6-diamino-1,3,5-triazine (200 mg, 1.37 mmol) .
phenethylamine (3) (175 mg, 1.44 mmol). NaOH (66.0 mg, 1.65 mmol) % H,O (4 mL) 2%
fiEL. 9 hINBUERE L7z, |IRE THAILI-%, Hiliz 7 v # —Jeil. H,O & MeOH
TN WZ TS 21T\, o LT 26 (231 mg, 80%) % 157-, ST & OVEDTEMERR
BRI 7V Id RS (H,O+EtOH) %17 CT437=, colorless powder. Mp 167-169°C; 'H
NMR (400 MHz, CDCly): & = 2.86 (t, J = 6.8 Hz, 2H), 3.63 (q, J = 6.8 Hz, 2H), 4.94 (br s, 4H),
5.09 (s, 1H), 7.22-7.29 (m, 5H); FABMS: m/z calcd for [M+H]": 231, found 231; HRFABMS:
m/z calcd for [M+H]": 231.1358, found 231.1349. Anal. Calcd for Cy;HisNg: C, 57.38; H, 6.13;
N, 36.50. Found: C, 57.45; H, 6.08; N, 35.72. AALEWIISTHREEANCTH Y . EFL AT hL
D= L= LIk EELEIE LT,

N-Phenethyl-1,3,5-triazine-2,4-diamine (27: GPU-224) D&% 1%

SCHR D FFIEICHE > T, *“phenformin hydrochloride (10) (375 mg, 1.56 mmol) & sodium
methoxide (25%, 0.46 mL, 2.02 mmol) % MeOH (30 mL) (Z¥Af# L. =& T 15 min fii#E L
7-#%. ethyl formate (0.38 mL, 4.67 mmol) Z ANz, 17 h INBGERE L7c, SKISAR %2 =ik E
THHA L% H,0 2iN%. EtOAc THItH L7, O - AHE % BKMiiE~ 7 % 7 L
THME, 74V F BRI, B ABEREE L, GONERAMIIS I BTNV T A
sua~ h7Z 74— (CHCly/MeOH =80: 1) ([ZTHRLL, 27 (158 mg, 47%) %457=, %
BT S OV IEERER Y o 7 VI3RS SS (EtOH) %2175 CH7=, colorless powder. Mp
156-158 °C (lit. 159-161 °C); 'H NMR (400 MHz, CDCl,): & = 2.88 (t, J = 7.0 Hz, 2H), 3.63
(brs, 2H), 5.28 (br s, 2H), 5.72 (s, 1H), 7.20-7.32 (m, 5H), 8.00 (s, 1H); FABMS: m/z calcd for
[M+H]": 216, found 216. AMLAWITSCEBEAICTH VD . EFEAT b LB L ORLEA—K
LizZ Lk g aE e Lz,

Scheme 5 D E§k

1-(2-Phenethyl)urea (28: GPU-220) D&k 1

SCHR D 7112 85E > T ®toluene (7 mL) (2 ethyl carbamate (1.06 g, 11.9 mmol). Al,O; (1.06 g,
10.4 mmol),  phenethylamine (3) (2.88 g, 23.8 mmol) %/l % 48 h B IE L 7=, SOV
ZEIRETHAL, BI7 4 MERZITo T2 RITHEZ TR E Lo, /5o REITY
VHENR TG Y a~ N T 5T 4— (CHCL/MeOH = 40 : 1) [ THHIL 28 (603 mg,
31%) & 5372, M B OV IR BRI W o 7 VT S S (H0) %47 > TH5 7=, colorless
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powder. Mp 110-111 °C (lit. 110-111 °C); "H NMR (400 MHz, CDCl,): 5 = 2.80 (t, J = 6.8 Hz,
2H), 3.40 (g, J = 6.8 Hz, 2H), 4.49 (s, 2H), 4.91 (s, 1H), 7.21-7.29 (m, 5H); *C NMR (100
MHz, CDCly): § = 36.2, 41.7, 126.4, 128.6, 128.8, 139.0, 158.9; EIMS: m/z calcd for [M*]: 164,
found 164. AfLEWIISTEBEAICTH D . EFEANT MBI OREA—EH L2 LiT &
DG AR E LT,

1-(2-Phenethyl)thiourea (30: GPU-222) D4 fk 1

SCHEROD I HE > T, “bromobenzene (3.5 mL) |Z phenethylamine hydrochloride (2.00 g,
12.7 mmol) & ammonium isothiocyanate (1.01 g, 13.4 mmol) # iz, ZFEEFAS T 1.5 h
INBGERE L7=, 0°C ETHWHEIL, H0 2 x., 7 4 V& —J8ELZ1T\ ), n-hexane Ty,
w2 L, 30 (966 mg, 42%) & 15%7-, ords X OVEMTEIEREBR A Yo 7 O VIdERES (EtOH)
#{T > CT17=, colorless powder. Mp 136-137 °C (lit. 137 °C). '"H NMR (500 MHz,
DMSO-dq): 5 = 2.79 (br s, 2H), 3.57 (br s, 2H), 7.19-7.32 (m, 5H), 6.99, 7.56, 7.70 (br s, total
3H); 3¢ NMR (100 MHz, DMSO-dg): 6 = 34.9, 45.2, 126.0, 128.2, 128.7, 139.3, 183.2; EIMS :
m/z calcd for [M]": 180, found 180. AL EWIECEEEEI TH YV . EFEAY ML KOV
BN —E L bickuisEERE LT,

N-(2-Phenylethyl)carbamimidothioic acid methyl ester hydroiodide (31: GPU-256) M & ik
105

SCEROD 71 HE - T ®EtOH (4 mL) (2 30 (966 mg, 5.36 mmol) & Mel (0.40 mL, 5.90
mmol) ZNA. 2 h INBGERR L7z, RISz 0 °C £ TmAIL, ELO Z A, #ritiL
ToikB A 7 0 V2 IR, REME L., 31 (142 g, 83%) A 1H7-., mATE KL OVEMIE MR ER
> 7V E RS (MeOH+ELO) %47 THF7=, colorless powder. Mp 124-125 °C; 'H
NMR (400 MHz, DMSO-dq): & = 2.99 (s, 3H), 2.87 (t, J = 7.5 Hz, 2H), 3.56 (q, J = 7.5 Hz, 2H),
7.23-7.35 (m, 5H), 9.08 (s, 1H), 9.50 (s, 1H); FABMS: m/z calcd for [M+H]": 195, found 195.
Anal. Calcd. for C,oH15IN,S: C, 37.28; H, 4.69; N, 8.69. Found: C, 37.03; H, 4.65; N, 8.76. A
{EETSCERBEIN CTH Y | FFLAT MVB I OREES L 7e 2 L IC L W G Z R E
L7,

Phenyl 2-phenethylcarbamate (32) D&k 1%

SCHERD ST HEIZHE - T, YCHCly (3 mL) (2 phenethylamine (3) (480 mg, 3.96 mmol) &
triethylamine (0.55 mL, 3.96 mmol) % ¥/ L. K¢ . phenyl chloroformate (620 mg, 3.96
mmol) % NN % 7=t IR T 4 h fiT#h U7z, SO IR O Ui % 2/3 FREERTE#4 % L .n-hexane
EINZ., FREE 7 ¢ V& —EH, H,O TP, #8 L 32 (982 mg, quant.) 157, 43#T
Y VI FRE S (n-hexane+EtOAC) % 1T > CT#%7=, colorless powder. Mp 88-89 °C (lit.
89-90 °C): *H NMR (400 MHz, CDCls): 5 = 2.88 (t, J = 6.8 Hz, 2H), 3.53 (g, J = 6.8 Hz, 2H),
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5.05 (s, 1H), 7.09-7.36 (m, 10H); **C NMR (100 MHz, CDCl,): = 35.9, 42.3, 121.6, 125.3,
126.6, 128.7, 128.8, 129.2, 138.5, 151.0, 154.5; EIMS: m/z calcd for [M]": 241, found 241. A
{EEWISTREEEN CTH D . EFEAXRY MBI SR~ L7 LI X EEEZRE
L7,

N-2-Phenethylhydrazinecarboxamide (33: GPU-221) D&k

ik D 7B HE > T, YEtOH (3 mL) Z 32 (300 mg, 1.24 mmol) & hydrazine monohydrate
(0.12 mL, 2.49 mmol) %%, 6 h BRI L7z, A2 EE 5 L T2 5&iE % CH.CI,
& n-hexane TYLF. Wofk L 33 (194 mg, 87%) % 157=, oirk KOG RERH V-
T VIR (H0) %47 TH37=, colorless powder. Mp 113-114 °C; 'H NMR (400 MHz,
CDCly): 3 = 2.83 (t, J = 6.8 Hz, 2H), 3.50 (g, J = 6.8 Hz, 2H), 3.60 (s, 2H), 6.09 (s, 1H), 6.26 (s,
1H), 7.23-7.30 (m, 5H); BC NMR (100 MHz, DMSO-dg): & = 36.2, 40.5, 125.9, 128.3, 128.6,
139.7, 160.1; FABMS: m/z calcd for [M+H]": 180, found 180. Anal. Calcd. for CoH13N5O: C,
60.32; H, 7.31; N, 23.45. Found: C, 60.05; H, 7.39; N, 23.33. At E&WI BRI TH D | |
LAY MR —H LI SIck W iEEZ2RE LT,

Scheme 6 D EBR

S-Methylisothiourea iodide (35) D&k *

SCHROD J71512 56> T, EtOH (10 mL) (2 thiourea (34) (5.00 g, 65.7 mmol) & Mel (4.74 mL,
72.3mmol) Mz, 2h MEGE L7=, 0°C £ THAEIL 7%, ELO 2z, ElExE 7 «
VA —EE, WL, 35 (13.3 g, 93%) %157-, pale brown solid. ‘H NMR (400 MHz,
DMSO-dq): & = 2.49 (s, 3H), 8.79 (s, 4H); °C NMR (100 MHz, DMSO-dq): 6 = 13.4, 171.1. A
{EEWIT SR TH Y . R ALY AN L7722 LIC L WEEZIRE LTz,

N,N’-Bis(tert-butoxycarbonyl)-S-methylisothiourea (36) D&k

SCHR D J7 I HE - T, H0 (50 mL). 1,4-dioxane (50 mL) DIRAEEMEIC, 35 (5.00 g, 22.9
mmol) Z¥AfE L. 1 M NaOH 7Kg (23 mL, 23 mmol) & (Boc),0 (12.5 g, 57.4 mmol) %
Mz, |IETOhEH L, ElE 7 o2 —JEHR L, DED HO Tl Lz, £7-.
TEHR DV 2 - Z EWIER L L, BN Z2 7 o v 2 —BI L7z, B o kit %
B0, H0 (150 mL) TH&W#, £9 50 °C CTH% L7c#%, 7 « v 2 —JEH, #lE L. 36 (5.30
0, 79%) %757-, white powder. '"H NMR (400 MHz, CDCls): & = 1.52 (s, 9H), 1.53 (s, 9H),
2.40 (s, 3H), 11.60 (s, 1H); EIMS: m/z calcd for [M]": 290, found 290. At A3 SCEREEAN C
HY ., LA MR- L LI EEERE LT,
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N,V’-Bis(tert-butoxycarbonyl)-N”-2-phenethylguanidine (37) @& f%:

SCHR D T EICHE S T, ®CHLCl, (8 mL) (= 36 (1.16 g, 400 mmol) % I&f# L .
phenethylamine (3) (969 mg, 8 mmol) Z iz, IR T 14 h I L7, IBEARITEE 5, 7%
% EtOAC (50 mL) (Zi¥afig L fafn 7 — /K ek (5 [81), fafn NaHCO; K ¥R (3 1),
H,O (E)TYEH L, MAKMEE~ 7 R0 A Thzl, 7 4 02—, A R %
L.37(1.25¢9,86%) %157z, s> 7 Vi3 ffEdn (n-hexane+EtOAc) 1T > T3/,
colorless powder. mp 128-129 °C; "H NMR (400 MHz, CDCls): & = 1.48 (s, 9H), 1.50 (s, 9H),
2.87 (t, = 7.2 Hz, 2H), 3.67 (q, J = 7.2 Hz, 2H), 7.21-7.28 (m, 5H), 8.36 (s, 1H), 11.46 (s, 1H);
BC NMR (100 MHz, DMSO-dg): 6 = 28.0, 28.3, 35.3, 42.2, 79.2, 83.0, 126.5, 128.5, 128.8,
138.5, 153.2, 156.1, 163.6; DARTMS: m/z calcd for [M+H]": 364, found 364. Anal. Calcd. for
C1gH»N30,: C, 62.79; H, 8.04; N, 11.56. Found: C, 62.84; H, 8.10; N, 11.58. A{L.&WiX8#
&M TH S,

2-Phenethylguanidine hydrochloride (38: GPU-231) ®D-& ki 1

4 M HCI-1,4-dioxane (4 mL) (Z 37 (500 mg, 1.38 mmol) Z iz, SR T 15h L7, &
BEATER £ L. ELbO 2N S DICIHER ET 28FEL 3 Al VK L7z, EtOAc Z N
ZTHTH LR A 7 ¢ b 2 —J8HL, #20E L. 38 (271 mg, 99%) % 457=, AT L OV
WiE M B Y 7 VI E A S (EtOAC+ELOH) %17 - CT#%7-=, colorless powder. Mp
133-134 °C (lit. 135-138 °C); 'H NMR (400 MHz, CD3;0D): 6 =2.88 (t, J = 7.2 Hz, 2H), 3.46
(t, J = 7.2 Hz, 2H), 7.20-7.36 (m, 5H); *C NMR (100 MHz, DMSO-ds): & = 36.7, 44.5, 80.0,
128.6, 130.5, 130.6, 140.1, 159.4; DARTMS: m/z calcd for [M-CI]":164, found 164. A{L.&%)
FSCERBEAN CTH Y | BRRARY MBI ORLES —B L7 Z ST K O EE L IRE LTz,

Scheme 7 D E§k

N-2-Phenethyldicyandiamide (39: GPU-219) ®-& ki 1

SCHR D S5 I HE - T, “phenethylmine (3) (1.21 g, 10.0 mmol) (Z 1 M Hif& (10 mL, 10
mmol) Zwp-> < VIIZx, =i T 15 min fi#: L7-#%. & 51T sodium dicyanamide (989 mg,
10.0 mmol) ZM %, 2 h INEGER U7, OISR A iR £ CTHEAL, EtOAC IZTHiH L,
RO AHE 7 BKNIE~ 7R U L CHafe 7 ¢ V& —IEI L WA BERE 5 LT,
BONTIREMIS Y BTN T KAy a~ 87T 74— (CHCI/MeOH = 40 : 1) 12T
FELL . 39 (413 mg, 22%) %157, ords L OVEWEERER M ¥ o 7V I3 mRs i
(EtOAc+ n-hexane) %17 C#$7=, colorless powder. Mp 115-117 °C (lit. 114-115 °C); 'H
NMR (400 MHz, CDCly): 5 = 2.87 (t, J = 6.8 Hz, 2H), 3.48 (q, J = 6.8 Hz, 2H), 5.16 (s, 2H),
5.27 (s, 1H), 7.19-7.35 (m, 5H); FABMS: m/z calcd for [M+H]": 189, found 189. Afk&#i%
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XHEETH Y . LA PABIORAEN B L 2SIV EEZIRE LT,

N-2-Phenethyl-N’-nitroguanidine (40: GPU-293) ® &k 10

SCHEROD I HE - T ®EL,0/H,0 (3:1, 2 mL) I phenethylamine (3: 107 mg, 0.87 mmol) %
Nz, K& FHEA L7225, N-methyl-N-nitroso-N -nitroguanidine (200 mg, 0.68 mmol) %
Do Y EANZ, 20°C LLF T 45 min 5k L7, AT L7cibha 7 ¢ v % —J8E, Et,0
(T, Wk L. 40 (142 mg, 99%) A 1372, srirds L OVEWTEMERERA Y 7 VI
fEdn (EtOH) %17 Tf%7=, colorless powder. Mp 162-163 °C (lit. 162 °C); 'H NMR (400
MHz, DMSO-dg): 5 = 2.82 (br s, 2H), 3.41 (br s, 2H), 7.20-7.33 (m, 5H), 7.88 (br s, 2H), 8.68
(br s, 1H); BC NMR (100 MHz, DMSO-dg): & = 34.1, 42.1, 126.4, 128.4, 128.8, 138.6, 159.3;
FABMS: m/z calcd for [M+H]": 209, found 209. A{LA#IISCRRBERI CH VD . EFEART K
B IOEEN—E Lz ik a2 e L,

Carbamimidothioic acid 2-phenylethyl ester hydrobromide (42: GPU-299) ®D&k
SCHEROD FEICHE - T, “EtOH (0.5 mL) (Z phenetylbromide (41) (612 mg, 3.30 mmol) &
thiourea (34) (228 mg, 3.0 mmol) ZJ1x . 3 h MEGE L7, MIATR 2 R E THEIL .,
Et,O Z N2 TEAEZHTH. 7 ¢ /L7 —IEEZ1TV 42 (716 mg, 92%) % 1%7-, Zofris &
OB Yo 7 VX G E (EtOH) %17 CTf57=, colorless powder. Mp 185
187 °C (lit. 186 °C). *H NMR (400 MHz, DMSO-ds): & = 2.93 (t, J = 7.5 Hz, 2H), 3.47 (t, J =
7.5 Hz, 2H), 7.22-7.35 (m, 5H), 9.01 (br s, 2H), 9.12 (br s, 2H); *C NMR (100 MHz,
DMSO-dg): & = 31.3, 33.9, 126.7, 128.4, 128.7, 138.7, 169.6; FABMS: m/z calcd for [M+H]":
181, found 181; HRMS (FAB, NBA): m/z calcd for CoHi3N,S [M+H]™: 181.0807, found
181.0800. Anal. Calcd. for CgH43BrN,S: C, 41.39; H, 5.02; N, 10.73. Found: C, 41.16; H, 4.82;
N, 10.63. AALEMIICEBERI CTH Y | AT MABROFELER —E LI Z &Ik
VRS2 IRE LTz,
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B—EE _HE=HICET MR
Scheme 8 MEEkR

2-(4-Hydroxyphenyl)ethylbiguanide hydrochloride (58: GPU-252) &k M2

General Procedure 1 (27> T, 2-(4-hydroxy-phenyl)ethylamine (43) (329 mg, 2.40 mmol)
Z VN 150 °C, 10 min, CHCN (3.20 mL) D&t TG A#1TV Y, 58 (496 mg, 80%) % 15
Teo ST R OVEMEMERBR A Y 7V IT i G (H,0+MeCN) %175 TH572, colorless
powder. Mp 185-189 °C (lit. 182-184 °C); 'H NMR (500 MHz, DMSO-d¢): § = 2.77 (t, J = 7.7
Hz, 2H), 2.92 (br, 2H), 6.73 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 7.13-7.26 (m, 4H),
8.08, 9.38 (br s, total 4H); DARTMS: m/z calcd for [M-CI]": 222, found 222. AAbA&#1% SCik
BEATHY, AT MBIOBMAN - L2 LIV EEERE LT,

2-(4-Methoxyphenyl)ethylbiguanide hydrochloride (59: GPU-301) ® &k ™2

General Procedure 1 {Z%&> T, 2-(4-methoxy-phenyl)ethylamine (44) (363 mg, 2.40 mmol)
% FV T 150 °C, 15 min, CHsCN (3.60 mL) D& TRt Z4TV >, 59 (210 mg, 30%) %45
7oo M B OVEENERBR W o 7V I3 A& (IPrOH) %47 > TH%7-, colorless powder.
Mp 173-175 °C (lit. 171-172 °C); 'H NMR (400 MHz, CD;0D): 6 = 2.78 (br, 2H), 3.43 (t,J =
7.2 Hz, 2H), 3.76 (s, 3H), 6.85 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H); DARTMS: m/z
calcd for [M-CI]*: 236, found 236. ARILEWFCREEI TH Y | EFLART F L LUV
RN =L I L OEEZRE LT,

2-(3,4-Dimethoxyphenyl)ethylbiguanide dihydrochloride (60: GPU-470) D4k *

General Procedure 1 (27~ T, 2-(3,4-dimethoxy-phenyl)ethylamine (45) (181 mg, 1.00
mmol) % v T 130 °C, 10 min, CH,CN (3.00 mL) D &efth TS ZFTV N, 60 O —tafat
(269 mg, 89%) % 1F7=, 43T K OVEMIEMERBRTIC MM (EtOH) Z1T-72& 24,
R T3 % 60 %157-, colorless powder. Mp 154 °C; 'H NMR (400 MHz, CD;0D): § =
2.92 (t, J = 7.6 Hz, 2H), 3.58 (t, J = 7.6 Hz, 2H), 3.80 (s, 3H), 3.84 (s, 3H), 6.82-6.92 (m, 3H);
DARTMS: m/z calcd for [M-2CI-H]": 266, found 266. HRDARTMS: m/z calcd for [M-2CI-H]":
266.1617, calcd for Ci,H,0N50,: 266.1617. Anal. Calcd. for C1,H»,CILNsO,: C, 42.61; H, 6.26;
N, 20.71. Found: C, 42.78; H, 6.22; N, 20.67. AL &I SCEBEIICH Y, EREART M v
D—H L LI OEL T LT,
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2-(2-Methylphenyl)ethylbiguanide dihydrochloride (61: GPU-529) &k,

General Procedure 1 (27— T, 2-(2-methyl-phenyl)ethylamine (46) (135 mg, 1.00 mmol) %
FHVNT 130 °C, 10 min, CH3CN (3.00 mL) DOZEMECTRIGZEITVY, 61 O—HEFEHE (217 mg,
85%) 137z, Mt R OVEWIEMRER IS H#ES (EtOH) Z21T-7- & 2 A, HEIE T
i 5 61 %1537, colorless powder. Mp 173-174 °C; "H NMR (500 MHz, DMSO-de): & = 2.31 (s,
3H), 2.87 (br s, 2H), 3.45 (br s, 2H), 7.13-7.26 (m, 4H), 7.76, 8.56, 9.14, 9.68 (br s, total 6H);
C NMR (125 MHz, DMSO-d): 5 = 19.0, 30.7, 42.6, 126.0, 126.6, 129.1, 130.1, 136.0, 136.3,
151.9, 155.1. DARTMS: m/z calcd for [M-2CI-H]": 220, found 220. Anal. Calcd. for
CyH1oCLNs: C, 45.21: H, 6.55; N, 23.97. Found: C, 45.04: H, 6.45: N, 23.93. A{bL-&W138E1H
tEaEMmTH D,

2-(3-Methylphenyl)ethylbiguanide dihydrochloride (62: GPU-476) D&%

General Procedure 1 (27— T, 2-(3-methyl-phenyl)ethylamine (47) (135 mg, 1.00 mmol) %
FHVNT 130 °C, 10 min, CH3CN (3.00 mL) DOZRMECTRIGZEITVY, 62 O—HEFEE (241 mg,
94%) #1571z, AT R OVEPIEMERBR I IC S S (BEtOH) 21T-o7- & 2 A, I T
i 5 62 &137-, colorless powder. Mp 162—163 °C; *H NMR (400 MHz, CD;0D): § = 2.33 (s,
3H), 2.95 (t, J = 7.6 Hz, 2H), 3.60 (t, J = 7.6 Hz, 2H), 7.05-7.23 (m, 4H); *C NMR (100 MHz,
CD;0D): 6 =21.5, 34.7, 45.4, 126.8, 128.6, 129.7, 130.5, 138.5, 139.5, 153.8, 156.4; DARTMS:
m/z calcd for [M-2CI-H]": 220, found 220. Anal. Calcd. for Cy;H14Cl:Ns: C, 45.21; H, 6.55; N,
23.97. Found: C, 45.04; H, 6.50; N, 23.98. KMt&TFHILAEMTH D,

2-(4-Methylphenyl)ethylbiguanide dihydrochloride (63: GPU-475) ® &k 2

General Procedure 1 (2> T, 2-(4-methyl-phenyl)ethylamine (48) (135 mg, 1.00 mmol) %
FH»T 130 °C, 10 min, CH3CN (3.00 mL) DOZMHETRIGZITVY, 63 O (241 mg,
94%) #1571z, AT R OVEWIEMEREBR HIC RS S (EtOH) 21T-o7- & 2 A, I T
i % 63 Z137-, colorless powder. Mp 162-163 °C; *H NMR (400 MHz, CD;0D): § = 2.30 (s,
3H), 2.94 (t, J = 7.6 Hz, 2H), 3.58 (t, J = 7.6 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4
Hz, 2H); *C NMR (100 MHz, CD;0D): & = 21.1, 34.4, 45.4, 129.7, 130.4, 135.5, 137.6, 153.7,
156.4; DARTMS: m/z calcd for [M-2CI-H]": 220, found 220. Anal. Calcd. for C;;H;sCI;Ns: C,
45.21; H, 6.55; N, 23.97. Found: C, 45.03; H, 6.50; N, 23.84. &AW CHEEIMCTH L | E
FOANRY MR —F LT Z LT K VSR IRE LT,

2-(4-Ethylphenyl)ethylbiguanide dihydrochloride (64: GPU-528) @4 ik

General Procedure 1 (2> T, 2-(4-ethyl-phenyl)ethylamine (49) (149 mg, 1.00 mmol) %
VT 130 °C, 10 min, CHCN (3.00 mL) OSMTRISZITVY, 64 O—Hif# (250 mg,
9B%) ZiF7z, ST M OVEMIEMERBR IS i (EtOH) 21T/ & 2 A, i T
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i 5 64 %157, colorless powder. Mp 178-179 °C; "H NMR (500 MHz, DMSO-de): & = 1.16 (t,
J=7.6Hz, 3H), 257 (q, J = 7.6 Hz, 2H), 2.84 (br s, 2H), 3.47 (br s, 2H), 7.15 (d, J = 7.8 Hz,
2H), 7.23 (d, J = 7.8 Hz, 2H), 7.79, 8,55, 9.15, 9.63 (br s, total 6H); *C NMR (125 MHz,
DMSO-ds): 6 = 15.7, 27.8, 33.0, 43.8, 127.8, 128.7, 135.3, 141.9, 152.0, 155.1; DARTMS: m/z
calcd for [M-2CI-H]": 234, found 234; Anal. Calcd. for Cy,HxCLNs: C, 47.06; H, 6.91; N,
22.87. Found: C, 47.24: H, 6.90: N, 22.61. AtAEWTHFHEULEYH TH 5,

2-(4-tert-Butylphenyl)ethylbiguanide dihydrochloride (65: GPU-528) ® &%

General Procedure 1 (Z9&> T, 2-(4-tert-butyl-phenyl)ethylamine (50) (177 mg, 1.00 mmol)
% FI T 130 °C, 10 min, CH3CN (3.00 mL) D5 TS ZAITV N, 65 D —IEFEHE (263 mg,
88%) 137z, Mt R OVEMIEMRER IS #SeE (EtOH) Z21T-7- & 2 A, HEMIE
& 5 65 % 1537, colorless powder. Mp 178-179 °C; *H NMR (500 MHz, DMSO-de): & = 1.27 (s,
9H), 2.84 (br s, 2H), 3.47 (br s, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.80,
8.55, 9.16, 9.64 (br s, total 6H); *C NMR (125 MHz, DMSO-dg): & = 31.1, 32.8, 34.0, 43.7,
125.0, 128.3, 134.9, 148.7, 151.8, 154.9; DARTMS: m/z calcd for [M-2CI-H]": 261, found 261;
Anal. Calcd. for C14H,sCIoNs: C, 50.30; H, 7.54; N, 20.95. Found: C, 50.08; H, 7.46; N, 20.87.
KEEWIFHULED TH D,

2-(4-Acetylaminoethylphenyl)ethylbiguanide dihydrochloride (66: GPU-471) d & ik
General Procedure 1 (27— T, 2-(4-acetylaminoethyl-phenyl)ethylamine (51) (200 mg, 0.82
mmol) % v T 150 °C, 10 min, CH,CN (2.40 mL) D &efth TS EFTV N, 66 O —taEatE
(261 mg, 97%) %157z, AT L OVEDTEMRER AIC RS (EtOH) 21T7-7-& 2 A,
R T3 % 66 % 157-, colorless powder. Mp 151-152 °C; *H NMR (500 MHz, DMSO-d;):
8 =1.77 (s, 3H), 2.65 (br, 2H), 2.82 (br, 2H), 3.20 (br, 2H), 3.45 (br, 2H), 7.14 (br, 2H), 7.21 (br,
2H), 8.03, 8.53, 9.13, 9.61 (br s, total 6H); *C NMR (125 MHz, DMSO-dq): & = 22.6, 33.0, 34.8,
40.2, 43.7, 128.7, 128.8, 135.7, 137.7, 152.0, 155.0, 169.1; DARTMS: m/z calcd for
[M-2CI-H]™: 291, found 291. Anal. Calcd. for C4H,,CIoNgO: C, 46.29; H, 6.66; N, 23.13.
Found: C, 45.93; H, 6.66; N, 22.90. A{tEMITFHULEMTH D,

2-(2-Chlorophenyl)ethylbiguanide dihydrochloride (67: GPU-469) ®D& 1%

General Procedure 1 (Zf- T, 2-(2-chloro-phenyl)ethylamine (52) (156 mg, 1.00 mmol) %
VT 130 °C, 10 min, CH3;CN (3.00 mL) DM TRIGZITVY, 67 O—HEfEHE (244 mg,
88%) & 1F7c, AT R OVEWIEMERERIC RS (EtOH) 21T7-o7- & 2 A, I T
& % 67 #1%7=, colorless powder. Mp 159-161 °C; *H NMR (500 MHz, DMSO-dg): & = 3.02
(br s, 2H), 3.50 (br s, 2H), 7.28-7.51 (m, 4H), 7.65, 8.54, 9.18, 9.68 (br s, total 6H); **C NMR
(125 MHz, CD;0D): 6 = 32.5, 43.7, 128.6, 129.9, 130.8, 132.7, 135.1, 136.3, 154.0, 156.5;

65



DARTMS: m/z calcd for [M-2CI-H]": 240, found 240. Anal. Calcd. for C;oH;sCI3Ns: C, 38.42;
H, 5.16; N, 22.40. Found: C, 38.27; H, 5.05; N, 22.48. K{L&WITHHILEW TH D,

2-(3-Chlorophenyl)ethylbiguanide dihydrochloride (68: GPU-474) ®O &)k

General Procedure 1 (Zf- T, 2-(3-chloro-phenyl)ethylamine (53) (156 mg, 1.00 mmol) %
FHVNT 130 °C, 10 min, CH3CN (3.00 mL) DOZ&MECRIGZEITVY, 68 O—HEFEHE (244 mg,
88%) A 1F7c, AT R OVEWIEIERE AIZ RS (EtOH) 21T-7- & 2 A, IEMRIET
i 5 68 &#137-, colorless powder. Mp 154 °C; *"H NMR (400 MHz, CD;0D): § =2.99 (t, J =
7.6 Hz, 2H), 3.61 (t, J = 7.6 Hz, 2H), 7.25-7.37 (m, 4H); *C NMR (100 MHz, CD;0D): & =
34.4, 45.0, 128.1, 128.3, 129.9, 131.3, 135.5, 141.1, 153.9, 156.4; DARTMS: m/z calcd for
[M-2CI-H]": 240, found 240. Anal. Calcd. for C1oH;6ClsNs: C, 38.42; H, 5.16; N, 22.40. Found:
C,38.37; H,5.07; N, 22.27. KMtEMTHHULEM TH %,

2-(4-Chlorophenyl)ethylbiguanide dihydrochloride (69: GPU-473) ™A A% *

General Procedure 1 |Z%£> T, 2-(4-chloro-phenyl)ethylamine (54) (156 mg, 1.0 mmol) %
FHVNT 130 °C, 10 min, CH3CN (3.00 mL) DOZ&MECTRIGZEITVY, 69 O—HEfEHE (231 mg,
84%) & 4F7-, AT R OVEWIEIERE AIZ RS (EtOH) 21T-7- & 2 A, “IHEMRIET
&5 69 #1372, colorless powder. Mp 153 °C; *"H NMR (400 MHz, CD;0D): & = 2.98 (t, J =
7.6 Hz, 2H), 3.60 (t, J = 7.6 Hz, 2H), 7.21 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H); ©°C
NMR (100 MHz, CD;0D): 6 = 34.1, 45.1, 129.8, 131.5, 133.8, 137.5, 153.9, 156.4; DARTMS:
m/z calcd for [M-2CI-H]": 240, found 240. Anal. Calcd. for C;oH3ClsNs: C, 38.42; H, 5.16; N,
22.40. Found: C, 38.24; H, 5.05; N, 22.42. AALAEWITCEBEAI CH Y | EFEAT hun
—H L LT K REEERE LT,

2-(2,6-Dichlorophenyl)ethylbiguanide dihydrochloride (70: GPU-485) ®D &%

General Procedure 1 [Zf - T, 2-(2,6-dichloro-phenyl)ethylamine (55) (190 mg, 1.00 mmol)
% FIV T 130 °C, 10 min, CH3CN (3.00 mL) D5 TREZ1TV )N, 70 O Mg (237 mg,
76%) Z437=, AT R OVEYITEMERER FIC RS, (EtOH) 21T-7- & 2 A, HEMRIET
&5 70 #4537-, colorless needles. Mp 217-218 °C; *H NMR (500 MHz, DMSO-dg): & = 3.20
(br s, 2H), 3.46 (br s, 2H), 7.34 (t, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.66, 8.57, 9.22,
9.69 (br s, total 6H); *C NMR (125 MHz, DMSO-dq): & = 29.2, 40.6, 128.7, 129.6, 133.5, 135.0,
152.3, 155.1; DARTMS: m/z calcd for [M-2CI-H]": 274, found 274; Anal. Calcd. for
C10H1sCILNs: C, 34.61; H, 4.36; N, 20.18. Found: C, 34.40; H, 4.27; N, 20.35. AA{b.&i38T
BibEm<TH %,
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2-(2-Bromophenyl)ethylbiguanide dihydrochloride (71: GPU-527) ® &k,

General Procedure 1 (27— T, 2-(2-bromo-phenyl)ethylamine (56) (200 mg, 1.00 mmol) %
FHVNT 130 °C, 10 min, CH3CN (3.00 mL) DOZEMECTRIGZEITVY, 71 O—HEFEHE (256 mg,
80%) A 1F7-, AT R OVEWIEIERE AIZ RS (EtOH) 21T-7- & 2 A, IEMRIET
5 71 #437-, colorless powder. Mp 173-175 °C; 'H NMR (500 MHz, DMSO-dg): 5 = 3.02
(brs, 2H), 3.50 (br s, 2H), 7.21 (t, J = 6.9 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.51 (br d, 1H), 7.62
(d,J=7.4Hz, 1H), 7.74, 8.58, 9.22, 9.72 (br s, total 6H); B3C NMR (125 MHz, DMSO-dg): 6 =
33.5, 42.1, 123.9, 128.0, 128.9, 131.1, 132.6, 137.2, 152.1, 155.1; DARTMS: m/z calcd for
[M-2CI-H]": 284, found 284; Anal. Calcd. for CioH;¢BrCI,Ns: C, 33.64; H, 452; N, 19.61.,
Found: C, 33.61; H, 4.50; N, 19.60. AILAWIFHILEMTH D,

2-(2-Trifluoromethylphenyl)ethylbiguanide dihydrochloride (72: GPU-530) @& %
General Procedure 1 (29> T, 2-(2-trifluoromethyl)phenylethylamine (57) (151 mg, 0.80
mmol) % v T 130 °C, 10 min, CHsCN (2.40 mL) D4tk TS 24TV, 72 O — gt
(218 mg, 88%) %157z, AT LR OVEWTEMRERAIC RS (EtOH) 21T-7- &2 A,
HEmetE & D 72 245372, colorless powder. Mp 146-147 °C; *H NMR (500 MHz, DMSO-ds):
8 =1.03 (s, 3H), 3.08 (br s, 2H), 3.52 (br s, 2H), 7.47-7.73 (m, 4H), 8.57, 9.22, 9.71 (br s, total
6H); *C NMR (125 MHz, CD,0D): & = 31.5, 44.9, 126.1 (q, J = 277.3 Hz), 127.2, 127.3, 128.6,
129.7 (g, J = 29.6 Hz), 132.8, 133.7, 154.3, 156.7; DARTMS: m/z calcd for [M-2CI-H]": 274,
found 274. Anal. Calcd. for Cy;H;6FsCI:Ns: C, 38.16; H, 4.66; N, 20.23., Found: C, 37.99; H,
4.53; N, 20.22. ALEMITEFBULENTH D,

Scheme 9 D E§k

3-Methylbutylbiguanide dihydrochloride (76: GPU-477)* D& Ak

General Procedure 1 (27— T, 3-methylbutylamine (73: 87.2 mg, 1.00 mmol) % F\v T
130 °C, 10 min, CHsCN (3.00 mL) D Z{:THRISZATVY, 76 O—MERAH (198 mg, 95%) %
e i R OVETEM BRI AL (BtOH) #1To72& 2 A, i ch 5 76
%#15%7-, colorless powder. Mp 158159 °C; ‘H NMR (400 MHz, CD;0D): § = 0.98 (d, J = 7.0
Hz, 6H), 1.58 (q, J = 7.0 Hz, 2H), 1.72 (sep, J = 7.0 Hz, 1H), 3.35 (t, J = 7.0 Hz, 2H); *C NMR
(100 MHz, CD;0OD): 6 = 22.6, 26.9, 37.3, 42.6, 153.6, 156.4; DARTMS: m/z calcd for
[M-2CI-H]": 172, found 172. Anal. Calcd. for C;HsCl,Ns: C, 34.43; H, 7.84; N, 28.68. Found:
C,34.43; H,7.82; N, 28.70. AbLEMIEEI CTH Y . FFEANT AR —FHLIZZ &
IZ X VRS E LTz,
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2-(2-Pyridyl)ethylbiguanide hydrochloride (77: GPU-488) ® & ik,

General Procedure 1 (Z7€ - T, 2-(2-pyridyl)ethylamine (74) (122 mg, 1.00 mmol) % v T
130 °C, 10 min, CH3CN (3.00 mL) D&\ TRISZAT o7, FFO NI EL 7 1 v 2 —I&
W, Wl Lizt%, 7Ivv VAV I ara~ 7T 7 4 — (CHCl/MeOH = 20 : 1-
5:1-MeOH D) (2 THHL L, 77 (166 mg, 68%) % 157=, 0#rd L OVEWiE MR B
> VTR (IPrOH) 217> T 7=, colorless powder. Mp 177-178 °C; 'H NMR (500
MHz, DMSO-dg): & = 2.94 (t, J = 7.0 Hz, 2H), 3.48 (g, J = 7.0 Hz, 2H), 7.05, 7.56 (br s, total
6H), 7.24 (t, J = 6.3 Hz, 1H), 7.32 (d, J = 7.4 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H), 8.49 (d, J = 7.2
Hz, 1H); *C NMR (125 MHz, DMSO-ds): & = 37.0, 40.6, 121.6, 123.4, 136.6, 149.0, 158.6,
158.8, 160.1; DARTMS: m/z calcd for [M-CI]*: 207, found 207; Anal. Calcd. for CgHysCINg: C,
44.54; H, 6.23; N, 34.63. Found: C, 44.31; H, 6.21; N, 34.46. KM tAMIFHILEH TH D,

2-(4-Pyridyl)ethylbiguanide hydrochloride (78: GPU-489)* ™A A

General Procedure 1 |21 C. 2-(4-pyridyl)ethylamine (75) (122 mg, 1.00 mmol) % T
130 °C, 10 min, CH3CN (3.00 mL) D&\ TRISZAT o7, FO NI L 7 1 v 2 —I&
B, @ L7th, TIVY U NS AA TG A~ b T T 74— (CHCIY/MeOH = 20 : 1-
5:1-MeOH DO &) [ZTHHRLL ., 78 (186 mg, 77%) %157, 0irds X OVEWTEMERBR A
> VTR (iPrOH) 217> T 7=, colorless powder. Mp 159-160 °C; 'H NMR (500
MHz, DMSO-ds): & = 2.80 (br s, 2H), 3.38 (br s, 2H), 7.07, 7.57 (br s, total 6H), 7.30 (br s, 2H),
8.48 (br s, 2H); BC NMR (125 MHz, DMSO-dg): 6 = 34.2, 41.2, 124.3, 148.1, 1495, 158.5,
160.1; DARTMS: m/z calcd for [M-CI]": 207, found 207; Anal. Calcd. for CoH;5CINg: C, 44.54;
H, 6.23; N, 34.63. Found: C, 44.31; H, 6.18; N, 34.47. At CEBEAITH Y . Bt R
R MR L2 Sl XV EEERE LT,

Scheme 10 D EEk

4-tert-Butylbenzyl chloride (80) DAk ™

SCHRICHE - T, *tosyl chloride (1.14 g, 6.00 mmol) % CH,Cl, (6 mL) (Z¥EME L. KiS T
L7223 5 ., 4-tert-butyl-benzyl alcohol (79: 821 mg, 5.00 mmol) & pyridine (237 pL, 3.00
mmol) Z MMz 706, =EIRIZT36 h I L7, MK % CH.ClL THIRL, 0.1 M
f2C 2 [A], NaHCO; a7k #E C 2 18], fafnffK T 1 EEd L, ok~ 7 % v
LTHME, 7 4 V28I, W2 BT E Lz, BoNBEWIE ) B 7 vh Z
L7 v~ ~7Z 7 4 —(n-hexane/CHCl; = 6 : 1) I THHBL L, 80 (390 mg, 43%) % 15%7-,
colorless oil. *"H NMR (400 MHz, CDCls): & = 1.32 (s, 9H), 4.58 (s, 2H), 7.32 (d, J = 8.8 Hz,
2H), 7.39 (d, J = 8.8 Hz, 2H). AILEWIICHEBEEAICTH Y | EFEAXT MAR—F L= Z
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IR DHEEETE LT,

4-tert-Butylbenzyl nitirile (81) ™Ak ™°

SCHRIZHE > T %980 (548 mg, 3 mmol) % DMSO (6 mL) (2 f# L . KCN (977 mg, 15 mmol)
ZMZ, 120°C T20hfE# Lz, KINRKRZ SR E THHE L%, H,0 Z/1x. EtOAC
THIH Lo, O T-ARE L KB~ 72> U AT, 7 0 V2 —JEE L, %
WIEREE L, BonRAWI Y DAV T A~ 87 F 7 4— (CHCl) 12T
FERLL . 48 (454 mg, 87%) % 437=., brown oil. 'H NMR (400 MHz, CDCls): & = 1.32 (s, 9H),
3.72 (s, 2H), 7.26 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.7 Hz, 2H). A{t&¥T CkEEEITH V|
FFEART "AN—FE L2 I X 0V EEEZRE LT,

1-tert-Butoxycarbonylamino-2-(4-tert-butyl)phenyl ethane (84) ™ &k

General Procedure 2 (27> T, 81 (433 mg, 2.50 mmol) Z AW TISEITV, S5
BAEWI ) BT NI T L a~ s 757 4— (CHClyn-hexane =2:1) (2 THHIL 84
(447 mg, 64%) % 1537, pale yellow solid. Mp 6668 °C;'H NMR (400 MHz, CDCl5): & = 1.31
(s, 9H), 1.44 (s, 9H), 2.76 (t, J = 6.8 Hz, 2H), 3.38 (q, J = 6.8 Hz, 2H), 4.56 (s, 1H), 7.13 (d, J =
8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H); *C NMR (125 MHz CDCl,): = 28.4, 31.4, 34.4, 35.7,
41.7, 79.2, 125.5, 128.5, 135.9, 149.2, 155.9; DARTMS: m/z calcd for [2M+H]": 555, found
555; Anal. Calcd. for C;;H,NO,: C, 73.61; H, 9.81; N, 5.05., Found: C, 73.36; H, 9.86; N, 4.99.
KEEWIFHULED TH D,

1-tert-Butoxycarbonylamino-2-(2-methyl)phenylethane (85) ® &k M°

General Procedure 2 {Z%&> T, 2-methylbenzyl nitirile (82) (525 mg, 4.00 mmol) % Fv T
FISZEATD, SO NTZIREMII VDAV T A7~ s 7 F 7 14— (CHClsgn-hexane
=1:1) (TR L, 85 (889 mg, 94%) % 757, yellow oil; "H NMR (400 MHz, CDCly): § =
1.44 (s, 9H), 2.33 (s, 3H), 2.81 (t, J = 7.0 Hz, 2H), 3.34 (q, J = 7.0 Hz, 2H), 4.64 (s, 1H), 7.13—
7.26 (m, 4H). AALEWIISGREEIN CTH V. EREARYZ AR —HLIZzZ Lk s
RE LTz,

1-tert-Butoxycarbonylamino-2-(2-trifuluoromethyl)-phenyl ethane (86) &k

General Procedure 2 |2 T, 2-trifuluoromethylbenzyl nitirile (83) (741 mg, 4.00 mmol)
EHOVTKICZITY, BoNTIREMIIS IV TSNV T L sa~w N T T 7 4 —
(CHCly/n-hexane = 1: 1) (2 CTHERL L, 86 (948 mg, 82%) % 157-. pale yellow solid. Mp 60—
61 °C.;'H NMR (400 MHz, CDCl3): & = 1.44 (s, 9H), 2.99 (t, J = 7.0 Hz, 2H), 3.38 (9, J = 7.0
Hz, 2H), 4.63 (s, 1H), 7.31-7.38 (m, 2H), 7.31-7.65 (m, 4H); *C NMR (125 MHz CDCls): § =
28.4,33.1,41.6, 79.3, 124.5 (q, J = 273.9 Hz), 126.1 (q, J = 5.6 Hz), 126.5, 128.9 (q, J = 29.6
Hz), 131.6, 131.8, 137.6, 155.8; DARTMS: m/z calcd for [M+H]": 579, found 579; Anal. Calcd.
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for C14H1sF3sNO,: C, 58.12; H, 6.27; N, 4.84, found: C, 58.12; H, 6.21; N, 4.72. A b&¥ L8
Hibawm<h b,

4-tert-Butylphenetylamine (50) &A%

General Procedure 3 |27~ T, 84 (420 mg, 1.50 mmol) % IV CHLER#E ATV, 50 (265
mg, 99%) % 1537-. pale yellow oil. '"H NMR (500 MHz, CDCls): § = 1.31 (s, 9H), 2.72 (t, J =
6.9 Hz, 2H), 2.96 (t, J = 6.9 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H). A{LA
MINISTEREE T T ) . LAY MAR—F L2 LIk D G2 RE LT,

2-Methylphenetylamine (46) D&k 18

General Procedure 3 {Z7-> T, 85 (843 mg, 3.60 mmol) % FV THifrRi#EAE TV, 46 D —
HERRE #1537 (617 mg, quant.), 55 iv7- —HERRIE (298 mg, 1.70 mmol) % Fv TRt %
1TV, 46 (229 mg, 98%) % f537=, pale yellow oil. '"H NMR (400 MHz, DMSO-dg): 8 = 2.26 (s,
3H), 2.63 (t, J = 6.8 Hz, 2H), 2.70 (t, J = 6.8 Hz, 2H), 7.07-7.11 (m, 4H). A{LAM13STHkEE
HMTHY, EFAT AR —FHLIZZ Lic X &z IRE LT,

2-Trifuluoromethylphenetylamine (57) ®& 7k °

General Procedure 3 {27 T, 86 (902 mg, 3.10 mmol) % FV THifrki#E ATV, 57 D —
HERRE #1537 (705 mg, quant.), 55 iv7- —HERRIE (461 mg, 2.00 mmol) % Fv TRt %
TV, 57 (353 mg, 92%) % f5%7=, pale yellow oil. '"H NMR (500 MHz, CDCl;): § = 2.94 (br,
2H), 2.98 (br, 2H), 7.31 (t, J = 7.7 Hz, 1H), 7.35 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H),
7.64 (t, J=8.0 Hz, 1H). AMLAEMISTEBEINI CTH Y | EFEART MUR—FL=Z LTk
DR AR E LTz,

Scheme 11 D EEk

1,4-bis(2-tert-Butoxycarbonylaminoethyl)benzene (88) dD &%

SCHERZHE > T, *Ok& T, dry MeOH (200 mL) (Z 1,4-phenylenediacetonitrile (87) (4.69 g,
30.0 mmol), (Boc),0 (26.2 g, 120 mmol), NiCl,'6H,0 (713 mg, 10 mol%) Z/x 7=, &6
(Z NaBH, (15.9 g, 280 mmol) % 30 min LA L2 7 T - < Wiz 7-t%. =T 19 h Hii#e
L 72, diethylentriamine (6.5 mL, 60 mmol) Zf1%x ., & HIZZIR T 30 min P L7-& I
AT 25 L, EtOAC T L7=, NaHCO,; Safn/kiaii < 2 [ml, fafnfiik < 1 [k
L, JoKIig~ 73237 LTI, 7 4 v Z =R L, WA RIEEE LT, Hoi
FIREMIES Y B A NH T AT a~ N7 T 7 4 —(CHCI/MeOH = 10 : 1) 12 CREBIL |
88 (7.02g, 64%) & 137, /AT o 7V IT RS (CH.Cly+n-hexane) %17 CTH572, pale
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yellow needle. Mp 154155 °C; *H NMR (400 MHz, CDCly): 5 = 1.44 (s, 18H), 2.77 (t, = 7.0
Hz, 4H), 3.36 (br, 4H), 4.55 (s, 2H), 7.13 (br, 4H); *C NMR (125 MHz CDCls): § = 28.4, 35.8,
41.7,79.2, 129.0, 137.0, 155.8; DARTMS: m/z calcd for [M+H]": 365, found 365; Anal. Calcd.
for C,H3,N,O,: C, 65.91; H, 8.85: N, 7.69. Found: C, 65.67: H, 8.57;: N, 7.95. A{b-&¥i3Hr
BbEWmTH 5,

1,4-Di(aminoethyl)benzene dihydrochloride (89) ™A f% *°

88 (3.98 g, 10.9 mmol) %5 MeOH (T fiE L. & 51T 5% HCI/MeOH (70 mL) A A% .
FIRTIIhFE L%, B2 BIERE S LT 89 (261 g, quant) %457=, white solid. 'H
NMR (400 MHz, CD;0D): 6 = 2.97 (t, J = 7.9 Hz, 4H), 3.15 (t, J = 7.9 Hz, 4H), 7.28 (br, 4H).
AEAEIISGREER CTH Y . ERRART MR- L2 LIC K EEE2RE LT,

1-(tert-Butoxycarbonylaminoethyl)-4-(aminoethyl)-benzene (90) D& k% 4

HRIZHE - T k% T, 89 (1.00 g, 4.20 mmol) % MeOH (1.5 mL) (2 f# L . 34% NaOH
aq (0.9 mL, 5.9 mmol) W~ < W ilz I T 1 h#HEH L7, HEKS T T, MeOH (2 mL)
(2 VMR L 72(Boc),0 (1.29 g, 5.90 mmol) % 30 min 77 T~ < Wz, iR T 66 h iH#:
U7c, WA PR 25 L, 10% 7 = /KR (5 mL) /%, diethyl ether (8 x 30 mL)
Z W CRIARD O 88 (885 mg) Z R\ -, NaOH (1.0g) #/Nx CTHFi1L ., CHCl; THh
U7, fafngfik (LE) Tl L, BoKmiEg~ 7 %o ATzl 7 ¢ v 2 —JEHL
R A JERE 2 L. 90 (384 mg, 34%) % 15%7-. yellow oil. '"H NMR (400 MHz, CDCl,): § =
1.44 (s, 9H), 2.71-2.77 (m, 4H), 2.96 (t, J = 6.8 Hz, 2H), 3.36 (br, 2H), 4.56 (s, 1H), 7.13 (br,
AH). AALAWNT ST TH Y . LAY AR —F LI Z LIC K OS2 IE L
776

1-(Acetylaminoethyl)-4-(tert-butoxycarbonylaminoethyl)-benzene (91) D&k

SCHRZHE > T 2ok . dry CHLCl, (1.2 mL) (2 90 (384 mg, 1.45 mmol). DMAP (18.0 mg,
0.15 mmol), NEt; (0.73mL) %/l x7-1%. acetic anhydride (0.20 mL, 2.20 mmol) % ip - <
DINA., R T 4h L7z, HO (1 [R]), fafns = (11a]), faf NaHCO; KIRHE (2
), fafndsEk (1E) THedf L, EKREE~ 712U LT, 7 0 02—, &
BABWMITEREELZ, BONTEEEX VWSV T L e~ 7T 7 4 —(EtOAC
n-hexane = 3:1) (2 THHR L, 91 (268 mg, 60%) % 457=, white powder. Mp 117118 °C; 'H
NMR (400 MHz, CDCly): & = 1.44 (s, 9H), 1.95 (s, 3H), 2.79 (m, 4H), 3.36 (br, 2H), 3.50 (q, J
= 6.8 Hz, 2H), 4.55 (s, 1H), 5.47 (s, 1H), 7.14 (br, 4H); *C NMR (125 MHz, CDCls): § = 23.3,
28.4, 35.2, 35.8, 40.6, 41.8, 79.2, 128.9, 129.0, 136.9, 137.2, 155.8, 170.0; DARTMS: m/z calcd
for [M+H]": 307, found 307; Anal. Calcd. for C1;H,sN,05: C, 66.64; H, 8.55; N, 9.14. Found: C,
66.45; H, 8.55; N, 9.03. AMLEMITHRULEM TH D,
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1-(Acetylaminoethyl)-4—(aminoethyl)benzene (51) @& 12

91 (263 mg, 0.86 mmol) % /> & MeOH IZ¥fE L, & 512 5% HCI/MeOH (2.5 mL) %
Z. BIRT2hiFfE L, BEABEREL TS5 o—EiE257-, GohzAatiE
K% B F1 NaHCOs /KK (5 mL) (Z¥fE L. CHCl; 2 W THi L7z, 7= AikiE %
AR HEK O L, MOKGREE~ 7 1 v 0 ATl 7 ¢ V2 —IREL I R 5
L. 51 (166 mg, 94%) %457, yellow oil. '"H NMR (500 MHz, CDCl5): & = 1.94 (s, 3H), 2.72
(t, J = 7.0 Hz, 2H), 2.79 (t, J = 7.0 Hz, 2H), 2.95 (t, J = 7.0 Hz, 2H), 3.49 (q, J = 7.0 Hz, 2H),
5.74 (s, 1H), 7.11-7.16 (m, 4H). AMLAEWITCEBEAI CTH Y, EFEART AR —E LT
TR HEEETE LT,

Scheme 12 D EER

N,V’-Bis(tert-butoxycarbonyl)-N”-[2-(2-chlorophenyl)ethyl]-guanidine (92) ® &k
XHkAE B EICL T, ®CHCl, (6 mL) I 36 (464 mg, 1.60 mmol) % ¥Afig L .
2-(2-chlorophenyl)ethylamine (52) (374 mg, 2.40 mmol) #/Nzx. EIR T84 h#HAL Lz, &
MAEMEEEL, SN EBEX VAN D T I~ NI T T 4 —
(n-hexane/EtOAC = 100 : 3) (2 THBLL ., 92 (569 mg, 89%) % 157=, oMV > 7 M idHE
fidh (EtOAC+EtOH) %17 C15%7-, colorless powder. Mp 134-135 °C;'H NMR (400 MHz,
CDCly): 6 = 1.48 (s, 9H), 1.51 (s, 9H), 3.02 (t, J = 7.0 Hz, 2H), 3.69 (q, J = 7.0 Hz, 2H), 7.19—
7.36 (m, 4H), 8.37 (s, 1H), 11.48 (s, 1H); *C NMR (125 MHz, CDCls): & = 28.1, 28.3, 33.0,
40.5, 79.3, 83.1, 126.9, 128.1, 129.6, 131.0, 134.2, 136.2, 153.2, 156.2, 163.6; DARTMS: m/z
calcd for [M+H]": 398, found 398; Anal. Calcd. for C;gH,sCIN;O,4: C, 57.35; H, 7.09; N, 10.56.
Found: C, 57.14; H, 7.04; N, 10.45. RtLEMITHHULEMTH D,

N-guanidine hydrochloride (93: GPU-486) D&k 22

4 M HCI/EtOAc (5 mL) (Z 92 (564 mg, 1.42 mmol) %Nz, =|IE T 20 h HFE Lz, BEt%
JRER 2 L, EtOAC 12 & BIZIERE ET 2 8E% 3 [al#k v K L, 93 (334 mg, quant.)
T, OB L OVEMIEMERBR Y 73RS (EtOAC+EtOH) %17 - THE7-,
colorless powder. Mp: 157 °C.'"H NMR (400 MHz, CD;OD): & = 1.48 (s, 9H), 1.51 (s, 9H),
3.02 (t, J = 7.0 Hz, 2H), 3.69 (g, J = 7.0 Hz, 2H), 7.19-7.36 (m, 4H), 8.37 (s, 1H), 11.48 (s, 1H):
DARTMS: m/z calcd for [M-CI]*: 198, found 198; Anal. Calcd. for CoH13CIoN3: C, 46.17; H,
5.60; N, 17.95, found: C, 46.08; H, 5.57; N, 17.85. AL I CakBEICTH D | EFE AT
MV —E LI2Z Sic k2 e L,
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3-Cyanopropyl triphenylphosphonium bromide (95) ® &% *

k& 2 & 12 LT, toluene (30 mL) (Z triphenylphosphine (5.30 g, 20.2 mmol) &
4-bromobutronitrile (94) (2.49 g, 16.8 mmol) Z Nz, ZEHRFFHK T 18 h INEGEE L7, K
JISAIR & B E CTHA, 7 4 F—REL, YT — T LT LR LT, 95
(6.07 g, 88%) % 15%7-, white powder; '"H NMR (500 MHz CDCls): § = 2.01-2.06 (m, 2H), 3.12
(t,J = 7.0 Hz, 2H), 4.13-4.19 (m, 2H), 7.71-7.89 (m, 15H). A{LAEWIT BRI CTH Y, b
LAY MAR—H LI SIc kW iEEZ2RE LT,

5-(2-Chlorophenyl)pentnitrile (97) ® &k

WEkAZEZIC LT, k& . dry THF (60 mL) (= sodium hydride (576 mg, 24 mmol) %
Nz 7. 95(5.91¢, 144 mmol) Zp->< DNz, EFRFFWAX T, EiR T 15 min L
72, dry DMSO (6 mL) Z/nx., = T 2 h #i#: L 7-#. 2-chlorobenzaldehyde (1.69 g, 12.0
mmol) ZPp->< Vil T L, & HIZEIR T4 hif#: U7z, FUSEIRIZ IR NHLCI K E K (50
mL) ZAN%. EtOAc THIHH L7z, B ONTZIREMIIT VD IND T L a~ NT T T
4 — (n-hexane/EtOAc = 10 : 1) IC X 2K #2417 vw., EZ BE®mThH D
5-(2-chlorophenyl)pent-4-ennitrile (96) (1.95 g, 85%, E : Z=1:4) %#437-, colorless oil; *H
NMR (500 MHz, CDCl,): 6 =2.42 (t, J = 7.4 Hz, 1.6H), 2.53 (q, J = 7.1 Hz, triplet of E form
was overlapped completely, 2H), 2.62 (g, J = 6.9 Hz, 0.4H), 5.80 (dt, J = 5.7 Hz, 13.7 Hz, 0.8H),
6.19 (dt, J = 6.9 Hz, 16.0 Hz, 0.2H), 6.68 (d, J = 11.5 Hz, 0.8H), 6.91 (d, J = 16.0Hz, 0.2H),
7.19-7.51 (M, 4H) AMLAEWIIHHILEW TH Y, ERAXZ ML OEERNE KL Z
KO HRERITE LT,

W T, kA S ZIC LT, PIRARE: (EtOAC: 1,4-dioxane=4:1,25mL) (2 EZ A
¥ @ 96 (958 mg, 5.00 mmol), Pd/C (26.6 mg, 5 mol%) %1z, Bikiftk. KFBEJEM CTHRN
ZKFTEBRL, BR T8 hHH L, BT A4 MERZIT 2RI ZBIEHE L L,
BoNTHREI VDTNV T A a~ 7T 70— (n-hexane/lCHCl; = 1 : 1) ([2Tky
L 97 (971 mg, quant.) %757-, colorless oil.'H NMR (500 MHz, CDCl,): & = 1.71-1.81
(M, 4H), 2.38 (t, J = 7.2 Hz, 2H), 2.78 (t, J = 7.2 Hz, 2H), 7.14-7.35 (m, 4H). A{LE¥13 50k
BEETHY, FRAXT MAR—H L SV EEZIE LT,

1-tert-Butoxycarbonylamino-5-(2-chloro)-phenyl pentan (98) &k

General Procedure 2 (27> T, 97 (775 mg, 4.00 mmol) Z AW TISEITV, SF 57
REWI VBT NVH T A7 v~ T T 7 4— (CHClyn-hexane =3:2) (2 THRIL, 98
(860 mg, 72%) % 7457-, pale yellow oil. '"H NMR (500 MHz, CDCly): 5 = 1.36-1.42 (m, 2H),
1.44 (s, 9H), 1.49-1.55 (m, 2H), 1.60-1.66 (m, 2H), 2.72 (t, J = 7.7 Hz, 2H), 3.12 (br, 2H), 4.51
(s, 1H), 7.11-7.33 (m, 4H); *C NMR (125 MHz CDCls): § = 26.5, 28.4, 29.4, 29.9, 33.4, 40.5,
79.0, 126.7, 127.1, 129.4, 130.3, 133.8, 140.0, 155.9; DARTMS: m/z calcd for [2M+H]": 595,
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found 595; Anal. Calcd. for C1¢H,,CINO,: C, 64.53; H, 8.12; N, 4.70. Found: C, 64.53; H, 8.12;
N, 4.70. AAbEWITFHILEY TH D,

2-Chlororophenylpentylamine (99) DAk

General Procedure 3 (27> T, 98 (351 mg, 1.20 mmol) % FVTHLIRGE & B 2170,
99 (218 mg, 94%) % 157=, pale yellow oil. '"H NMR (500 MHz, CDCls): § = 1.37-1.43 (m, 2H),
1.46-1.52 (m, 2H), 1.60-1.66 (m, 2H), 2.69 (t, J = 7.5 Hz, 2H), 2.73 (t, J = 7.5 Hz, 2H), 7.11-
7.33 (m, 4H); BC NMR (125 MHz, CDCly): 6 = 26.6, 29.6, 33.5, 33.5, 42.1, 126.6, 127.1, 129.
4,130.2, 133.8, 140.1; DARTMS: m/z calcd for [2M+H]": 395, found 395; Jt3& 54T H I FHfG
i (IPrOH) #1T-o7-& 2 A, —MEERKE 1/3 KFn¥ % 457-, Anal. Calcd. for Cy;Hy;CI,N-
1/3H,0: C, 55.01; H, 7.41; N, 5.83, found: C, 55.07; H, 7.41; N 5.93. &AL EWIFHHALED
Thbd,

5-(2-Chlorophenyl)pentylbiguanide dihydrochloride (100) ® &k

General Procedure 1 {Z9&- T, 99 (198 mg, 1.00 mmol) % A\ T 130 °C, 10 min, CH;CN
(3.00 ML) DOFMFTHRIEZITVY, 100 O —HEIRIE (220 mg, 69%) Z1%7-, it OVAEY
TEVERRER I RS S (BIOH) 21T~ & 2 A, i TH 25 100 24572, Mp 153-
155 °C; 'H NMR (500 MHz, CD;0D): & = 1.46-1.52 (m, 2H), 1.66-1.77 (m, 4H), 2.78 (t, J =
7.5 Hz, 2H), 3.34 (t, J = 7.5 Hz, 2H), 7.14-7.34 (m, 4H); **C NMR (125 MHz CD;0D): § =
27.5, 28.7, 30.6, 34.3, 44.2, 128.1, 128.6, 130.4, 131.7, 134.8, 141.0, 153.7, 156.5; DARTMS:
m/z calcd for [M-2CI-H]": 282, found 282; Anal. Calcd. for Cy5H,,CIsNs: C, 44.02; H, 6.25; N,
19.74., Found: C, 43.75; H, 6.19; N, 19.70. A{bE&WIHHLEMTH D,
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A HOREAI 12 33 1F B General Procedure

i e

HEK293 Hifia i 1% [viv] NEAA, 10% [v/v] FBS. 50 units/mL ~<=3/U > 50 pg/mL A
M h~A P BIOB0ug/mL )~ A > % E&T EMEM % iV T 37 °C. 5% CO,
S TR L, HT29 M, HCT116 AR+ X OV HCT116p53" 1% 10% [v/v] FBS, 50
units/mL <= U > 50 yg/mL A FLT7 h~vA T BEUL0 pg/mL BF~A
% ie RPMI1640 % VT 37 °C, 5% CO, 5/ F T L 7=,

L&Y DOFEE

in vitro 7 v E A AW REILE I 100 mM @ DMSO & ik & L T-20 °C IZIR1E L.
DMSO &I FE S HI AR A RRBR 1T 1.0% [vivl, EALLIFME 0.25% [VV]IZ 72 D K 9 ICFRH
L7 vt %iTo7-, CAM 7 vt A ICHWIEREILEDITHRKERE L LT,
2-deoxyglucose (2-DG) X 2 M @ SDW &k & L T-20 °C (Z1-1F L 7=,

A b L AALER

IRERRAERI T F ¥ o N—WN 2Kl S A (94% N, 5% CO,, 1% O,) I[Z@E#d 252 & T
IRIER DRTE 2T - 7o, ALEWLHZAT O Haid. (LEWEIN 1 h I REER L 21T
9T &b LT, (RAEBALIIL 2-DG BAHEFEM, & L<IX/ va—ARZE A Hv
52 L TiToT, IKEESE - (LRERIRFLE X, 2-DG GAEFEEM, H LIXs/ra—
ARZIEHTEERE L COWDHME, SDIZTF v = AT, FE2ERBRET A (94%
Ny, 5% CO,, 1% 0,) |ZEH T 5 2 & TRBEDORFELIT o712,

N 725 —87 kA

A N L ARAL S W ALER A 4T o T L=, PBS (500 pL) (& C¥Eif L Lysis buffer (100
ML) 1T TEHE, -80 °C I T ol S Sl A SE I Lo, & BI04 (15,000 rpm,
4°C,1min) L7=%. Ei& (10uL) Z#IE (100 pL) & Bt &EZ2 o336 (HIERE 570
nm) ZHIE L7, £/, EEOX RV BEEITFEMET VI I VDAL H— KT
0.1-1.0 mg/mL DIREEITI T DR EM A ERkiZ. BCA 7 vt A %> ~ (Thermo Fisher
Scientific) OFHEL L 7=385K 4 200 pL Mz 37 °C T 30 23 fif&E L. # D% 570 nm OO
ZHIEL, (B LTZMERIVER L, Vo7 =27 —BIEMET — 2 I13HIE L7- RLU
iz BiEO X X7 EIRETRT 5 2 & TR Lz,

MTT 7 w4
AN L AACE IR AT T L721%, MTTREZIIL., E5I24h & LT,
A THRYBRE, DMSO ICTCAM LA L~ U EME TR LT-1%.

75



MULTISKAN JX plate reader {ZC 570 nm OW A HlE L=,

B—EH =R I 58

BETEA-BLZVa Yy

HEK?293 #if1 4 24 well plate (Z#5fE (12.5x10* cells/well) L. —Riks# L7-, Opti-MEM
IZDNA Zifshn L, L <##: L7212 HUGENE HD transfection reagent % i1z, #J 15 min
FHRIZTA »F 22— LT complex & fEHL L 7=, complex (X DNA & &
(PGRP78pro160-luc : pcDNA3.1=10:1). FUGENE : DNA=7:2, complex 1 DNA & &
252 pg/100 pL & 725 X 9 ICFRBLL . complex 4% well [IZHIN, FE0MZiRE L, —i
Bid8 U7, MIRRZ B LWEFER AR L —Bul s i Ch538 L7214, G418 AV OF5Hh
(FSTEE: 800 ug/mL) (ZA%H, 7 o — gD X A FL— 3 U&7V, 10-14 Hif 2z
=—BRLIctE, an=—Y vy I T v T Tolc, ¥y o T v L m— %, G418
A OE:HL (IR EE: 800 pg/mL) & W TERR A fel T . HfErIIZ 910 > v — L 1 K53IT
ETHRL, FRENHRRAE LT,

7 a— KD UPRIGEN Y 7 = T — BTG OHER

%7 vu—> % 24 well plate (Z#&FE (8.0x10% cells/well) L. —Mukzath, WHEEH#E L <
1Z2-DGEFH (20 mM) B EFHIALELZ 24 h [T 72 Vo 7 =T —BT vl A 1TV,
W AL & 2-DG & A B AL RE DL > 7 = T —BIE & ik LT,

HEK?293 GRP78 #85 % F\ 7z 2-DG & & D &E1t

N7 =7 —BiEME: HEK293 GRP78 #85 #llil 4 24 well plate (Z#5FE (8.0x10” cells/well)
L. —BibssEk, BEEH S L<IL2-DG &A (0.1-1.0 mM) @B HIALEE 2 24 h 175
T, W7 2T —EBT vl EITV, EEEHLEE L 2-DG & A BT HILERRF DL 2 T
= 7 —BiEMEZ B L7z (Fold Index).

FmlaEEME: HEK293 GRP78 #85 #llflu & 96 well 7' L— MZHERE (1.0x10% cells/well) L., —
Weks#E %, 2-DG (0.1-1.0 mM) WLFR% 24h{T-o 7%, MTT 7 v & A &11-7=,

VA& 2 FEEH ORI & U Feiii 72 2-DG IR AR 7,

HEK293 GRP78 #85 % i\ 7z 2 k L' 2 D&ET

HEK293 GRP78 #85 % 24 well plate |Z#&7f (8.0x10° cells/well) L. —HBik5#E%, /1=
— ARZEGH (GF), 1%0, {KEEEALEE (Hypoxia), 27 /L 1— AR Z 55 Hi+1%0, (K54 56 AL
P (GF+Hypoxia) @ 31 DA ML ASMET, 24h B L, V27 = 7 —BiGMEZHIE
L7,
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A NV RAARREICRIT MR O

HT29 #ifa % 96 well plate |Z#E 7 (3.0x10% cells/well) L. —WBihzsts, Wik, 7L =
— AR ZHEH, (KEEFE (Hypoxia: 1%0,) & L < ifﬁ@£$+7 Jb 3 — AR Z G
(Hypoxia+GF) Z&ff T phenformin % 48 h fLEE L7-%% ., @HEEFHICAHL L, 16 h B34
MTT 7 v&A1 &2iTo7,

B—EE R =~ SR

ERBEENY 725 —BT vkA

HEK293 p2.1 #3 #llf % 24 well plate (= #5FE (8.0x10° cells/well) L, —Wiksaefs, #HHIL
PR & OBRECEMEGH LT EHNC T HIAS % AT - 7=, KSR 41T > 7= 24 h
BREL, VY7 =T —BEELZHIE L,

UPRIGEBNY 72— T oA

HEK293 GRP78 #85 % 24 well plate (Z#&/E (8.0x10 cells/well) L, —Baksek, s L 7=
e ODMEILAYZEA LT-2-DGEH (0.3 mM) BiHZ TRAMIZSHAZ 1T > 7-1%. 24 h
BEL, Vo727 —PiEEEZHIE L,

TN a—ARZEMBITEIT D HRREMERER

HT29 #fa % 96 well plate (Z#5FE (3.0x10° cells/well) L. —BrkEst% . W EHE L < 1T
7w:~1kéﬁm’fﬁm§@%ﬁoko%%Lk@ﬁ@@ﬁmé%%%m&48h
Bege Uizth, BRI L, 16 h 58k MTT 7 v & A 217572,

B EE IR A5
HngwﬁkwnmﬂWWﬂxiimﬁnwmﬂé%wwpmwd@ﬁwnﬂwmmmm)
. MR L, BHEAE R IS T D OREESR - IRSREA LA TIZRT

5pmmwmn®ﬁh i@&ﬂ&H%®XFVXx#T LM x OREIEY
VRIS 48 h B548 UT-14 ., s HICASHA L. 16 h 58 % MTT 7 v &A1 247 -7,
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BB _EICET DR

Western Blot (for HIF-1a)

HT29 #ifa % 10 cm dish ([Z#KFE (6.0 x 10%cells) L. —WBpksats. FHE L -fEx OfEl

BN B THE IS A 2 AT o 7o, IRIRSRALEL 21T\ 4 h B3 L 72 %, JKin L 7= PBS
(TR A 2 [EIEA L, 10 mL @ PBS 21z, /AR T L—rS—Z PV TR 2~ —

N2 b Lz, w05 EE (1,000 rpm, 4°C, 5min) L72%#. Ei5Z B R RIPA buffer [50

mM Tris-HCI, pH 8; 150 mM sodium chloride; 0.1% [v/v] SDS; 1% [v/v] Tergitol solution; 5

mM EDTA; 0.5% [w/v] sodium deoxycholate; 0.1 mM DTT; 1 mM PMSF; 1 mM Sodium

orthovanadate; 10 mM sodium fluoride; one-half of tablet Complete®] (= THEL % 554 i

L7z, #00BE (100,000 rpm, 4 °C, 20 min) %, 5o /zMiflafitii %z BCA 7 vt A

IZTH X7 ER L 120 g & 725 X 9 50% [viv] glycerol, 8% [wi/v] SDS. 1% [w/v] BPB,

5% [v/v] 2-mercaptethanol % & ¢ 0.25 M Tris-HCI buffer (pH 6.8) TFAHL L, 5 min & L

Tet%, 7% SDS AR Y 7 7 U7 I R NVESIKE THlE, = ekl e—2AEI7m v

T4 Lz, = bhakin—AfE%E 0.1% Ponseau-S THf, 70 kD fHrTH » KL,

5% skim milk %z & ¢» TBST (0.1% Tween 20 % & ¢ 20 mM Tris-HCI buffer, pH 7.5) T1h >
ORI (4°C) 71w ¥ 7 L7-%. mouse anti-human antibody against HIF-1a (1000 {47
FR) & Ot goat anti-human antibody B-actin (3000 {5 #7HR) ZHW\T 1 h 5K (4 °C)

s S¥iz, £Df%, TBST (2T 3 B¥fF L., = ek m—XE4 Anti-mouse 19G

Peroxidase conjugate secondary antibody (1000 5#7fR) 3 X OY Anti-goat 1gG Peroxidase
conjugate secondary antibody (3000 {447 #R) A HWT=EIE T 1h B L7z, WBEf%, TBST
T 2[A TBS (2T 1 [EPE L HIF-1a (% Immobilon Western Chemiluminescent HRP Substrate.,

B-actin | Pierce Western Blotting Substrate % i\ CTE A E4LRH L7z, BEAFHTIE LAS
3000 mini imager and Multi Gauge software Science Lab version 2005 version 3.0 |Z T17 - 7=,

BB =ENICET DR

Western Blot (for GRP78)

HT29 #Hfia % 10 cm dish |[Z#KFE (6.0 x 10%cells) L. —Bpksass. A8 L 7-fEx OEl
BN EEREMS LIX 73— ARSI TR AR 21TV (KRB 24 h
Frote, 2 237 R KO v R B BB =B T RO AT T o 72,
2Ry E R ATV 20 ug & 72 D K 9 50% [viv] glycerol. 8% [wiv] SDS. 1% [w/v] BPB.
5% [v/v] 2-mercaptethanol % ¢ 0.25 M Tris-HCI buffer (pH 6.8) THHEL L 5 min &5 L 7-1%.
7% SDS ARV T 7 VAT I R NVESKENTHlEL, PVDFIEIZT vy T ¢ 7 LT,
PVDF fi#% 0.1% Ponseau-S TY:ta L (M2 5 Z ffgsd L 7212 .60 kD £ T# » ~ L.1% BSA
% 4rte TBST (0.1% Tween 20 % &2 20 mM Tris-HCI buffer, pH 7.5)C 1 h /5 #4% (4 °C)
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7 rvXx 7/ Lictk, KDEL monoclonal antibody (1000 f%#7#R) 35 & X goat anti-human
antibody B-actin (3000 {547 ) % FVNT=RIEIZ T 90 min (i & &7, £D#%, TBST IZ
T 3 [FI¥eyd L, PVDF €% Anti-mouse 1gG Peroxidase conjugate secondary antibody (1000
EATAR) 3 O Anti-goat 1gG Peroxidase conjugate secondary antibody (3000 {47 fR) %
WTCEIRTL h B L7z, W%, TBST €2 [al, TBS (2T 1 [A[#:# L Pierce Western
Blotting Substrate % F\ N TE 24Uk U7z, B AEHTIZ LAS 3000 mini imager and Multi
Gauge software Science Lab version 2005 version 3.0 {2 T{T - 7,

B _EB NS — BT S A5

ELISA

HT29 i % 24-well plate (Z#EFE (8 x 10% cells) L. 24 h %FHH L /- fix OB E/LA A
DEEEH S L <IXZ v a — AR ZEMIC TEHIAZHZ TV i DA o F 2= L
IHMERBAE ST T4 h 553 Lz, Bk, s 100 uL #37EL., €D H 5 50 uL %
kBl & L CHER L7z, Microwell Plate coated with polyclonal antibody to human VEGF-A %
wash buffer (200 uL) (2T 15sec i= L7z, Wash buffer % [, blank, gt & L CE
f% L7z standard 5 X OV FHEUEZ 50 uL 4724 well (20 L | assay buffer % 50 pL 3°
SNz 2hfg & 9 L7=1% wash buffer |2 C 3 [aIE¥4%4 Biotin-Conjugate anti-human VEGF-A
polyclonal antibody % 100 L JNx 1 h#&& 5 L7z, & 512 wash buffer (2T 3 [P
Streptavidin-HRP % 100 uL N2, 1h#k & 5 L7-%%. wash buffer |Z T 3 [al3E{41% Substrate
solution (tetramethyl-benzidine) % 100 pL A0 % Y L=IE 2T 30 min #&E L 7=,
MULTISKAN JX plate reader {ZC 620 nm OWe L 2 JHIE L, Standard (1,000 pg/mL) 1
2N 0.9 (HTIZ 7~ 72 2 & & HERB L 7= %4, Stop solution % 100 pL Al % . [FIEEDOREEHIZ T 450
FBLUN620 nm OWNEARE L, BEMHR LRI LA D VEGFA O E % B L
oo SHIT, VT T7x2TF7—EBT viA LFERKIZBCA T vEAICL LMD & R 7 8
ERAITVY, VEGFA D537 — # 13IE L7z VEGFA iz % v /3 7 B E TR %
ZETHRMLE,

MR AROMEYT

T — X fEHTIL, Student’s t test IZTITVY, p < 0.05 DA ITHEHFNNCHE TH D & f
Wr L7z,

79



5 _FABIUENEE IR S A5

CAM 7 v&A

FATHAREIN (RIS, £ ;0 H) %, 37.5 °C OHEPIFEIC T 1 h fIZHRIP L 72
MNH, 3HMA v Fa—FL72, 3 HEIZ, OB EZ I L CTHibE e imal /o2 #
TRERT 72, IRWOT, IIZ2FOICEETIRRE TINOFRIE X 0 oL8lm il & 8T
ZBIT. U U E AW TINOMIE O R BIFE E K 3 mL W EL-o 72, IROSiSEOTE
BAHEOR%Z, 2 mL = 7V CEE | IFREN RN DREEIZRS| Lo, IR o
X% opsite film TEWTHIMmHO /EL O A D FRE, B L cm BEDO/RER T 7=,
el T, IR A B BrE . v v T AP T 39.0-39.5°C DA U F 2 X—F —|ZC 24
htrFax—FL7I,4HRIC.CAMDOHFRIZT Y @Y 7 (REE 3 mm, ShE 5 mm,
JEE 1 mm) Z0E7-, BELEYE DMSO RAKIEE D 2%I1272 5 X 5 AFL A /KIEIR
TR U7, Wwic, AFAHE/KICTHE L 2% X F Lo — AWK &2 8 L= e
{LEWIRR B S BRI R, K LRl oz, IR L%, U ZNIC 10 ul i
L7z, D%, H1U839.0-395°C DA »FaX—F—|ZT48h A FaX—FL7, 6
HEIZ, EHOINOBB X OIEELZIRDRE, SV PN TA 7 URZK 1L
mL % CAM [T EyE A L, FrAEMmEZHRICA A5 X212 Lz, B CIE A rE
NBEZHEL, BEZREM LU, HEIX, Table 8 IR HEEUELZ A NTITo72, £
7o, 2y ba— B LOREEHDRA » FOFEHEZEH L, LTIRTRE D
T B AEEREZ RDT,

I B A FRLE % (%) = [1 - (control point / drug point)] x 100

Table 8. CAM 7 & A (Zd5 1T 2 I8 8 AL B3 R T o>l S v
Evaluation Criteria Point
- 1758 A B A R 3B B e 0
+ O MAE AL ER R BB OHILD
+ UL 7 D JE PH3 mmAR i 3 8T AR FH BB RSO BbiD
++  |CAMAIRO VIR I B AE L ES R ARDHND
+++  |[CAMABIRO 128 B |2 ifn & B AE B E 2 B AGRD HILD

AlwIN]PF-
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Abbreviation list

HIF-1: hypoxia inducible factor 1

UPR: unfolded protein response

CAM: chick chorioallantoic membrane
PANC: human pancreatic cancer

AMPK: adenosine monophosphate-activated protein kinase
HRE: hypoxia-response element

HEK: human embryonic kidney

ER: endoplasmic reticulum

ERSE: endoplasmic reticulum stress responsive element
ELISA: enzyme-linked immunosorbent assay
TMSCI: trimethylsilyl chloride

Boc: t-butoxycarbonyl

TsCI: p-toluenesulfonyl chloride

rt: room temperature

DMAP: N, N-dimethl-4-aminopyridine

NEts: triethylamine

t-Bu: tertiary butyl

Ac: acetyl

Ph: phenyl

PPhs: triphenylphosphine

THF: tetrahydrofuran

Pd/C: palladium on carbon

PHD: prolyl hydroxylase

ARD1: arrest-defective protein 1

VHL: von Hippel-Lindau

IREL: inositol-require protein 1

PERK: protein kinase RNA (PKR)-like ER kinase
ATF6: activating transcription factor 6
GRP78: 78 kD glucose-related protein
XBP1: X-box binding protein 1

elF2a: eukaryotic initiation factor-2a

ERAD: ER associated degradation

2-DG: 2-deoxy glucose

GF: gluceose-free
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OCT: cation transporter

HT: human colon tumor

HCT: human colon tumor

VEGF: vascular endothelial growth factor
MTOR: mammalian target of rapamycin
'H-NMR: 'H nuclear magnetic resonance
BC-NMR: **C nuclear magnetic resonance
El: electron impact

FAB: fast atom bimbardment

DART: direct analysis real time

IR: infrared

UV: ultra violet

EDTA: ethylenediaminetetraacetic acid
EMEM: Eagle’s minimal essential medium
RPMI: Roswell Park Memorial Institute
NEAA: non-essential amino acid

SDS: sodium dodecyl sulfate

DTT: dithiothreitol

PMSF: phenylmethylsulfonylfluoride
BPB: bromophenol blue

APS: ammonium persulfate

TEMED: N,N,N',N'-tetramethylethylenediamine
Mp: melting point

MS: mass spectrum

HR: high resolution

DMSO: dimethyl sulfoxide

DMF: dimethylformamide

PBS: phosphate buffered saline

RLU: relative light unit

BCA: bicinchoninic acid

RIPA: radio-immunoprecipitation assay
TBS: tris buffered saline

BSA: bovine serum albumin
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