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R 70 7T I 703, BDADFTZ R E LTRSS TR0 | MSATEHR %
D= DIEFEAR & — 7> b & U THH STV D 12, JEEMARIE, ERF & 135
720, 2 ha RYTOEEMET LTS8 (Warburg 2153 3. HEARIKEETL R
b8 Y eft. (OXPHOS) DOV IR 2 2722 ATP PEAJRE LTRIHLTWD
EEZBN TV, L L, IEOHFFETIZ, OXPHOS 7 v 7L ¥ o L—3 3 2D
WTEL OB AKIRFEIZB W THFE SN TE D | FRCHERFREICREE 243 2 2 AMiE
R F AR T L X —FEAEFR T OXPHOS (ZK7F L T\ A 728, OXPHOS [l
FNZxET DR EDSARD TEW 4, S B2, WADI bar U T, AP B2 E
O F— L ZOAEGRITKT D mWESRIZHIG T 272012, bR & OXPHOS
BRIV EZ D ENTELAEMEEZET S %, L7zh > T, OXPHOS [HEH O KL
IR P R TRE AR & LIERERISIIAL L B DL, RERITEHZED T
W5, BIE, 2 by U TREEZER & L2 AR OB D FEBIICHED 5 TEH
YV (Figurel), B2 08 ATERERE LTO bav R U 7TRBILED /et 25 720
(2. BEEORTERAR R £ 7 1 XEARRER D FhE S 41Ty 2 781014
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Figure 1. Anticancer drug targeting mitochondrial energy metabolism system’

Tz Ir (1) RANFIAI U REOE ST = RARHEH (Figurel) (X, I b=
¥ R U TIERSSRME AR T QMR HERTH D 1318, 77 = RRIEAID N ATEHFE~
DI ZFAGT 5 72012, $Z < OHIERKMFZEA T T D M8 X512 B
BRCIL, BR A e S AR A RV Tk L TR ERBIRIR ZR"T Z LRI Tun
5V BT, B 7= RBERIL, 7 a— 2R E LTV DB LT,
INEAE A N L RJGZ (Unfolded protein response: UPR) (2B 2% # > /N7 B DERGIEME %
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IO T = ReFERIL, REEFRFHEA -1 (HIF-1) 33 XU UPR (KIFMEDERETE
Pk, BRx 72 ER A b L AREZ 37 E R o-Mye OFEHL, ME BT E 2 A 2S84
52 ENTERAES, NAMALIL, HIF-1 ° UPR ¥ 7 MR ER I & & Tokk & 7RG
KREALTEY, EEM/NREE (TME) 6128 W TREBHECEEEA LA T TOAE
fFEARBICLTCWA, 207, 77 = RFEMRIL, I har U 72N E L
MAEIOBA & LTI T2 < BB O 23 ATUNREE 2 AR/ & L7250y A A ORI
=R ELTHAER I TV,
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OXPHOS FHEAID L 572X = FU 7R AER & LIEIARIRIIIA L LB 2 6
. 7= UFA MRV I LD RV OXPHOS FAFFEM 27, 612, B
77 = FiFERIZ, 7 FURBERZEDERGMIIZIE VT, UPRETOE, AMP iHH
ft7e 74 & —F (AMPK) OIEMELR L OSEBRMZMlasEtzsl SR 2 &0
IRENTND Y 22T, HexlIT7T YV — L EST=RAF vy 74—/ RIZEH L, &
ABNEWOT V— L7 7 = RFEERLZAIR L © 77 = MEawoFF>I har R
7 DXL EEHICOWTHREZ1T) 2 & & Lz, H—FTIE, TME 3
Fay R 7O X —REEENE LENARBEELELTCOT Y — LT =R
FBEROBRIZONWTHRRD, TV = ETT = MELAEMOBEFERSLE ST = Rik~D
EHEOBEABLIOTAF L) U —HEORERS = a3 U %{TH 2 & T, TME
DARLVARTRLI bar R 7O X — 2= L 3 5 EB EER TN T Y
—AETT = FHERZAIR U, £ I Le@mIEET UV — v B 77 = REFFEERR,
MAMIRED I b2y RUTIFRICRT LCED X D REEE KT T OV TRAT S
ZE. BXOHIBSEIZ OWTHIT 21T Z L1k, 77 = REWRTHBANED A H
ZXLD—HERAONITHZENTELEZ2 6N, BREVEREDNLZ, 22T,
T I AT FTIAY—EANTT V=L 7T = NMEEWHTE L O DS A O
RIZEZ DB OV T OFEMRRET 21T 9 LRFFIC, 7r—% A P A—=Z =% P\ T
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Figure 2. Structural modifications based on the aryl biguanide scaffold.
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B—H <A 7uvz—7 N ED ST = FHEEEDOARK

v 7T = ROEGMIE Mayer D H15E X 2 5E(Z L, Scheme 1127779 K9, H—ik
74, 58K 6a-6d & cyanoguanidine 7 H VY, dry CH;CN H, TMSCI /%, ~
A7y —TRInEITo7cf, iPrOH Z M2 T, SHIC~v A7 r Y = —TISEIT D
& T, HROBRHEFEREZGD Z LITHII LTz, Te DERIZDOWIEEH 2 BT~ 5,

R?
@MH 2 @\M/'L H H

N. =z
R1// n R? R n R

NH NH

4, n=2, R'=0-Me, R?=H 2, n=2 R'=0-Me, R2=H, R=H, 75%

5 n=2, R'=o0-Cl, R?=H 3, n=2 R'=0-Cl, RZ=H, R3=H, quant.

6a, n=2, R'=0-Br, R?=H 7a, n=2, R'=0-Br, R?=H R3®=H, 80%

6b, n=2, R'=0-l, R2=H 7b, n=2, R'=o0-l, R%?=H, R®=H, 68%

6c, n=2, R'=0-CF3,R2=H 7c, n=2, R'=0-CF3,R2=H, R3=H, 80%

6d, n=2, R'=p-Et, R2=H 7d, n=2, R'=p-Et, R2=H, R3=H, 93%

6e, n=2, R'=p-Bz, R2=H 7e, n=2, R'=p-Bz, R2=H, R3=H, 14%

6f, n=0, R'=H, R?=H 7f, n=0, R'=H, R%?=H, R®=H, 83%

6g, n=1, R'=H, R?=H 79, n=1, R'=H, R?=H, R®=H, 60%

6h, n=3, R"=H R?=H 7h, n=3, R'=H, R?=H, R®=H, 30%

6i, n=4, R'=H, R%=H 7i, n=4,R'=H, R?=H, R®=H, 98%

6j, n=5 R'=H, R?=H 7, n=5 R'=H, R?=H, R®=H, 74%

6k, n=6, R'=H, R?=H 7k, n=6, R'=H, R?=H, R®=H, 88%

6l, n=5 R'=0-Cl, R?=H 7, n=5 R'=0-Cl, R?=H, R®=H, 69%

6m,n=2, R'=0-Cl, R?2=Me 7m,n=2, R'=0-Cl, R2=Me, R3=H, 61%

6n, n=2, R'=0-Cl, R?=HC=C-CHy, 7n, n=2, R'=0-Cl, RZ=HC=C-CH,, R®=H, 71%

60, n=2, R'=0-Cl, R?=n-Bu 70, n=2, R'=0-Cl, R2=n-Bu, R®=H, 14%

6p, n=2, R'=0-Cl, R?=CHy=CH(CH,),CONH(CHy)3, 7p, n=2, R'=0-Cl, R?=CH,CH(CH2);CONH(CHy)3, R3=H, 43%
79, n=2, R'=0-Cl, R2=H, R%®=0-CIPh(CH);, 71%

Scheme 1. Synthesis of a series of biguanides via microwave-assisted reactions. Reagents and
conditions: (a) dicyandiamide, TMSCI, CH3CN, 130 °C or 150 °C under microwave irradiation,

5-15 min; (b) iPrOH, 125 °C under microwave irradiation, 1 min.
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Scheme 1 (ZBJ A KM KT I Do 5, 5. 6a, 6d, 6f, 6g, 6h i3I N6i IZBIL
T@%a&&l%ﬂ%%ﬁbt%@%@ﬁbtoYiy4xiowcmﬁbfﬁ\%ﬁ
BIHELMITT 2 D Boe (RN TE 5 Butini HDHiEN #BE|Z L. = MU UKD 88
FO9 DETISZITV, 10 B L0 11 21572, &%IZ, 4 M HCVEtOAc Z v THifk
AT, NH VA TZ NV A7 ua~ N7 77 4 =X HBEEITV, 4 BLWY
6c ZZNZIERMICET, 6b DARICE L TIL, Landge HDHIEZIZHES>TT vE
K12 % KCN f#/E FCEI S, = MUK 13 24572, S HIT, Wyffels D J71E 3 %



£ZIZ= MY VK13 % BHyTHF TiEJL L. 6b #1572, 6e DAEKIZOWIEE 2 BTl
~5,

A) R R R
NHB NH
©ACN a ©/\/ 0C b ©/\/ 2

8, R = Me 10, R = Me, 42% 4, R = Me, 54%
9, R = CF4 11, R = CF3, 82% 6c, R = CF3, 92%
B) I [ '
c d NH;
Br . CN
12 13, 93% 6b, 60%

Scheme 2. Synthesis of amines 4, 6¢ amd 6b.

Reagent and conditions: A) (a) i) (Boc).O, NiCl,, NaBH4, dry MeOH, 0 °C to rt; ii)
diethylenetriamine, rt; (b) i) 4 M HCI/EtOAc, EtOAC, rt; ii) NH silica gel column chromatography.
B) (c) KCN, EtOH, reflux; (d) 0.93 M BHs THF, dry THF, 0 °C to reflux.

6j BV 6k [ZBIL TIL, Scheme 2 |[Z7RT K912, T/ba— UK 17, 18 Zz HFEEUE
ELTEREIT>72, £7. Moussa b D71k 3 IZHEV, pyridine F7E FIZT, kb
ATV, 19 B LV 20 #4537-, #iV T, Barker & D J5iE ¥ 25V, DMSO H 120 °C C
KCN & DORIGEEATV, = B U UKD 21 XN 22 2157, ZD%OILEW 21 105 6j 1
F 22 05 6k DAL, ZALEH Scheme 2A & RO HETIT-72, F72, 6112
L Ti, £9 Leach D530 #5312, Wittig Kt &ALV 7 4 DiEILEIT > 72, PPh;
& 4-bromobutyronitrile 25 % toluene H, ZEFRFFFK T, MEGERIET 5 Z & T 26 % 88%
DOURTHET=, & 512, K& T, dry THF |2 sodium hydride Z 1z 7%, 26 2 ~>< ¥
Mz, EFRFHKT, BETI1Smin i L7z, £DO%, dry DMSO /%, FEiRT2h
Fi#E L 72% . 2-chlorobenzaldehyde # @ > < Vi F L, & HIZEHIR T4hiEHET 52 & T,
5-(2-chlorophenyl)pent-4-ennitrile © EZ J&54) 27 % 85%DUHE (EK Z1K =1:4) T
720 BZ OIRAHHEIL THNMR IZ L 2 0TI TRIE LT, RIZ, AL 7 4 OEITL T,
BETEEE (EtOAc : 1,4-dioxane =4 : 1) 1227 Zx. KEFHEK . PAC FE T, =ik
TRhEHT 22 & T, 28 ZEEMICHTZ, ZDHED 28 15 61 DKL, Scheme 2A
ERIBRD FETIT o 72,
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a b c d
OH OTs CN NHBoc NH,
n n n n n
4

17,n= 19,n=4,47% 21,n=4,8% 23,n =5, 69% 6j, n = 5, quant.
18,n=5 20,n=5,78% 22,n=5,90% 24,n =6, 63% 6k, n = 6, quant.
Cl Cl
B e Br f CN g
Br” " CN— Phsp” " SCN —> — 4CN
25 26, 88% 27, 85% 28, quant.
Cl Cl
h i
5 NHBoc 5" NH,
29, 72% 6l, 94%

Scheme 3. Synthesis of amines 6j, 6k amd 61.

Reagent and conditions: A) (a) TsCl, pyridine, dry CH»Cly, 0 °C to rt; (b) KCN, DMSO, 120 °C;
(c) 1) (Boc)20, NiCl,, NaBH4, dry MeOH, 0 °C to rt; ii) diethylenetriamine, rt; (d) i) 4 M
HCI/EtOAc, EtOAc, rt; ii) NH silica gel column chromatography. B) (e) PPhs, toluene, reflux,
under Na; (f) NaH, 2-chlorobenzaldehyde, dry THF, dry DMSO, 0 °C to rt, (E form : Zform =1 :
4); (g) Pd/C, EtOAc, 1,4-dioxane, under H», quant.; (h) i) (Boc)>0, NiCl,*6H>O, NaBHs4, dry
MeOH, 0 °C to rt; ii) diethylenetriamine, rt; (i) i) 4M HCI/EtOAc, EtOAc, rt; ii) NH silica gel

column chromatography.

T 6p DERUTAND N E S ALT AR LT I R I3OEMIZEI L TIE,31 & thionyl
chloride % & jis ¥, WV VEREEALY) 32 % E &M, T, 32 & a i qLT
XL T I U EHAWT 33 24572 (SchemedA), F7=, & _#k7 I OERRIZE L TiX
Fukuyama & 0 5153 2 5F2—fk 7T X 5 % 2-nitrobenzenesulfonyl chloride % VT /
VB L, 30 ZIERANICAT, T, S E S AT L F L LU KCOs 2 M
T 34-37 1572, %12, 10MKOHaq. X O'PhSH % T Ns & it <82 = &
IZE D 2T I 6m—6p 1572,
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A)
/\/\H/OH a /\/\H/CI b Br/\/\NJI\/\/
o) H
O
31 32 33
quant. 60%
B)
Cl " c Cl H
2 — \S
02 No,
5 30
quant.
cl R ¢ R
d ll\l e NH
— \S —
02 NO,
34, R = Me, quant. 6m, R = Me, 77%
35, R = HC=C-CH,, 95% 6n, R = HC=C-CH,, 80%
36, R = n-Bu, quant. 60, R = n-Bu, 92%

37, R = CH,CH(CH,),CONH(CH,)3, 83%  6p, R = CH,CH(CH,),CONH(CH,)3, 82%

Scheme 4. Synthesis of secondary amines.
Reagent and conditions: A) (a) thionyl chloride, under N,, 55 to 80 mmHg, rt to 80 °C; (b) 3-

bromopropylamine, dry Et;N, dry CH,Cl,, 0 °C. B) (c) 2-nitrobenzenesulfonyl chloride, EtsN dry
CH2Cl,, under Ny, t; (d) RBr, RI, or 37, K»CO3, dry DMF, 60 °C; (e) PhSH, KOH, CH3CN, 50 °C.



B T7YV—AETST = NEEEOHEEREEMEE
BF—H R7Y—=v7FEiR

BFoNTALEMDOEDIEELD A7 ) — =2 75l & LT, BDAMUNREE 2B L7z
invitro IZBIT 5, Vo7 2T =87 vEA BLOHREERREZITo72, £T. EnE
AUREESR - ORE S TIZB W THHE SN 5 HIF-1 5575k, UPR G L ~D 2%
BERRINEN ST 2T =BT vEA KO UPRIGEN T T =7 —ET v AT TRHEL
7o B X, LARTICHES. 4172 HEK293 #ifid~DNA =L A . h & LT, HRE (Hypoxia
Response Element) Z&ip/Ly 7 =7 —EBRILVRF—F =TT AI RR7 X —p2.1 % b
TUAT 2T v a v LICRERTPEASAZ M L TT - 72 2%, £ 0 HEK293 il &
FRx RIRE ORI EY & IEH E7ITEEE (1%0,) FMETFT24h A U FaX—F L
72%IC, TyotEAXxy NOFIRIZESTLVY 7 =7 —BIEMEZFHE L, P ERE

(ICso) ZFLH L7z, #%F TiT. LARTICHESL Sh7z HEK293 fifid~ DNA =L A b &
L C ERSE (ER stress responsive element) % H 7 5/ 7 = 7 —EFBL pGRP78prol60-
luc VAIR—F—T7F7AI R Z—¥% pcDNA3.1 X7 X —LILT N T AT 273
¥ LT e IR E R 2 ) L THT > 72, £ HEK293 #lfa & £k % 22 OB L&
W) & IEH £721% 0.3 mM @ 2-deoxy-D-glucose (2-DG) MLEEZ{FFC24 h A > F 2X—
ML7eICT veA Xy FOFIEICHES>TA Y7 = 7 —BIEMWAFIHE L, ICso 5 M L
Too DY AKERERRIT RT3 2 MR EsBR Cld, IEW 037 v a —ARZEMET T, B
IR E OB E W T L, 48h A o F 2 X— P L72RICI har FU T E2IEFLS
5 HBT, FEHAZH AT, IEFRFICEL, EH6I216h A FaX—FLi, £0D
A OB FE MR ik MTT 3 ZE [ 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide] Al L7l EFERY v AT o> TRMIi L, 1Cs 5 L7z,

¥ I HIF-1 X UPR B E M LRLEEA

T U=V E ST = RHEERD ) BEFRO IV MLIZ A FIL(2) HHFE (3) B (7a),
Iv#E (b)) Y T7AFaAFL (Te) VSRS, BLXOIAIc=F L (d) %
A LZBERITO TS HIF-1 38X O UPR B EEEA~OEFT 7 = kL > (1)
IZH_TE D> 7 (Table 1, Entry 2-7), — T, /XTLLO~X Y AL (Bz) (7e, Entry
8) TiX UPR [LEEMEN 7 =Ry (1) LRBETHY, /-, LEIAKLE -
Bu [ICso (HIF-1); 14.4 uM, ICso (UPR); >100] 22 D{EHA{ATIX, HIF-1 & T UPR OHREE
PALBREZD RS, 7oAy (1) ERRREN, K0IE oTe, TV —~DinS
O EHRELOE A X HIF-1 38 L UPR BREIEE~DOAE AR 35 2 R 0hoTz,

7 U —/L-(CHy),-E 7 7 = ROMERY] (n=0-6) TiX, BUKMEREML, 7% L



V) A= DR EPEENINT 51254 T HIF-1 &Y UPR #x 3R MACBLEMER 3L 72 5
BHEIZHD, 7) =5, Tk (h=6) BILRNo-Z7 L 7=z=17F a7 7 (h=5) %
HIF-1 3 X O UPR 0 L 7= BIEMEAL O 51 ﬁbf%ﬁ&@i@%%rLKEHMe
1 (Entry 9-15), Figure 3],

BT = RECTAFVELZEALT Tm, Tn B 7o X, Z4UT ERIITIEAR
WHOOD, HIF-1 3L UPR BEMEMAZR LD, DEIENT XL 25 TeE L%
EA L Tp TIEZEN S OIEMENTE L L7 [Table 1 (Entry 16-20), Figure 3],

B RRRAEERAM R ENS

7U—w577*P%é%@é%%%%®ﬁw%ﬁ@ﬂmﬁy%@%&LT%%W@
F1TIIE (b)) BV, FLa— 2RSS T AR A i S 1
FREHILE AN HE X0 %%%75 -7z (Table1,Entry3-5), ZHLETH, £ 7 = F‘%‘R
BAROREGETE AR BINFIE ClX, SEAR/XT A —% upsilon (0)* 1FK 7 v a2 — A5 T
DR & BB A R LTs 2, AR oS R B IC £ 0 @ 0.55 (C1D . 0.65 (Br)\
0.78 (I). 091 (CF3), 0.52 (Me) 8L 1056 (Et) DufEizEETHE, FLra—AK
ZEMT CoOMREMNT, BRAE IO D LT, e s U E T IRuER 0.5 5 0.8 D
PEBGH NS 2 T VX VIS S B BRICENL T 5 2 L TR SN D Z LA o7 (Table
1,Entry 1-8), —J7. Bz (7e,Entry 8) 3 X UVXF LD t-Bu [v; 1.24,1Cso (Gl -); 23.4 uM ]
2780, IONEEONEREOEANCLY | Vv a—ARZEETOMBEEIAER
IR F L7z, SN0 D, 7Y — AT = REOFFROBELILICE L CTIXE
TR Z 0 b LR RSB E OTEPEICEH 5 L TR Y MU RE S OEHEELD
BTV a— A RZFMERR MRt OEE L LS D L0 ) Z ERP 60
ALY

7 U= -(CHy)-E 7 7 = FOFRETR S —3 3 Tk, U —8HEDMHMEIZHEV B
ARPEAEINNF% (Table 1, Figured), 7 /L% L U i —DOE S EHIREMEOTEMIX (n
=0,3-6) TIZIEOMEZ /R LA, n=1 8L 02 TIXIEDOHHREZ /R & 72k > 72 [Table
1 (Entry 9-14), Figure 3], "E 7 —3 3 2k S SICHUKERH EL7=Z & T, n=
0,3-6 TlLMfaELE R & MR FEEORBRN EOHBEEZ RT LIk olcbE X DD,
Bz, 7) h=35), 7k (n=6) BLWo-Z7 a7 x=L7F /7 (h=5) 1T, /L=
—ARZFMETTIE IV a—2FE T L, @V MIaEE 2 R L7z [Table 1

(Entry 13-15) 1,

N1 F£7-1% N5 (CIcB#RELAZ T 5 @B 77 = FIZHOWTIE, Table 1 (2777
Tm, TnBID 70 X, 7= A U ERREOKZ L a— AR e id st %2 R
L7 [Table1 (Entry 16-18), Figure3], F72, NI @mW 7 /L XL EHILZEA L Tp B
L NT7q TET NV a—ARZ MRS @RI 22 I B E 23 H S L7 [Table 1 (Entry
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19, 20), Figure 3],

INETOBRFLY TV —AETT = NEOE ST = REEZ T LT ERTF AU LT
KDL T = RELY QAR A A7 —BHRILICER LI &
TU IV a— A RZ 5 TER MR OTEENERT 2 2 E R0 hs Tz 2, 4
[, B 77 = REOEFZ~OBEHRILOZE A L - TOIVa— AR Z 5 BRI 22/
FMEOTEMEME T E72ITHA L, £72, AE TR~/ L B0 | HIF-1 38 X OV UPR FETE
PEHFERRIIE T E7ITEEL L, U EICE D, 26 0ABERIIIE 77 = RERL
HTHY, o, BV 7 = FESOBEBREOFEANZHB TS FRICAEIRIEEZER S
HZEDBHLMME ST,
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Table 1.

N R?
i
R'—— | H H
= N N N
NH NH
IC, of ICs of
Entry |Compd.| n R R2 R transactivation (uM) cytotoxicity (MM)° Selectivity’ [ o |clog D'
N Gle+Gle- (pH 7.4)
HIF-12 UPR Glc+ Gle-
1 1 2 H H H 27.4+6.19 | 1078 £9.49|9726 £ 95.09| 46.2+ .29 21.19 -0.010 | -6.64¢
2 2 2 o-Me H H 6.0x0.1° 87.9+4.9% |403.1£31.29) 7.2+3.5° 569 0.092 | -6.50
3 3 2 o-Cl H H 58 +0.3° 37.4+3.19 |3504 £ 11.99] 52%0.7° 57.49 0.15 -6.39
4 Ta 2 o-Br H H 31+04 299+94 |2176+x11.2 7.3+£0.5 29.8 0.41 -6.32
5 b 2 o-l H H 46104 236114 | 2303488 | 14111 16.3 0.48 -6.16
6 Tc 2 0-CFy H H 5.0+0.3 892145 |3166+106| 158+0.7 20 N.D. -6.02
7 7d 2 p-Et H H 3.0+£0.3 413168 80.3+4.4 6.1+£1.1 13.2 0.46 -6.52
8 Te 2 p-Bz H H 46+06 92.1+11.4 | 217.5+13.8 | 28727 76 0.3 -5.94
9 I 0 H H H >100 > 100 > 1000 > 1000 N.D. N.D. -4.83
10 79 1 H H H 547+86 |1266+19.8|1053+101| 31.0+7.8 34 -0.036 | -6.73
1 Th 3 H H H 27.7+6.1 86.8+22.3 | 407.4+80.8| 86.9+94 4.7 0.28 -6.57
12 7i 4 H H H 9.4+04 388142 |2288+13.8| 123+23 18.6 0.43 -6.49
13 7 5 H H H 20+0.1 9.6+0.3 843+ 11.7 3.0+141 28.1 0.58 -6.40
14 7k 6 H H H 1.3+0.2 5506 27113 1.9+0.3 14.3 0.80 -6.30
15 7 5 o-Cl H H 1.0+£0.1 7.5+0.1 240x1.4 1.9+0.1 12.6 0.57 -6.05
16 m 2 o-Cl Me H 29.0+3.0 |116.3+£13.1|2247+729| 43079 52 0.36 -4.70
17 7n 2 o-Cl M H 485+24 |1482+317| 94193 242+56 39 0.63 -4.20
18 To 2 o-Cl n-Bu H 40.7 +6.4 96.6+196 | 424+146 | 21.7 +41 2.0 0.55 -4.05
N
19 P 2 o-Cl wﬂ H > 100 > 100 > 300 > 300 N.D. -0.010 | -3.76
20 7q 2 o-Cl H /\’ﬁ N.D. N.D. 176 +1.0 182+1.7 1.0 N.D. -5.09

Inhibitory activities for HIF-1- and UPR-mediated transcriptional activation and cytotoxicity of
biguanides. *ICso, 50% inhibitory concentration (mean + SD, n = 3). Determined by luciferase
assay using HEK293 p2.1 #3 cells following 24 h of drug treatment under hypoxia. "Determined
by luciferase assay using HEK293 GRP78 #85 cells following 24 h of drug treatment with 0.3
mM 2-DG. ‘“Determined by MTT assay on HT29 cells following 48 h of drug treatment in the
presence (Glc +) or absence (Glc —) of glucose. “Calculated by ICso (Glc +)/ICsp (Glc —). °Rm,

2930 calculated as described in the Experimental Section. ‘Calculated by

hydrophobic parameter
DS Accord for Excel ver. 7.1.5 (Accelrys Software, Inc., Santa Clara, CA, USA). ¢Data from ref.
22 N.D., not determined. Concentration response curves for biguanide 2, 3 and 71 can be found in

the Figure SA.
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Figure 3. (A) ICso for HIF-1- and UPR-dependent transcriptional activation of biguanides with
different alkylene linker chain lengths. HEK293 p2.1 #3 and HEK293 GRP78 #85 cells were
treated with 7f—71 for 24 hours under hypoxic or 0.3 mM 2-DG conditions, respectively. (B) ICso
of cytotoxicity on HT29 by treatment with biguanides. Cells were treated with 7£-71 for 48 h in

the presence (Glc +) or absence (Glc —) of glucose.
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BUE  BKMENT A —F ORRES

F 7 FN YAV B 77 L— b (60RP-8F2s5:S) 4142 & FV T, TLC FHEIFR % (Ry)
OB L7 R MBI KLV FHI L, A2EEH pH TONAFRETH 5 log D (clog D) B
i L7-, Figure 4 (2773738 0 MFEME RS T — % QRGO OFER, TAXFL 0 7
—DAF L UL BRI NT A —% (Rn; R2=0.9758, clog D; R?=0.9971) & OfIZIL,
FEFITFEWIEDFREAH Y . Ra & clog D OfE (R =0.9699) DORFIZH . FERIZEWIE
OHERSH > 7=, 7O RuflEIL, BEUFEHRETIZFE LY I —F (n=5) ® 7k LI12E
E Lo T2, Z O clog D IZBUKMEBI~DEIFERN D KE ATz, 2T, Bf
KPENT A =2 & UTIEFERMED R fHEA BRI L, —E#E 77 = FEIZOWTEHAEY
FEMED 1Cso & R fl & OFHEI & f#HT L 7= [Table 1 (Entry 1-15)] , BLBRIZEVLNZ &2, UPR
B R FIEMEALBR B TEME D 1Cso 1T R i & AHBI L TUn 7z (R?=0.8653, Figure 4B) . L7
L. HIF-1 /M EMEIREIEE LS L OREE (G +B8X NG -) D ICs X, WIThod
Ab Rafl & OMHBIZLA - 72 (R?=0.5-0.7, Figure 3,4B-D), * R/ v a&TeT L
BT = REIEHME pH TIXIEICHEL TR Y . BUKMEMEW o N~ E
VIABZARET DT OITHE D T4 ikl (OCT) 2B L4 5%, —JF, A Mk
SR BBAKEDOENT = R T OCT 20 &3, MfaEs BERET 5
B IABRRBERN R E SN TND 4, 2 LT, 22 TRLZEZ T = MO < I,
R NS FHIEND L OICT7 =0 AA 2 0 X 0 bBUKMENE < . BRI X - Tl
2 Fim 5 2 ERBR ENTZ, Lo T, DAMUNEEZERE L2 b4k
WyFRETEIC BV T, BUKMER FIXEERBERE RO LB N5,
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Figure 4. (A) Correlation between clog D, Rm values and alkylene linker length for compounds

1 and 7g-7k. (B) Correlation between Rm values and the ICso values of HIF-1 or UPR

transactivation for compounds 1-3 and 7g-71. (C) Correlation between Rm values and the ICso

values of cytotoxicity under Glc + or Glc - for compounds 1-3 and 7g-71. (D) Correlation between

Rm values and the ICso values of cytotoxicity under Glc + or Glc - for compounds 1-3, 7a, 7b,

7d, 7e and 7g-71. The R? values were calculated by linear approximation in (A) or (B) and

exponential approximation in (C) or (D).
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BNE 7YV sT = FHEEEOEWIEEICET S FHE
B—IH BESAMRRICE T D ERRERRAM RN

b NS E R IR HEAE AS49 13 HT29 MIfEIZ LT, L0 = 0L 5 — (R D hE
RIIEIFLTRY, /2, & N7V 73 USTMG 12X by R TICHREREE N &
V. HEREA TH D Z ENMESNTND ¥4, 2T, FoHomahck o, muv
PN AR Z R LTAEEW 2. 3 B LN THZ OV T, HT29, A549 35 X N UST-MG % %t
R, TV a— AR Z G T RGP e il 704 2 78f L 7= (Table 2, Figure5), Zi 5
ORBALEMOF T, T iE, BB LT X COMEKEKICBN T, 7 va—2RZ &M
TCbLBAOMaEFEE 2R~ LTz, £72. B FZ U THMEX, I b NU TR E
fRPERONR@MEY 707707952 LT, @mENELZRTZ ENRESNTND
DY ME2,3 820, v MU T IR USTMG 1% LT, i & [
DML R LI SITFEETREZETH S,

Table 2.
ICs Of L
Compd. | Cell Cytotox?gity (MM) GlCSe(If)c/gvll(t:y )
Glc. (+) Glc. ()
HT29 403.1+31.22 7.2 +35% 56.0%
2 A549 2325+139 13.2+19 17.6
U87MG 2146+ 2.7 37.1+£8.2 5.8
HT29 350.4 + 11.9% 52+0.7% 67.4%
3 A549 127.2+£27.1 4.4+0.3 28.9
us87MG 193.3+22.6 21.8+1.8 8.9
HT29 240+x14 19+0.1 12.6
71 A549 174 +4.3 2614 6.7
ugs87MG 238+1.4 9.4+45 2.5

Cytotoxicity of 2, 3, and on HT29, A549 and U87MG cells. ICso (mean = SD, n = 3) was
determined by MTT assay on each cell following 48 h of drug treatment in the presence (Glc +)
or absence (Glc —) of glucose. *Data from ref. ?>. Concentration response curves for biguanide 2,

3 on A549 and US7MG and 71 on HT29, A549 and U87MG can be found in the Figure 2.
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Figure 5. Concentration response curves in cell viability assay on HT29 (A), A549 (B) and
U87MG (C) with 2, 3 and 71 in normal or glucose-free medium. MTT assay using HT29 (A),
A549 (B) and US7MG (C) cells was performed with 2, 3 and 71 under normal or glucose
deprivation conditions for 48 hours. Each point represents mean + SD of triplicate experiments.

aPData from ref. 2.

#"IH HIF-1a 3 X GRP78 # /37 BERBIHE

HIF-1 1Za & BOERD 25OV Ta=y bbb, EFELMEICENTRI T2
= b (HIF-1B) FEFICHIL TWDEN, a7 2=y  (HIF-lo) OZRENMEEFE
BLEIL, BN & R T TR ICHIE ST g %,
IEMELEEIX HIF-10 & > /N7 B ORBEIC HIKF L TV D,
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F 7o IEEHER OMIEN/ NS E/MERICB W TEF ISV B b to X R0 g
OHMAEA S D & UPR Migfb sS4, B ¥ o 7 BOEFRIC Yy <r ¥
7378 GRP78 X° GRP94 DI BLANFHE I 41, EHE B2 Ko 3%, Lo T8 =Hi.
B HORAZ Y == T ORER LY | SO UEEEZ R Lo LA THZ-DW T, HIF-
la DFEBLIS LV UPR STTEH /X7 B OB BUKTT 220 R 2 it Lz, (ke T, 1k
B BLOIROENBRED 105D 1 THDH 1 uMORE T, [KBEET THESN
% HIF-1a % > /)7 B OB A2 HEZIZHH L7= (Figure6A), = 52, (LA® T i, 3uM
DRET T N a—AKRZIZL D UPR O EELRFHIK 7 Td 5 GRPT8 35 L TN GRPY4 D
B Ry R E A EICE L. (Figure6B), Z1 5 OLEFRMEIL, iR HIF-
la 35 KOV UPR MIMET DR GIEMEALILEE A oM7) (Table 1, Entry 2, 3 and 15) & —

FH LTz,
A B
22 2a
Conc.(uM) _—  _ 1 10 Conc. (uM) - - 10 30
Hypo. . - L T o Gle. + - + -+ -
HIF-1a—> - _ - GRP94 —> R T—
GRP78 — — — — — -
B-actim > | - B-actin—> — cm—
32 3a
Conc. (uM) - - 1 10 Conc. (uM) — - 10 30
Hypo. -+ - + - F Glc. + - - - + -
HIF-1a—> - p— GRP94 —» — —
GRP78 —» —_— =
B-actin > | e ———1 B-actin™>|
71 71
Conc. (uM — - 0.5
(M) 1 Conc. (uM) - - 1 3
Hypo. — + -+ — + Gle. + - + - + -
HIF-1a—> — — GRP94 — — —

Bractin—> | ——————
B-actin—> | W T T T T —

Figure 6. Inhibition of 2, 3 or 71 on protein expressions of HIF-1a induced under hypoxia or GRP78
and GRP94 by glucose deprivation. Immunoblot analysis of HIF-1a (A), GRP78 and GRP94 (B).
(A) HT29 cells were incubated with compounds 2, 3 or 71 for 4 hours under normoxic (20% O>) (Hypo.
—) or hypoxic (1% O2) (Hypo. +) conditions. (B) HT29 cells were treated with compounds 2, 3 or 71

for 24 hours in normal (2000 mg/L glucose, Glc +) or glucose-free (Glc —) medium. *Data from ref.
2
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B=IH  MmEHEMREFER

l%ﬂh®ﬁk TRFECIRFE OB N LB 272 . MEFAEDOFE L, 2N AM/NR

IZBIT DA P RAESIGER =R AF —RENCBIT HRED) 777 I 7
%<%bé;m$ukm_\@%m%®Fmﬁmﬁﬂﬁl%Jﬁﬁﬁb\mﬁﬁé@%
’%émﬁ%&%ﬁé%ﬁ%%tbfwé&wﬁﬁ%ﬁjfght#%1%0%&@%

ik THAEZERE T BRI R EEE S 2 B MEHAED5S 1
%ﬁﬁxb®mﬁuoﬁ#@\%@ﬁ%\@ﬁ@k%ﬂ (29 2 I PN R HE B K] 1
(VEGF)Z A2 & 32 FRIPUAR B ST & 72, HARIZEBW TS 2007 KGN A D
TRIRIEL L TR X793, 2015 FICHDPADIREIE L LTI A3 v=7 08, 2017
T 7 )Xt SR RIBDADIRIEIE L L TENEIEAR ST, £ ofl, K5
%DV/%f*?m%ﬂ(X%?%7\/771%7\A/A¢7%_W6@VHET
aAZHE (77 IU_E7 M), VEGF &K 2 & Mt/ 7 e —FAditk (T 460
~7) 72 £ D VEGF #REEIHEHD D ATAREE L U TR S AR ST 5 53959
DX D 7T k0 MAE AL ED R ORI XA ICB W TEETH D,

BT = MEAEwTH D A b2 1T AMPK K1FRIIC VEGF 38818 L O & 84
FHEEHZ R T ZENHEINTEY ¥ LI Oy Xr 737 GRPI8 3,
BIERNADMEF AN TEEREHZRIZLTWDLZ ENRBINTND Z Lo
53657 SRS LN EVEEE R T T U =L B ST = R ERO & # AL EERIC
DUV THRET L7z, aﬂﬁﬁ%}: L Ti&, Folkman T & > TEA I N HBIVERE (CAM) &
38.59.60 2 FHVN, in vivo (2331 B MLAE BB PR E N B 2 51l L 7=,

T xRN ol A MRV R, E ﬁé@@&/ﬂ? FOREAZPLIHEL &

IRy, MEHAEZEET S ENWESINTWD T, FAITILENIZZ = BV >,
2%;0@:L%h%ns%mmw&2%mmwﬁ$mé%m%¢é:&%%bkﬁ”\
Figure 7 |29 X 212, THI X VIRWHETH D 0.5 ng/CAM CHAE 72 48 B & FLE
TLZEDBHOLMNE ST,
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Figure 7. Antiangiogenic effects of compounds 71 in CAM assay. The CAMs of 4-day-old chick
embryos were treated with compounds for 2 days. Antiangiogenesis ratios of 71, calculated from the
following formula: antiangiogenesis ratio (%) = (1 — [control point/drug point]) x100. Eight to ten
eggs were used in total for each condition. Pictures of 71 treated CAM show avascular zone around

the silicon ring where the test compounds were administered.

B TR —RHICE X5

Birsoy 5, K7 /L2 — 2% F Tl OXPHOS PLEAITH D BT = REICHT
BINAFIRORSEZ N E £ 5 Z & £72 OXPHOS 732 D K 5 2254k FTo A
RIS LR R CH D Z EEEFELT O, £2C, FHT YV —LE s T =
NE O JEEAIL O = RN X — A~ DL TR D 72D, XFp Mifs 7 T v 7 245
Hrii& (Seahorse Bioscience fl) 626 Z W T, E#WMB LI OME I /Lo — 20T HT29
HEfE 2 xR, BEFRHERR (OCR) Z4EIE L L7 b R U THERE & lushiste b
(ECAR) Z4RiE L U= fRBEREDFM 21T > 7=, ECAR I%., EICHMEADOHTEMTH
D . fRREEE MY 95, Seahorse Bioscience Lo~ b= (R ha v RU T A ML
AT AR 7YY RAT A R) e, AR AERRT 5 3K (ATP & R R
AV A~A 0 2 bay B 7RIEHT o F 7 Z —FCCP, #EK VI BREAID
a7 )T rFvA T A TV a— A XN 2-DG) OB 72 RN xS ST,
TU—=AETT =R 1, 2 BEIOW 3 OFEFELITIEFET T HT-29 Mo OCR &
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ECAR OZ{LEZHIE L, =3V X —7 17 7 A NV%47-, Figure 8A (Z/"T L 51T, 2
=y RU 7SR oA Y gk (OXPHOS) (CHKT 25 2 b KU 7 ORLER
Wk L ORI, S0 uM OEET1IRBEIR2 L0 312X -T, LVRIPAES
I, fEFERICHHKT D ECAR 1%, OXPHOS ZMifEd 272l ., Z OBk 3 23
KK THoTz, £lo, I Pa RUTARNLVRATA DT a7 7 A5 ATP pEAR
ZHAED D &L 3RO ATP pEAZIH LT 72 (Figure 8A1, 8C),

EHIZ, mRAX—RABMOERZGH7-DIC, T har RUTHEEO a7 7 A1
DEAID 15 438D 3 55 THIE L7z OCR M & | Hﬁ%‘r ZHIE L 72 ECAR fEDO & X fE (Jk
JERER) %, Va3 —REEFTOE ST = REOMWMGETEE & Uz, R, fighE
BEZ 07 7 A A0 53R ECAR & OCR D%, 7V 22— A RZ 54T TOMK
PIHNEYEE Uiz, RIS, FECO A v Fa_X—F—HF T, 10mM D7 La—2A (Gle +)
BLOI NV a—ARZHFETT, HT9 27 UV —LEZ 7 =K1, 2, 3B X071 TULE
L7c#%. OCREB LV ECAR #IE LT=, 3BLONNIE, Va2 —ADOFET T 50 uM
DYLEE T, HT-29 MICH1T 5 OCR 2 HEICHHI L, 1LV 2 LE# L TECAR &
H9R L7- (Figure8B), — %, 7/ /L a—ZXRZF&MTid, OCR & ECAR D7 23 i &
Nize FRIZ, ML, ZVa—RAFETTOI I bary N TBEBHEED L ~/LET
OCR Z5ERIZRY &8 72 (33.4pmol/min), IEHIB LI Va2 —ARZEMETOM ST
v T = RALEE L 7-FE 4 ORIl ® ECAR & OCR ORIOFBIZ DWW T, =¥ —F£H
M7a 77 A DK E LT, Figure 8B 1 1 O Figure 9A-E |2/~ L7,

FEER ST T COREMILO = 3L X —Tk T Dk~ 7o EEMIREOISE X, £ D
DRART v VE KL TWD, b bfifERE F R MAE AS49 13 HT29 #ifu &
D BIFERICIKIEL TWD Z EMWE ST ¥, £/, & M7 U 73HHE USTMG 1%
B OSMEF Chofia & ik L CE OCR 35 X OV ECAR @ Warburg #8UH % 7R3 #]
REPE R STV 46, A549 35 T8 USTMG 137 /L ot — ZAFELE T B IEFEIE F~DZE
IS 2 L B by U B UL > & FRBE RAENL DR BRI A 5 = 3L — G D Y
a7 I RN HT29 Ml k0 b E M EmIICH 572 (Figure 9A-E) ., Table 2,
Figure 5 L ¥, FFlZ USTMG flifl@ic VT U — e/ 7 = RELBIZ LS 7 v a—A
RZ SN T ERAHIRL M OIEMEA HT29 Mifld LV £ 5> TRV, Zhix, 74—~
DV Tar T I TRIIOEINIRRETEZFHEET L2 0o L —E9 5 47, Figure
8B, 9 LV, BT = ROFIEIZEY, T RTOMEK TV a—ADFE T & IEFFAE
TNOWJ7TOCR DHERJIINZOZeN->TEY, /2, HT29 MildIZis 1T 5 =L ¥ —
R 70 77 I T ~DHEOREDIAFIL, T1>3>2>1 OMHAICH -7, EHIT
NiX, Za—AOFETIZEBWT, LV ifiJi72 OXPHOS OFHEF LT ECAR OHIN
Ehlob Lz, LEXY, 77U — 77 = RFEERIE, 7V a—ARZEETIZEND
THEBMINO OXPHOS #fHE L, =X —kg%2H8 452 LT, /Vva—ARZ
SRR e IR 2 R T DO LB X O, FFIC THXZ DIFERED > T2,
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7V a—AFFAE T T, OXPHOS FLFEIZ XY ATP OFEAMNHIR S5 & AMPK OE
(L% LT HIF-la > 7 FV NIRRT 5 Z S X0 | fREERIEMEAL S 4L ECAR 23
BT 2 ERPEIND, —J5, THE, OXPHOS FLEREE X 0 &K C HIF-1a O
BNy R E R EIE L 2R BAE L2 2 D EREO HIF-1oo > 7 ViE (b
WZEBZXNX—=0 0l T I IBMEN WD, T R—= A0 Y AT Ak
TELHAREMDR DD L TIRINT, S HITET. B b IE, Tl T D prolyl hydroxylase
domain-containing protein2 (PHD2) # RNEMALT 2 &7 =V A& EMTE L2 & %
AU, PHD2 BHFEANC L 57 & K — 3 A DOIEFRIRIE 2 4225 L T\ 5 %, PHD2 BAFEHA
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Figure 8. Influence of biguanides on the energy metabolism of HT29 in the presence or absence
of glucose. (A1) Changes in OXHPHOS-linked OCR (MitoStress test profile). HT29 cells were
treated with 50 uM of 1, 2, and 3 in assay medium (glucose, 10 mM) for 1 hour, and then the
OCR was measured over time using an XFp extracellular flux analyzer while sequentially
injecting mitochondrial respiratory chain inhibitors (1.5 uM oligomycin, 2 uM FCCP, 0.5 uM
rotenone/antimycin A). (A2) Changes in glycolysis-linked ECAR (Glycolysis Stress Test Profile).
HT?29 cells were treated with 50 uM of 1, 2, and 3 in glucose-free assay medium for 1 hour, and
then the ECAR was measured over time while sequentially injecting glucose (10 mM),
Oligomycin (1 uM) and 2-DG (50 mM). (B) Cell energy phenotype profile of HT29 cells treated
with biguanides. After the treatment with 50 uM of 2, 3, and 71 in glucose-containing (Glc+) or
non-glucose (Glc —) assay medium for 1 h, OCR and ECAR were measured three times in 15 min
by XFp extracellular flux analyzer. The differences in OCR values between each compound
treatment were statistically significant (*P<0.05, **P< 0.005, ***P< 0.0005). (C) The MitoStress
test profile shows the main indicators of mitochondrial function: basal respiration, ATP production,

proton leak, maximal respiration and reserve respiratory capacity®.
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Figure 9. Cell energy phenotype profiles of HT29, A549 and U87MG. (A) Diagram of energy
phenotypes of HT29, A549 and U87MG cells under normal (Glc +) or glucose free (Glc -) conditions.
The energy phenotype of HT29 (B), A549 cells (C), and U87MG cells (D) treated with 2, 3 and 71. (E)
OCR (Blue) and ECAR (Orange) of A549 and US7MG cells treated with treated with 2, 3 and 71 under
normal (Glc +) or glucose free (Glc -) conditions. Results for US7MG and A549 are from a single

measurement.
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Figure 10. Evaluation of apoptosis of HT29 cells by Annexin V-FITC/PI double staining assay
and flow cytometry analysis after the treatment of compound 2, 3 and 71 under normal or low

glucose condition for 48 h.
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Figure 11. Putative mechanism of action of Aryl Biguanide 71
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Scheme 5.  Synthetic strategies for 38 and 39
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Scheme 6. Synthetic route 1 for 38 and 39

Reagent and conditions: (a) (Boc),O, EtsN, MeOH, rt; (b) i) -BulLi, KH, THF, -78 °C; ii)
CF;COOEt, -78 °C; (c) NH,OH HCI, pyridine, 80 °C; (d)TsCl, Et;N, acetone, 0 °C; (e) NHs (1),
Et,O, rt; (f) MnO», Et,0, rt; (g) 4 M HCI/EtOAc, EtOAc, rt (h) i) NH silica; ii) dicyandiamide,
TMSCI, CH3;CN or DMF, 130 °C under microwave irradiation; iii) {PrOH, 125 °C under

microwave irradiation.
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Scheme 7. Synthetic route 2 for 38 and 39.

Reagent and conditions: (a) i) dicyandiamide, TMSCIL, CH3;CN, 130 °C under microwave
irradiation ii) iPrOH, 125 °C under microwave irradiation; (b) (Boc).O, Et:N, DMAP, DMF, rt;
(c) 1) +-BuLi, KH, THF, -78 °C; ii) CF3COOEt, -78 °C.

Scheme 8 |Z/RT 1Y, FU 74 a7 vF s 7 = KK 4 BLO45 2t Sm
THAREZITV T I U 695 L OV 70" %157, HKev T, NH & U 7 CliEEsi AL st
EAToTHIC, 9 BLOT0 W T~ A7 nyc—T7KIbERHA LY 77 = Mex
AT, BEOWORE., 2V METLIISELNTE LT, HMRISERILEIE &
TWDAREMER B o7, — . RNTE 2 IIISIREMORIZE TN TND Z &R 0D
ol Ll B2 7 = FN23ERICARZETH Y . FfEmIEORGH, NH VU U %
MW OBRETOE T THER L, BESITLSNOT 2T 2 ITIZE SR o7,

30



NH, NHBoc NH,
—_— —>a
-HClI
(0]

Br o
6a, o CF; 44,0 CF3 69, 0, 95%
M, p 45 p 70, p, quant.
N N__NH NN H
2 2
b B -
—_— NH NH -HCl  ------ - NH NH HCI
o N
CF, , N" ¢r,
71, o, Not obtained 38,0
72, p, mixture 39, p

Scheme 8. Synthetic route 3 for 38 and 39.
Reagent and conditions: (a) 4 M HCI/EtOAc, EtOAc, rt (b) i) NH silica; ii) dicyandiamide,
TMSCI, CH3CN or DMF, 130 °C under microwave irradiation iii) iPrOH, 125 °C under

microwave irradiation.
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Scheme 9.  Synthetic route 4 for 39.

Reagent and conditions: (a) i) 4 M HCI/EtOAc, EtOAc, rt; (b) 1) NH silica; ii) dicyandiamide,
TMSCI, CH3CN or DMF, 130 °C under microwave irradiation iii) iPrOH, 125 °C under
microwave irradiation; (¢) (Boc)20, EtsN, DMAP, THF, rt; (d) TsCl, TEA, acetone, 0 °C.
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Scheme 10.  Synthetic route 5 for 38 and 39.
Reagent and conditions: (a) i) 4 M HCI/EtOAc, EtOAc, rt; ii) NH silica; (b) i) NH silica; ii)
dicyandiamide, TMSCI, CH3CN or DMF, 130 °C under microwave irradiation; iii) iPrOH, 125 °C

under microwave irradiation.
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N3

Boc Boc N(Boc) Eloc Eoc N(Boc)
P DA A
@A/ ©/\/ NBocNBoc ©/\/ NBocNBoc

82

N3

H H
N._N._NH
—————— >
NH NH -HCI

40

Scheme 11. Synthesis of phenyl azide derivative 40.
Reagent and conditions: (a) NaN3, Cul, sodium ascorbate, N,N'-diethylethylenediamine, 40%
H>O/EtOH, 100 °C.
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BHE NV A NE Te DEROBRE

Murai & D F{EIZHEVN % Scheme 12 [Z/R T Y, 7= RXFALT I 14% U 7uF
BAR AR BT, NY T vda T e FAARER 15 21572, T
15 % trifluoromethanesulfonic anhydride ' > #/k 22 B 75k CHLEE L C Bz {K 16 2 157=, #t
WC, 16T AAVEETFTTRY Zvda T e T VEEZBEBEL, 72 6e 137, &
BT, o 77 = RIFEEAROER & FIERIC Mayer DO~ A 7 v v = —7 Ktk ZFIH
L72HE e, Bz B2 BALTENT 74 =T 4 TNV ET T = R e —7 %2155
Z &L,

H H
NH, NTNTNHz
o O s o] O NH NH -2HCI
_° . _ 49
l 6e, 84% ! Te, 14%

Scheme 12. Synthesis of benzophenone derivative 7e.
Reagent and conditions: (a) trifluoromethanesulfonic anhydride, dry THF, under N, rt; (b)

benzoic anhydride, TfOH, under N, rt; (¢) 1 M NaOH aq., under N, 0 °C to rt.
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A NE

bW Te DAY V) —= ZIEMFARIZ OV TIZE —2 Table 1 (2% L7 K& 9 2, HIF-
1 B X UPR $EETEMACILEIER I X OV L o — 2R Z St T 32 o A MpiE e 1
7 xRV LA LUV [ICs (HIF-1); 4.6 uM, ICso (UPR); 92.1 uM, ICso (Gle-); 28.7
UM] Th o 7o, —MRITEER Z /87 B ORISR 21T 2 12lE, e —7 5 FO4EWTE
PEDME oM THEZ ERME L EZ H5NTND 0, £ 2T, LAWY Te IXIEERR 15
ThHoTeZ ENBIER S X7 ERE R RIS LT,

PLED X512, AR EIRIBLA ATEE DRER) & 2 X 7 B D [RIE D 12 8 DRSS T
U= BT 7 = RFEEROIIIRTERICKE Do T, T 2V AR ¥ MK
TIIEETH-7-Z &5, Scheme 11 (/R T AL — b (route4) (2 OV TIESEM M
AORMPH LD BN D, £o, HROSMHERE ) 7t a AFLeTr ol &
ORISR IEFICE L REETH T2 b, AF AT V) VA E AT D5
HLMETH D,
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L

R 70 7T I 703, BDADHTRFEE LTRSS TR Y | EFEIR 20
hﬁﬁ%%%®tb®m%ﬁ%kbfﬁﬁéhIV%>@F%¢%F ESIpR .
— AR L U IRIER A BT 50, TV — L E S T = R A%y 7 4 —/L K&
gl USRS L O ﬁaw:—X*#T B} 5 HIF-1 3 L OV UPR {KA7PE L
R—F—7 vABILOERIRMIRESET v ZHWZAZ U —=2 270280 mn
PR IEEZ R THHRE 7T = FiFERZ AN Lz, 7V —/1-(CHy)y-E 27 = K (n=0-
6) ODARERF—Ta UREHZL Y, @7 rx LV —K (n=56) #HTD
BRA 7R FHEEPG O, ZOFTROAEEEMIL, o-7 v e 7 = = VFHEK T T
BV . Z@ HIF-1 X UPR [LEFEESC IV a— A RZEMEERRET 7 =R v
1) DA ETHDZ Engorols, EHIT, T, MEHE, KBREICK-> TiHEX
A HIF-lo DX 2 RV ERBBLIRI NV a—AKRZIZE > THEINS GRPTS L&
ONGRPY4 DX L RV ERBL A ARIEK LT8O T V) —/L 7T = RiFEEARO T,
e b IR FE THIH L7z,

77 = NED X 572 OXPHOS FHEANZRTT 2 08 AR O RESZEIR, FRI2I b=
R U 7HEREIC R N b DI TIE, 7V a3 — AR Z LT THISR S A ATREME DS RIS X
NTEY O v 7T = NENRTZERREWFRNEEOHRTH, I ha v RY 7k %
PR 21EHD, 7V 3 — A RZ G TEIRORMREEOER OO ESLEEX bLd,
RS AAE D = 6 L X —(REHRIT OFE R, 2 b0 7T = REIZZ V2 — A fF/E T T
OXPHOS %R < PHE L. fUERICHEIER 21T 228, 72— ARZ ST Tl
Mg &b Ml S, R E L TR RN —FE L TR h—v 25| &7
ZENHLMNIIR T2, A RHRAI L 2-DG EOHHHIC L DA F—FEBIC Lo T
FHEINDTHR =T AL AMPK IZE > TS SN D 2 ERME SN TN D05 2466,
SEEHR LT —HEDOT ) — L7 T = RFEEERO 7V a—ARZEFMETOTZ L F—
FBIZ XD 7R b= AFFEMEMA S £72 AMPK ¥ 7 AR EIZBE L T 5 A gErED
b5, TV—ETT = RFERL, AMPK ZiEM(bd 2 —J7C, HIF-1 X UPR K7
DORREIEMEALILEERS°, HIF-1 & JL[F U THERER 215 L S & 2 B AR c-Mye B &
U8, UPR BHE[XF ATF4 & X7 BHORBZMHT 52 L7286, TRETITHLNIC
T&72 B8, ©77=FEIT. DADIGHY v r 7 I 7 x2flE LET%H%VJ@J%%
R, o, AV RARY URORIEMNY A N IA LR EOEFMED AT 4 = — X — & &7
LHBENZRER bR Z L b FEAIOMAAE OEREIES, FritfRoIEF DR &I
BOWT, ANCHAEND Z ERMFSTWD T2 X 5|2, T4, HIF-1 [EAO
KRR OB TR & 72 BAY 87-2243 % U — MMbAaW & L TR - A& ni-
IACS-010759 (Figure1) 73, FEWIZE8172 X h =2 R U 7 OMRSE S T REEM %
RYZERHE ST T, TACS-010759 (X E 72, IREBAIES A Ze E CEBEICR LR
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% ARIDIA BETOXKIBIZEY I hay RUTRENTEE L2V AT T 3T
DR 72 B RBEEN R 2R T Z ENIA LN/ o727, ARl Frx BB LI TNICE
WTH I hay R TRREIEIED & 2 HT29 MIZ BV T 7L o — R R Z S8R
IR EOIEIEN E L R DA NRD SN2 LS| ARIDIA Ea AR Pl &
ST hbay Y 7AREHEMESTTHE L QW D EMEEEORIRICARE L EZ DD,

T, BT = RREHZ B AEEIHNDBEAEORMES L LT, 7Y R—=Y 20D
URZPBEWZ ENETF N5, xiIT, PHD2 BLERIS KA S, PHD2 (XHLEET
VRV RABROEHE LEZ LN TS Z Enn % PHD2 IERIZFHT5 2L T
ZORWER Z R CE D AREMEN S D, o, AFERICEB VD TRV ATEMEZ R —
HWOT Y — /7 = ReFEARX, OXPHOS MEMEMAZ T HELY &2 IRV
BT, PR 215 63 5 HIF-1 OEFIEHLCZ v 7 BBl A RICHE L2 &
Do BREEERFTLZETRERE L TEZOND TV R—AD U A7 2T
X D AREME B RIE ST,

Fo. T V-7 = Meait, £ 628 OXPHOS FAE A4 R THELD b
P72 AR B TR RN B U N R EE D 2 b L A RE R FEM 2R LT
ZEnn, X hary R TEAMSERESE T OMIZ S 60O ET 5 & T18
L., R H o RO EORFRER T, 7T = MeAMOENRE ORI LT, 7Y
— VBT = FMEAMA~DONISERIETH D N T4 a A FATT VY Vi TV
NEBIOBz EOT UV — A ~OEALERF LT, N TZAda 2FAror oy ik
DBFBANZBNT, F—HE LT, U7V UBRbE VT T = NMexd EOBERETITH »
MWERETHDL LEZ2, SHEOMNGRK AT L, £ M IAFrrAFLoTry
JUEBBEANLZT7 23 FILT I E2HWE~YA 700 = —7 KIS Ti A O G
BT LR ST ZENLTYT VI VRB~YA 70T = — 7 RINMZ L > THfR L7
AR B ST, £ T, BV FEEEL, T VU VRIBRORIOKERETOE
IT = REOEABIRE /T = RED Boc fi#EZ1To72, LML, WTFNDHIEICE
WTH BRI ONT, GREME LT, 7Y FEEADLE . Boc RiEX 1T o7 2-
(2-Bromophenyl)ethylbiguanide % FHW\T7 ¥ MEDSEHMET 21T > 7225, HEIDKISIE
EITLRDoTle, 2OZENDL MHFELDOFETIIE ST = R A3 bW ~D7 Y
REDOBENIRNETH D LB X b, ®%IZ, Bz ZOBAZRALTZ, BIETIETSH
ST OO WUSE#IEE L TR VSN TNWERU Y 72 ) VEREATDES
T=NMeEMESED Z LIS L, L, A7 U —= Z3HIIZBIT HIEMEIX 7 =
VARV LR LUV OTEE LAOVR S AR Z T B O T AL EAT O ITIE, B
& N7 e OBFMENRE LKW, DLEXD, 7 U — BT = NIRRT LG
OSSR REABAL, ZNEa A 47 e —7L LTHWSZ & T, BV 7 = REOEK
BRI BERAET HZ L a2BE LT,
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VLB, ARWFZE T, BEOM/NREO =X NVF— ) 7 r /7 I v 7R BN LT H08A
TREEOAIMZ HIEL C, 7V — 77 = NEOREERHZITV, 7V a—ARZEMET
TREMIZI b2 R U TR AR PLE L, S iiE= 1oL ¥ — 5812 X 2 st~
LE TN TELMARFRT V=77 = RN E2RE Lz, THE, XA 0O/NRE
A N LV ASOMISICEE /2K T 25 HIF-1 X° UPR O ¥ 7 VAREEBAICAEST 5 2 &
M BINNT I o7, ZORER ARERHR, /PIaEA R LA REA S L AR EDR L RISE
B & b9 2 ZENREZH/ L. 20D ONRED L O = 3L ¥ — R & G alis
FERNCAH < 2 & Tl ORFIRIEIC H D IEFEMIIIIER ST, RSB A MR
BN A R T D D L PRI, BRGNS — R LTAYE L%
bbb,
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G

p2.1 plasmid vector Zffit 5 L T\ o2& Loy a v X - AR F 2 A K5 Gregg L.
Semenza ##%. 1 ONZ pGRP78prol60luc plasmid vector Z it 5- L T /=72 & £ L2
BB R b RiEE o 7 —E W Bl LB L £, MfaPy =1L — G
BIECH T2 EETRE, ZH. ZWhW 272 & £ LBl ERR B A M ES
PR BREOGHIEIERM, B e —#d%, REEZ BB L £,

K D IR, AWFFENT I THARTHZRFE 70 258 & IHFEE A 15 ) £ U 7 ATl B
TR RFRIFA P REEEFAC A IEE | KIRH FHIRICRIL T D3 2R U £, A4
JED IR T B E, HERE, WO 2 B Y F L 7ol BIERL KA AL
FRGEIEIAC TR P LsheRdz, B3, AOBRE T L S ONTe E R
RFRIFER 7 GH RS P70 3 R T B &N T2 L E T, iR T ORIEE L
TV 2 & F LT RIER R R o 7 —  WHEF-RI T U8 B SR RIS L £ 7,
AWFFEOHEREZ B 72 0 T I1 T2 72 & F U 7o I BB K AN SR b 2 K A - LR o
. KIWERERR, WONTE B T IRRICEEHE L £ 4, (E59H, REBHEHIZRY £ Lk
FACFIIEEOIETT, R, BREOEIRIEHRE L £7,
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£ B O

FHERIIRIT Sigma-Aldrich, &+ 7 o /L AFOEMESER RS, bk T2, BIR1L
. TATAT I A FUHF, EELT, Cambridge Isotope Laboratories 2> 5 A L
KRl 72 R IAT O TICH W, TR TORIGMIERIFZFK T TEME L7z, EfRERE 7 o
~ 8777 4 — (TLO) &, #FE T L — FOWPEAME T LT U 4171 60F254 (Merck,
1.05715.0009) T3Ef L, UV ¥ (254nm) OWIL, F 721X alHEEREE (£ U 7 R U V)
EHEALCHRE L, #7570~ 7T 7 0—i%, ¥V 70 (AP-300S, KELpHE)
F 721 NH > U #7471 (Chromatorex® 100-200 mesh, & 3V > 7{b5) T, il ST
WOIRETRIE A AW T T o7, ¥4 7 v U = —7 KISITIE Initiator 2.0 (Biotage AB) %
Wis, Bt Z e —2 ) — NR L —Z —CRIEE E LT,

'H-NMR (% JEOL JNM EX-400 (400 MHz)., JEOL JNM AL-400 (400 MHz), % 7-!% JEOL
JNM ECA-500 (500 MHz) (JEOL Ltd.) % . '*C-NMR (& JEOL JNM EX-400 (100 MHz), JEOL
JNM AL-400 (100 MHz), & 7213 JEOL JNM ECA-500 (125 MHz) (JEOL Ltd.) ZffH L T
25°C {7 L7z, 'H-NMR Dft5T 7 MEX tetramethylsilane (0.00 ppm) % PEFEERE & L
T ppm AL TFR L7, BC-NMR Db 7 MEIXIAER D 2227 kL (CDCly: 77.2 ppm,
CD;0D: 49.0 ppm, DMSO-de: 39.5 ppm) & NHMEHE S LT ppm AL THRR LTz, ¥ 7T L
D43 EEIE, s=singlet, d=doublet, t=triplet, dd=doubledoublet, td=tripledoublet, q=quartet,
m=multiplet & I&FC L7z, KEGER X NS 2 fFRE El v A A7 ~JL| FAB ¥ A A7
R UAZ I IMS-SX 102 JEOL Ltd.) Z i L 7=, (&0 fiFRER L ONE 0 fiffE ESI ~ A A3
kL. DART ¥ A A7 kLT IMS-T100TD (JEOL Ltd.) ZfEHL, KUY x=FL 7
a— /W (PEG) A AREWE & L CHIE L7z, Rl HIE I I I S R AT il R e 2 1 4
AL, 2 TRMETH D, TLREOHIZIE Micro Corder IM10 (J-SCIENCE LAB Co., Ltd)
RV, B2 o~ b 7T 7 ¢ —I2iT Art. 7749 Kieselgel 60 PF254 (Merck) %1 L.
254nM @O UV 74 K TR L L7, clogD i DS Accord for Excel 7.1.5 (Accelrys software
Inc) ZEH L THEMH L,

A ZFERIRHI S XL TR, B2 L7,

AR BE AR

EMEM (& £ 7 A /L ARGl 4E) . RPMIL640 (B 1+ 7 A /L A F R RS 4.
MEM Non-essential amino acids (MEM NEAA, GIBCO®, Life Technologies Inc.), fiilig A k L
7k~ A > (Meiji Seika Pharma Co., Ltd.), #iilit 1 7~ A <> (Meiji Seika Pharma Co.,
Ltd.), XU N_R=U 7 U 7 A (Meiji Seika Pharma Co., Ltd.). fetal bovine serum Lot.
No. S. 6M0030 (Nichirei). Lot. No. JBS-5145 (Japan Bioserum), /> 7 Ay [ = A A |
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(BRI A A 1 2 (KREFEMIK T ), Ethylenediaminetetraacetic acid (EDTA, Sigma-
Aldrich), Trypsin-EDTA (GIBCO®, Life Technologies Inc.)

N7 =27 —ET vk

Luciferase Reporter Gene Assay, high sensitivity (Roche Applied Science). Dimethyl sulfoxide
(DMSO, & L7 A v AFtfligEk=i241), FB12 Luminometer (Berthold detection systems)
BCA 7 v&A

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

L REAET

Thiazolyl blue tetrazolium bromide (MTT FA3E, FiYEHiZE T.3), RPMI1640 glucose (-)
(GIBCO®, Life Technologies Inc.)

JIZRAZTay k

Sodium chloride (& 17 A /L AFYEHigE K 4E), Potassium chloride (Sigma-Aldrich),
Na,HPO, (77 7 A 7 A7), KH,PO4 (Sigma-Aldrich), Sodium dodecyl sulfate (SDS, & 1:
7 A v BTSRRI 1), Tergitol Solution (Sigma-Aldrich), Sodium deoxycholate (& +
7 A IV DRDEREERRE S 4L), 2-Amino-2-hydroxymethyl-1,3-propanediol (Tris, % ¥ Z{t52),
DTT (& t: 7 A /v A F0 gk =i24t), Phenylmethylsulfonyl fluoride (PMSF, & 7 A1 /L
ARk 4t), Sodium orthovanadate (Sigma-Aldrich), Sodium fluoride (7% 7 A
7 A7), Complete EDTA free (Roche), Glycerol (7% 7 1 7 A7), Bromophenol blue (BPB,
Sigma-Aldrich Japan), 2-Mercaptoethanol (% 24 {t.%), PageRuler Plus Prestained Protein
Ladder (Fermentas), Acrylamide (& 1= 7 A /L A F0 M3 R S 4L) . N,N-methylene-
bis(acrylamide) (& 1t 7 A /L A FDEMIBEME N 4E), Ammonium persulfate (APS, 77 7 A
7 A7), Tetramethylethylenediamine (TEMED, & &7 A /L AFDEHISEE S 4]), Glycine
(Sigma-Aldrich), Ponseau-S (Sigma-Aldrich), Acetic acid (& == 7 1 /L A FEHISEE A S 1),
Methanol (& + 7 A /L A FDEHISRR AR, Skim milk (& + 7 A L LSRRI D),
Tween 20 (& £ 7 A /L A F0 G # 3R A 2x F1) . Nitrocellulose membrane (Amersham
Biosciences), Polyvinylidene difluoride 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)

MR T v & A

Seahorse XFp Extracellular Flux Analyzer (Agilent), XFp PS Tissue Culture Microplates
(Agilent), (Agilent), Seahorse XF DMEM Medium (Agilent), XFp Sensor Cartridge (Agilent).
Seahorse XF Calibrant Solution (Agilent), Seahorse XF Cell Mito Stress Test Kit (Agilent).
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Seahorse XF Glycolysis Stress Test Kit (Agilent), D(+)-Glucose (& 1= 7 A /b A F1YE R
=4t)

Zu—Y%A rA ) —

BD FACSVerse™ Flow Cytometer (BD Biosciences Pharmingen), FITC Annexin V Apoptosis
Detection kit I (BD Biosciences Pharmingen)

CAM assay

Methyl cellulose (7% 7 A 7 A7), Opsite Flexifix (smith & nephew), /£ > s 7 U AN A(K
BT ), P-008 (A) (Showa Furanki)

ABERRIZIT D General Procedure

General Procedure 1°° (77 = RERICBIT A~A 7 0 7 = — T KL)

2-5 mL microwave vial (ZA X —F ——%E AL, KEDOT I 4,5, 6a—6q, 0.3-6.23
mmol), dicyandiamide (1.0 eq.), TMSCI(1.1eq.)., dry CH;CN (2.4-3.6mL) Z Nz 7z, %
WA LR LTSRS EEE L, ~A 27 2% 10-30 min, 130-150 °C T4 L7,
WA, iPrOH (3.0eq.) ZMx CTRERZ IR LT72%., BaaBEE LTS bicvA 71
M % 1min, 125°C TS L=, SN 77 = RIEBEOWEL 7 ¢ V2 —JEER L
CH;CN TEIWEH L, €277 = REE 157,

General Procedure 2 ' (= N U LD L & 7 I 2D Boc 1i#)

FEEDO=1KYU/ (8,9, 21, 22, and 28, 3.0-8.0 mmol), (Boc)0 (2.0 eq.). NiCl, - 6H,0 (5
mol%) % dry MeOH (30-200 mL) (Z¥%f# L, JK# T T NaBHs (7-10 eq.) % 30 77LL B
TInA, =i T 4-25 h fii# L7214, diethylentriamine (1.0 eq.) % /12 T2 T 30 min
PidR U, VB BUER 25, EtOAc Thit L7ct%, D= AHE % NaHCOs S /K EIK
T3 E SRR T 1 B L, KRR~ 7R T AT, 7 4 b Z—EIRL .
R ZWERE Lz, BONZRAWIS YV A TX VT ra~ N7 57 4 — 2 TR
L7z,

General procedure 3 (Boc O iifri# & 7 I o iR ERHHALPE)

Boc A7 (10, 11, 23, 24 and 29, 52, 53 and 44-49, 0.269-73.0 mmol) % 7V & ® EtOAc |2
W L. & 5124 M HCIEtOAc (1-50 mL) Z W% T 6-7 h IR THiHR L7z, A2 8E
BELTT I VHEMBEZST-, R 4, 6¢'5 L 6j—6I' 2D\ Tik, EHIZNH VY
TN ERWEYa— N A7~ N7T 7 4 — (CHCls/methanol = 1 : 1) (ZX Y il
R 24T IR A ER E L CHMO 7 U —EF /7 IV 4,6c BLV 6j-61 %

iz,

42



General procedure 4 (55—#k 7 X > @ sulfonamides £R7#)

2-(2-Chlorophenyl)ethylamine 5 (3 mmol) % dry DMF (5-7 mL) (2% L . KoCO; (6.6 mmol)
Z N Z. & 51T iodomethane, 1-bromobutane, propargyl bromide & 721 33 #/Mx TEREE
FHSUT 60°C T 1042 h 18#R: L7, ROSEIK 2 iR £ THEI L72#%. H,0 212, diethyl
ether Tl L7z, O 7T-AHEE 2 HKNiE~ 72> 0 LTz, 7 4 V2 —JER L, &
AR E LT, B ONTIREMIIS Y W TN T Lou~ N7 T 7 4 —IT TR L
7o,

General procedure 5 (sulfonamides DifRFE & 55 —fk 7 I - DFEHRL)

thiophenol (6.2—-15 mmol) % CH;CN (2-10 mL) (Z¥&f# L 10.9 M KOH aq. (0.57—1.38 mL)
% 10 min 727 CTHIZ. 0 °C TS5 min ###F L7272 CH;CN (1-2 mL) (Z{Af# L7z 34-37
(2.5-6 mmol) % 20 min 2°F THZ . EHRFHK. 50 °C T 50 min ##HE L7, SUSEK
ZRIEETHA L, 0 /1%, CHClL, T3 [EHfH L, fafnatik T 1 mued Lz, £
DI ARG 2 KRR~ 71 v 7 L THIME, 7 4 V2 —IRH L, W2 e LT,
BFONTREMIT VDTN T LI a~ N7 57 40— T TR LT,

BB B —H~ZHIBET 2L DA

Phenformin (1).

General Procedure 1 |27 > T, 2-Phenylethylamine (14, 485 mg, 4.0 mmol) % F\»T 130 °C,
15 min, CH3CN (12 mL) O TRIGZITV, 61 O—HIERHL (774 mg, 80%) #1537, 47
e K OCATEPERRBR N INEA L 72278 & BtOH (2 —EFf# S 2M HCIEtOH % il A 7= 1%
IZFRHE L CRfE 21T o7& 2 A, IR TH 5 61 2 457-, colorless powder. mp 175-
176 °C (lit. 175-178 °C)*

AAEEWISCREEI CTH Y, BAN B L7 Z LIc L D EEZRE LT,

2-(2-Methylphenyl)ethylbiguanide (2).

General Procedure 1 |27 > T, 2-(2-Methyl-phenyl)ethylamine (4) (540 mg, 4.0 mmol) %
VT 130 °C, 10 min, CH;CN (12.0 mL) OSAMAETHRISZITVY, 2 O—HEEIE (764 mg, 75%)
EAFT=, ST R OVEMIEMERABR T ITINE L 7278 & EtOH (& —EE¥fi# S 2M HCIEtOH
EINZT-%ICHE L TSR EIT T 2 A, HHBE Ch 5 2 24537-, colorless powder.
mp 171.5-172.5 °C (lit. 173-174 °C)*

AAEEMTCREEAR TH 0 | A —B L7722 I X VG A RE LT,
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2-(2-Chlorophenyl)ethylbiguanide (3).

General Procedure 1 [Z7£> T, 2-(2-Chloro-phenyl)ethylamine (5) (623 mg, 4.0 mmol) % H
VT 130°C, 10 min, CH;CN (12.0 mL) O TRIGZITVY, 3 O—EEEE (1.10 g, quant.)
13T AT R OVEMIEPERER T IINEN L 72723 & EtOH (& — LR <& 2 M HCI/EtOH
EIMATZRICEE L TR E Tolo e 2 A, ZHlEBRIETh 5 3 2157,

mp 159-160 °C (lit. 159-161 °C)

AACEISREEFA TH D | RN —FE L7722 S IC K O EZRE LT,

2-(2-Bromophenyl)ethylbiguanide (7a).

General Procedure 1 |27 T, 2-(2-Bromo-phenyl)ethylamine (6a) (200.1 mg, 1.0 mmol) %
T 130 °C, 10 min, CH3CN (3.0 mL) O TRIGEITVY, Ta O—HEEEE (256 mg,
80%) % 137=, W K OVEMIEMERER B L 7278 5 EtOH & —EiRfE & 2M
HCVEtOH Z M A T2 4& ICHHE L TR & T 7o & 25, R TH 5 Ta 2157,
Colorless powder. mp 173-175 °C; 'H NMR (500 MHz, DMSO-ds): 6 = 3.02 (br s, 2H), 3.50 (br
s, 2H), 7.21 (t, J =6.9 Hz, 1H), 7.37 (t, J= 7.4 Hz, 1H), 7.51 (d, J = 6.3 Hz, 1H), 7.62 (d,J=7.4
Hz, 1H), 7.74, 8.58, 9.22, 9.72 (br s, total 6H); '*C NMR (125 MHz, DMSO-ds): 6 = 33.5, 42.1,
123.9, 128.0, 128.9, 131.1, 132.6, 137.2, 152.1, 155.1; LRMS (DART+): m/z [M+H]": 284; Anal.
Calcd for CioHi6BrCL:Ns: C, 33.64; H, 4.52; N, 19.61. Found: C, 33.61; H, 4.50; N, 19.60.
KMeaTHHIILEMTH %,

2-(2-Iodophenyl)ethylbiguanide (7b).

General Procedure 1 (27> T, 2-(2-Bromo-phenyl)ethylamine (6b) (200 mg, 1.0 mmol) %
VT 130 °C, 10 min, CH3CN (3.0 mL) D&M TRIGAZATVY, Tb O—HiF#lE (234.8 mg,
66%) ZF3Tc AT R OVEYIEMERER I L7223 5 EtOH I —EREMIE 2 M
HCVEtOH % I A T2 A2 \ZHHE L TRfSER 21T o728 24, R TH 5 Tb 2157,
Colorless powder. mp 159 °C; '"H NMR (500 MHz, DMSO-ds): & = 2.98 (br s, 2H), 3.44 (br s,
2H), 7.02 (t, J="7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz, 2H), 7.87 (t, J = 7.5 Hz, 1H), 7.46, 8.48, 9.11,
9.64 (br s, total 6H) ; *C NMR (125 MHz, DMSO-ds): 5 =38.5,42.9,101.4, 129.2, 129.4, 130,6,
139.7, 141.0, 152.6, 155.6; HRMS (ESI+): m/z calcd for CioHisINs" [M+H]": 332.0367, found
332.03392 Anal. Calcd for CioHi6CL2INs: C, 29.72; H, 3.99; N, 17.33. Found: C, 29.74; H, 3.99;
N, 17.10.

KeEaTHFbamTH %,

2-(2-Trifluoromethylphenyl)ethylbiguanide (7c).
General Procedure 1 {27 T, 2-Trifuluoromethylphenetylamine (6¢, 200 mg, 0.95 mmol)
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Z FAVNT 130 °C, 10 min, CH;CN (3.0 mL) DS TRIGZITVY, Te O —HRFeIE 215 7=,
N R OVE TR PERRBR A N L 72 28 5 EtOH 12— E AR X+ 2M HCVEtOH % Nz 7=
BICHE L CTHMERETo T2 2 A, HBETH D T (262 mg, 80%) & 157-,
Colorless powder. mp 146-147 °C; 'H NMR (500 MHz, CD;0D): & = 1.04 (d, 3H), 3.08 (brs,
2H), 3.52 (brs, 2H), 7.44 (t,J=7.5 Hz, 1H), 7.61 (m, H), 7.469 (d, ] = 7.5 Hz, 1H) ; *C NMR
(125 MHz, CD30D): & = 31.6, 44.9, 126.1 (q, = 277.3 Hz), 127.2, 127.3, 128.6, 129.7 (g, ] =
29.6 Hz), 132.8, 133.7, 154.3, 156.7; LRMS (DART+): m/z [M+H]": 274; Anal. Calcd for
CiHisF3CLNs: C, 38.16; H, 4.66; N, 20.23. Found: C, 37.99; H, 4.53; N, 20.22.
AAEETFHULEMTH %,

2-(4-Ethylphenyl)ethylbiguanide (7d).

General Procedure 1 |27 > T, 2-(4-Ethyl-phenyl)ethylamine (6d, 149 mg, 1.0 mmol) % H
VT 130°C, 10 min, CH3CN (3.0 mL) DM TRISZATVY, 7d O —HEEEME (250 mg, 93%)
EAFTo. AT R OVEMIEMRER A IMEA L7223 & EtOH 12— EEME S 2M HCI/EtOH
EINZT-RICHE L CHEREITo T2 A, “HBMIETHD 7d 215 7-, Colorless
powder. mp 178-179 °C; 'H NMR (500 MHz, DMSO-ds): 8 =1.16 (t, J = 7.6 Hz, 3H), 2.57 (g, 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-de): 8 = 15.7,27.8, 33.0, 43.8,
127.8, 128.7, 135.3, 141.9, 152.0, 155.1; LRMS (DART+): m/z [M+H]": 234; Anal. Calcd for
C12H2CLNs: C, 47.06; H, 6.91; N, 22.87. Found: C, 47.24; H, 6.90; N, 22.61.
AAEEMTFHILEMTH %,

2-(4-benzoylphenyl)ethylbiguanide (7e).

General Procedure 1 (27> T, 2-(4-Methyl-phenyl)ethylamine (6e, 115 mg, 0.51 mmol) %
VT 130 °C, 10 min, CH3CN (3.0 mL) DO\ THRIGEITV, Te O—EIEZ 1572, 7
Hr K OVERREHERRBR AN, AR L7278 & EtOH (T — B S ¥ 2M HCIVEtOH % /N % 7=
BICHE L CHMR AT T2 2 A, HBIETH 5 Te (28 mg, 14%) & 1537-,

Colorless powder. mp 148 °C; 'H NMR (500 MHz, DMSO-dc): 8 = 3.01 (br s, 2H), 3.58 (br s,
2H), 7.44-7.62 (m, 4H), 7.64-7.80 (m, 5H), 8.56, 9.20, 9.67 (br s, total 6H); '*C NMR (125 MHz,
DMSO-ds): 6 =33.4,43.2, 128.6, 129.1, 129.6, 129.9, 132.6, 135.3, 137.2, 143.6, 152.1, 155.1,
195.5; HRMS (ESI+): m/z caled. for Ci7H20NsO" [M+H]": 310.1668, found: 310.1653; Anal.
Calcd for C7H,1CLhNsO: C, 53.41; H, 5.54; N, 18.32.Found: C, 53.22; H, 5.49; N, 18.59.
KeEaTHFbamTH %,

Phenylbiguanide (7f)"*.
General Procedure 1 [Z%> T, aniline (61, 168 mg, 1.8 mmol) % VT 150 °C, 15 min,
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CH;CN (2.4mL) O TRIGEITV, T£(320mg, 83%) Z 157, it OVAEMiE TR ER
I INEA L7225 & MeOH |2 — EEVAME S B 72 ICHE L Clf A T 7oL 2A Tt &
57,

Colorless needles; Mp 246249 °C (lit. 244-247 °C)

AACEWTSGREER CTH Y . AN —E L Z LIC L D EEZRE LT,

Benzylbiguanide (7g)".

General Procedure 1 (27> T, 2-phenylethylamine 6g (255 mg, 2.1 mmol) % H T 150 °C,
15 min, CH;CN (3.7mL) O TRIEZITV, Tg O (217 mg, 85%) % 157-, 4
Hr B OVERIEHERRBR IS, MR L7278 & EtOH |2 — BEFSAR <& 2M HCVEtOH % Nz 7=
BICHEL CHEmETo T 2 A, “HMIETh 5 1g 2157,

Colorless powder. Mp 175-177 °C (lit. 175-178 °C); '"H NMR (400 MHz, DMSO-ds): 6 = 4.35
(d,J=5.8 Hz, 2H), 7.09 (s, 4H), 7.22—7.48 (m, 7H), 7.95 (br s, 1H); LRMS (FAB+): m/z [M+H]":
192. Anal. Calcd for CoH14NsCl: C, 47.47; H, 6.20; N, 30.76. Found: C, 47.44; H, 6.12; N, 30.69.
AACEIREEFI TH Y | EFEAT MABLOFEEN —H L7 Z LI X D #EEE
E LTz,

3-Phenylpropylbiguanide (7h)’°.

General Procedure 1 (27> T, 3-phenylpropylamine (6h, 243 mg, 1.8 mmol) % H\ T
150 °C, 15 min, CH3CN (2.4 mL) D& TRISZATVY, Th O—HEEEE (137 mg, 30%) %
1720 GIHT L OAETEVERRBR L2, NN L 7273 & EtOH (& — BEFEAF < 2M HCVEtOH %
A T2 ZICHRE L CHfSREITo7c e 2A, B Th 5 Th 2157=,

Colorless solid. Mp 197-200 °C; '"H NMR (400 MHz, DMSO-ds): 8 = 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); LRMS(FAB+):
m/z [M+H]": 220.

AAEEMTIRBEAR CTH Y | EFRRAXT MADR—H LT Z LIT K O EELZIIE LT,

4-Phenylbutylbiguanide (7i)’°.

General Procedure 1 (27> T, 4-phenylbutylamine (6i, 149.2 mg, 1.0 mmol) % H T
130 °C, 10 min, CH3CN (3.0 mL) D&M TRIGEITV, Ti ORI (264 mg, 98%) %
B 7ze S0t B OVETEMERRBR I IR L 7223 & EtOH (& — LV S 2M HCI/EtOH %
IMA T BIHFRE L CHfEmE To7c e 2A, “HBETH D Ti 2137,

Colorless powder. Mp 158-160 °C; 'H NMR (400 MHz, CD;OD): & = 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); LRMS(DART+): m/z [M+H]": 234.
Anal. Caled for C12Hz1CLNsOz: C, 47.06; H, 6.91; N, 22.87. Found: C, 47.02; H, 6.86; N, 23.10.
AACE T SCIRBER FRR AT AR —FH L7 2 LI K VS 2 UE LT,
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5-Phenylpentylbiguanide (7j).

General Procedure 1 [Z7£ > T, 5-phenylpentylamine (6j, 163 mg, 1.0 mmol) % FH VT 130°C,
10 min, CH3CN (3.0 mL) DM TR ZITV, 7j O—HEEEE (209 mg, 74%) % 157=, 43
Hr B OVERIEMERRBR I, MR L7278 & EtOH |2 — BEFSR S & 2M HCVEtOH % N % 7=
BICHE L CHERETo T2 2 A, HRETH D 7j 2157,

Colorless powder. Mp 164165 °C; '"HNMR (500 MHz, DMSO-ds): 6 =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-dg): 5 =25.8,27.2,30.6, 35.1,42.3, 125.7,
128.3, 128.3, 142.1, 151.8, 155.0; LRMS(DART+): m/z [M+H]": 248. Anal. Calcd for
Ci3H23CLNs: C, 48.75; H, 7.24; N, 21.87. Found: C, 48.50; H, 7.19; N, 21.93.
KMeETHHFILEMTH %,

6-Phenylheptylbiguanide (7k).

General Procedure 1 |27 > T, 6-phenylhexylamine (6k, 177 mg, 1.0 mmol) % H\ T 130 °C,
10 min, CH;CN (3.0 mL) O TRIGZITV, Tk O—HEEEHT (261 mg, 88%) Z4157=,
OINT R ORI, B L 7223 & EtOH |2 — Vi < 2M HCUEtOH % iz
TeBICHE L TSR AT 2A, ZHBIETHD Tk 21572,

Colorless powder. Mp 168-169 °C; 'H NMR (500 MHz, DMSO-ds): § = 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; LRMS(DART+): m/z [M+H]": 262; Anal. Calcd
for C14H2sCLINs: C, 50.30; H, 7.54; N, 20.95. Found: C, 50.15; H, 7.52; N, 21.02.
KMeaTHFLEmTH %,

5-(2-Chlorophenyl)pentylbiguanide (71).

General Procedure 1 [Z7€-> T, 6l (198 mg, 1.0 mmol) % HV T 130 °C, 10 min, CH;CN
(3.0mL) DFEMETRISZEATV, 71 O—HEFEE (219.6 mg, 69%) Z1%7-, Tk OCAEWTE
PERRBR NS . INEA L7278 b BtOH |2 — R S 2 M HCIVEtOH Z il A 7242 IZ#fE L T
Wi EtiTol e 24, ZHBIETH D T 2157,

Colorless powder. 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 CD3;0OD): é = 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; LRMS (DART+): m/z [M+H]": 282; Anal. Calcd for Ci3H»CI3Ns: C, 44.02; H, 6.25; N,
19.74. Found: C, 43.75; H, 6.19; N, 19.70.

KeETHHFULEMTH %,
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N-Methyl-V-|2-(2-chlorophenyl)ethyl|triimidodicarbonic diamide (7m).

General Procedure 1 |[Z7€-> T, 6m (102 mg, 0.6 mmol) % VT 130 °C, 10 min, CH;CN
(0.8mL) DOFIFETRIGZITV, AT L Lz, BONTREMIINH VU 7L
BT s~ 7T 74— (CHCL/MeOH=10:1) 12 THHR L. 7m (92.6 mg, 61%) %7+
7o,

Colorless amorphous; 'H NMR (400 MHz, CD;OD): § = 2.96 (s, 3H), 3.04 (t, J= 7.5, 2H), 3.69
(t,J=7.4 Hz, 2H), 7.10-7.40 (m, 4H); *C NMR (100 MHz, CD;OD): § =32.7, 36.5, 51.3, 128.3,
129.4, 130.6, 132.4, 135.1, 137.3, 160.3, 160.5; HRMS(ESI+): m/z calcd for CiH7CINs"
[M+H]": 254.1172, found 254.1166.

KMeETHHFILEMTH %,

1-[2-(2-Chlorophenyl)ethyl]-1-prop-2-yn-1-ylbiguanide (7n).

General Procedure 1 [Z7£> T, 6n (58 mg, 0.3 mmol) % A>T 130 °C, 10 min, CH5CN (4
mL) OFEMETRISZITO, WA BER E L, BONTIREWIEINH U B T5 VT 5
Lrwva~ h7Z7 4— (CHCl;/MeOH =25 : 1) ([ZCTHHRLL, 7n (58.1 mg, 71%) % 157-,
Colorless amorphous; '"H NMR (500 MHz, CDs0D): & = 1.89 (s, 1H), 3.12 (t, J = 4.8, 2H), 3.75
(t, J = 5.0, 2H), 4.17 (s, 2H), 7.17-7.31 (m, 2H), 7.32-7.47 (m, 2H); *C NMR (125 MHz,
CDsOD): 6=124.2,32.5,34.3, 38.7, 45.1, 128.3, 129.6, 130.6, 132.3, 135.1, 137.3, 159.4, 161.4;
HRMS (DART+): m/z caled for Ci3H7CINs" [M+H]" : 278.1173, found 278.1183.
KMeEaTHHFLEMTH %,

1-Butyl-[2-(2-chlorophenyl)ethyl]biguanide (70).

General Procedure 1 (Z7£> T, 60 (106 mg, 0.5 mmol) % H\ T 150 °C, 15 min, CH;CN
(0.8mL) OFMFTRIGZITV, W2 TR £ Lz, BONIREMIINH » U 7
BT LT~ NIT 74— (Acetone/MeOH=9:1) (ZTHHEL L. 70(20.6 mg, 14%) %15
7

Colorless amorphous; '"H NMR (500 MHz, CD;OD): & = 0.97 (br t, 3H) , 1.37 (br m, 2H) , 1.63
(brm, 2H) 3.13 (t, 2H, J= 7.5 Hz), 3.44 (br m, 2H), 3.76 (t, 2H, J= 7.5 Hz) , 7.31-7.26 (m, 2H),
7.42 (d,2H, J= 7.0 Hz); *C NMR (100 MHz, CD;OD): 6 =14.0, 20.8, 128.8, 130.1, 130.8, 132.6,
135.0, 136.0, 154.4, 157.2; HRMS (ESI+): m/z caled for Ci4Ha3CINs™ [M+H]": 296.1642, found
296.1615.

KeEaTHFbamTH %,
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N-(4-Ppentenoyl)-N-(3-aminopropyl)-N-[2-(2-chlorophenyl)ethyl]triimidodicarbonic
diamide (7p).

General Procedure 1 [Z7£> T, 6p (88 mg, 0.3 mmol) % A>T 130 °C, 10 min, CH5CN (4
mL) OFEMETRIGEITO, WA TR E Lz, BONTIREMIINE U B S50 5
Lrna~< h7F 74— (CHCly/MeOH = 15 : 1) IZTHHEL L. 7p (54 mg, 43%) Z437=,
Pale yellow paste; '"H NMR (500 MHz, CDsOD): 6 = 1.77 (br s, 2H), 2.23-2.40 (m, 4H), 3.05 (t,
J=1.5,2H), 3.11-3.25 (m, 2H), 3.26-3.31 (m, 2H), 3.62 (t, /= 7.5 Hz, 2H), 5.00-5.20 (m, 2H),
5.77-5.88 (m, 1H), 7.18-7.45 (m, 4H); 3*CNMR (125 MHz, CD;0D): § = 28.5, 30.9, 32.7 36.4,
37.7, 1159, 119.9, 128.4, 129.6, 130.9, 132.5, 135.1, 138.2, 159.9, 163.4, 175.6; HRMS
(DART+): m/z caled for CsHasCINgO™ [M+H]": 379.2013, found 379.2026.
KMeETHHFILEMTH %,

1-[2-(2-Chlorophenyl)ethyl]-5-|2-(2-chlorophenyl)ethyl]biguanide (7q).

General Procedure 1 (276> T, (284 mg, 1.8 mmol) % H\ T 150 °C, 10 min, CH;CN
(3.0 mL) OFEMHTRILZITV, 7q O—HEEEHE (269 mg, 71%) Z 137, i K OVEMTE
PERBR A, IEAL 7278 & EtOH |2 — A M S 2M HCIEtOH Z I X 7214 (2 i L T
i aiToTlc & 2 A, MBI TH 5 7q #4572, The analytical sample was obtained
by recrystallizat a colorless powder. '"H NMR (400 MHz, CD;OD): & = 3.13 (br s, 2H), 3.60 (br
s, 2H), 7.28 (br's, 2H), 7.40 (br s, 2H). Anal. Calcd. for C1sH»3CluNs. C, 47.91; H, 5.14; N, 15.52.
Found: C, 47.51; H, 5.15; N, 15.65.

KMeEaTHHFLEMTH %,

1-tert-Butoxycarbonylamino-2-(2-methyl)phenylethane (10)”’

General Procedure 2 [Z7t> T, 2-methylbenzyl nitirile (8) (1.05 g, 8.0 mmol) % VN THi
ATV, O NTRAEWII VAT VAT AT a~ 875 7 4 — (CHCly/n-hexane = 1 :
1) [ZTHERLL, 10 (748 mg, 42%) & 137,

Yellow oil; "H NMR (400 MHz, CDCl3): & = 1.45 (s, 9H), 2.34 (s, 3H), 2.81 (t, J = 7.0 Hz, 2H),
3.34 (q,J = 7.0 Hz, 2H), 4.58 (s, 1H), 7.13-7.26 (m, 4H).

AACEIREEFI TH Y | FFEAXRT MANR—H LT Z LIV EEEZIRE LT,

2-Methylphenetylamine (4)%.

General Procedure 3 (276> T, 10(17.1 g, 73.0 mmol) % AW CHLR#EEIT - 7212, Bl
HERRYE LR 21TV . 4(5.29 g, 54%) %137,

Pale yellow oil. 'H NMR (400 MHz, DMSO-dj): & = 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).

AALEWISCEREBEIN TH VY . EFRRART MABR—F LIZZ LI X G ERE LT,
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1-tert-Butoxycarbonylamino-2-(2-trifuluoromethyl)-phenyl ethane (11).

General Procedure 2 |27 > T, 2-trifuluoromethylbenzyl nitirile (9, 740.6 mg, 4.0 mmol) %
MOWTRISZATWV, BFONIREMIIT I DTN T L7 < 7T 7 4 — (CHCli/n-
hexane=1:1) ([T THBL L, 11 (948 mg, 82%) = 15H7=,

Pale yellow solid. Mp 60-61 °C.; '"H NMR (400 MHz, CDCls): 4 = 1.44 (s, 9H), 2.99 (t, J= 7.0
Hz, 2H), 3.38 (g, 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): 6=28.4,33.1,41.6,79.3, 124.5 (q,J=273.9 Hz), 126.1 (q, /= 5.6 Hz), 126.5,
128.9 (q, J = 29.6 Hz), 131.6, 131.8, 137.6, 155.8; HRMS (DART+): m/z [M+H]": 579. Anal.
Calcd. for Ci4HisF3NO2: C, 58.12; H, 6.27; N, 4.84, found: C, 58.12; H, 6.21; N, 4.72.
MMeEMIHTHULEW TH %,

2-Trifuluoromethylphenetylamine (6¢)”.

General Procedure 3 |27t~ T, 11 (902 mg, 3.1 mmol) % W THRGEZ TV, 6¢ D—H
FAYE 21572 (705 mg, quant.), 1% O 7-—HIEEHL (461 mg, 2.0 mmol) % W THE 21T
VN, 6¢ (353 mg, 92%) E15%7-,

Pale yellow oil. 'H NMR (500 MHz, CDCLs): & = 2.94 (br, 2H), 2.98 (br, 2H), 7.31 (t, /= 7.7 Hz,
1H), 7.35 (t,J = 7.4 Hz, 1H), 7.48 (1, J = 7.4 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H).
AACEIREEF TH Y | EFEAXRT MAR—F LT Z LIV EEZRE LT,

2-lodobenzyl cyanide (13). CAS 40400-15-5

2-lodobenzyl bromide (12, 8.90 g, 30.0 mmol) % EtOH (50 mL)I{Z¥&f#% L, NaCN (4.41 g,90.0
mmol)Z ANz, Th BRI L7, SIS Z=RICE L, K THINL., EtOAc T4 1
U, S &K T 1 B L, EOKRER~ 7% 0 AT, 7 4 V2 —JEIRL |
WA WEREEL, BoNTERAMIIS VI SN DT A0~ T 5T 4 —(n-
hexane/EtOAc =5 : DI THER L, 13(6.77 g, 93%) % 157=,

Brown oil. LRMS (DART+): m/z caled for [M+H]": 244, found 244.
AAEITREEA TH Y | BEENS - L2 Z LRV ROISICHW,

2-Todophenetylamine (6b)™.

2-Todobenzyl cyanide (13, 6.76 g, 27.8 mmol)Z THF (10 mL)IZIAf# L. ZEHEFEMHZ . 0°C
T 0.93 M BH; THF (60 mL, 83.4 mmol) # -~ < Vi F L7, RIEICKE L, 6h i
L7z, WA EL, NH Y U A5V T A7 a~ k275 7 ¢ —(CHCly/methanol =
LD CTRRLL ., 6b (4.13 g, 60%) % 15 7=,

Pale yellow oil. "H NMR (500 MHz, CDCLs): & = 1.44 (s, 9H), 2.90 (t, J = 7.0 Hz, 2H), 2.96 (t, J
=7.0 Hz, 2H), 6.91 (td, J=2.0 Hz , 7.5 Hz, 1H), 7.19-7.31 (m, 2H), 7.79-7.85 (m, 1H); LRMS
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(DART+): m/z [M+H]": 248.
AAEEICREEFI TH Y . EFEART MAR—EH L2 Z LI LV EEZRE LT,

2,2,2-Trifluoro-N-(2-phenylethyl)acetamide (15)%.

2-phenylethylamine (14, 606 mg, 5.0 mmol) % dry THF (10 mL) (2 & fi# L .
trifluoromethanesulfonic anhydride (1.19 mL, 10 mmol) Z /X CTEEZFHX T, =R T3 h
B LT, BWIEARBIERE L, ORIV BTNV T L0 NI T T 4 —
(n-hexane/EtOAc = 1 : I THEL L, 15 (1.06 g, 98%) % fF7-, white solid. "H NMR (500
MHz, CDCls): 8 =2.89 (t, J = 7.0 Hz, 2H), 3.64 (q, J = 7.0 Hz, 2H), 7.20-7.40 (m, 5H).
AACEWISCREEIN CTH Y . EFLAXRT AR —H LT Z EIC L EEERE LT,

N-[2-(4-Benzoylphenyl)ethyl]-2,2,2-trifluoroacetamide (16) ®.
2,2,2-Trifluoro-N-(2-phenylethyl)acetamide (15, 740 mg, 3.4 mmol) % TfOH (1 mL) |Z{&fi#
L. benzoic anhydride (1.54 g, 6.8 mmol) Z 1% TEFFHK T, 0°C T4h L,
OSSR Z EIRICE L, K TAHR L, EtOAc T 3 [ElffiH L, faFi KT 1 EYESE L,
BEOKBRIR~ 7 2> U NTHLME, 7 4 V2 —TEHR L, W2 RIER LA L, (BONiREe
WIS U B ANT T N a~< v 7T 7 4 —(n-hexane/EtOAc=8:1) (ZTHHRI L. 16 (196
mg, 18%) % 1572, colorless oil. "H NMR (500 MHz, CDCls): 6 =3.00 (t, /= 7.0 Hz, 2H), 3.68
(9, J=7.0 Hz, 2H) 7.17-7.75 (m, 9H).

AAEEMITRBER CTH YV | ERRAXRT MADR—H L Z LIT KO BEELZTIE LT,

4-Benzophenylethylamine (6¢)%.

N-[2-(4-Benzoylphenyl)ethyl]-2,2,2-trifluoroacetamide (16, 196 mg, 0.61 mmol) % MeOH (1
mL) (2L, 1 MNaOH 4 mL)Z % C, EHRKMHK T, 0°C C2hftr Lz, Kk
iR A EIRICRE L, K THN L, EtOAc T3 [Elffi L. faf&HEAKT 1 EYES L, MK
Wit~ 7 3207 L CHLE, 7 4 VX —JEE L, A2 TEE 2 L 6e (115 mg, 84%) %15
72. 'H NMR (500 MHz, CDCls): & = 2.86 (t, J = 7.0 Hz, 2H), 3.04 (g, J = 7.0 Hz, 2H), 7.20—
7.81 (m, 9H).

AAEEMTITRBER TH Y | ERRAXT MADB—H L Z LIC K O EEZRE LT,

4-Phenylbutyl tosylate (19)%'.

SCER D FIEIZHE - T ¥, tosyl chloride (1.14 g, 6.0 mmol) % CH,Cl, (6 mL) [Z¥fE L., K
m NE#EE L7223 5 4-phenylbutyl alchohol (17, 750 mg, 5.0 mmol) & pyridine (403 pL, 5
mmol) ZMZ =%, REICT24 h R L7z, USRI Z CHCL THAR L., 0.1 M Hhf2
T 2 [\, NaHCOs BRI T 2 7], AFIRHEK T 1 [AEE L, Bkt~ 7 %20 L
THME, 74 2 —JER L, WIEZWERE E LTz, SONTREWII Y BTNV T T A
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s~ 777 4— (n-hexane/CHClz=2:1) (2 THHEL L, 19 (707 mg, 47%) % 157, pale
yellow oil. "H NMR (400 MHz, CDCls): 8 = 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, /= 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, /= 8.2 Hz, 2H).

AACEWISGREERN CTH Y | EFLANRT MAN—H L2 EIC LD EEERE LT,

5-Phenylpentyl tosylate (20)%.

SCHROD FFIEIZHE - T ¥, tosyl chloride (1.14 g, 6.0 mmol) % CH,Cl, (6 mL) [Z¥&fiE L, K
B TR L7223 5, 5-phenylpentyl alchohol (18, 821 mg, 5 mmol) & pyridine (403 uL, 5
mmol) ZMZ7=DOH, FiRIZT48 hiiH L7z, KISEE%Z CH,.CL TR L, 0.1 M
2 C 2 [A], NaHCOs Bafi7k{&ik T 2 [F], Safn&HK T 1 [EYEd L, ok~ 7 %2 v
LTHME, 7 42— L, WIEZBIEREE Lo, JBoNTBEWE ) A5 Vi 5
Lrna~< h7F 7 ¢— (n-hexane/CHCl3 = 2 : 1) (CTH5RIL . 20 (1.43 g, 78%) % 15H7-,
pale yellow oil. "H NMR (400 MHz, CDCl5): § = 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, J = 7.2 Hz, 2H), 7.34 (d, J = 7.7 Hz, 2H), 7.78 (d, J = 8.2
Hz, 2H).

AACEIRBEF TH Y | EFEAXRT MR- LT Z LIV EEZRE LT,

5-Phenylpentyl nitrile (21)%.

SCHR D 7 HE> T 3, 19(625 mg, 2.1 mmol) % DMSO (5mL) ([Z¥&fi# L. KCN (668 mg,
10.3 mmol) /%, 120 °C TS5 hf{# L7z, RIGRKZE R E THH L%, H0 %
Nz, EtOAc Thith L7z, £ AHE 2 BoKmig~ 7 r 3 7 L Clal, 7 4 V2 —J&
B, WIEEBIEREE L, GONTRIREWIV VDNV T Lo v~ 87T 7 0 —(n-
hexane/CHCl; = 2 : 1) (ZCHH L, 21 (291 mg, 89%) #757=, colorless oil. 'H NMR (400
MHz, CDCls): 8 =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).

BALEWISCRBEIN TH Y . EFRART MABR—FH LI Z LI X W iEEERE LT,

6-Phenylhexyl nitrile (22)%.

SCRRD FTIEIZAE - T ¥, 20(1.91 g,6mmol) Z DMSO (15mL) (Z¥#fE L, KCN(1.95g,30
mmol) Z A1z, 120°C TShi{# L7, KISEKZEIRE THA L72%, H0 22,
EtOAc THiH L7z, RO AHEfE 2 BKMEE~ 7 % 0 AT, 7 4 V2 —J8IRL |
WA BT E L, SONTRAMEISV VI AV T LI a~ N T T 7 4 —(n-
hexane/CHCIlz =2 : 1) (2 CTHEHI L, 22 (935 mg, 90%) % 157z, colorless oil. 'H NMR (400
MHz, CDCls): § = 1.44-1.56 (m, 2H), 1.62-1.72 (m, 4H), 2.33 (t, /= 7.0 Hz, 2H), 2.63 (t, /= 7.0
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Hz, 2H), 7.16-7.30 (m, 5H).
AAEEICREEFI TH Y . EFEART MAR—EH L2 Z LI LV EEZRE LT,

1-tert-Butoxycarbonylamino-5-phenylpenthane (23).

General Procedure 2 (27> T, 21(478 mg, 3.0 mmol) =MW\ TIT\, GO NTZIRAWIX
YUBTNHT A a~ 7T T 4 — (CHCls/n-hexane=2:1) (2 TR L, 23 (543 mg,
69%) Z137-, yellow oil; '"H NMR (400 MHz, CDCl5): § = 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), 4.50 (s,
1H), 7.16-7.29 (m, 5H) ; *C NMR (125 MHz, CDCl;): 6 =26.4,28.4,29.9, 31.1, 35.8, 40.5, 79.0,
125.7, 128.3, 128.4, 142.5, 155.9; LRMS (DART+): m/z [2M+H]": 527. Anal. Calcd. for
CisH2sNO2: C, 72.96; H, 9.57; N, 5.32. Found: C, 72.93; H, 9.59; N, 5.28.
KMeETHHFILEMTH %,

1-tert-Butoxycarbonylamino-6-phenyl hexane (24).

General Procedure 2 (27> T, 22(693 mg, 4.0 mmol) %= MW TIT\V, GO NTZIRAWIX
YUBFNHT A a~ 7T T 4 — (CHCls/n-hexane=2:1) I[Z TR L, 24 (694 mg,
63%) Z137=, yellow oil. 'H NMR (400 MHz, CDCl;): & = 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 (q, J = 7.0 Hz, 2H), 7.16-7.30 (m, 5H); '*C
NMR (125 MHz, CDCl;): & = 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; LRMS(DART+): m/z [2M+H]": 555. Anal. Calcd. for Ci¢H»sNO»: C, 73.61; H, 9.81;
N, 5.05, Found: C, 73.51; H, 9.86; N, 4.85.

KMeaTHFLEmTH %,

Phenylpentylamine (6j).

General Procedure 3 276> T, 23 (481 mg, 1.8 mmol) Z W TIT\> 6j (296 mg, quant.)
Z1F7,

pale yellow oil. '"H NMR (500 MHz, CDCls): § = 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, /= 7.4 Hz, 2H), 7.16-7.29 (m, 5H).
AACEIRBEF TH Y | EFEAXRT MAR - LT Z LIV EELZRE LT,

Phenylhexyl amine (6k)*.

General Procedure 3 (276> T, 24 (460 mg, 1.7 mmol) % A TATV>, 7k (295 mg, quant.)
2157,

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, SH).

AEEWISTREEIN TH Y | FFEANRT MUBR—H LT EIC XD EEERE LT,
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3-Cyanopropyl triphenylphosphonium bromide (26)*¢

SCHR D J51EIZHE > T 3, toluene (30 mL) |Z triphenylphosphine (5.30 g, 20.2 mmol) & 4-
bromobutronitrile (25, 2.49 g, 16.8 mmol) # %, EHREHS T 18 h IIEGRGE L1z, K&
Wiz =L ETHA, 74V F— R, Y= F =7 LT Lo RICEIER L T,
26 (6.07 g, 88%) & 1F7=,

White powder; 'H NMR (500 MHz CDCls): 8 =2.01-2.06 (m, 2H), 3.12 (t, ] = 7.0 Hz, 2H), 4.13—
4.19 (m, 2H), 7.71-7.89 (m, 15H).

AAEEMTTRBEA TH Y | ERRAXT PABR—H LT Z LIT KO EELRTRE LT,

EZ mixture of 5-(2-chlorophenyl)pent-4-ennitrile (27).

SCHROD 7S HE - T 36, ki T, dry THF (60 mL) (Z sodium hydride (576 mg, 24 mmol)
A7, 26(5.91¢g,14.4mmol) Zp->< VW INZ, EEFEHX T, FEiE T 15min ik
L7z, dryDMSO (6 mL) &A1z, =i T 2h #if#f L7-%%. 2-chlorobenzaldehyde (1.69 g, 12
mmol) ZW->< Vi TFL, SHICHE T4 h B L7-, KISERICEF NHLCl KA
(50mL) ZhN%. EtOAc THIH L7z, B ONTREMIT VDTN T LT a~ N T
7 14— (n-hexane/EtOAc=10:1) 1T X DM ATV, EZIREWMTH 5 27 (1.95 g, 85%,
E:Z=1:4) 2137,

Colorless oil; '"H NMR (500 MHz, CDCl5):  =2.42 (t,J = 7.4 Hz), 2.53 (q, J = 6.9 Hz, triplet of
E form was overlapped completely), 2.62 (q, /= 6.9 Hz), 5.80 (dt, J = 5.7 Hz, 13.7 Hz), 6.19 (dt,
J=6.9 Hz, 16.0 Hz), 6.68 (d, J=11.5 Hz), 6.91 (d, J = 16.0Hz), 7.19-7.51 (m, 4H).
AEAEDIFHULEMTH Y . LAY MLVEDIBER D E (K Z (RO R ERE
L7,

5-(2-Chlorophenyl)pentnitrile (28)%.

SCHR D T HE > T 3, IBATREE (EtOAc @ 1,4-dioxane = 4 : 1, 25 mL) (2 EZIREW 27
(958 mg, 5.0 mmol) ZMNx., Wik, KFERMTHRNZKRETEHR L, EIR T8 hif#
L7z, 874 MEBRZITo - RICEEZHERE L, BONTREI VDTN T L
s v~ 8777 14— (n-hexane/CHCl; = 1: 1) (2 THHELL 28 (970.9 mg, quant.) %437,
Colorless oil. '"H NMR (500 MHz, CDCls): § = 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).

AEEWISTREEIN TH D | FFEANRT MR —H LT IV EEERE LT,

1-tert-Butoxycarbonylamino-5-(2-chloro)-phenyl pentan (29).
General Procedure 2 (27> C. 28 (775 mg, 4.0 mmol) % AW CRIGEITV, EHNT-IRE

EMI VB FNH T A v~ 7T 7 ¢ — (CHCls/n-hexane = 3 : 2) (2 CTHRIL, 29
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(860 mg, 72%) %157,

Pale yellow oil. "H NMR (500 MHz, CDCl;): & = 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);
3C NMR (125 MHz CDCl;): 8 = 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; LRMS(DART+): m/z [2M+H]": 595. Anal. Calcd. for CisH24CINO::
C, 64.53; H, 8.12; N, 4.70. Found: C, 64.53; H, 8.12; N, 4.70.

MMeaTHIHILamTH %,

2-Chlororophenylpentylamine (6l).

General Procedure 3 (27> T, 29 (351 mg, 1.2 mmol) % FV N CTHifRE & B 2170, 6l
(218 mg, 94%) %157-,

Pale yellow oil. "H NMR (500 MHz, CDCl;): & = 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); *C NMR (125
MHz, CDCls): 6 = 26.6, 29.6, 33.5, 33.5, 42.1, 126.6, 127.1, 129. 4, 130.2, 133.8, 140.1;
LRMS(DART): m/z [2M+H]*: 395. Anal. Calcd. for C;1H;;CLLN- 1/3H,0: C, 55.01; H, 7.41; N,
5.83, found: C, 55.07; H, 7.41; N 5.93.

KEEWIFHULED TH D,

4-Pentenoyl chloride (32). CAS 39716-58-0

4-pentenoic acid (31, 2.00 g, 20 mmol){Z Thionyl chloride (7.14 g, 60 mmol) % %232 5 PHA T
FIR T, 1 TINZ72#1T, 80 °C T 40 min ###: L7z, SUSHIRZ ERE THHEL
721%1Z, 20°C, 75 mmHg T thionyl chloride Z¥ % L. 32 (2.38 g, quant.) & 15472,
Colorless oil. 'H NMR (400 MHz, CDCls): & = 2.39-2.48 (m, 2H), 3.00 (t, J = 7.3 Hz, 2H), 5.07—
5.14 (m, 2H), 5.74-5.84 (m, 1H).

AAEEMTRBEAR CTH Y | ERRAXRT MADR—H LT Z LIT KO BEELZTE LT,

N-(3-Bromopropyl)pent-4-enamide (33).

4-Pentenoyl chloride (32, 1.02 g, 3.0 mmol) Z CH,Cl, (10 mL)IZ ¥ fif S, ZEHRIFRPAS T 0°C
T. EGN (2.92 mL, 21 mmol) Z l X 72 (2., CH:ClL, (10 mL) (TR ¥ 72 3-
bromopropylamine (1.66 mg, 14 mmol)Z 15 737227 T A, 2h ¥R Lo, IGHEREK 4 =
IIZIR L CHCL(60 mL)IZ¥a iR S8, AR Z 0.1 M 1% T 1[5, NaHCOs SafK K
T 1M, fAFEEAKT 1 G LRI BRI~ 71 0 LT, 7 4 v 2 —JEEL
L. WIEZBEREL, BontREX VTN DT LI~ VT T T 4 —
(EtOAc/n-hexane = 1:2) ([T TR L, 33(1.45 g, 60%)% 157,

Brown oil. '"H NMR (500 MHz, CDCls): § = 2.06-2.11 (quint, J = 6.9 Hz, 2H), 2.00-2.3 (t, J =
7.7Hz, 2H), 2.37-2.42 (q,J= 6.9 Hz, 2H), 3.39-3.45 (m, 4H), 5.01-5.16 (m, 2H), 5.77-5.84 (m,
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2H); *C NMR (126 MHz, CDCL): § = 29.6, 31.0, 32.1, 358, 115.7, 137.0, 172.6;
HRMS(DART+): m/z caled for CsHisBrNO™ [M+H]": 220.0332, found 295.0302.
AMEEIHFRULEMTH D,

N-[2-(2-Chlorophenyl)ethyl]-2-nitrobenzenesulfonamide (30).
2-(2-Chlorophenyl)ethylbiguanide dihydrochloride (5, 757 uL, 5.0 mmol) % CH,Cl (10 mL)(Z
Vafi# L NEt; (767 uL, 5.5 mmol) % /)12, 2-nitrobenzenesulfonyl chloride (1.11 g, 5.5 mmol)
Z 0°C T 5min 22 TMA RIS, BUSTREZ=IRICR L 15 min fi#2 L7z, BOSTRE
IZ IM HCl aq (10 mL) %1%, CHCl; CHifti L7z, £ 7-GHE % BKiiiE~ 7 rv v
LTHME, 7 o V2R L, EEEZIEE AL, 30(1.71 g, quant.) &4572,

White solid. '"H NMR (500 MHz CDCls): & = 2.98 (t, J = 7.2 Hz, 2H), 3.42 (q, J = 6.7 Hz, 2H),
1.56 (t,J=5.7 Hz, 1H), 7.15-7.26 (m, 4H), 7.71-7.73 (m, 2H), 7.83-7.85 (m, 1H), 8.10-8.12 (m,
1H).

AAEEMTRBER CTH Y | ERRAXRT MADR—H L Z LIT KO BELZIE LT,

N-]2-(2-Chlorophenyl)ethyl]-/N-methyl-2-nitrobenzenesulfonamide (34).

General Procedure 4 (27> T, iodomethane (3.74 mL, 60.0 mmol) % VN TS ZTTU,
FONTREMIS VTN T 57 a~ N7 T 7 4 — (EtOAc/n-hexane = 1:1) (ZTHE
1, 34(2.20 g quant.) 137,

Pale yellow oil. 'H NMR (400 MHz, CDCls): & = 2.96 (s, 3H), 3.03 (t, J = 8.2), 3.48 (t, J = 8.2
Hz, 2H), 7.10-7.22 (m, 2H), 7.26 (d, J = 7.2, 1H), 7.30 (d, J = 7.2, 1H), 7.60 (d, J = 7.7, 1H)
7.63-7.72 (m, 2H), 7.94 (d, J = 7.5, 1H); *C NMR (100 MHz, CD;OD): & = 32.5, 34.9, 49.7,
124.1, 127.1, 128.3, 129.5, 130.6, 131.2, 131.7, 132.3, 133.5, 133.8, 135.40, 148.0; HRMS
(DART+): m/z caled for CisHi6CIN2O4S™ [M+H]": 355.0519, found 355.0506.
AAEEMTFHLEMTH %,

N-[2-(2-Chlorophenyl)ethyl]-NV-propargyl-2-nitrobenzenesulfonamide (35).

General Procedure 4 [Zfit> C. propargyl bromide (250 uL, 3.3 mmol) % TS &7
WEONTZIREMIIS Y SN T A a~ N7 T T 4 — (BtOAc/n-hexane = 1:1) (T

THER L, 35(1.08 g, 95%) #1537,

White solid. '"H NMR (400 MHz, CDCl;): & = 2.23 (t, J = 2.4 Hz, 1H), 3.06 (t, J = 7.6 Hz, 2H),

3.67 (t,J =7.6 Hz, 2H), 4.24 (d, J = 2.4 Hz, 2H), 7.11-7.33 (m, 4H), 7.60-7.72 (m, 3H), 8.01—

8.06 (m, 1H); *C NMR (100 MHz, CD;OD): & = 32.38, 36.99, 46.45, 73.92, 76.97, 124.27,

127.06, 128.36, 130.89, 131.23, 131.71, 132.78, 133.97, 135.34, 148.07; HRMS (DART+): m/z

caled for Ci7H 6CIN,O04S™ [M+H]": 379.0519, found 379.0524.

MMeEMIHHULEW TH %,
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N-[2-(2-Chlorophenyl)ethyl]-/NV-butyl-2-nitrobenzenesulfonamide (36).

General Procedure 4 (27> T, n-butyl bromide (707 uL, 18.0 mmol) & HW TS ZT
W, BFONTRIREMIIS I TN T AT a~ N7 T 7 ¢ — (EtOAc/n-hexane = 1:1) (T
THR L, 36(2.50 g, quant.) Z157=,

White solid. 'H NMR (500 MHz CDCl): = 0.90 (¢, J= 7.4 Hz, 3H), 1.30 (sext, J = 7.4 Hz, 2H),
1.54-1.60 (m, 2H), 3.00 (t, J = 7.9 Hz, 2H), 3.37 (1, J = 7.9 Hz, 2H), 3.50 (t, J = 7.9 Hz, 2H),
7.11-7.27 (m, 3H), 7.30 (dd, J = 7.4, 1.7 Hz, 1H), 7.58-7.71 (m, 3H), 7.99-8.04 (m, 1H); *C
NMR (100 MHz, CDs;OD): 6 = 13.40, 19.45, 29.90, 32.77, 46.54, 47.45, 123.95, 126.92, 128.10,
129.21, 130.16, 131.06, 131.62, 132.93, 133.48, 133.51, 135.35, 147.69; HRMS(DART+): m/z
caled for CisH2CIN2O4S™ [M+H]™: 397.0983, found 397.0976.

AAEETFHILEMTH %,

N-(4-Pentenoyl)-NV-(3-aminopropyl)-N-[2-(2-chlorophenyl)ethyl]-2-
nitrobenzenesulfonamide (37).

General Procedure 4 (Z7t> T, N-(3-Bromopropyl)pent-4-enamide (33, 946 mg, 4.3 mmol)
ZHVWTRISZITW, BONTEIREMI I DTN AT L0~ VT T T 4 —
(EtOAc/n-hexane = 1:1) |2 THHL L, 37 (1.19 g, 83%) Z#1H7=,

Pale brown oil. '"H NMR (500 MHz CDCl;): § = 1.81 (quint, J = 6.4 Hz, 2H), 2.29 (t,J= 7.3 Hz,
2H), 2.40 (q, J= 7.3 Hz, 2H), 2.97 (t, /= 8.1 Hz, 2H), 3.47 (quint, J= 7.7 Hz, 4H), 5.01 (dd, J =
10.0, 1.4 Hz, 1H), 5.08 (dd, J = 18.0, 1.4 Hz, 1H), 5.79-5.88 (m, 1H), 6.07 (t, J = 6.8 Hz, 1H),
7.14-7.30 (m, 4H), 7.62-8.00 (m, 4H) ; *C NMR (100 MHz, CD;0D): § = 27.59, 29.55, 32.92,
35.66, 35.85, 45.69, 47.17, 115.51, 124.27, 127.16, 128.46, 130.56, 131.29, 131.77, 131.80,
132.07, 133.67, 133.80, 135.23, 137.01, 135.05, 172.54; HRMS(DART+): m/z calcd for
C22H27CIN3OsS* [M+H]": 480.1355, found 480.1430.

AMeEMIHTHULEW TH %,

N-[2-(2-Chlorophenyl)ethyl]-NV-methylamine (6m). CAS 52516-17-3

General Procedure 5 [Z76> T, L& 32 (2.13 g, 6.0 mmol) % HWTRIGEITV., 55
NWIREMZ YV A TN T Z 57 v~ 7T 7 4 — (CHCli/n-hexane/NH; aq = 2 : 1 :
0.01) T THBELIL ., 6m (784 mg, 77%) Z1F7=,

Pale brown oil. '"H NMR (500 MHz, CDs;OD): & = 2.74 (s, 3H), 3.02 (t, /= 8.3 Hz, 2H), 3.18 (t,
J=8.3 Hz, 2H), 7.16-7.21 (m, 4H).

AAEEMITRBEAR CTH YV | EFRRAXRT MABR—H LT Z LIC K O EELZTE LT,
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N-[2-(2-Chlorophenyl)ethyl]-NV-propargylamine (6n).

General Procedure 5 (276> T, L& 35 (947 mg, 2.5 mmol) % W TRIGZITV, 15
ODNTIREWIEI D TNV T A7 va~ N 7T 7 4 — (CHCly/n-hexane = 1 : 1) 2Tk
fL . 6n (384 mg, 80%) %157-,

Brown oil. '"HNMR (500 MHz, CD;0D): § = 2.22 (t,J = 2.5 Hz, 1H), 2.92-3.02 (m, 4H), 3.46
(d, J = 2.5 Hz, 2H), 7.13-7.22 (m, 2H), 7.20-7.27 (m, 1H), 7.35 (dd, J = 8.0, 1.0 Hz, 1H); 1*C
NMR (126 MHz, CDCls): 6 = 33.87, 38.06, 48.06, 71.40, 81.98, 126.79, 127.71, 129.57, 130.74,
134.13, 137.36; HRMS(DART+): m/z caled for C;1Hi3CIN' [M+H]": 194.0737, found 194.0738.
MMeaTHIHILamTH %,

N-[2-(2-Chlorophenyl)ethyl]-NV-buthylamine (60).

General Procedure 5 (276> T, L& 36 (2.38 g, 6.0 mmol) % FHWTRIGZEITV, 55
NIREWI Y W TN T A7 v~ 8757 4 — (CHCls/MeOH = 10 : 1) (12 THHR
L. 60(1.16 g, 92%) %4157=,

Pale yellow paste. '"H NMR (500 MHz CDCls): & = 0.95 (t, J = 7.4 Hz, 3H), 1.38 (sext, J = 7.4
Hz, 2H), 1.56 (quint, J = 7.4 Hz, 2H), 2.75 (t, J = 7.7 Hz, 2H), 2.92-2.95 (m, 2H), 3.00-3.31 (m,
2H), 7.20-7.27 (m, 2H), 7.33 (dd, J = 7.4, 1.7 Hz, 1H), 7.38 (dd, J = 7.7, 1.4 Hz, 1H);
HRMS(DART): m/z calcd for CioHioCINT [M+H]": 212.1201, found 212.1180.
KMeaTHHFILEMTH %,

N-(4-Pentenoyl)-V-(3-aminopropyl)-/V-2-(2-chlorophenyl)ethylamine (6p).

General Procedure 5 276> T, L& 37(1.19g,2.5mmol) %W TRIGEITV, 55
NWIREMZ YV AN T Z 57w~ 757 4 — (CHCli/n-hexane/NH; aqg = 9 : 1 :
0.01) ([ZTHHRI L. 6p (600 mg, 82%) Z15%7-,

Pale yellow oil. '"H NMR (500 MHz, CDCls): § = 1.65 (quint, J= 6.4 Hz, 2H), 2.19 (t, /= 8.2 Hz,
2H), 2.36 (g, J =8.2 Hz, 2H), 2.97 (t, J = 8.2 Hz, 2H), 3.31 (q, J =5.5 Hz, 2H), 3.47 (quint, J = 8.2
Hz, 4 H), 5.01 (dd, J=10.0, 1.4 Hz, 1H), 5.08 (dd, /= 18.0, 1.4 Hz, 1H), 5.79-5.88 (m, 1H), 6.78
(br's, 1H), 7.15-7.27 (m, 3H), 7.35 (d, J = 8.2 Hz, 1H); *C NMR (126 MHz, CDCls): 6 = 28.74,
29.70, 34.09, 35.96, 39.02, 48.43,49.41, 115.40, 126.87, 127.75, 129.63, 130.69, 134.09, 137.20,
137.49, 172.16; HRMS(DART+): m/z caled for CisHxCIN,O" [M+H]": 295.1572, found
295.1611.

KeawTHFbamTH %,
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FE_EE T ALEMDERR

1-tert-Butoxycarbonylamino-2-(2-bromo)phenylethane (42)%".

6a (140 mg, 0.70 mmol) % MeOH (2 mL) |2 f# <. Et;N (390 uL, 2.8 mmol) & 1 x. 7=,
MeOH (1 mL) (Z¥&fi# X872 (Boc).0 (158 mg, 0.70 mmol)Z b ->< Vi FL, =L TI13h
¥R LT, BOSAIRIC/AKZ I Z . EtOAc THIMH L, Safn&HEK T 1 BIeE L7, £D7
AHE 2 BOKIRIE~ 72> 7 LR, 7 4 v 2 —I8R L, WA RIER E LT, 56
NIREWI Y BTN T K7 v~ ~ 7T 7 4 —(n-hexane/EtOAc = 10 : 1) |2 THEH
L. 42(205mg, 97%) %157-,

'H NMR (500 MHz, CDCl:): d =1.43 (s, 9H), 2.96 (t, J = 7.0 Hz, 2H), 3.39 (t, J = 6.7 Hz, 2H),
4.58 (brs, 1H), 7.06-7.13 (m, 1H), 7.18-7.29 (m, 2H), 7.54 (d, J = 7.5 Hz, 1H).
ICEWICEREEEN TH Y . B AT AR —B L= Ik W EZIE LT,

1-tert-Butoxycarbonylamino-2-(4-bromo)phenylethane (43)%.

41 (200 mg, 1.0 mmol) % MeOH (3 mL) (Z¥&f# X+, EtN (558 uL, 4 mmol) & Nz 7=,
MeOH (1 mL) (Z¥&fi# S 72 (Boc),0 (437 mg, 2 mmol)Z - < Vi F L, =L T 14 h ##
FRU 7o, ROSEIRIZAKZ 2 . EtOAc THitt L. fafn &K T 1 EWEER Lz, £OTH
BeE 2 EOKIE ~ 7 R U LT, 7 4 v Z —IEIR L, WA IER E LT, 560
TIREWII VB AN DT A7 a~ k7T 7 4 —(n-hexane/EtOACc =10: 1) (2 THRIL |
43 (266 mg, 89%) Z157=,

'H NMR (500 MHz, CDCls): 0 =1.43 (s, 9H), 2.76 (t, J = 7.0 Hz, 2H), 3.36 (t, J = 6.3 Hz, 2H),
4.52 (br's, 1H), 7.07 (d, J = 8.0 Hz, 2H)., 7.43 (d, J = 9.0 Hz, 2H).

IEEWICERBERI TH Y . EFAT MAR—H L2 Ik ofEEZIE LT,

tert-Butyl 2-(2,2,2-Trifluoroacetyl)phenethylcarbamate (44).
SCER D FFIEIZHE - T %, tert-Butyl 2-bromophenethylcarbamate 42 (1.44 g, 5.3 mmol) % THF
(20 mL)IZ¥fiE <, Ar FRZPHS T, 0 °C T potassium hydride (30% suspension in mineral
oil, 703 uL, 5.3 mmol) &= W} > < Vi F L721%I1Z, -78°C {ZHmAI L, t-BuLi (1.7 M in pentane;
2.1 mL, 13.1 mmol) % 20 min 2} THI X 10 min #F L 7=, MISEREIKIZ ethyl
trifluoroacetate (3.14 mL, 26 mmol)Z 1 2., 4 h ¥ L7=, USBREIIZE2FN NHCl K%
RNz, S|IIZKE L, diethyl ether THiH L, f3FIRIEK T 1 [BI%F Liz, S£OT- A1
J& & KRR~ 71 0 WTHR, 7 4 02 —IRIRL , WEZEERE Lz, 5ok
BEWI VBTN AT A7 v~ b 7T 7 ¢ —(n-hexane/EtOAC = 10 : 1) |2 THREHRLIL |
44 (669 mg, 40%) % 1537-,

pale yellow oil. 'H NMR (500 MHz, CDCls): 6 =1.42 (s, 9H), 3.06 (t, J = 6.9 Hz, 2H), 3.39 (t,
J=6.9 Hz, 2H), 4.71 (br s, 1H), 7.41 (d, J = 7.5 Hz, 2H), 7.59 (td, J = 1.0 Hz, J = 8.2 Hz, 1H),

59



7.90 (d, J= 8.5 Hz, 1H). F NMR (470 MHz, CDCL3): & = ~71.0 ppm. LRMS (ESI+): [M+Na]":
330.
KL EWIFHLEM TH D,

tert-Butyl 4-(2,2,2-trifluoroacetyl)phenethylcarbamate (45)°.
SCHROD FIEIZHE- T @, tert-Butyl 2-bromophenethylcarbamate 43 (300 mg, 1.0 mmol) %
THF (4 mL)IZ¥fi# S, Ar ZZPHX T, 0°C T potassium hydride (30% suspension in mineral
oil, 167 L, 1 mmol)Z W - < D {iii F L72f£(Z, -78°C IZMAI L, #-BuLi(1.7 M in pentane,
1.5mL, 2.5 mmol)% 20 min 23 THNZ 10 min 4 L 72, SOCERE IR (2 ethyl trifluoroacetate
(597 uL, 5.0 mmol) X N %, 4 h ###R L 7o, BUSRREIK I B3R NHaCl KSR AN 2. =ik
IZFE L. diethyl ether CHlitH L, fafi&EK T 1 BIPeE Lz, B HHEE % BRI
NI RVY LTS, T 4V —ERL ., WA RIEREE LT, BONTIREMIET Y
HTNHT LT a~< 7T 7 4 —(n-hexane/EtOAc=10:1) (|2 TR L 45 (228 mg, 72%)
1%,

Pale yellow oil. 'H NMR (500 MHz, CDCL): § =1.43 (s, 9H), 2.91 (t, J = 6.9 Hz, 2H), 3.42
(t,J = 6.9 Hz, 2H), 4.57 (br s, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H). "F NMR
(470 MHz, CDCls): = -74.5 ppm. LRMS (ESI+): [M+Na]': 330.
AACEIRBEF TH Y | EFEAXRT MR- LT Z LIV EEZRE LT,

tert-Butyl 2-[2,2,2-trifluoro-1-(hydroxyimino)ethyl]phenethylcarbamate (46).
SCHROD FFIEZHE - T 9, tert-Butyl 2-(2,2,2-Trifluoroacetyl)phenethylcarbamate 44 (100 mg,
0.32 mmol)¥3 L O hydroxylamine hydrochloride (66 mg, 0.9 mmol)% pyridine (2 mL) (Z/0
Z. 80°C T3hig#h L7z, UL D pyridine 2/ EEE L, YU TFNVH T AT m
~ 27 7 ¢ —(n-hexane/EtOAc = 10 : 1) |2 TH5HL L. 46 (57 mg, 55%) % 457-,

pale yellow amorphous solid. 'H NMR (500 MHz, CDCl;): 6 =1.42 (d, J = 3.5 Hz, 9H), 2.69—
2.79 (m, 2H), 3.34-3.49 (m, 2H), 4.68 (br s, 0.5H), 4.74 (br s, 0.5H), 7.26-7.46 (m, 2H), 9.41 (br
s, 0.5H), 10.07 (d, J = 8.2 Hz, br s, 0.5H); 'F NMR (470 MHz, CDCI3): & = -70.7, -66.7 ppm.
LRMS (ESI+): [M+Na]*: 355.
AAEEMTFHHILEMTH %,

tert-Butyl 4-[2,2,2-trifluoro-1-(hydroxyimino)ethyl]phenethylcarbamate (47)%.

SCHRD FFIEIZE> T 9, tert-Butyl 2-(2,2,2-Trifluoroacetyl)phenethylcarbamate 45 (415 mg,
1.3 mmol)F3 & TY hydroxylamine hydrochloride (273 mg, 3.9 mmol)% pyridine (10 mL) (Z/
Z. 80°C T 7Thi## Lz, ISIRIEMNS pyridine ZIEREL, YU B F VBT LB
~ F 77 7 4 —(n-hexane/EtOACc =10 : 1) (T THEHLIL | 47 (396 mg, 91%) % 15%7=,

Pale yellow amorphous. '"H NMR (500 MHz, CDCl5): § =1.43 (d, J = 3.5 Hz, 9H), 2.82 (d, J =
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7.5 Hz, 2H), 3.40 (d, J = 7.5 Hz, 2H), 4.63 (br s, 1H), 7.20 (d, J = 7.5 Hz, 1.2H), 7.28 (d, J= 7.5
Hz, 0.8H), 7.36 (d, J = 7.5 Hz, 1.2 H), 7.44 (d, J = 7.5 Hz, 0.8H), 9.05 (br s, 0.4H), 9.55 (br s,
0.6H). F NMR (470 MHz, CDCls): 6 = -69.7, -65.5 ppm. LRMS (ESI+): [M+Na]": 355.
AAEEICREEFI TH Y . EFEART MAR—EH L2 Z LIC LV EEEZRE LT,

tert-Butyl 2-[2,2,2-trifluoro-1-(tosyloxyimino)ethyl]phenethylcarbamate (48).

SCHROD FIEZHE- T P, tert-Butyl 4-[2,2,2-trifluoro-1-
(hydroxyimino)ethyl]phenethylcarbamate 46 (48.2 mg, 0.15 mmol) % acetone (2 mL) (¥ fiF
L. 0°C T Triethylamine (61 uL)¥3 & T p-toluenesulfonyl chloride (55.3 mg, 0.3 mmol) %
Nz 1Thi@#R Uiz, WEZBEZREL, YUV AX VT a~ 757 4 —(n-
hexane/EtOAc =10: 1) IZTHEHRL L, 48 (68.0 mg, 96%) % 1372,

Colorless amorphous. '"H NMR (500 MHz, CDCls): 6 =1.45 (d, J = 3.5 Hz, 9H), 2.47 (s, 1.5H),
2.49 (s, 1.5H), 2.50-2.67 (m, 2H), 3.15 (q, J = 6.9 Hz, 1H), 3.15 (g, J = 6.9 Hz, 1H), 3.30 (quin.,
J = 6.3 Hz, 1H), 4.55 (br s, 0.5H), 4.64 (br s, 0.5H), 7.07 (d, J = 8.0 Hz, 0.5H), 7.17 (d, J = 8.0
Hz, 0.5H), 7.25-7.49(m, 5H), 7.86 (d, J = 8.1 Hz, 2H); '°F NMR (470 MHz, CDCL): 6=-71.1 —~
65.9.

KEEWIFHULED TH D,

tert-Butyl 4-[2,2,2-trifluoro-1-(tosyloxyimino)ethyl]phenethylcarbamate (49)%.

SCHROD JTIEIZHE - T 9, tert-Butyl 4-[2,2,2-trifluoro-1-
(hydroxyimino)ethyl]phenethylcarbamate 47 (100 mg, 0.30 mmol) % acetone (2 mL)(Z ¥ f#

L. 0°C T Triethylamine (126 pL)3 & TF p-toluenesulfonyl chloride (115 mg, 0.6 mmol) %
Mz Ih @R LT, WEZRIEREE L, VBT ara~ N 7T 7 4 —(n-
hexane/EtOAc =10: 1) (T THHE L. 49 (132 mg, 90%) % 1572,

Colorless amorphous. 'H NMR (500 MHz, CDCls): 6 =1.43 (d, J = 5.8 Hz, 9H), 2.47 (d, J = 8.6
Hz, 3H), 2.84 (q,J = 7.9 Hz, 2H), 3.39 (quin., J= 6.3 Hz, 2H), 4.53 (br s, 0.5H), 4.58 (br s, 0.5H),
7.22-7.33 (m, 2H), 7.37 (q, J = 7.5 Hz, 4H), 7.87-7.91 (m, 2H).

AACEIRBEF TH Y | EFEAXRT MAR—H LT Z LIV EEZRE LT,

tert-Butyl 2-[3-(Trifluoromethyl)-3H-diazirindine-3-yl]phenethylcarbamate (50).
SCHR D FIEIZHES T O, i ETF = — 7 WNIZ tert-Butyl 2-[2,2,2-trifluoro-1-
(tosyloxyimino)ethyl]phenethylcarbamate 48 (1.76 g, 3.6 mmol) % diethyl ether (5 mL)|Z % fi#
L. -78°C THIA NHs Z M A 7= IZ=IRICHE L, 36hifE L7, ER AT Y 7k
D NHsBRE L, WA IEREE L, VBTSN T A a~ N5 7 4—(n-
hexane/EtOAc=2:1) [ZTHH L, 50 (546 mg, 48%) #137=,

Colorless amorphous. 'H NMR (500 MHz, CDCl5): 6 = 1.40 (s, 9 H), 2.42 (d, J= 9.0 Hz, 1 H),
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2.90-3.02 (m, 3H), 3.40-3.49 (m, 2 H), 5.03 (br s, 1 H), 7.26-7.45 (m, 4 H) ppm; '°F NMR (470
MHz, CDCL3): 6 = -79.8. LRMS (ESI): [M+Na]": 354.
KL EWIFHLEM TH D,

tert-Butyl 4-[3-(Trifluoromethyl)-3H-diazirindine-3-yl|phenethylcarbamate (51)%.

XHERD FIEWZHE > T O MWET =2 — 7 WIZ tert-Butyl 4-[2,2,2-trifluoro-1-
(tosyloxyimino)ethyl]phenethylcarbamate 49 (131 mg, 270 umol) % diethyl ether (5 mL)Z ¥ fi#
L. -78°C THIE NH; Z N2 72 RICH|IRICRE L, 36h P L7z, EFE ATV 712 LD

NHsBRE L, B2 IER L L, Y 5N T L7 a~ b7 5 7 ¢ —(n-hexane/EtOAC
=2:1) ITTHRLL ., 51(89 mg, quant) Z157=,

Colorless amorphous. '"H NMR (500 MHz, CDCls): 6 = 1.43 (s, 9 H, /Bu), 2.23 (d, J=9.6Hz, 1
H), 2.78-2.84 (m, 3 H), 3.37 (q, J = 6.5Hz, 2 H), 4.59 (br s, 1 H), 7.24-7.56 (m, 2 H), 7.55 (d, J
= 8.2 Hz, 2 H) ppm; LRMS (ESI+): [M+Na]": 354.

AACEIREEFI TH Y | EFEAXRT MAR—H LT Z LIV BEZRE LT,

2-[3-(Trifluoromethyl)-3H-diazirin-3-yl]phenethylcarbamate (52).

SCHR D FIEIZHE - T %, tert-Butyl 2-[3-(Trifluoromethyl)-3H-diazirindine-3-
yl]phenethylcarbamate 50 (576 mg, 1.7 mmol) % diethyl ether (15 mL){Z¥%f## L. MnO, (2.0
QZMZ TR T 1Ih S Lic, RSB EZ 7 4 V2 —lgi L, W2 EEREEL, &
UATNH T NI a~ 7T 7 4—(CHCL) (2 TR L, 52 (560 mg, quant.) % 157-,
Colorless amorphous. '"H NMR (500 MHz, CDCls): 6 = 1.44 (s, 9 H), 3.16 (t, J = 7.0 Hz, 2 H),
3.42 (q, J=7.0 Hz, 2 H), 4.64 (br s, 1 H), 7.26-7.33 (m, 2 H), 7.38-7.43 (m, 1 H), 7.62 (d, J =
7.5 Hz, 1 H) ppm; LRMS (ESI+): [M+Na]": 352.

KEEWIFHULED TH D,

4-[3-(Trifluoromethyl)-3H-diazirin-3-yl]phenethylcarbamate (53)°.

SCERD FIEIZHE - T P, tert-Butyl 2-[3-(Trifluoromethyl)-3H-diazirindine-3-
yl]phenethylcarbamate 51 (89 mg, 89 mmol)% diethyl ether (15 mL)IZ¥%f# L. MnO, (2.0 g)
ZMZER T IhBFR LI, ROCRERE 7 V2 —JEIL, A RIEREL, &~
YNNI T T a~ 7T 7 4—(CHCL) ([ TERLL ., 53 (197 mg, 93%) % 15&7-,
Colorless amorphous. '"H NMR (500 MHz, CDCl;): 6 = 1.42 (s, 9 H), 2.81 (t, J = 6.5 Hz, 2 H),
3.36 (g, J = 6.75 Hz, 2 H), 4.52 (br. s, 1 H), 7.13 (d, /= 8.0 Hz, 2 H), 7.22 (d, J = 8.0 Hz, 2 H)
ppm; LRMS (ESI+): [M+Na]": 352.

AAEEMITRBEAR CTH YV | EFRRAXRT MABR—H LT Z LIC K O EELZTE LT,
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2-{2-[3-(Trifluoromethyl)-3H-diazirin-3-yl|phenyl}ethanamine (54)

General Procedure 3 |Zfit> T, 52 (458 mg, 1.4 mmol) % W CTHifR#EEITV, 54 D1
e 54’ (370 mg, quant.) Z 157=,

White powder. 'H NMR (500 MHz, CDCls): & = 7.72 (d, J = 7.5 Hz,1 H), 7.52-7.56 (m, 1 H),
7.42-7.46 (m, 2 H), 3.30-3.37 (m, 2 H), 3.16-3.20 (m, 2 H), (t, /= 6.8 Hz, 2 H) ppm; LRMS
(ESI+): [M+Na]*: 252.

KEEWIFHULED TH D,

4-{2-[3-(Trifluoromethyl)-3H-diazirin-3-yl|phenyl}ethanamine (55)%.

General Procedure 3 (27> T, 53(89.5mg, 0.27 mmol) %\ THLAR#EZITVY, 54 D—
HEEAYE 55" (71 mg, 93%) % 157-,

White powder. 'H NMR (500 MHz, CDCls) § = 7.25 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 10.0 Hz,
2H), 2.97 (t, J = 8.5 Hz, 2H), 2.76 (t, J = 8.5 Hz, 2H); LRMS (ESI+): [M+Na]*: 252.
AACLEWISCREEIN CTH Y . EFLART MAR—H L Z EIC L EEEZRE LT,

4-(2-Bromophenyl)ethylbiguanide (56).

General Procedure 1 (27> T, 2-(2-Bromo-phenyl)ethylamine (41, 2.00 g, 10.0 mmol) % H
VT 130 °C, 10 min, CH3CN (10 mL) D&\ THRISZATYVY, 56 (961 mg, 27%) A 1372,
White powder. LRMS (ESI+): [M+Na]": 284.

KMeaTHHIILEMTH %,

Boc protected 7a (57).

2-(2-Bromophenyl)ethylbiguanide dihydrochloride 7a (179 mg, 0.5 mmol)% DMF (2 mL)IZ %
fi£ L. EtN(1.39mL, 5.0 mmol) 35 X T DMAP (18.3 mg, 150 pmol) % I 2. 7212, DMF (1
mL)IZEEfR L 72(Boc)0 (1.09 g, 5.0 mmol) 2 > < Dz, =R T7h L7, RIGH
72 AR TAIR L, EtOAc T 3 [mlfifit U, fafn &Kk T 1 BB L, AR~ 7 x> v
LTHLE, 7 4V Z —IEI L, WA TR E L, /ONTIREWII U W TN h Z
L7 v~ N7 T 7 4 —(n-hexane/EtOAc =5:1) {2 THHEL L. colorless amorphous (100 mg,
170 pmol) % 4537=, Colorless amorphous (100 mg, 170 umol)% THF (1 mL)IZ#% % L. EtN
(1.39 mL, 5.0 mmol) 35 X TODMAP (6.2 mg, 51 pmol) % Il % 72412, THF (0.5 mL)IZ i
L 72(Boc)0 (1.09 g,5.0mmol) =~ < W ilx, iR T7h B LIz, KISEREZ K THr
L. EtOAc T3 [EfliH L, SafnfK T 1 mIged L, WKEEE~ 7 K> 7 LTI,
T4 =R, WEREBERE L, GONTIREMIIL VDTNV T LT < b
77 7 4 —(n-hexane/BtOAc =5: 1) (2 THHRL L, 57 (70 mg, 26%) % #57=,

Colorless amorphous. 'H NMR (500 MHz CDCls): § = 1.46-1.60 (m, 54H), 3.15 (t, J = 7.4 Hz,
2H), 4.08 (t, J = 7.5 Hz, 1H), 7.04-7.09 (m, 1H), 7.20-7.22 (m, 1H), 7.44 (d, J = 6.9 Hz, 1H),

63



7.52 (dd, J= 8.0, 1.2 Hz, 1H); HRMS (ESI+): m/z caled for C4oHgBrNsO" [M+H]': 884.36566,
found 884.36282.
AAEETFHULEMTH %,

Boc protected 56 (58).

2-(2-Bromophenyl)ethylbiguanide dihydrochloride 56 (961 mg, 2.7 mmol)% DMF (6 mL)IZ %
fi£ L. EtN (7.5 mL, 27.0 mmol) 33 L X DMAP (99 mg, 810 umol)% 1 2. 7212, DMF (3
mL)IZ¥EME L 72(Boc)20 (5.89 g, 27.0 mmol) & p->< VN, =|IET7h ML=, K
iR A K TAIR L, EtOAc T3 [EIfliH L, fafn@fEk T 1 BEG L, B~ 7 x>
U LTHME, 742 —IER L, WIEARBER E LT, BGonziBamiI ) a5
T L7~ ~JT7 7 4 —(n-hexane/EtOAc =5 : 1) (T THHL L. colorless amorphous (948
mg, 1.6 mmol)% 157-, Colorless amorphous (948 mg, 1.6 mmol)% THF (5 mL)IZ¥&fE L |
Et:N (473 pL, 1.7 mmol) 33 X T DMAP (59 mg, 490 pmol) % /il % 72#41Z, THF (5 mL)IZI&
fift L72(Boc)0(3.53 g, 16.2mmol) 2> < D ilx, =R T 24h B# L7z, RIS Z K
THAR L. EtOAc C 3 [Efht L, fafn &k T 1 BIYES L, KR~ 7 %> 7 AT
B, TV E—IER L, W AIERE E LT, SONTRAEWEIT Y BTSNV T AR
~ 79 7 4 —(n-hexane/EtOAc =5: 1) | THHL L. 58 (955 mg, 40%) % 1537-.,

Colorless amorphous.'H NMR (500 MHz CDCl;): & = 1.44-1.51 (m, 54H), 2.93 (t, J = 8.1 Hz,
2H), 3.98 (t, J= 8.1 Hz, 2H), 7.15-7.18 (m, 2H), 7.38-7.41 (m, 2H); LRMS (ESI+): m/z [M+H]":
884.

KMeEaTHHFLEMTH %,

Boc protected 76 (62).

4-[2,2,2-Trifluoro-1-(hydroxyimino)ethyl]phenethylbiguanide 76 (145 mg, 458 umol) % THF (1
mL)IZH&# L. EtN (638 pL, 4.6 mmol) 35 2 OF DMAP (98.9 mg, 810 umol) & I X 721412,
THF (1 mL)IZ¥Af# L 72(Boc)20 (1.00 g, 4.6 mmol)Z - < W iz, =i T 24h ##HHE LT,
FOSERR 2K THAR L, EtOAc T 3 [Elffit U, fafn KT 1 By L, EAKEE~ 7
ARTTLTHMRE, 74V Z IR L, W2 RERE L, GohIREMIZT I BT
NHTHTva~ k7T 7 4 —(n-hexane/EtOAc=5:1) (2 THRL L. 62 (233 mg, 54%) % 15
770

'H NMR (500 MHz, CDCls): & = 1.30-1.55 (m, 54H), 3.05 (t, J = 7.0 Hz, 2H), 4.07 (t, J = 7.0 Hz,
2H), 7.28-7.50 (m, 4H); *F NMR (470 MHz, CDCI3): § = -69.34, -69.30; LRMS(ESI+): m/z
[M+H]*: 917.

KAEEWIFHULED TH D,
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2-(2,2,2-Trifluoroacetyl)phenethylamine (69).

General Procedure 3 (27> T, 44 (486 mg, 1.5 mmol) Z W CTHLARF#E 21TV, 69 D—
Fith 69’ ( 240 mg, 95%) & 1537,

White powder.

"HNMR (400 MHz CD;0D): = 2.82 (t,J= 8.0 Hz, 2H), 3.81-3.90 (m, 2H), 7.32-7.43 (m, 2H),
7.51 (td, J = 1.2 Hz, J = 7.2 Hz, 1H), 7.59 (m, 1H), 7.38-7.41 (m, 2H); LRMS (ESI+): m/z
[M+H]": 202.

KEEWIFHULED TH D,

4-(2,2,2-Trifluoroacetyl)phenethylamine (70).

General Procedure 3 |27t > T, 45(1.249,3.9mmol) % AW CTHifR#EEZITV, 70 D— R
5 70" ( 852 mg, 86%) & 157=.,

White powder. '"H NMR (500 MHz CDsOD): & = 2.49 (s, 3H), 3.04 (t, J = 7.8 Hz, 2H), 3.24 (t, J
=7.8 Hz, 2H), 7.42 (t, J = 8.5 Hz, 2H), 7.49 (dd, J = 5.0 Hz, J = 8.0 Hz, 2H) ,7.85 (t, J = 8.5 Hz,
2H), 7.17-7.57 (m, 4H); LRMS (ESI+): m/z [M+H]": 202.

KEEWIFHULED TH D,

2-[2,2,2-Trifluoro-1-(hydroxyimino)ethyl]phenethylamine (73).

General Procedure 3 |2/t > T, 46 (130 mg, 0.39 mmol) z N THifRGEZ 1TV, 73 D—1
fgtE 73’ (103 mg, 98%) & 157=,

White powder. '"H NMR (500 MHz CD;0D): & = 2.81-2.99 (m, 2H), 3.01-3.24 (m, 2H), 7.17—
7.57 (m, 4H); '°F NMR (470 MHz, CDCL): § = —68.6, —64.8; LRMS (ESI+): m/z [M+H]":
233.0902.

KEEWIFHULED TH D,

4-[2,2,2-Trifluoro-1-(hydroxyimino)ethyl]phenethylamine (74).

General Procedure 3 |2/t > T, 47 (150 mg, 0.45 mmol) z N THifRGEZ 1TV, 74 D—1
Feth 74’ (97 mg, 79%) % 157=.,

White powder. "H NMR (500 MHz CD;OD): & =2.80 (t,J= 9.0 Hz, 1H), 3.01 (t, /= 9.0 Hz, 1H),
3.22 (t,J=9.5 Hz, 1H), 3.24-3.39 (m, 1H), 7.31 (d, J = 10.5 Hz, 1H), 7.37-7.43 (m, 2H), 7.48
(d, J=10.5 Hz, 1H); '°F NMR (470 MHz, CDCLs): 6 =—67.6, —67.5; LRMS (ESI+): m/z [M+H]":
233.

KAEEWIFHULED TH D,

4-[2,2,2-Trifluoro-1-(hydroxyimino)ethyl]phenethylbiguanide (76).
General Procedure 1 |Z7£> T, 4-[2,2,2-Trifluoro-1-(hydroxyimino)ethyl]phenethylamine 74
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(138 mg, 594 umol) % F\ T 130 °C, 10 min, CH;CN (1 mL) O THRIGZTTV, R
EWIEEELE, SOoNTHREMIINE YV WXV T A a~ NI T 7 04—
(CHCls/MeOH =10: 1) IZTHRI L, 76 (146 mg, 78%) % 137=,

colorless amorphous. 'H NMR (500 MHz, CD;0D): 6 = 7.42 (d, J = 8.0 Hz, 2H), 7.35 (d, J= 8.5
Hz, 2H), 3.51 (t, J = 6.5 Hz, 2H), 2.90 (t, J = 6.5 Hz, 2H); HRMS (ESI+): m/z calcd for
C12Hi6F3sN4O* [M+H]" 317.1332, found 317.1368.

AAEETFHULEMTH %,

2-[2,2,2-Trifluoro-1-(tosyloxyimino)ethyl]phenethylamine (77).
General Procedure 3 |2/~ T, 48(754 mg, 1.6 mmol) z N THiLRGEZ 1TV, 77 D—1
figth 77’ (655 mg, quant.) & 157-,

White powder. 'H NMR (500 MHz CDCls): § = 2.41 (s, 1.5H), 2.45 (s, 1.5H), 2.94-3.03 (m,
1H), 3.06-3.14 (m, 1H), 3.17-3.30 (m, 2H), 7.06 (d, J= 7.5 Hz, 0.5 H), 7.19 (d, J= 7.0 Hz, 0.5
H), 7.26-7.34 (m, 1H), 7.35-7.40 (m, 2H), 7.41-7.48 (m, 1H), 7.49-7.57 (m, 1H), 7.84 (d, J =
8.0 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 8.37 (br s, 1H), 8.46 (br s, 1H); '°F NMR (470 MHz,
CDCL): 5= -67.85 -62.22

KL EWIFHILEM TH S,

4-[2,2,2-Trifluoro-1-(tosyloxyimino)ethyl]phenethylamine (78)

General Procedure 3 (29> T, 49 (365 mg, 0.75 mmol) % W THLAR#EZTTVY, 78 D—
HE WA 78" (290 mg, quant.) & 157~

White powder. HRMS (ESI+): caled for Ci7H7F3N>03S [M+H]" 387.0990; found 387.1027.
AAEEMTFHILEMTH 5,

R fE

60RP-8F>54S (Merck)® TLC 7' L — k Z VY, MeOH/20 mM U U2 MU T LNy 7 7
—KEHK (pH7.2) IRGHK (8:2) TREEL. MEEGMD Refliz KTz, =EIHIE
L CEfEZ RS, ®AUT XY RoEEHEH L72: Rm = log(1/R-1)

22y i

)b

HEK293 #fifdiZ 1% [v/v] NEAA, 10% [v/v] FBS. 50 units/mL ~X=3V > 50 pg/mL A
FLZ h~AP v, BEIWS50 pg/mLl B F~A > &E&T EMEM % AW T 37 °C, 5%

CO, 51 F T2 L7, HT29 i, HCT116 #lfads X OYHCT116p537 1% 10% [v/v] FBS.
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50 units/mL <=V > 50 pg/mL A ML h=A T BILOS50 ugmL HF~A
VA ETe RPMIL640 % FHUWNT 37 °C, 5% CO, 5o T CHE% LT-,

BREAEWESIR DFREE

in vitro 7 > 2 A \ZHW = HEL A1 100 mM @ DMSO &R & L T-20 °C IZR1FE L,
DMSO i DS IR ERBR T 1.0% [viv], FALLIAMNE 0.25% [viv]IZ7e D & 5 IZ TR
LT v A %iTo72, CAM 7 v A ICHWT-REETIEEGREE L, Vo7 =
F—Y T vEAIZHWD 2-DG 1L 2 M @ Sterilized Distilled Water (SDW) &K & L C-
20 °C THRAF L T2,

A b L RALE

(KA SRR IT T 2 N — P 2 AEERSE T 2 (94% N, 5% COs, 1% 05) IZ[BH#T % 2 & TIE
BeSR DRREE AT T2, ALEWLELZAT O 5813, ALEWEIN | h BITIKBRSEAEL 21T 5
T &b Ui, (REELET 2-DG G A@H M, b LT7 v a—ARZEmZ WS
Z LT o, IREESE - ESRBFRFLEIE, 2-DG GAMEEH, b LIFsra—x
RZFEEHITHER L TV AMIINE ., S BIF v /NI AT, PEAREEE T 2 (94%N,,
5% COy, 1% Oy) |[Z{BEHIT 2 2 L CIRBBEO BB AT 12,

N 727 —8T7 vkA

A N L ARG WAL A AT o THEEE L 7=, PBS (500 pL) (T THEH L Lysis buffer (100
ul) 12 TERE,-80 °C IZ T S E il 4 SE T LT, & BI040 8E (15,000 rpm,
4°C, 1min) L72%. Ei& (10pL) ZFEE (100 L) & MG SEZ0RE (UERE 570
nm) ZPE LT, £, BEOX RV EEITFMET VT I VDAL U H— RTO0.1-
1.0 mg/mL DREICE T HmEMEIERE., BCA 7 v kA F > kb (Thermo Fisher
Scientific) DOFHHEL L 7238 A 200 uL iz 37°C T 30 40 %iE L. £ D% 570 nm DG
ZHIEL., ERLEEBREBREIVEHLE, Vo7 =7 —PiEMET — 2 13HIE L2 RLU
E% EEOX N7 BIRETHRT 5 Z & TR LT,

BRBISENY 72T —BT vi&A

HEK293 p2.1 #3 #lfld % 24 well plate |Z#5FE (8.0x10% cells/well) L., —Hib5#%, AR L
TR x ODMEACEMZEH Lo TR 21T - 7=, KRR AT > 721 24
hiEE L, Vo7 =7 —BiEHE2HE LT,

UPRGBEN Y T =25 —8BT vE&A
HEK293 GRP78 #85 % 24 well plate |Z#&FE (8.0x10% cells/well) L, —Meti#%, AL 7

iz OBEAEWEEH LT- 2-DG &4 (0.3 mM) FHiIC CTHs A # 21T > 7-1%. 24 h
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WEL, Vw72 7—BiEEEZHIE LT,

MTT 7 &4

A R L ARALEWMII 21T > TR L7cte, MTITRUELZIRINL, S HIC4h R L,
Bz 2 CH Y BRE . DMSO (2 CTAR LTV~ PEW & 58 IR L =14 .
MULTISKAN JX plate reader {ZC 570 nm OW A HIE L=,

TN — R RZ MBI B AR

HT29 #if% 96 well plate (Z#EFE (3.0x103 cells/well) L., —Wpks#Ets, @S L <1
TV — AR Z RN TR 21T o 7=, I L7-Fix ORE(LEWMZIINE 48 h
AR L%, BEIEHICASHA L, 16 h 158 % MTT 7 v A 217 -o7-,

Western Blot (HIF-1a)

HT29 #if% 10 cm dish (Z#EFE (6.0 x 10%cells) L. —Wrksat%, M L7-fix ek
BN NS THEIAZHA A AT o 7, IRIRFRB ATV 4h 1538 L7, JKi L7z PBS
(Z TR A 2 \IBEF L. 10 mL @ PBS &2, B/R 7 L—s3—% W THfild 2~ —
NRA N LTz, @m0 EE (1,000 pm, 4°C, Smin) L7-#. EiE % BV B & 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®] (Z CHllfid & 52 4 (IR iR
L7z, 10578 (100,000 rpm, 4°C, 20min) £, 155 7=Mifastii%z BCA 7 vt A
IZCH R ERL120ug & 725 &9 50% [v/v] glycerol, 8% [w/v] SDS. 1% [w/v] BPB,
5% [v/v] 2-mercaptethanol % % ¢ 0.25 M Tris-HCI buffer (pH 6.8) T L. 5 min & L
72t%. 7% SDS AV 7 7 VT I RTIIVEXIKENCHlE, = frntro—XEZTm v
T4 LT, = hatwila—RAfEA 0.1% Ponseau-S THYuf, 70 kD fFIrThH > L.
5% skim milk % & Z» TBST (0.1% Tween 20 % 7 ¢ 20 mM Tris-HCI buffer, pH 7.5) C 1h 2>
DA (4°C) 7 v v ¥ 7 L7z, mouse anti-human antibody against HIF-1o. (1000 {3577
B 3 L N goat anti-human antibody B-actin (3000 {547 R) ZHW T 1 h 6% (4 °C)
PO STz, £D#%, TBST (2T 3 ByEHF L, = hrt/bu—RE% Anti-mouse 1gG
Peroxidase conjugate secondary antibody (1000 {577 HR) 35 & U8 Anti-goat 1gG Peroxidase
conjugate secondary antibody (3000 1577 R) & HWCT=IE T 1 h LB L7z, A%, TBST
T2 TBS 2T 1 [F%E§ L HIF-1a (% Immobilon Western Chemiluminescent HRP Substrate.,
B-actin |% Pierce Western Blotting Substrate % W\ TZLEqui Lz, BT IX LAS

3000 mini imager and Multi Gauge software Science Lab version 2005 version 3.0 {2 T{T > 72,
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Western Blot (GRP78)

HT29 #if% 10 cm dish (Z#EFE (6.0 x 10%cells) L. —Mrksat%, HH L7-fx OfEik
BMA B S L <70 a— A RZEMIZ TEHIAH 21TV (KRB 24 h
Tolee BNV EMEBIOZ R BERITE =58 i & RO HIETIT -7,
B UNRTEEREITO200g & 72D LD 50% [v/v] glycerol, 8% [w/v] SDS, 1% [w/v] BPB,
5% [v/v] 2-mercaptethanol % & ¢ 0.25 M Tris-HCI buffer (pH 6.8) Tii#4 L 5 min & L 7=
%, 7% SDS RV 7 7 U7 I R/ VESKIKE THoliL, PVDF IC7w > T 7L
72. PVDF % 0.1% Ponseau-S TYta L, #xG 2 M8 L7-f% ., 60kD 3 TH v ML,
1% BSA % & ¢e TBST (0.1% Tween 20 % & ¢ 20 mM Tris-HCI buffer, pH 7.5)C 1 h 725 #&
W (4°C) 7' 1 v 7 L7t . KDEL monoclonal antibody (1000 {577 fR) 35 & OF goat anti-
human antibody B-actin (3000 £577 ) Z H W T=HIRIZT 90 min s Sz, £DE,
TBST (2T 3 [AI%E{#H L. PVDF % Anti-mouse IgG Peroxidase conjugate secondary antibody
(1000 {577 8) 35 &L TN Anti-goat 1gG Peroxidase conjugate secondary antibody (3000 %77 FR)
ZMHWTEIR T Th AP L 7=, ZBR#%, TBST T 2 5], TBS (2T 1 [EIE#A L Pierce Western
Blotting Substrate & F N CTEAVEIUM L7z, EIEAFHTIX LAS 3000 mini imager and Multi

Gauge software Science Lab version 2005 version 3.0 (Z T{T > 72,

CAM 7 &4

FHTRAREIN (RIS, £ ;0 H) %, 37.5 °C ORI T 1 h IZHRIP L 72
N6, 3 HMA v Fa_X—F L7, 3 HEIZ, JIO8ibE T L THsED e 8
TRERT 72, IRWNT, IZ2ROICEE T IRRE TINOFRIE X 0 08wl 2 & 8T
ZHEIT. U U E AW TINOMIE D7 HIFE Z K 3 mL W ELo> 72, IRO#iNmOTH
RAHEDR%Z, 2mL = 7V TEE | IEENFID N DFREIIRS| Lo, IRl D
/X% opsite film TZEWTHINHED S O A B brE . B 1 em FBRE DR A BT 72,
BT T, IR A D BRE . ¥ v v 7B T39.5°C DA o FaX—HF—|ZT24h A
YFaxX—hkL7, 4 HEIZ, CAM ORIz Y 20 7 (N 3mm, FME 5mm,
JEX 1 mm) 2087, BMELEYE DMSO HAKILEEN 2%I278 5 & 5 AF R /KIRIK
TR U7z, Wi, EFEAHKICTHI L 2% 2 F Lo — AR EIE ER L
TRREIC SRR G EATE R, KB LRSI IBf L%, U > 7 NI 10 uL s
MUz, 20k, FON395°C DA FaX—F—|ZT48h A FaX—hrL7, 6H
FIZ, BEOINOBI K OINEIEZ I frE, U P2 HNTA o F 7 UARAK 1mL
Z CAM ICH#EVEA L, FrAmE ZRIC A x 2 X 512 L, B ClE Al Ez R
ZHE L, BEAHRM L7, HIEIT, Table3 (ORI HERELH N CTITo72, £/, =
e =B IUREEW DR A FOVEEEREH L, DL FIORT R 0T
B ERZRD T,
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& #HAEFREZ (%) =1 - (control point / drug point)] x 100

Table 3. CAM 7 v & A Z81F 2 45 Br A PR R o W FE e

Evaluation Criteria Point
15T E BB R R RO e 0
oM EH A L ERIR RO NS

+ Vo7 OJE 3 mmis I i AL E R RGOS
++ CAMZERD /3R Z i 3 T A LB RDSFROHND
+++  |CAMAKOL2FLFE (I & H A R E D RS RdHND

I+

AlWIN]PF

NIRRT v ' A

AL OCR XY ECAR % Seahorse XFp Extracellular Flux Analyzer (Agilent, Santa
Clara, CA, USA) Z il L TIIE L7z, MR I h= B U 7 BEREF ] OB 13,
Agilent D71 f Z)VIZHES T, £ZFH XF MildI hA R L AT X FBELD XF Bk
ARNVAT ANy R~ (Agilent) ZfH L THHr L7z, HT29, A549 %7213 USTMG
i (2.5%10% Hifa/wells) % XFp Mifas@~A 7 m 7 L— MIFFRE L, 24h A o F 2X—
L7z, XFp Zotr#E ot o —F— U v Ui, EBROFTHIZ 37 °)COIE CO, 1 %
aX—=Z =TTz, I bar R THEEZHLZDIC, B —h—F) v TUD
HEAR— K AT 1.5 pM oligomycin (#EK V ORLEH) Z2EH L, A—F B2 2 pM
carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone (FCCP) #3E¥ L. /"— K C IZ 0.5
uMrotenone/antimycin A (FEAK 136 X OMEAIR IIT OREEA]) ZEEHE Lz, EEO®
—OIERIT, Ml 5-50 uM OFRBRLGW TRLER L, 180 pL OWERFH (10 mM
glucose, 1 mM pyruvate, 33 & N2 mM L-glutamine, pH7.4 @ XF base medium) & & &2,
37 COI COr A »Fa~—4—HT KA Fa~x—hL, Fb— hZEHITEKIE
%O XFp MifESN 7 Z » 7 AGHTEEEIC AN, XF AR A R LV AT A N ERUSMHE
T, 32D OCREZ 5 53T &ICMELZ, 7V a Vv AT A DDIT, Brd—h
— U ¥ EOEAR— K AIZ 10mM glucose Z%HH L, 48— K BIZ 1 uM Oligomycin %
L, A— F CIZiX 50 mM 2-deoxy-D-glucose & 351 L 7=, &V —#EHIZ, Hildz
RS D 5-50uM TR L | 180 uL DRIEETHL (2 mM L-glutamine, pH7.4 Z#H 7 5%
XF base medium) & —f#IZ 37°COH CO, A > F 2 _X—F —T 1 K]/ o FaX— KL,
TU— FEELIZKIERO XFp fifldsh 7 Z v 7 A7 F 74 F—IZ Ahiz, XFHila b~
ARNVAT A RMEE CEMT, 320 ECAR A 555 2 & ACHIE LTz,

R FEARAT
THR = AB L OHIIEAEIX., Annexine V-FITC ¥H %~ F &2 W T, ZORENGHE

(26> THEAT L7z, HT29 Al 4 5x10° flif/100 mm 7 ¢ v & = |[ZHKFE L7, @HE 72
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X7 a— A RZEEMP T 10 £721% 5 pM OIREE T2, 3 £7213 7112 48 BRMIRE L 7=
%, MfE A OK# L7z PBS T 2 [AI%E# L. AnnexineV-FITC 35 X O propidium iodide % #s
ML 724% . 5%10° cells/mL D#SE T Ixfis SR EHRIC IS S ¥/, BERO T TEHEET 554
A > F 2 _X— 3 IV T, Ixbinding buffer (500uL) =4 = — 7 2RI L7,
#ifa4 . BD FACSVerse 7 #—% A [ A —%—3 KT BD FACSuite ¥ 7 F 7 =7 (BD
Bioscience) & HWTHMT L. #7225 R ROMIDLER D E/3 1T DOV TRIRH 2 v
THtrLiz,

Hea T FEHOSRAT

OCR ¥ J TN ECAR HIFEDFERIT DN T, 3 DOLEW TUEL L 72 H > 7LD 3 B
DOFEFHOZER % | A RNRT X 912 Student O t B TREAM L 72 (*p <0.05, ** p<0.005,
#xkn <0.0005), LA—F—T A B LA ET v A OHERGHERIZ, 32
DISL LT FEBRONYHJESD & L TR LTz,

Abbreviation list

"H-NMR: 'H nuclear magnetic resonance
BC-NMR: "*C nuclear magnetic resonance
2-DG: 2-deoxy-D-glucose

Ac: acetyl

AMPK: adenosine monophosphate-activated protein kinase
APS: ammonium persulfate

ARDI1: arrest-defective protein 1

BCA: bicinchoninic acid

Boc: ¢-butoxycarbonyl

BPB: bromophenol blue

BSA: bovine serum albumin

Bz: benzoyl

CAM: chick chorioallantoic membrane
CF3;COQEt: ethyl trifluoroacetate

DART: direct analysis real time

DMAP: N, N-dimethl-4-aminopyridine
DMF: dimethylformamide

DMSO: dimethyl sulfoxide

DTT: dithiothreitol

ECAR: extracellular acidification rate
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EDTA: ethylenediaminetetraacetic acid

EI: electron impact

ELISA: enzyme-linked immunosorbent assay
EMEM: Eagle’s minimal essential medium
ER: endoplasmic reticulum

ERSE: endoplasmic reticulum stress responsive element
ESI: electrospray ionization

FAB: fast atom bombardment

FITC: fluorescein isothiocyanate

GRP78: 78 kD glucose-related protein
HEK: human embryonic kidney

HIF-1: hypoxia inducible factor 1

HR: high resolution

HRE: hypoxia-response element

HT: human colon tumor

IR: infrared

Mp: melting point

NaNj: sodium azide

NEAA: non-essential amino acid

NEts: triethylamine

NH>OH-HCI: Hydroxylamine Hydrochloride
OCR: oxygen consumption rate

PBS: phosphate buffered saline

Pd/C: palladium on carbon

Ph: phenyl

PHD: prolyl hydroxylase

PI: propidium iodide

RIPA: radio-immunoprecipitation assay
PMSF: phenylmethylsulfonylfluoride
PPhs: triphenylphosphine

RPMI: Roswell Park Memorial Institute

rt: room temperature

SDS: sodium dodecyl sulfate

MS: mass spectrum

RLU: relative light unit

TBS: tris buffered saline
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TEMED: N.N.N',N'-tetramethylethylenediamine
TfOH: trifluoromethanesulfonic acid

THF: tetrahydrofuran

TMSCI: trimethylsilyl chloride

TsCl: p-toluenesulfonyl chloride

UPR: unfolded protein response

UV: ultraviolet

VEGEF: vascular endothelial growth factor
VHL: von Hippel-Lindau
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