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Figure 1. Mechanism of cell cycle progression in G1 phase.
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Figure 2. Our strategy for the CDK4 inhibitor.
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Figure 3. Concept of our CDK4 inhibitor drug.
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Figure 4. Compounds reported as selective CDK4 inhibitor.
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Figure 5. HTS hit compound.
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Figure 6. Design of new CDK4 inhibitor.
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Figure 7. Enzyme inhibitory and cytotoxic activity for 2 and 3.
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Figure 8. Enzyme inhibitory and cytotoxic activity for 4, 5 and 6.
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Figure 9. Enzyme inhibitory and cytotoxic activity for 7.
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Figure 10. Inhibitory activities and chemical stability of 6 and 8.
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Figure 11. Inhibitory activities and chemical stability of 9 and 10.
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Figure 12. A compound identified by in-house high-throughput screening.
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FHT = VBOEREE 2T,
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Figure 13. Design of new CDK4 inhibitor.

MEREXRESEROTH
R _ _R®
R
2> e
5,667 BIgH D ZE i 261 D FE

WA AT & LC, Figure 14 (/8T L 912, =/ BV IV U4 NS
UKL BRFET LT REFIZT UL AN ARTHL L EZT-, 20D 4
ERIPUERE, RIRAREHF ) ) I FUoRnbBFEcE b &L, F
T Y I R, RIRPEMR 2-7 2 ) 3-m AT LT 47 = A DAL,
COFFT7 = UKE, FRET AT FERRT PO AKRTH I LB E T,

Figure 14. Retrosynthetic analysis.
R R6

R R? \N/ 2 RS R®

2 \
E— R%N
Jﬁ S N/)\R
R} (H) R ﬂ R! ?
R*Q/rr j RL%TW j \—{
STON R ST ONH, °

UL EDWERIENTICHE, () F= /B IV d-b RT VU A~OEFEE
PG AB LD (i) 4 Lk TV URIBICEENS T 5T LT & RIROZEH LW D
ZODHMTOIEWRAZIT) 2L L L,

B HTS b v MNABILEWDERK

5 RY BLO6 AL (RY) BHRELL LTHERET VS UAIEEZEA LT )
Y IV UREOERE Scheme 1 (2”7, F= /U IV URBEOBEIL, —
BN HND LT O FEE Wz, 74 7 = WK 12a-g 1%, Tinney & D7
H 2PNz, N = F AT I UFEE FICHRO T VT e K NMaf £72034 o
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g &7 VEEEA TV ERIZ R VA LT, 210°CIZTARAL LT 2 R&E G
S, BU 2 RUBLIA 13a-g 24372, #i\ T, Hozien &7k DICHEV,
XA Y XD 4 NIV R= VD 7 a ARICkiE . =% ) — )VINBGETR
TliZe KT Vv 1 K% G SH, 14a-g 247, IO 14h &5, N ¥
VIMBGERFE I 2-F A T 2 AR T AT E RERSEESE T, HEOY 15a
(compound 1),15b-h %157~

11a: R'=Et, R2=H
11b: R'=Me, R?=H R? CO.Me R o}
o) 11c: R'=iPr, Rz=H

2
a b
R1vH\R2 11d: R'=tBu, R2=H 1)\/—§\ R/ [
R g~ NH, —— S N/)

11e: R'=Bn, R>=H ’

11f: R'=Me, R?=Et
11a-g 11g R'R?= -(CH,),- 12a-g p 13a-g
S
NH,

R HNTT2 /h

c,d SN e Ry HN
tag = R [ ) e Ny
S N R | /)

STON

14a-g

14h: R'=H, R2=Me 15a (1), 15b-h

Scheme 1. Reagents and conditions: (a) methyl cyanoacetate (1 eq.), Sg (1 eq.), EtN (1 eq.), DMF (2 eq.); (b)
HCONH, (5 fi5 &), 210 °C, 7-84% from 11a-g; (c) POCI; (20 {5 &), 110 °C; (d) NH,NH,- 1H,O (10 f% &), EtOH,
reflux, 33—57% from 13a-g; (¢) 2-thiophene-carboxaldehyde (1 eq.), benzene, reflux, 9-92%.

BT, 207 (R BLO4AL RYR) ~EHILAZEA LT/ Y ID
B DA% Scheme 2 12773, 2-7 2 ) F4 7 = R ZLDT 2 FIKIX Gewald
5SOHFEPNHEN, DMF H n- 7 FAT AT E R 2.7 27 M7 I FBXO
MLV FA7 K16 2157, 16 % HKEERE & MBEVERT S & T17a &
L. 7 F) UL X R (NaOEt) Z{FH S ETRILSE, 13i 257, £/,
16 [ZX LT, "V A nrzml K BzCl) 2/EHES®ESZ LT 17b 2%, Fi
TKEB{ET b U U KB CMBGRDE L. MiBRi& 13j 2#157-, LLT. Scheme 1
ERIBRIC U TRe&IR 151, 2157, F7o, 4 fiE#K L 252 F VT e RIY
YISk BXOE T Y= BIKLISIIE, BRI YU e DB AR LT, 14¢ &1
HRD 2-T B FNF AT x> LHEa SH 15k 245, 0T, Beam & D 71 *DI2fE
W on-TFILYFIATDAFILE RTY UM O T =4 102 &k b Fix 2
TN EDT VL LRI X D PARKS 21TV, =L e T Y U LR 151
AR T2 15k DNARMEFITOWTE, BEMZ T+ A —2 3 URRBRIZSTHRLY
VU HERE LI 2 A 97%U EORESR CREDO VR THET 5 L AL 5
iz, FEEO 'H-NMR 12 & 575 NOE JlEDOFER, A FNVEERHET 2L KT
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YU NH EF A7 B EOTa FrDOMiFFIC NOE ZBlllEn, v RV v
N-H Z HS3 2 A F AV HKITOH NOE Ll Sk L, WicTF A7 = V8 ED
Ta R ERKNT D EATFVIIZOA NOE BEHlS, B KTV N-H &D
NOE (F8Hl S e o Tz Z L 2R L T\ 5,

CONHCOMe

I& : |
CONH / Et NHCOMe \ HN
f.g
et— |

N S
\ —_— 4 N
e Et L

NN — /d\ t
NHCOPh

2

11a 16 13i: R®=Me 14i,j
13j: R®=Ph
AN
0 s C?
S S
\
h HN/L\‘ HN/NHZ i HN/“ ik /N/N
14i,j —_— N —_— —_—
N 7 X X
T 1) s
STOW R N STOW SN
15k 151

15i,j 14c
Scheme 2. Reagents and conditions: (a) 2-cyanoacetamide(1 eq.), Sg (1 eq.), EtN (1 eq.), DMF (2 eq.), 62%; (b)
Ac,O (15 f& ), reflux, 24%; (c) BzCl (1.5 eq.), Et;N (4 eq.), benzene, reflux, quant.; (d) NaOEt (3 eq.), EtOH,
reflux, 57%; (e) NaOH aq. (10 {5 &), reflux, 25%,; (f) POCI; (20 f% &), 110 °C; (g) NH,NH,- 1H,0 (10 f% &), EtOH,
reflux, 2steps, 97% from 14i, 60% from 14j; (h) 2-thiophene-carboxaldehyde (1~1.1 eq.), benzene, reflux, 65% from
15i, 56% from 15j; (i) 2-acetylthiophene (1 eq.), toluene, reflux, 34%; (j) n-BuLi (2 eq.), HCO,Et (1 eq.); (k) HCI aq.
at pH2, reflux, 80% from 15k.

BBIZ, 40 KT Y VR R OF 47 2 R0 TAFVERITT Y
—/VEREHEADE L% Scheme 3 (2777,

~
HN e HN/k
X ab X
b I
STW STOW
14a,c,d 2,3,18-31
=
NS
\N/NH2 \N/L\l N\
c.d S N S
=0 — 1
5TW 5T STW
13d 14k 32

Scheme 3. Reagents and conditions: (a) aldehyde (1 eq.), benzene or toluene, reflux; (b) deprotection if necessary,
41-95% from 14a,c¢,d; (c) POCI; (20 {5 ), 110 °C; (d) MeNHNH, (5 f% &), EtOH (5 % &), reflux, 51% from 13d;
(e) 6-[(dimethylamino)methyl]-pyridine-2-carbaldehyde (1 eq.), EtOH, reflux, 73%.
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FWIEIZLEN ST, E RT VUK 14a,ed EEFET LT B RICLY, HHW 2,
3,18-31 #1537, 7= 4 1Y ¥ AKIZEVTIE, Hosmane B D 7 DIZHEV,
13d D7 Lt E AFLE TV 028D RY) ~AFNEEEA LT 14k 27
AL, N-NATF e RV R 32 26/ LT-, MkIX, EKEEDOH S HDDK
KEPEDFRN A F LA TG L TR D JHNMR A7 hLIZBW TS 7 Ly b
DAFIVEE (§=351) BLXOTI 7 ED27m by (§=4.17) ZHER LTV D,

F=Hi Invitro BERFAETEME - MAREFEIIHITEME, BARE & &S EAE R
{EE# 1 3 X OV 15b-h OEERFLEEYE % Table 1 (2737,

Table 1. Enzyme inhibitory activity for substituted thieno[2,3-d]pyrimidines (ICsg
pg/mL) 1, 15b-1 against CDK4 and CDK2.

Compd R R R R R Icsﬁﬁgzama ICS(JC(]F)l;iL)a

15a (1) Et H H H H 0.75 1.10
15b Me H H H H 1.90 1.70
15¢ iPr H H H H 0.05 0.35
15d t-Bu H H H H 0.12 0.56
15e Bn H H H H >20.0 6.50
15f Me Et H H H 16.00 12.00
15g (CHy)s- H H H >20.0 >20.0
15h H Me H H H >20.0 >20.0
15i Et H Me H H >20.0 >20.0
15j Et H Ph H H >20.0 >20.0
15k iPr H H H Me 2.80 8.90
151 iPr H H -CH=CH- >20.0 >20.0

“Concentration (pg/mL) needed to inhibit Rb phosphorylation by 50%, as determined from the dose-response curve.
Values are the means of at least two determinations.

15¢,d ICRHND X6 R ZFILENS A Y F o IkE 21T tert-
TFNVIRITEWT S &, CDK4 FETEMED M E L (ICs) = 0.05 and 0.12 pg/mL),
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CDK2 & OERM Y 5~7 {5\ L4252 En8bnot-, — ., LS F+EDOKEL

T UX U TIOVICIRERIN AT RE RN DV TIR, X oo ENRREENAE L D
O, EERTHELTLEY, /2, 15fh O X 912 5 A% (RY) ([CESLR T L
FOARFLIIBRRT AR VEZEALEGA S, EEESEIT £ 213k L
TLEIZEBHALMME R oT, 27 (RY) IZDWTIE, AT /LEE#EA LT 150
IZBWTCHRBRITIEENPERT D22 END 207 7 b U BIEHRBLUCMNAET
D ENEZ LN, FIT, 407 (R) ICAFIVEEEZEA LT 15k 72 LIz
TIE, IEERRELWHT2MEAICH D Z ERNbhrotz, £z, 4tk KTV~
WAL (RY, R Ob 9 —20MALE LT, BTV —LBL LI 151 2BV T,
IEMERHEL T LE -T2,

Mz T, YEmEOmmEE LT, EEROMAEY 1, 15b-h (ZFVETUT T Ow RN
DFREE NN E0b Y | B 21X 15¢ 1% 0.1 pg/mL LA T DIEMEE Lo 5
T2, D TE2EROREEOEIICERNTS EE2 6052 b, CDK4
BEELERME O BNz, F4 7 = VEBREMOLEHIC L 2o dsES B
L. B8R EZITo7-, BHEANZIE, RIBETEES & 6 fL=TF L
R, A Y 7 ERE T tert-7 FARZ RV, 4 MERSGEALIL, T4 7 = I
RO T AEAEB LT Y — LA EA LT bW AE SR LT,

(LB 1-3 3 LN 18-31 DOEEE P ENEMER L O o EEFEMHITE 1 %2 Table 2 (2
R, ARPAEEEEINRITE R OFERE & LT, b kORI SRR HCT116 3B
F OV i/ INAE s FEORMIARER PC-6 & FHV M=,

TR VIAEE A LT 18,19 (X, CDK4 BEIEMENEE Lz, —FH, ~7T a7
U—VBAZEALEZ2EBL0020-25 180T, By MEAW 11T TRS~
AL EDIEW A AT D L0 bolz, LLARNS, 2-¥' U P KLIAM .
CDK2 BIRMEN KON T LE IR LR o7, 2-E U Y URIE 3.1~3.5 [FDER
Wz Llc, €2 T, 2-8 ) VURICHEE L THREOEHBREDOEAZHEFIL,
UPUBRSMEIT 6 LT A TFNAEATALT 26,27 I2BWT, 13.3~13.6 5D
CDK2 & ORI m E23E BTz,
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Table 2. Enzyme inhibitory and cytotoxic activity for substituted thieno[2,3-d]-

pyrimidines.
R®
HNJ(
Rm
STON
Compd R K (Cafiinl ICaginl)’ Gl (gl Gl gL
1 Et thiophenyl 0.75 1.10 1.610 0.566
18 Et -Bu 4.40 3.80 1.660 1.550
19 Et cyclopropyl 3.20 4.10 NT® NT®
20 iPr 2-pyridinyl 0.88 3.10 0.010 0.003
21 iPr 3-pyridinyl 0.55 0.70 NT® 0.889
22 iPr 4-pyridinyl 0.24 0.33 NT® >10.0
23 iPr phenyl 0.47 0.88 NT® 0.651
24 iPr 2-franyl 0.39 0.55 NT® 3.780
2 t-Bu 2-pyridinyl 0.90 2.80 0.014 0.009
25  tBu 3-pyridinyl 0.50 0.56 NT® 1.450
26 tBu 5-methyl-2-pyridinyl 0.88 12.00 0.020 0.009
27  tBu 6-methyl-2-pyridinyl 0.52 6.90 0.268 0.258
28 t-Bu 6-aminomethyl-2-pyridinyl 0.59 3.60 0.059 0.036
29 t-Bu  6-[(methylamino)methyl]-2-pyridinyl 0.25 7.10 0.185 0.189
3 t-Bu 6-[(dimethylamino)methyl]-2-pyridinyl 0.056 1.40 0.429 0.381
30 t-Bu  6-(morpholin-4-ylmethyl)-2-pyridinyl 0.17 5.50 0.363 0.261
31 #Bu 6-hydroxymethyl-2-pyridinyl 0.35 2.10 0.039 0.034

Concentration (ug/mL) needed to inhibit Rb phosphorylation by 50%, as determined from the dose-response curve.
Values are the means of at least two determinations.

Dose-response curves were determined at ten concentrations. The Gls, values are the concentrations needed to
inhibit cell growth by 50%, as determined from these curves.

“NT=not tested.

YUV BICEBRIESEATED LW HANDS, Ktk 28R,
AT REFEAETLOMEEREALZEATLII L L, EO/ME, ATF L%
N2 NWT I ) VA T OBEBEALNTITIEENFT L7 DD, Kiiic
el T 2 7 HA A9 5 3, 28-30 1% CDK4 BERLEEME 21 EXE5 2 L 23b
20| T 3,29,30 (23 Tid, CDK2 PHETEME & OFRMES —B e m BT 5 2
EMbnoTo, KT, 6-[(PATFNAT I H)AFAIEY DR 3 X, 58V CDK4
PR L ETENE (ICso = 0.056 pg/mL) #H L. HJF2#K (pH 6.8) ~DEMFIED 44
pug/mL Z[A] E3 25 Z LRl MHEEDO T R~OMRA AL, 6-t R
F AT UK 3L, R 2 A3 2 LA WIT -~ T CDK4 BETE A
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B3 I odz, TOZ LD, KGRI OHE FEMEFE AN TEMEHE R RS I ORI ) F
IZEHTHDLZERHALNE ST, FIZ, EERHEISEMHAABEOME L LT,
EIEMAL A 3 1T D 4 ik R U0 (RY &2 N-AF b Lz k&
2 IFIEERNHEKT L2 E0E, 2Ok KTV UEALN-H 7’ 1 k>t CDK4 [H5E
TEMEICMETH D EEZ bV,

—J7 . MR FEIHE PRI DWW T O F R & LT, /L&Y 2, 20, 26, 28 35 L U 31
FHESEINSIRE DS M) B L7228 CDK4 BESE FHETEPED IR 3 1, Aot S il V4
MENZ ERHLNE R ST, £ T, L2 BX 3 IZ20 T, RO K
5 M FE NI B & BT L 7o, 2 ORE R, (LB 2 DRHIICAT L7z 2T oR
FRIZHRT LT, BBV EFE I REZ B L CW e, — 7, LA 31, 1 X013
HEYER ) BT 25 b o0, RO L ClAQEFEMEIRERS R+ Th 5
Z L3RS & L7- (Table 3),

Table 3. Cytotoxic activity for 1, 2 and 3 (GIsy: ng/mL)” against various tumor cell
lines.

DLD-1" HCT116% HCT116%

Tere.l¢ SNo.3d  MEKN28° MDA-MB-231' MDA-MB-468" BL-62  P388"

Compd WiDr®

1 1360 1120 1210 1340 2860 1870 48 2440 1010
2 19 37 7 5 49 19 8 45 6
3 889 506 973 755 1390 919 315 1090 370

*The Gls, values are the concentrations needed to inhibit cell growth by 50% by MTT assay.
Human colon cancer. “Docetaxal-resistant cell established in-house. 9SN-38-resistant cell established in-house.
*Human gastric cancer. ‘Human breast cancer. ®Murine melanoma. "Murine leukemia

bEW 2 3 LUV 3 1220 T, CDK4 B R FHETE M & Ml e s A m i v O A B 23
BN T3, A%OMEEED D ECEHEERMBELE o7,

Fram Cilk 7=k olc, et b e LCid, MiREE Gl #1o CDK4
EEZLET 52 & T, SHI~OBITRYT b, Ml Gl IINCERET 5
LB, FIT Ao bEWICBIT D Gl Hi~OEMEHE 2RI 572
D, 7r—Hh A FA R —EICHET T, HCT116 Bk ~MbEW 2 2L, 16 FF
M ICEI L= MRc Rt LT 77 7 2% ¥ v 32 L 5 DNA &84 HET 5 2
& T, AREI O AR AR FH L,

A ORGSR, (LA 2 13 500 ng/mL ORFETIX, S HIB L G2/M ot %
o & Gl #1% 65%IZH NS 7225, GlsofE (14 ng/mL) #T45 DIRWEFE RS
FJON10 5 &E (100 ng/mL) Tid Gl ERBEEHAB R ST, T 60%F2E DE
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S WIERENBUHI S N-, ZDZ 06, 212 DNA S FFHE & W 9 BEFEO L8
EHRE R RIENEZE DL, At a7 FTh 55 FRERESKIZIER B 720
ZEMH BN E 5T (Figure 15),

Figure 15. Cell cycle distribution of HCT116 cells treated with compound 2.

[ [ [ [
DMSO 33 \ 51 \ 17
| | | [\
Compound 2
14 ng/mL L ‘ ‘ ‘ 53 ‘ J/‘ 16
Compound 2 % ‘ 56 ‘ 20
100 ng/mL ‘ \”\L ’\
Compound 2
500 ng/mL T 65 T T ‘ ‘33 ‘2
0% 20% 40% 60% 80% 100%
‘ [0 G1 phase (%) S pahse (%) [0 G2/M phase (%) ‘

INOLDORREHEZ, BV VUVROEBRE LT HZ LI12X > T CDK4
B ETEMEDSBRVMEA Y 3 BMELNTE TND I e D, H22 D HIfEHEFE T
FHWER OBMA RAENNE, a7 MIABT AW LELND L EX
720 3ITEWTIL, MR OAZRIZ FEHIAS TN 2N T 60 L e HE FE B il T 2
DHFL 2o TLESTVND EEZ B, A%IE, MIIRICERVIAEND X577
PA L BEEBPVLETHDL I EBRH LN o7z,

FE NE

UbEXv, HTS By MEAEW 1 HOF =7 BV VRS O B REREA
B LU F7 Y AMIEHA~T v B{LEMERICI W T, LT OMENE S i,
PLETEMEA M B L7 b & R L 72 (Figure 16),

1. 9&;/ U I VUL 2 ALICOWNWT, BEERILE AL D IEESEA LD b
HERE R TFIIE Y IV UVBREN E OBV AEAER AT DT R
u}-ﬂcéhﬁ—o

2. F B IVURAMIIONT S, BEREEAIC KD EESHE L Z

EBH, ERTIYUNH 72 FlZCDK EAEERALTWA Z L RIEB X,
IEMERBUCHNETH D EE X BV,
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3. T U I VUKL 6 ALIZHOWT, A Y e AL tert-7 FVIET
ITIEMEDN R SN D Z ENHO N E o7, £ SALIFIANE, IEVE &R - BE
KEEDZ VLN, EHICERELTFRE LN Ebrolz,

4, FEZ 4Lk RZ Y 2K 2-2° Y ¥ U BRILEWIE. MRIEAEHIfER 25 HTS &
v MEAWIZHAR TR Sz, L L7225 CDK4 BEFEM A RITE®R SN
THELT, MESMAFMIBNT S MIEEN LoNZZ £ b, BIOIEHTD
FERREEFEINHI L = > TV D LB 2 B, DNA AkFLE 7 & OB O (L2055
Hl & OZERULSTET . ARBFFED BHIET 00 FEERIIKIZIZZR B 720 &l L7z,

5. BU VU 6 MOBEHIEAZER Lo T, CDK4 BB EEM NSRS,
Rif7e CDK2 SR Z2 A9 5 3 2R M L, BLEEER oA H7em Rz 57,
ARALE W TR RN EIE A 2355 < . MBEN ORERNZEEFI R BN TV RN &
NEZ IV, 30D OH 2 HREEARIC X0 | Mg mEErEom Ea BT
Zkllhot,

6. HTS t v MLAMB L OERER Lo b &% < 1k, JRIAMENE <, Pk
U COBMMENIT E L EHELNRW=0, BOBERTRE/R KR oAl
T E L W OBELH LN E o7, ZOFRT, LAY 3 ICARLND KD
IR A AT HZ LI KEER\ T2 2oL, Pk
WEZ BT — oD E A R L,

Figure 16. Structures of 2, 3.

= =

B | [

S (0 [N
N IC,, for N ic,, for N Ic,, for
|, CDK4:0.75 . g/ml S Cdk4: 0.90 . g/mL § Cdk4: 0.056 1 g/mL
7l J‘ CDK2:1.10 1 g/mL /7l J‘ Cdk2: 2.80 1 g/mL 2l J‘ Cdk2: 1.40 1 g/mL
S N Gly, for SN Gly, for ST Gly, for
PC6 : 566 ng/mL PC6: 9 ng/mL PC6: 381 ng/mL

HTS hit HCT116 : 1610 ng/mL
compound (1)

HCT116: 14 ng/mL HCT116: 429 ng/mL

2 3
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FHE CADD L LB HER V—EFMERE Ry L T AEF 1 —

AR U7z 3 ORISR B ETE M 7 & O ETE A BATE 3 2 I £ 2. CDK4 =&
OY—FETNAD Ry X T RAET 4 —5{To7,

F—H HREOETR

WFFEBHAR 2 RF, CDK4 % /"7 B OftauiiEix, RIS TR o3,
HANEETE BT HHEEEER LY —F o 7L EToRRIbN TE 7
WEERTH - 77,

—J7. BRI SRR TR EAT (BOHIE 7 Je ) D ~E N IRE B

U B AL TFEICET DS 25 T2 &b ABFFEICEVW T, CADD
%ﬂ%btcmm&/m& 50 ZRTHES (TR0 V—FT L) OREEEZITV,
B AL OERRFHIER T2 2B 2T,

RERY—FT V7T T BEINOT —F_X— LT, ZFURTE
DNAREE N R DT 2 ) BRI ONWTARET R U—HER 21T, SR EN
BT 2 B L BERRTEn Y —% RO, o 2 o ERm O
BRI BONNEEEET Y T T HFIETH D,

— AT, FIUHDWVITHEEL LTERED & o X7 B CIESL R E ML TV D
R0, TR BRI 20-30% L—B L TV < THNRIE F— 71X R
ST, IEEHMIT LS REFESNDBRRH L Z ENRMOLNTND, 20
ZEML, BTV T LIEWE NI EOT X BN R, BEHERET — ¥
s3> 7 RCSB Protein Data Bank (PDB) [Z8$k SN TWHEEOER Y v V'8
g L, 7T BEAEB XN EEEN DT TA A NEITHIZEEL
Too ZORERZE S LT, FHIC L DHERIFES Structure Conserved Regions
(SCR) ZHEFE L. EOBRANMEER DM~ & /X7 GRS 2 AL
SMTTTE, IHE B OIBEDEE - =3 VX —KiE{bxiTv, ¥ 08
ETNVEAERT DL L LTz,

F7-. BZE U< LT, UC Berkeley X% Sung-Hou Kim #f% 9D = o 91
T4 T T T ORI LEEN, ETAVEEBIVN Ry X T RAXT —
OHEZXTAS FENTE, KRBT 52 LN TET,
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F_H CDK4 RERD—ET AL
#—IH CDK4 OMNAEER I UEEELD A I = X B2 T

CDK /X, b TR 500 fifESH D L EONDHX L NI EIA X —AD—FETH
%o T ORERFRR & LT, NHy REaEL (N-lobe) & COOH KBz (C-lobe)
BILOo0r—7 %% < Hinge AL CTHERL 41, Hinge #B7 & N-lobe 35 L O
C-lobe | ZFEEFE LT FNZERAS ATP #5& A MZ72 % (Figurel?),

Figure 17. Structure of CDK-Cyclin complex.

Cyclin A:red

L  ATP binding
site

PDB code: 1jst

CDK 75>T/£ ME 72 R HE Tl C-lobe @ T-loop & S TWNDH 7 LF T T /L7pL—

TERGY IS, ATP FEREMLZFENTED . ATP BMEATERWIREELEZE 2 5T
Wb, EZAN, METDEIHA 7Y ST H L. ATP FEEY A FOBREN
AL, ATP LFEGTE D2 EDRHMLNATVD

WFFEDHEA TN D CDK2 DA, A 7 U > ® helix a5 75 CDK2 @ GluS1 #
& 12 PSTAIRE O helix o C £ FHAAEM L. helix B S 90 FEFR[AH59-5 Z & T ATP
FEAY A FOBREENZL L, Glusl 28 Lys33 EAHAE/EH LT ATPy fLod U 1R
(yPi) N7V —DIRFEL 72V | T-loop FRNZAEH <, BT Thr160 7% CDK Activating
Kinase (CAK, ¥ 7 U > H/ICDK7/p36" " &) 1ok U vk sh, LV4
ELEND EEBEZ BN TS, ) [[AEEIZ, CDK4/6 OIS IZ DWW TC, HEFHIA
FORFIZ LD %@%m%énfbﬁf% 27 V> D & CDK4 &35 Z & T CDK4
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ICHEEZ 3B Z 0 . CDK4 D ATP #EB N ZFENTWD TL—7F &, 1%
PP & 705 ATP AR v b KL UMMMESL S EE S 40 D, ATP OFEA 122, CDK
HEDAL A= T172 28 CAK Ik~ TV UMb ansd &, WiEn2El
Shu, HE L7 D EEINHIE (S T ¥ 237 & Retinoblastoma protein (Rb) % > /37 &
ORERIELFNASEAL U, il sd & K BRI E/ER 5 £ & 2 515 (Figure 18),

Figure 18. Conformational change in the active site of CDK2 induced by cyclin
binding. (ref. 37 % —HHEIE)

Helix aC R s

PSTAIRE)
. %

D145  of T160 by CAK Phosphorylated

Inactive conformation Active conformation T-loo
T-loop closed T-loop opened

EHEDVAFEAZHEL TS CDK4 [EANIL, EE (S 27 U - -CDK4
BERD ATP LHEGT DRI, (LAWY ATP &4551T 252 & T, Rb #/3”
BoV UL EILET L EEZ TS, ZOZenb, HELTHHRER Y —
ET VI, IEMEIRRED CDK4 #&E TH Y . ATP f5E A MEHib e LI-HBLE
TNTHD,

B_H T4 AVD

A L350 . CDK4 (2B LT X Bl a A i3 sy S Cunpipo e iz
D, FTIET TA A bOIEREITo T2,

CDK4 O7 X /BEFE LTiX, ¥ R0 /7 X 7 BESIT — 5 X— 2
UniProtKB/Swiss-Prot &2 W AF-R[EET&H > 7= CDK4 HUMAN (code: P11802) O 7
BRI EFIH LT, I, FRIREPED EVY CDK6 (similarity : 92.3%., identity :
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70.3%) BB L ATP 23fEA L&A ofE S @B S5 T b CDK2 » —ff
WMoz o\ IHBEHRT L L, T X "7 EO—RES B I
X #pfs st & LTk, PDBICT X AMEEN AR SN TEBY AFARETH -T2
() BHFEX /7 ETh D pl9INK4d MiEA L7-FETEMER CDK6 (PDB code:
1bIx*Y)F KO8 (i) JEMER CDK2 & L7z,

&M CDK2 OHRICE LTk, ATP BE O Meg®" 721k Mo 2 —o 72 1A
LTWOHEEmERBR LIz, £, BT 2577 IV =D& L>TWTH, ATP
WEYA FOBITMRICELSRESN TS Z D, CDK SN0 X X7
HEE LT, T DOfER. Keyword: ATP and Kinase and human CTORRFEIZIBVNT,
PDB ID: 1b38, 1b39, 1fin, 1hck, 1ir3 (Insulin Receptor), 1jst™ % 4537=, £7-. & ~LL
4 ClE. 1a6o, 1ayl, 1esn, 1gol, 1kdn, 3pgk % 1572,

FROT I ALY Z CLUSTALW 14 ZHWT~LVF TV T T4 A K
Lize T4 LA MIBBRFESNTND X R EHK Y IAF, 1gol (RAT),
layl (E coli) & 1jst 38 LN 1blx A $HZ2 38N, MHRIMEDOE R 5KV IAHZIT -T2,
ZORER, 1gol OAEFRIMEN A D72 < | layl IZ2EOEFINELS, K&EL<T
B IR bnrole, LoTlgol, layl ZBRWTT 74 A FNLELIZEZ A,
TR BEAINELSHASNTND Z ERMRTEDHZ LD 1jst 2FHT 5
L L7- (Table4),

Table 4. CLUSTALW(1.4) multiple sequence alignment.

1jst_A_CDK2 MENFQKVEKIGEGTYGVVYKARNKLTG-EVVALKK
1blx_A_CDK6 MEKDGLCRADQQYECVAEIGEGAYGKVFKARDLKNGGRFVALKR
p11802_CDK4 MATSRYEPVAEIGVGAYGTVYKARDPHSG-HFVALKS

1jst_A_CDK2 IRLDTET———EGVPSTAIREISLLKELN-—HPNIVKLLDVIHT -~ ENKLYLVFEFL
1blx_A_CDK6 VRVQTGE——EGMPLSTIREVAVLRHLETFEHPNVVRLFDVCTVSRTDRETKLTLVFEHV
p11802_CDK4 VRVPNGGGGGGGLPISTVREVALLRRLEAFEHPNVVRLMDVCATSRTDREIKVTLVFEHV

koL Rk ek sk sk ek sk ksl L * ok, kel
1jst_A_CDK2 HQDLKKFMDASALTGIPLPLIKSYLFQLLQGLAFCHSHRVLHRDLKPQNLLINTEGATKL
1blx_A_CDK6 DQDLTTYLDKVPEPGVPTET IKDMMFQLLRGLDFLHSHRVVHRDLKPQNILVTSSGQIKL
p11802_CDK4 DQDLRTYLDKAPPPGLPAET IKDLMRQFLRGLDFLHANCIVHRDLKPENILVTSGGTVKL
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1jst_A_CDK2 ADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMVTRRALF

1blx_A_CDK6 ADFGLARTYSFQM-ALTSVVVTLWYRAPEVLLQS—-SYATPVDLWSVGCIFAEMFRRKPLF
p11802_CDK4 ADFGLARTYSYQM-ALTPVVVTLWYRAPEVLLQS-TYATPVDMWSVGCIFAEMFRRKPLF
sk k), kekskekskskskskeksk ) skk L sk sk skek skek skelekeskekokk | sk skek

1jst_A_CDK2 PGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLL
1blx_A_CDK6 RGSSDVDQLGKILDVIGLPGEEDWPRDVALP——RQAFHSKSAQPIEKFVTDIDELGKDLL
p11802_CDK4 CGNSEADQLGKIFDLIGLPPEDDWPRDVSLP——RGAFPPRGPRPVQSVVPEMEESGAQLL

koko cklek, kL ok ok Rk koo Uk ce ke sk sk skek
1jst_A_CDK2 SQMLHYDPNKRISAKAALAHPFFQDVTKPVPHLRL ===
1blx_A_CDK6 LKCLTFNPAKRISAYSALSHPYFQDLERCKENLDSHLPPSQNTSELNTA
p11802_CDK4 LEMLTFNPHKRISAFRALQHSYLHKDEGNPE

ok, Lk skekekeksk skek ok,
DRI LTWS
¥ 0 SERIZ—HKLTWD

E=IE MEBEOEREDY

AEIOET Y 2B WT, FIHT L1EER CDK2 & AEMES CDK6 Offdh
R, Tloop EEDNDEH S OMENRELS B2 DZ ENDhoTHEY ., 2K
7R B2 0 BAICEET D Z LB N o272, 8845y 2 & IS H A 2 kA
BT X A TROELEEZE 2T,

P47 U A-CDK2 AR TH D 1jst 1X. ATP B L O Mg 2 &7, T-loop &
NI BRN T 58 72 iE A ALIRRE L 22 5 TR D . R X VX7 R EM N
E) catalytlc cleft (i) WX~ XV LHERTE HVMAMEETH D, HIT, X#E

OYFRRE S EEHE IV (Resolution: 2.6A) Z & 26 JE M CDK4 ¢ ATP ﬁtA'bL
/f =° T-loop # FHELT 2 ITIE, 1jst IZHDOE THET L2008 % Y EE 2T

—J5. FEIEME CDK6 #1ETd 5 1blx |%. CDK [ % o /3 7 B p1o™R4d pask
ALTEBY, Tloop HNLNA LT T ATP ITFEE L TCE LT, RIEHROa 7
A= aryThn, X BfEmENT T 5 0fREEN F < (Resolution: 1.9A), FFiZ
C-lobe @ SCR 78, CDK4 IZxf L TRLSIRFSNTND Z ERDhoTWNH T &
726, CDK4 BROMEIT 1blx 2ZMRICL THFETE LB 17, Z L,
pl9INK4d (% ATP fE&H A F&2ME LY 7 v 7 L, FREICNET S ATP
BYA D OBREEMIEVER L B> T BAREMERS K E W, ik V%28 L
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TCDKPHEX I EEHEEAL TOALHIEZ P LOEBENRLELEE IO
7= (Figure 19),

Figure 19. Comparisons of X-ray crystal structure between active CDK2 (1jst) and
inactive CDK6 (1blx).

PDB code: 1jst PDB code: 1blx
CDK2
WD st
77 Cycline A:red L~

N

Inactivated T-loop
(Closed)

CKI p19Nkad g%
binding;
— Activated T-loop

(Opened)
phosphorylated T160

Active CDK2 Inactive CDK6

BIIE RERV—ETVOER

CDK4 =& 1 vV —E7 /L OVERRIZIL Accelrys Software Inc.ff: InsightIl & %I L
Teo REWRTHA & LT, N R —713EIC CDK2 B3k E L, C K
fli% CDK6 (2 L 55L& LTz,

& Ry OREIEIL, O FEERFEK SCR H (a-~VU v 7 A+ B-2— ML),
@ V77 Ly ARERRD-DICEM S L7 MUTATED ¥, @ LOOP i, &k
U@ #fE S5 SPLICE #Ic KAl S5,

—HRIZZ NI REEDOREREROR SN S @) LOOP B L Tk k&
DFEIT S D ZFH L G E A 13 Loop Search 2 FRIC L THESE 21T - 72,
EENRKE B | Y T FHZE (RMS) 23E WA 13 Loop Generate % 1
LT LT,

Insightll 7 Z A > A > F TlX, Homology>>Alignment>>Pairwise Sequence 3
& O Structure Module ZFI[H L, AIHODOT 74 > A 2 FREZSZITHFRMED &
o ERE LT, TOFEE TIFESHSORNELLT I/ WMEHFE L0 50
MO EWRERRBI, U Ty 7 R E T, LM LR G, HEICHEA
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DIRE L 7= 7=, Pro50, Lys88, Val89, Pro170, Vall85 (28Tl Gly (228 E LT
ETNEMHE LT, 2hbDT I /BRI ATP & A NS OSFTICH
FRIEZ L THRE AT NWEEB X T,

ATP #EEYA MDY 2 BEANEHICB O TEFEFNIC Yy =27 L Tr—%
~—ZME L7, N K LN C Kimd HEMEE 21T - 72 1%. #EIEEED
fl\» SPLICE #6725 BEREA91Z LOOP #B, MUTATED #(., SCR JB EERTHIIR Y T
v A ZE TP, ZOE, BENUNTLEIEIIAHY, bl
Biopolymer Module (2 THE A DA Z1T > 7o, 1% T Discover 3 Module (2 THE
ERKO T RV X —H il (Molecular Mechanics, MM) #5355 KTV %@173%
(Molecular Dynamics, MD) FHE 21TV, BT /LA TEMR Lo, BATOE D FH1F
Insightll 2% CVFF G2 FIH Lz, fRonlEon —4~—%~==a 7/1/
#TE L. Homology Module ® ProStat = & 5 K OREZ 4T\, ETE & Biii 2 {5
ViR L7 (Figure 20),

Figure 20. Molecular modeling of CDK4 with CDK2 (1jst) and CDK6 (1blx).

BB RFFEE (SCR)- & ] £ $818 (loop-splice&Bfir) M H

-CDK2 LMD FHEITE  Similarity: 80.7%, Identity: 45.9%
-CDK6 L—w*&ﬂ’r?z Similarity: 92.3%, Identity: 70.3%

— R | N

CDK2,4,6 —{z*jﬁm
alignment + (a’iJ‘JOZ'

BIEED PR B—Hk)

”””””””” [i[iﬁ]c

5% 51CDK4 @ VAN Y
Homology ) .
i

model
. »  CDK6
BRI BE- };@(""X)
a4 <

F 72, Insightll 213 Modeler Module V5 7' a7 7 AnH Y, EikO#E{EE
HEIMIZIT) 2 &N TE 5, 2O Module (X7 74 > A2 FRPEETHIVE,
HBEEBEEDORWET VA ERMTHEDL Z N TE AR H L, £ T,
v = a7 VEEL [FERIZ, CDK6 & CDK2 O7 74 v A Y NEilAagbii¥
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ATGHROT T A FfER L, AT Y —FT V2 ER LT, FHliT5 2
& L7, GEliE B _EDOER (ZRid)

FRIA HWEOFM - BE

RERY =TT NE LT v=a 7 /VREICL D SCRs M OREEE LIz 2 £T L
(CDK4_manual MM, CDK4 manual MD) ¥ X T Modeler Module (Z & % B @ 4E
L7 1%E5 /L (CDK4 auto) @ 3 €75 /LZVER L7= (Figure 21),

Figure 21. Superposition of CDK4 models with CDK2 (1jst).

\ | X \'//,
Hydrophobic
Pocket

CDK4_manual_MM : green

CDK4_manual_MD : light green CDK4_manual_MM : atom type
CDK4_auto: light blue CDK4_manual_MD : light green
CDK2 (1jst): purple CDK4_auto: light blue

BET LT T-loop EAVTIREEZ L L T\ 5, F72. N-lobe il (X1 L)
IZBWT, RIEMES CDK6 &LV % Helix «C BN H D Z &5, PSTAIRE
HITIEMER CDK2 OfEE XKML TN D, ZDZEhDL, EOET A LT A7
VAL OMER L HERTE TN EEXDBND,

728, Tloop lE~==T7 MEEET LD ) BMIEMHES CDK2 1I2¥ <,
CDK4 manual MD Ti%, ATP #5504 FOMIEEN TAHEL Y B Z L3RS
AL, CDK4 manual MM D% 5 7% CDK2 #EftEi&E I WiEiEE A5 B2 b
72o CDK2 |[ZIEWH OB EMEIZITWVE IR SR N EN-ESNLD L O D, ATP
FEEYA PEHBELEZETLELT, MM HHETHELZAT0 YV —ET V%
RyXo 2427 4 —\ZBRATHZ L E LT,

F7-. 1B L7z CDK4 £ 7 /b & CDK2 i & DiEVI DWW T HRGE L 72, ATP
AN v NBAH] (Gate Keeper, Hydrophobic Pocket) DEREEIZIEFITEL TV D Z &2
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DNY . B CERMEE R LS ESIFTEHE LW EE N, —JF, ATP

RN hOHARIZHT= 5 Solvent Accessible #5145 T CDK2 & DS F i

EHER LT AL e & OMEIEA R LB 2 H1v5 CDK4 @ Hinge #B{7 Valo6 =84

ANR=NVEB LT 2 5% CDK2 #EEQEDLE D L [ UESIEFICH

Y92 CDK2 @ Asp86 HIEHIZ Lt~ CDK4 @ Asp99 HI$H 77 /L 7R B DAL E DY 1.8A

RER ST DT b o7, Hinge AL E TOHBELES> TS AT 0D,
IS OIFRITIBIRERBLUCHIHA TE 5 &3 2 b7z (Figure 22),

Figure 22. Protein Superposition of CDK4 homology model bound to the ATP site of
CDK2.

Gate Keeper
Hinge Region

4

CDK4
Val96 N-H

Asp86 COOH Asp99 COOH

Solvent Accessible Region

CDK4_manual_MM : green
CDK2 (1jst): purple CDK4: color-coded by atom type
CDK2 with ATP: purple

2B, 2009 FIZ oD T NN—T b, YA 7 U 2 D-CDK4 AR O X i it
HENE SN, 2w96° 1%, 4 27V D1 L DEAIETH DL HDD, T-loop
D CTREHRDa L 74 A—2 g v LGS, £, 3g33* 0%, 1~
VD3 EOEAETHIN, ZHLOLLRNEMROa Ly 74 A= aThdH D
ERME SN, EFHLLOEEIZBOTYH, ATP (HFEA IR TRV, FEEHD
B LR Ea v — 7 v EREDLE TR L& Z A, 21D ORED ATP
AV A NI ALEW 3 ZIEAT HITITZEM (MPLEarEM) SV &b
STy TOT END, FEEDERT HHELEMIL. CDK4 7% ATP % BV iATe
EHR a7 A= arZRbR0WE | HEEEEZ BRI LN EZ TN 5D,
(Figure 23),

B FyX o /AT 4 —28b77—~a 737 O
FT—1E LEW 3 & AG12275 & DB
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4 R E Y VALY TR DIV EETEMEFRIE IR E D . B BT Y UL
N-H DNEMRBUIKLATH DL b, Z X7 Bl OFBAERNREZ S
7=, Fi-. FEHE®R Y X 0155 Agouron £ CDK4 EVEFRE LAY AG12275
& CDK2 # "7/ e DA OIEHRZZEIZ LT, fMakkalk L OZERBL
JEDELEHAT > T,

Figure 23. Protein Superposition of CDK4 homology model bound to the ATP site of
2w96 and 3g33.

CDK4 model: green
2w96: purple
3933:

CDK2 D ATP 7R/7 > MU E -7 AG12275 1%, HEBREAL O S-mMEN R7= 1
TS5 HDOD, Figure24 (TR T K512, F7 Y =7 I ETVFERIZH LA
ATESIRBLE 2 B> T e, —05, 3 DEERIEIZB W TS, FEF I F it
72 TEY, B RIYUOERRTH sp3 THARL, TRIZEDIFIF sp2 #RDE
Tk 7o T\, 708, B RTY UL N-H BN ¥ 237 'F LW HAAER
L0, B R Y AMIBHITRET F 7 = ANt 23 2 X 5 IThiE
L. T VFROZEMEVEZ D ThAH 9 FENEx bz, BITbEw 3 1%,
BRI F7 Y UZ2REFIONA, AG12275 ORISEA F LT I DERIR
FNHER D . CDK4 PHEEEORBUCHE R EH LRI LTnoH EEX LN
(Figure 24),
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Figure 24. Comparison between compound 3 and AG12275.

o)

Superposition of AG12275 and compound 3

) \/

b Ny~
A0 1

%ﬁs

00 A \
AG12275* Compound 3 ’W
* . Patent compound AG12275: orange
from Agouron Pharm. Inc. Compound 3: green

BH FyXr T RAET4—ILLD77—~a 747 OHIH

BT LN CDK4 AEn Y —ET AEFIH L, B2 TR L 411
K ) DA EMED Ry X T AZT 4 —%EBAL T, ATP AT A M
TORA RIS LA SN D ZEHIE WM BAIEM L 9 8078 & 2 #EE LT,
K& 7 A4 T 4 —IZ1% Accelrys Software Inc.ft: Insightll 33 X T8 Schrodinger
Inc.fl: Glide 7’ & 77 A &FIH L7z,

IEEMDOEFEa L 7 A—2a BT 5D ATP AV A b~D Ry F o 7%
REtL7c e ZA AR THEZE L= X 912, (1) # 737 E ® Hinge HALIZk LT,
TT=UII v Y IV OB RV VEZBRTER L. (i)
LBV FRIOZERELE A2 B Y | (i) 4 (RO Y ¥ U BREML%Z Solvent
Accessible FINZ A AICHEET 2 2 & T, ATP fEGH A MBI EDZ &30,
A FNOT I BMH E OV REE S ER S TR Y | (k5% 3 & CDK4 &
OMBEFHROREE LT, LT OHREZGT- (Figure 25),

D Hinge #BA7 (Glu94, Val96) I\ Tix, RWKF-AENHFFSND Z E03b
molz, BEEYY IVVEMORRIR AT e N T e 72— LTEX,
CDK4 % /37D Val96 £ T X / HE KFREGEZER L, BT, e KTV
DT IS T e b K=& LT Val96 LB VAR =L L KEREA
KT 5, BT, Gludd OANKR=NVEEEE Y I DU 3 AL C-H N5
(CHEAER 99 2 arRErE bR S iz,

@ Gate Keeper i (Phe93) FTHFIZFUTId, Phe93 DL U BHT L 1) RHZHT
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Figure 25. Predicted binding mode of compound 3 in ATP binding site of CDK4

model.
H
Gate Keeper — N m
I Phe93i H ° O
ues oL 7 S
] Hydrophobic \
..... Pocket NH ﬁn Q B
" | vaioe | 267N ¢
s Lo S ! ="
A HN N
X ) »
Hinge e S
Region '~ \ m
’ | GIu144
Asp99
Solvent Accessible Region

The inhibitor is color-coded by atom type, where carbon is yellow, oxygen is red, sulfur is orange, and nitrogen is
blue. The enzyme is color-coded by atom type in a similar fashion except that carbon is gray. Key enzyme residues
are labeled and hydrogen bonds are shown as cyan dotted lines.

FF 7 = VBRD Figure 25 LW - A HAITZEMICHFENZ LW L3 bho Tz,
T, F VU IV SAUHEET D C T, ERICE -ETHRSE L
{bE 15f,gh TIEMEDWES - B o722 b b, 4 AIEHEAL & DAL
EREENEZZ b, BRRITE LW RSN, — AT BAHMERL T
BV I VY 6 MMNCIF LTI E SN D EMPNGFET D s 2 R LT,

QATP % >~ k@ Hinge #3275 Solvent Accessible 7 & Tl N-lobe DA Y 1
A IEH (Tle12) &/NU IEH (Val0) 38 L TN C-lobe D3 U AHIEH (Val72)
EA IS (Leuld?) ICHEENTW D 72 BT HIEICIZZE M 2e a0
RN b oTe, FEBRICEIROEY 18 X° 19 O T VX VI TIE, HEE
PES e MEGW 1 L0 bEETT 2 Z &b LA EEMERRD S, 447
E RV VDRICHFFRPMAETHLZ EbbhoT,

B ARy X U T RAEZT 4 —=DE, FETEBLTE 4 i) Vv
RN DOZEFEFI1L, CDK4 [HETEMHERBUCTIA L T H- LW Rl s ., BV
VUMD B DOEFER~DOEBHO AHEM: b oRIE STz,

@ Solvent Accessible LI DT AT X UERMAIEH (Asp99) & B U U UER
ONLREFDA A ALFREZR T 2 ) Fh & DKFFRES O AREM: 2 R L. @O PEETS
PEFBUCRIG T X /R EOKRERAREEL AT HERREOAHENRE I N,

T2, %475 CDK2 O Asp86 {HIEH & DOALE 5 K O Hinge H#RALA> & D HHEED
EVDIEL, EBIERBUCHRHATE 5 &E 267, BT ATP #5641 ~OSMil
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(CALET D 2D, B BUKMEEREAZEATE 2 AEE bR SN,

I /N

PLE L0 XSS NI TUN 2 WERY CDK4 2 2”7 g loxt LT,
Mg s o BOMET — 2 A L, FHRLEFEICI D ZO ZRTET IV
AWML, BIS, FySU /287 =170, UTOMmRERE,

1. X B SIS 23R 7 TN 7R VWMER) CDK4 & X 7 ' 12xt LT, CDK2 (I
)} LU CDK6 (FHIFEMEDS @V ASFEIETERD) o0 =R SeAEET — # 1blx, 1jst 725,
CDK4 D =RILHRER Y —FT VEME LI, RET /LD ATP A7 v FOHA
M2 7-% Solvent Accessible #{1T1% T, CDK2 & D =Ry b oiE W 2 R
L7z,

2. RyX T RAET 4 —OfER, &N # 2157,

D Hinge #BA7 (Glu94, Val96) EALAWOREEE ) I PV EB IO KTV
WAL N-H 2 & OO KFBRES DI S, IEHERBUCHLAETH DL Z L2 LD
2 L7z,

@ Gate Keeper ¥\ (Phe93) ITEEIZI\UNTik, Phe93 J5h~DIbAW) BB 13221
ICHFBENZ LW Enbholz, BT/ BV IV SALFRNE, 4 ALRISHE
A& DNARBEENE 2 i, EHITE LW E23 RSz, —hH T, =/
B UV 6 ML IANITHI IR AR S VD BB FET S Z L 2 L LTz,

@ ATP R4 > ML N-lobe OISH (Tlel2 + Val20) 35 L T8 C-lobe DHIEH (Val72 -
Leuld7) IZEeE L. B FAMITIZZERBPIRBRE N DI v | e
KRDBI, 4 ik RTV UENAITORN DB EFRNPLETHDLZ Ebbhrolz,
W2, B—ECTEHLCE4ME Y PV UBRNOERF T3, CDK4 [LEEMER
BUCHREFE LW Z ERHERIS ., B U P UVBRN MO EER ~DOLER O]
REMEZ L LTz,

@ Solvent Accessible FL TOMEMEMIEE (Asp99) LB U VER 607 X /Kb
DKRFREG DO REMEZ FLH L, mWEEMERBUC R T < 7 Kl & oKHERE
AREEATHERREOFRMEZ R L7, £7-. CDK2 & OERME Ek XU
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NI EIMAER Gy ~ D KEENEFE DB A DA REME /2 & bR S Tz,
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BB AN URILEDIC X BTEMNER L EDrEsE

B MROETR

Ald L7z 2 122UV, CDK4 BFELSNOIEM 2 A3 % TR R S L, £ 0
BIVER DIELEENFRE L 70> T e, —F, CADD IZXLD Ry X 7247 41—
IZBWT 4L ) DU BRBNOERR T2 CDK4 BEIEMERBUCEF 5 L Ty
EWVWO IR &G, 2T RXUBUVRILEMA T A - BRLTEE T A,
BESBIHETENEN 3 LIZIERE CTh o7, £7o. Wikl Gl £REIEH MR s
ZEMNS, DI - B Yok EEZBNE LT, T EY
VU 4 LR NWT, NUBURICEBEZEAN LSRG L EHRE
iz Fatd 25 2 & & L7z (Figure 26),

Figure 26. Enzyme inhibitory and cytotoxic activity for 3 and 4.

o+ O

\
N N
HN IC,, for - HN IC,, for
a SN Cdk4: 0.056 1 g/mL a SN Cdk4: 0.026 » g/mL
S N/) Cdk2: 1.40 » g/mL S N/) Cdk2: 1.10 p g/mL
Gly, for Gl for
3 PC6: 381 ng/mL 4 PC6: 472 ng/mL
HCT116: 429 ng/mL HCT116: >500 ng/mL

B_H AR XT AT E R KTV UEROERR

PLEDRER 2B F 2. Scheme 4 (2R T X D12, 6\ tert-7 FIVIEIZEHE LT
FT /B IVUREEE RT7V0 14d BLOT LT & K 33a-p (Figure 27) % H
W, A 4-7 B X V34-50 2 AL L7z, 33a-d,j IXTTIRORIEZFIH L7z,

RS
Hn N2 HN/L(
5 a,b
/ \N + H R o / \N
an 6 e
14d 33a-p 4-7, 34-50

Scheme 4. Reagents and conditions: (a) aldehydes 33a-p (1.1 eq.), benzene, reflux, 15-100%; (b) deprotection in the
case of 6, 7, 39, 43, 49 and 50, 81-97%.
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Figure 27. Structures of 33a-p.

/©/coovv|e C/©/COOH c/©/0H /@ﬂOTBDPS CQ/SOZNMeZ
OHC” : OHC OH OH OHC OH
33a 33b 33c 33d 33f

33e

& el T ol = ﬂ ﬂ

331 3n

TNATE R 33ef T, LFOHIETHE LT, TIRD 51 OKEEEZE tert-7 F
NPTz =)L Y )VELE (TBDPS) TiRiEL ., AF N AT NV E T F LTIV
bk RY R (LAH) TiErctk, Wb~ (MnO,) IZTE{EL, 74Tk
R33e 28 Lz, HRDS3ICVAFAT I U E2EHASHETS54 L L, 33e & A
FRIZ LAH 2otk KUY MnO, Tlafk L. 33f 2157 (Scheme 5),

gOR7 /@/\OTBDPS
b, c
MeOOC

——— OHC

51:R7=H

52: R7 = TBDPS <] a 33e
09 0P 0.9

d b, c )
e o oY
_— I — \
HOOC HOOC OHC

53 33f

Scheme 5. Synthesis of aldehydes 33e and 33f. Reagents and conditions: (a) TBDPSCI (1.1 eq.), imidazole (2.1 eq.),

THF; (b) LAH (2 eq.), THF, 0°C; (c) MnO, (7 /v 22— /LHIEIRD 5 % &, w/w), CH,Cl,, reflux, 3 steps 81% from
51, 2 steps 58 % from 54; (d) Me,NH (2.1 eq.), THF, 57%.

ML 2 RO FF O 7 VT & RK 33g-ik (X, L FDOFIETHBK LT,
HIRDO 7 0 LK 55 BLOST 2P AF AT I NCTCT I /{bL, B AT
VAT AR 56 3 L TN 58 & 33e L RIERD FIETT /LT & K 33g 35K 33h (T
Nz, 5T IZXF L, N-AF X ) —)7 I U2 ERSE, 33e LREED HIE
TT AT E R33i 257, TilRD S92k, AF T I EARF(LFATHET R
U 72 (NaBHy) (2X BRI T I /{LEITWV, 554727 X v % Boc #& THri#
L.60 %1572, %V T 33e L [RERD HFIETT LT & K33k ~E /= (Scheme 6),
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MeOOC MeOOC ~
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N~ b
@ . J@ﬁ s
MeOOC MeOOC
/@/\ /\/OH
H —_— |
MeOOC MeOOC OHC
33k

Scheme 6. Synthesis of aldehydes 33g-i and 33k. Reagents and conditions: (a) Me,NH (2 eq.), THF, 98% from 55,
78% from 57; (b) LAH (2 eq.), THF, 0 °C; (¢) MnO, (7 )\ = — L H A D 5 %5, wiw), CH,Cl, or CCly, reflux, 2
steps 68% from 56, 86% from 58, 75% from 57, 58% from 60; (d) N-methylethanolamine (1.2 eq.), Et;N (5 eq.),
toluene, 70°C, 74%; (e) MeNH, (1 eq.), toluene; (f) NaBH,4 (1.1 eq.), MeOH; (g) Boc,0O (1 eq.), cat. DMAP, CH,Cl,,
3 steps, 18%.

WIZ, BNV AT VT E RICBEDLL ZREIAMEEANT I, 4 V1
N ij»ﬂ%‘?z%?“ t R 33l-n ODERAZBFT L7 (Scheme 7).

Middleton 5515 * 2V, HIRO YT BV F LT 2 61 OFRH#EICKE X,
7'a LX)V 7 L a—/ b & Wilkinson’s catalyst 2 FI| ] L 722 B B OGS
D 63 B, NUUNNLT L a— L& MnO, BBk L. 331 25572, 72, FREAK
63 O N-Boc 5% MU 7 VA BFFRICCREL, AVLAT AT E RBEIOT &k
v EDRTHT I AERISEATV, K< MnO, BRKIZ L W 747k R 33m B &
W 33n 2157,

63 331
d ec s
63 NH N-R
—_— —_—
OHC OHC
33m: R® = Me
33n:R®=j-Pr

Scheme 7. Synthesis of aldehydes 33l-n. Reagents and conditions: (a) Boc,O (1.1 eq.), EtsN (1.2 eq.), CH,Cl,,
quant.; (b) propargyl alcohol (4 eq.), chlorotris(triphenylphosphine)rhodium (I) (3 mol%), EtOH, 2 steps, 44%; (c)
MnO, (4~5 f5 &), CCly, reflux, 66% (331), 92% (33m), 33% (33n); (d) TFA (7 /b2 — L HREAD 5 58, wiw),
CH,Cly; (¢) HCHO or Acetone (2.5 eq.), NaBH(OAc); (1.6 eq.), CH,Cl,, 2 steps, 84% (R*=Me), 38% (R*=iPr).
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b RuAg VXU MK (330,p) DAL Scheme 7 (2773, Haginoya & D
FIEP I TR Lz, HilRDA VX% UV o7-F—/L 64 DE Y 2 U B AR
H4ZCEL L, BoNn=7T 2% Boc = CTIRi#E L=, S5O N7-65I12xF L. N-
T =B A(NY T Fa AL AR A 2 R)(THENPh) 2{EHA SE, O-F
U7 L— MK66 Z157-, 66 (Zxt L., BEfE/XT U LMFEE NICT 7 U VBTV
%VEJ% S o= ATV 67 57, HAEA 2 U LA A I T A (0sOy)

koL, BonEUA— kil vHERS Y 7L (NaIO4) TR L
TNATk K330 2172, 7Tk RK33p b, D 69 7 HIFIFIREEIC LT/E.\ESZ
L7,

d
EtO, C/Q§V/J::::[:::j T EtO c’l\[/J:::I::\I /J::::[:::W

B
—_— —_— —_—
HO HO TfO
69 70 7
B p
N oc g N Boc
—_—
EtOOC™ ™ OHC

72 33p
Scheme 8. Synthesis of aldehydes 330 and 33p. Reagents and conditions: (a) PtO, (5 mol%), AcOH, H, (40 psi); (b)

(Boc),0 (1.1 eq.), EtsN (1.2 eq.), THF, H,0, 2 steps, 82% from 64, 91% from 69; (c) Tf,NPh (1.1 eq.), Et;N (1.1 eq.),
CH,Cl,, quant. from 65, quant. from 70; (d) ethyl acrylate (1.3 eq.), Pd(OAc), (10 mol%), tri(o-tolyl)phosphine (0.2
eq.), Et;N (2 eq.), CH;CN, reflux, 61% from 66, 18% from 71; (e) OsO,4 (10 mol%), NMO (2 eq.), THF:acetone:H,O
(1:1:1), 76%; (f) NalO, (2 eq.), THF:MeOH:H,O (1:1:1), 91%; (g) OsO, (1 mol%), NalO4 (7 eq.),, THF, H,0, 46%.
=M In vitro BERFAETEN: - MIQSETEINHNG M & #81E TS H4H BY

Bk LT2ALE ) 4-7, 34-50 12D\ C, CDK4 33 L O CDK2 DF#EFRRLETR I & il
e FEFE N TG 4 Table 5 127~ 9, M FEIMHENEERF OFEK S LT, B KR

553 R S A AR AR HCT116 38 X OV b ifiZ Nl /i Sl inkk PC-6 & FH v 7=,

U ALEW 3 1%, 6 i (RY) (T tert-7 FIVIEZA L., 4 (EHIL RS
(RO |ZHR ML A A L7 = & C CDK4 FREE MO F2 R Lz, F07-0
6\ (R") % tert-7' FVIEICEE L T 40K RO KT LT & R &GS
. 4 AAEHICE T BB U E R O ETE AR B R A 157,
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Table 5. Enzyme inhibitory and cytotoxic activity for substituted benzaldehyde
(6-tert-butylthieno[2,3-d|pyrimidine-4-yl)hydrazones.

)
HNJ\lr
X
CDK4  CDK2 HCT-116 PC-6
Compd RS ICso ICsp Selizﬁyb Glso Glso
(pg/mL)* (pg/mL)* (pg/mL)” (pg/mL)*

3 6-[(Dimethylamino)methyl]-2-pyridinyl 0.056 1.40 25.0 0.419  0.381
34 Phenyl 0.61 >20 >33 NT¢ 6.540
35 4-(Methoxycarbonyl)phenyl >20 >20 NT¢ NT¢
36 4-Carboxypheny 0.98 0.39 0.4 9.990  7.220
37 4-Hydroxyphenyl >20 11.0 0.844  >10
39 4-(Hydroxymethyl)phenyl 0.40 0.26 0.7 0.665  0.556
40 4-(N,N-Dimethylsulfonamide)phenyl >20 1.22 1.420 2.120
4 3-[(Dimethylamino)methyl]phenyl 0.026 1.10 4923 0.405  0.598
5 4-[(Dimethylamino)methyl]phenyl 0.077 0.60 7.8 0.128 0.107
41  4-{[(2-Hydroxyethyl)(methyl)amino]methyl}phenyl ~ 0.028 0.29 10.4 0.169  0.124
43 4-(Aminomethyl)phenyl 0.021 1.60 76.2 0334 0214
6 4-[(Methylamino)methyl]phenyl 0.038 0.68 17.9 0.056  0.044
7 Isoindolin-5-yl 0.083 0.52 6.3 0.111  0.071
46 2-Methylisoindolin-5-yl 0.096 1.00 10.4 0.088  0.050
47 2-Isopropylisoindolin-5-yl 0.080 3.00 375 0206  0.134
49 1,2,3,4-Tetrahydro-isoquinolin-7-yl 0.034 0.18 5.3 0.107  0.069
50 1,2,3,4-Tetrahydro-isoquinolin-6-yl 0.038 0.64 16.8 0.046  0.049

“Concentration (pg/mL) needed to inhibit the Rb phosphorylation by 50%, as determined from the dose-response
gurve. Values are the means of at least two experiments.

°The values are calculated by using the following equation (CDK2 ICs0)/(CDK4 ICs).

“Dose-response curves were determined at ten concentrations. The Gls, values are the concentrations needed to
1nh1b1t cell growth by 50%, as determined from these curves.

NT=not tested.

P EEHRO T 2=V EAEA L34 A RV ANLR=IL T = =LK 35,
ERrFT 7 ==L 37128\ TIE, CDK4 FRFETEMEDN Y £ 72 13H Kk LT,
T, IAVRFT T 2 =K 36 X° 4-(E ReF U AT 7 = =)Lk 39 CTiE
CDK4 PHETEMEIZI5VVE £ T, CDK2 & OFERMENHHRT 5 Z EnbinoTz, I
AT, ANVARCT I FIK40 128\ Tld, CDK2 Bﬂ%m&@ﬁrsﬁtﬁé%ﬁéhko

—JFF, A LB, XUB B EA XA~ IMILOFEAIZL Y CDK4
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FLETE MO BN EAR & 7= 4 13, CDK4 [LETEME N R &, CDK2 & D@k
PEB ELTWD Z ERnbholz, BIC, NIEA~3H|T I E2EA L 4-[(Y
AFIVT I NVAF N7 = =)VR S IZBWT, H /e HPHETRE, M s fITE
PEOBETR &R M B2 R Lz, Mx T, B/E 2 (pH 6.8) ~DUEFRMEN
39 ug/mL &, #ERIECTH ) DAL AEMIC R TEMNISES ATV D
ZEnbinoT,

ZDD, FREEREE BRIZ 287 2 K6, b R mFLEesHT 5
3T IV M BIRIET I KRB R EE2Bk Lz, FHiO/{RE, oo
LAY CDK4 BRETEMED G DAL FFIC 6 15RO FE TG M2 A L,
WICHJE 2% (pH 6.8) ~DIAEMEN 783 ug/mL ~& K& < [ L4252 L 3bhs
-7z (Figure 28),

Figure 28. Enzyme inhibitory and cytotoxic activity for 4, 5 and 6.

Lo LT T

4 5 6
‘é‘% ICs, for IC,, for IC, for
R= _N CDK4: 0.026 n g/mL CDK4: 0.077 n g/mL CDK4:0.038 1 g/mL
HN CDK2: 1.10 12 g/mL CDK2: 0.60 1 g/mL CDK2: 0.68 12 g/mL
CDK4 selectivity: 42.3 ~ CDK4 selectivity: 7.8 CDK4 selectivity: 17.9
/N
S N/) Gly, for Gly, for Glg, for
PC6: 598 ng/mL PC6: 107 ng/mL PC6: 44 ng/mL

HCT116: 405 ng/mL HCT116: 128 ng/mL HCT116: 56 ng/mL

Solubility in JP2 buffer  Solubility in JP2 buffer
(pH 6.8): 39 1 g/mL (pH 6.8): 783 1 g/mL

[ A DIEME 2 RFRT D 12012, A NRERIC R B U B A G BRI LS
MOBARGTHIT T2, 5R6ICAOLNDT X/ AF L UL & EET 5 H AT,
e RaA U RUUIRT, 46, 4TBLX T F Tk Kaa Y/ U 49, 50 %5k
L. IEMEZFHm L7,

ZORER. D DILEWIZEB T &Yy CDK4 FREFTEMED S b, 5.3 5
5 37.5 %D CDK2 & OIBIRMELH LTV LAY 7, 46,49 15 L OV 50 (2 13
BAEMHITEEOBE S R bz, L LAans, “BEEEAmICE W TiE, U
— FMEAY 2 (44 pgmL) K0 LIEMREMEL . BRI 28 (pH 6.8) ~DIAfRMEN
7 T2.8 ug/mL, 50 T 8.5 ug/mL TH Y, _ERMACEWITIAMREm IZRIER % S
Z &b o 7 (Figure 29),
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Figure 29. Enzyme inhibitory and cytotoxic activity for 6, 7 and 50.

\ %

R= HN/N

>N

%
SN

R/@AN/
H

6

IC, for

CDK4: 0.038 n g/mL
CDK2: 0.68 1 g/mL
CDK4 selectivity: 17.9
Gl for

PC6: 44 ng/mL
HCT116: 56 ng/mL

Solubility in JP2 buffer
(pH 6.8): 783 1 g/mL

ICy, for

Glg, for
PC6: 71 ng/mL

jgn”
R
7

CDK4: 0.083 u g/mL
CDK2: 0.52 n g/mL
CDK4 selectivity: 6.3

HCT116: 111 ng/mL

Solubility in JP2 buffer
(pH 6.8): 2.8 1 g/mL

e
50

IC, for

CDK4: 0.038 1 g/mL
CDK2: 0.64 1 g/mL
CDK4 selectivity: 16.8
Glg, for

PC6: 49 ng/mL
HCT116: 46 ng/mL

Solubility in JP2 buffer
(pH 6.8): 8.5 1 g/mL

BT, HCT116 £ % AW, MIEHESEIIHNEME DR -T2 6, 7B L TNS0 12

BiF5 Gl i~0EEHE A

S L7z, B

NY—(EICHED T, HCTI116 #k~MbEmZdinL .

%t LTC. DNA &
ZTOFER, 7

BANE L,
e SIANG =N

GISO 1

EOIFELEFRRRIZ, 7a—H% A1 X
16 WEREFZ IR L 7= i

(100 ng/mL) ¥TfHEDIRE T 62%H GO/G1 H]
(RIS A A ERE ST D 2 E R, 6 (Gl fE 56 ng/mL)

IZEWTYH, Gls

EVTFEOPRE T Gl ERIEANBII Sz, —F. 50 (GlsfE 49 ng/mL)i% Gls

TR RS ClX, Gl #Issne3c

D RS S iz, (Figure

30).

S BRI L7223,

2 fEH & T Gl #i4E

Figure 30. Cell cycle distribution of HCT116 cells treated with 6, 7 and 50.
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19 \

120 ng/mL
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HEIUEN In vive HUIEE R
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b 4 B G- DA 2 — ST, TR HNEE DR > 72 5, 6, 7T I3 KT 50
BT DHUEESR O 24T > 7= (Table 5), T X TCTOlLAWIL. AIEA] 20%
CaptisoPITIAfE S E7- b O &FH L=,

ZORER, S ITF IR GRS PR IHEIERIC Rk 2R R s, 2o
RITENE S FRERO@mWIBEMEICER T 2 &35 2 b, IBEMHEIRERR 15T
HoT- B 2T,

—J7. 6 IIEANBIE ST, T - B O T THUEISZI AT (HIGE D
5 B H & A7 B RIS A TEAN ] 2R IRTV nax: iv = 54% at 300 mg/kg, po = 57% at 350
mg/kg) T Z Enbhnots, o, 7T ICBWTIE, FIRER BRI D
DD, FETEWHUREHEEENM (IRTV: iv = 61%) 2542 2 AL, 1k
BDEEYESRM FICARRED TS, BOBEHIXFNE L o7z, 50 [T/ 3
W RS ole, EIGAEOM/ N MR TE R TWHBIT R TH 203,
BB OFBFEATIEME N S T2 D TIE RN EE 2T D (Table 6), F£H, &
G OEERE b #E ATV, mIEOFEEE & L TRERD R (BWL) 25K
HU.ZDORKEE BWLinx (%) &L TORLE, BIZHEHA LY RED S 6
FYETHE Lo~ 7 20H8% T/N HIZ= L=,

Table 6. Antitumor effects of 6, 7 and 50 against HCT116 solid tumors.

6 V. 300 1200 4-day, continuous 54 (9) 9.7 (7) 0/5
6 p.o. 350 1400 4-day, continuous 57 (6) 16.0 (5) 0/5
7 iv. 260 1040 4-day, continuous 61 (5) <0 0/5
50 iv. 300 1200 4-day, continuous 5(7) 2.2(1) 0/5

“Maximum inhibition rate of tumor volume. Numbers in parentheses indicate the day after initial drug administration
on which IRTV ,,, was reached.

°Maximum rate of body weight loss. Numbers in parentheses indicate the day of BWL .

“Number of toxicity-related death/Number of mice used.

BIE NE

IR b &t w BRIZ, 4 (X B UiFEIR Tk =17, LT O
RGO, BERAFEEEOM L EERENSGELTALEY 6 BLD T &5
L7 (Figure 31),

L KyX 72574 —TRbNE, EU VU304 Y VU RNOER
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JF 75 CDK4 FREIEMERBICE S L TV AW E W I RO RKIEZ TV LS 4
® CDK4 FHENEMED 3 LIZIERIETHH Z EEH LM LT,

2. NP U Bl AR E L E LTEMSEOEAZREL, YAFLT I/
AFNVIEONLERMERTH D0EW 5 S, MIaEFEmENEEL W ExE5 2 &
BNoMhoT, LML, in vivo RERIZE N T X — K< U ZA~OFER R
PHEWERNC B2 DI iERE S A7z, 2 ORWERNE S F O @ R A
THEBEZON, ERDEEMHEORANLETHD Z ERbroTz,

3. BRI ETE M & M ISR A AR LoD, IRIEEAZ R S 7 2
W7 Ik e R LT, £, MRMDOA VA F—/UK 7T IZBWTH, 78
UNBESE PR TE ME & M s e VE R 2 R U7, 6 IR ARl E e o m) | &
& BITHR 2 WA~ FREED S L, it g & o Rl /E M 2 [208E L | in vivo
ARERIZBWTHEIE - BAOWM S THEGZRTZeaWoN L, ke 7
IZBNWTIE, EENEEINS OO, FFETHROWIIIEEEEZ "3 2 & %2 A
L7z,

Figure 31. Structures of 6, 7.

s, Sk oy W T
N 3 6

R= HN !
N IC,, for IC,, for IC,, for
m Cdk4: 0.056 1 g/mL CDK4: 0.038 1 g/mL CDK4: 0.083 n g/mL
S N Cdk2: 1.40 n g/mL CDK2: 0.68 1 g/mL CDK2: 0.52 1 g/mL
Gly, for Gl for Gly, for
PC6: 381 ng/mL PC6: 44 ng/mL PC6: 71 ng/mL
HCT116: 429 ng/mL HCT116: 56 ng/mL HCT116: 111 ng/mL
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BNE 4 F 7Y —VBILAWIT X BAFR R E MR L LA

B MROETR

FEERICBW T, BUOEERAETR M & IR EE R B T 5 4 B
VIR 6 7 EERH LTV, L LR, @kiHinNtED T < BT, 37°C
FEIZBNT, FHETORE 'i%%éﬂf%é%@@ﬁ%@?(ﬁ%lm
(JP1), pH 1.2) IZ 6 MEEMITIEKRT 5 Z L B3R S, ALFRIICARLETH 5
Z & 3D T2 (Figure 32),

Figure 32. Plots of the remaining ratio of compound 6 versus time in buffers.

E RSV UEMLA H/ 100
mAKH@EEZITS -
) S 80 f
N 23
" o2 o0 ——DpH 12
an g .
/ XN G, for g S 40 - —=pH638
_| CDK4:0.038 ugimL |5 &
$TON Src:00028 ugml | E S 20
~ 0
6
ini i 0 2 4
Remaining rate in JP1 buffer .
(pH 1.2): 38% (1.5 h) Time (hr)

HPLC |2 X D EENINK G FRDOIEMT DFEHR. LB 6 DIHK LT, B RT VR
14d DAERRDBHERENT-, F-. 4MICR_V BV BE2 AT 3 EEEM TR, &
WIRETE 2 LI bW T, TREBMESA: T TR PR EMEN R T
RN Lo,

iz, b —oDMEE LT, fNTOI A x—ZABIRMERBRICE 0, (LA
W6 1 ZHEIH S 7T NV DS BT NE T S F e A R— R ¢-Src ~Dif
WEHEFEEH D80 b vz,

PLE XD [ KGR ORLEERS KO e-Sre & O@RMEZ R BT, Ny
EO A ML OERBIC LIRS D 2 & & Uiz, 4 (EBIERIGAL ~D~T n B LA
W (AFH = A XYY = A IFY =)L - BTV =)L) OFARG %
1To7,

T ORER AT T — /LR 8 73, CDK4 FLETREFS L OVCDK2 & DR (4.9
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%) ZRFF LD c-Src RFETEMEZ IR L, BRVESME T CLREICFET HZ & %
M L7z (Figure 33), L22L7enn b, (L&YW 8 ITEMIENSE S, ML Tl
& EWIR LR T,

Figure 33. Plots of the remaining ratio of compound 8 versus time in buffers.

N
K’Lx 100 4
s
HN™ ~ o -
/ XN IC,, for
s \NJ CDK4: 0.041 1 g/mL

Remaining ratio of
compound 8 (%)

40
CDK2: 0.20 x g/mL 20 F
Src 0.067 . g/mL
8 0
Remaining rate in JP1 buffer 0 2 Time (hf})

(pH 1.2): 79% (3 h)

£72. Table 7 (TR B, F7 V) — LN ERMK T4, 75 1BV T, R
PESRME T TR ESEDHRIND Z EnbhoT, LnLERD, 74 13X
CDK4 [HEVEMED TG < . 75 1%, c-Sre HETEMEDIZ 9 2358 < . CDK2 [HFE & D
FMEG IR E RS o7, ks, (ka8 2V — NMeame LT, B
D E R A B LTz,

Table 7. Enzyme inhibitory activity and chemical stability of 6, 8, 74 and 75.

L‘( R
~ 6

R= 8 74 75
/ SN
S | N/)
Compd CDK4 ICs, CDK2 ICs, c-Src 1Csg Remaining rate (%)°
P (ug/mL)? (ng/mL)? (ug/mL)? in pH 1.2 buffer
6 0.038 0.68 0.0028 38 (1.5h)
8 0.041 0.20 0.067 79 3 h)
74 0.89 2.2 0.041 75 (1 h)
75 0.052 0.059 <0.02 86 (1.5 h)

“Concentration (ug/mL) needed to inhibit the Rb phosphorylation by 50%, as determined from the dose-response
curve. Values are the means of at least two determinations.

°Remaining rate of the substrate after incubation with pH 1.2 buffer at 37 °C. Numbers in parentheses indicate the
incubation time.

FT V=TSP RLEAPFEONTZHB E LT, F Yy — 178 TH
{EFHVLEEDR @l 2 Emb, LTO X IIZELR LI,
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=L, n B TFHREIOEREDEEST 5720, Ky FRHINT A0
FOIEEMENTRY , ERIEFOT 1~ ARITHE < K5 %@*ﬁ%%@&%#
B poTWnbHZ kﬁ)%z%%w‘:o

H)—ODBELRLELT, 6 BELWN 8 ODEETL T 4+ A— 3 VJEEE (Macro
Model, OPLS-2005 /)% & FIH) (281 bEMAoME i L& 2 A, FHER
VU NV E I LA (ESP BT, #Ex#:h@mIBWP%Eﬂ%ﬁ%\
321G ELESRME) IZBWT B BT Y UEALN D 4 (BRI S FERIZNT TO
BAREN S B D 2 Enbholz,

NRUBRIZBWTIE, BEE Y IV VR EOERFTOMIZIE, ERNR
tF7VV%M@7DbVMﬁt’é%%ﬁ%Lﬂﬁ%ﬁ%%ofw@wo%
IR ALEW 8 13T 7 V— LR EICERR 28 L, A0S EMMITE R
T UEAM L VRN, FTTY AR EOEZF A~ BN T TS
. B RTY UENEREEET e F O EEZZITICK WEREEE 2o TND EE
Z B L7z (Figure 34),

Figure 34. ESP charges on nitrogen atoms of 6 and 8.
Electrostatic Potentials

on van der Waals surface ry
Red: negative charge ?

o

Blue: positive charge Q
e N “‘ 1/ 0 389
{ I A \ X : Ny 0301
il T 0219 .5’ ‘w
% Z NS kd/mol 3, 7
g -

D, -0.389
HN HN
, I -0.219 p AN -0.301
s N -0.753 s ™ -0.770
-0.667 \-0.700
6 kJ/mol 8

Ho—ODREE LT, YUHNTHEEL WA X—RATATF7 Y —T
OFFRMAERIC LV . LAY 6 1T 7 F IV DOIRS RAKTEICAIE T 5 F a
A F— A c-Sre ~DFRWHEEHNEO 5=, 2B, WL Src 77 Y
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— TCTHRENIEZR Lyn <° Fyn (ZxF L CiE, BREEMEDS 1/700~1/58 FRE LK<,

Src 77 IV “—iﬁx IR A BEEEME TIEZ2 <. o-Src FERIEFZ 2 bl
c-Sre (T, HZBERTFn L o WA X —AFHDOL DT, X N\ITHEDOFr v

FRIED Y UGB ATV, ERAARIZIB W TRAE - S EOBERE OMERT - il fE
D LMIRN Y T nEEH o T D, £, b FOEA~DOREE RIS

NTEY, KIGECHIER ETH U B, - JLENR A LD &V 9 Hish

W@%U B - B2 COBOEITICHLE Do TWD LB HNTEY, 20D

F5y A TR LICH D,

Z ® c-Src [LEEH DELEEE HIUIZ, c-Sre @ X fi&EiiEd CdH 5 PDB code:
2sre*”’ & CDK4 £5 /L & D ATP #EA A F OERGDOERIAEEZTT - 72, 2sre 1,
7 fi#BE  (Resolution: 1.5A) 723/ < . ATP #& & ¥ AZIZ Phoshoaminophosphonic
acid-adenylate ester (ANP) M A S TWHEETH Y | loop B HIEMAL S
TRETHDL Z ERHEINL TS

Z DHE MP#A%4%@me%ﬁw%%ﬁ@’@if KT X R
PRILIZEDEWNBIZEIND OO, O \LEW LA T 5O SLIAREE
FEITEY, eSre DIEHN 1T I BIRIENGZ W, ZERICRBRHDH Z &
Nbhole, £12. @ Gate Keeper (IZFHY T D3 IE, mmW\W T ==L7 7=
(Do T, RN ES S KBEEZRTHLALVA =B TH D 2 & gt L
Teo @ LEWOBEENMEENL AT 2 B X H5 Asp99 (CDK4) A /LR
VEAMIBHITIE, —WRELHTTIIKER I 2 T % Ser345 (c-Sre) 23HM L, {LEHD
iﬁ%‘ﬁ%@% EOMAERITEE T EEZ AN, L LERRL, —IRIckE
ﬁmxwfﬁ\mmﬁuﬂm)@ﬁwﬁyﬁwﬁﬁAw%«Dmnﬁwﬁ/wm
HOWEFINET D Z LoD, bEW 6 15, ZDOINVAR U MAIEHE & iR < AH
HEMZ L CWA AR B 2 biiz, ZORELZERET 720D HFEE LT,
ANLERIL R IR 5 BEROBREBILAEWICE D122 & T, F 7V — /v EITHER
PERIBH 28N U 7= 555, Asp348 (c-Src) D 71 V7RV AAIEH D~ & O R - A EE 3~
YRURL B ST D 2 EN TS L, CDK4 L7258 R M2 BIHHE 2 DTl
RN EE Z BT (Figure 35, 36),

B, EEMERELZ -2 0WTF T Y — K 8128\ T, CDK4 & ¢-Src D%
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REMZIFFAEE THEL TWDLZ b, RPN O RIEICEET 53
WA sEBEZ N0, FFMIIAHATH D,
BT, MRS e B A BRY & LT, B 6 AL{gH CHHEFL
7o
Figure 35. Superposition of CDK4 model bound to the ATP site of c-Src (2src).

CDK4

CDK4: green w
Asp99 COOH LAsp348 COOH

c-Src: purple
Solvent Acce33|ble Region
CDK4: green

c-Src: color-coded by atom type
with ANP (PDB code: 2src)

Figure 36. Docking study of 6 and thiazole compound in ATP binding site

of CDK4 model and 2src.
Thr338 (c-Src)
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c-Src: purple 7T//K 4 0
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B Affe RT Y URETFT Y —NABREDOE R

FT V=K 8 DFEREBEE 2. AR O FEILHES T 6 i tert-7 F /L FEIZ [H
ELETFZ /Y IV UL RIV LV 14dB X O /LT & R 73a-n (Figure 37)
MH e RT7 Y UARE, N-Boc (RERITIIREZ IR T, (LAY 8,74-86 ARk L
72 (Scheme 9),

RG
HN/NHZ HNJ\‘
Re a, b
S N/) S N/)
14d 73a-p 8, 74-86

Scheme 9. Reagents and conditions: (a) aldehydes 73a-n (1.1 eq.), benzene, reflux; (b) deprotection in the case of
76,77, 79-86, 21-88% from 14d.

Figure 37. Structures of 73a-n.

/
N\ Bozi
N N{ Boc N N—
Q ///\/NS/> OHC/[} OHC/LS\ OHC/Q\/

OHC OHC
73a
{ {NHBOC %*NHBOC /27 /Z*NHBOC
OHC)\ OHCJ\
73h 73i 73j
NBoc Boc NBoc
N N N
oHc— | oHc— " | oHc— | oHe—/ Dsoc
S S S S
73k 731 73m 73n

LT VT v ROERKIEZ T (Scheme 10),
TTE RIK 13a-c IZHIGREEAZFIH L=, @#2T 7 ' — LT AT e R 73d-f 1L,
Dority Jr. & 515 NG L2 NBS IC L 2 F 7 Y — Lk 95ab A FLEED T
B 2MElckEE, AFATIUTT I {EL, Boiiz 2 %7 2 > % Boc F TR
# 1 T.96a,b 2 1+7-,96a,b |2 n-BuLi 58 L ONN-R /L I LVEKR Y U E2ER &,
TIVT b RIK 73de 2157-, 73f HLHIRDO Y AF LT 2 4K 96¢ L V) [AIFEIZE W
7=o TVTE R 73g L, Sinha 5 J5iE NCHEVERR L 97 KW ARk LTz, =F
VT AT VA LAH I TR LI, JERISIC KD 7 X0 A X REe 8 AT 52
ET, TIAFNUVEEFEALL, ERTV V- —KMPIZTT7Z LA I RO
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iR L, B L7 —f&7T % Boc R THR#E LTz, KBEMD tert-7F o
7=/ U/ (TBDPS) %7 N7 7F N7 E=0UL7r R (TBAF) IZ
THiRFE L721% . MnO, (I CER(L L7 VT & K 73g #1537,

3 m— Qy - LAY

s’ K OHC
95a (4-Me) 96a (4-, R° = Boc) 73d (4-, R° = Boc)
95b (5-Me) 96b (5-, R® = Boc) 73e (5-, R® = Boc)

N { '( b N ,\{7 '(
. o
MS OH#S NPht = **“§E©
96¢ 73f

o

N._-COOEt ¢ N NPht d.e N
/—</ ]/ — | E— OHC—</ ]/\NHBOC
TBDPSO S s

TBDPSO S

97 98 739

Scheme 10. Reagents and conditions: (a) NBS (1.1 eq.), AIBN (5 mol%), CCly, 90 °C; MeNH, (3 eq.), THF, 0 °C;
(Boc),0 (1 eq.), EtsN (1.1 eq.), THF, 35% from 95a, 57% from 95b; (b) n-BuLi (1.05 eq.), N-formylmorpholine
(1.05 eq.), THF, -78 °C, 35% from 96a, 32% from 96b, 44% from 96c; (c) LAH (1 eq.), THF, 0 °C; phthalimide (1
eq.), PPh; (1 eq.), DEAD (1 eq.), 2 steps 49%; (d) NH,NH, 1H,0 (2.2 eq.), EtOH; (Boc),0 (3.3 eq.), satd NaHCO;
aq. (10 {5 &), CH,Cl,, 2 steps, 44%; (¢) TBAF (1 eq.), THF; MnO, (5 f% &), CCl,, reflux, 2 steps, 20%.

BHEEHT 5T T =T VT & KK 73h-j DA% Scheme 11 (27~

Mlig 551 OSHEV, 101a Z 4R L7z, ko 99a #f7 2V R{eL, KV
AFNVINTT I AE ALY 1-UT V3-TH VA I RTHE2-F 8L,
47%HBr Z{EHEETCT oA F AT b HEEEZR, FENTFAT IR
100 L RS ST, F7 Y =/ 101a 21572, 73g LFERIC, E FTPv - —K
MNZTTZNA I RORBREL, A L7272 % Boc AATHREL T, K
FA% MnO, IZT{E LT VT & RN 73h 2157-, ik 103 27 %A I Rk L
99b 1%, 73h & [FEROTTIET 713i 2GR LTz, 102a DfRigEE Y 7 vA4 w7
TFNVEREITHITERTZRIZE / -N- A F U L ifRiEDZ, b TT I % Boc
FECTHRH#EL T, 102¢ 2457, LA, 73h & [EEED 51T 73] #4f% L7= (Scheme
11),

51



e e e
ie i N . N Boc ‘. NB°
. ~ NPht N %
Hooc” “Npht * TBDPSOT TCSNH, ———= /—</S \ /—</ [ go OHC% [ o

HO
99a 100 101a E, 102a (R1® = H) 73h (R = H)
e
102¢ (R = Me) 73 (R = Me)
. t t t
)\t S i Rk N e T N B T Ny B
HOOC™ “NH, HOOC” “NPht | ~ | H oHc— [ H
HO s HO s S
103 99b 101b 102b 73i

Scheme 11. Reagents and conditions: (a) SOCI, (1.5 eq.), cat. DMF, reflux; TMSCHN, (2.5 eq.), THF, 0 °C; (b) 47%
HBr (1.2 eq.), Et,O; thioamide 100 (1 eq.), EtOH, reflux, 67% from 99a, 60% from 99b; (c) NH,NH,-1H,O (3 eq.),
EtOH; (Boc),0 (1.1 eq.), THF, 89% from 101a, quant. from 101b; (d) MnO, (1.5-3 fiF &), CCly, reflux, 82% from
102a, 93% from 102b, 95% from 102c; (e) HCI in EtOH (1.05 eq.); TFAA (2.5 eq.), Et;N (5 eq.), CH,Cl,; Mel (1.2
eq.), K,CO; (2.4 eq.), DMF; 1N NaOH aq, THF; (Boc),0 (1.5 eq.), 11%; (f) phthalic anhydride (1 eq.), 120 °C, 99%.

WA, BAIRT VX VI L ITiREE 2 AT 5T 7 — /T LT & RIK 73k-n
DA A% Scheme 12 127”7,

a 5

N R* b N R ¢ N R
HOOC-R® ———= ¢ ]/ — ]/ — oHe ]/
HO s HO s s

104a (R* = 1-Cbz-azetidin-3-yl) 105a,b,c 106a (R® = 1-Boc-azetidin-3-yl) 73k,l,m
104b (R* = 1-Cbz-pyrrolidin-3-yl) 106b (R° = 1-Boc-pyrrolidin-3-yl)
104c (R* = 1-Cbz-pyperidin-4-yl) 106¢ (R = 1-Boc-pyperidin-4-yl)
d N c N
BnO” “CSNH, + EN-TS — ]:/\N—Boc ——» oHc ]:/\N—Boc
107 108 109 73n

Scheme 12. Reagents and conditions: (a) (COCIl), (1.5 eq.), cat. DMF, reflux; TMSCHN, (2.5 eq.), THF, 0 °C; 47%
HBr (1.2 eq.), Et,O; thioamide 100 (1 eq.), EtOH, reflux, 26% from 104a, 44% from 104b, 70% from 104c; (b) BCl;
(3 eq.), CH,Cl,; (Boc),0 (1.5 eq.), IN NaOH aq (20 f% &), THF, 11% from 15a, 64% from 15b, 69% from 15¢; (c)
MnO, (3 {5 &), CHCl,, reflux, 68% from 106a, 83% from 106b, 60% from 106¢, 81% from 109; (d) 108, Br, (1.1
eq.), AcOH (20 f% ), 50 °C; 107 (1.1 eq.), DMF, 50°C; MsCl (2 eq.), E;N (5 eq.); 47% HBr, phenol, reflux;
(Boc),0 (1 eq.), CH,Cly, 5 steps, 9%.

105a-¢ (%, 104a-¢c Z 5k L LT, 101a L FEEOARKRITIETEHEM L=, 105a-c
D N-Cbz f:% ifri# L. N-Boc 5 TH{R# L T 106a-c Z157-, 73h & [FERD S
15T 106a-c ORI ZER(L L, 74T & N 73k-m AL L7,

MEERIR 73n X, 747 I FEK107 BLUOE R Y Pr3-4 1K 108 L0 &Rk L
7o 108127 0 IV EAEASE, IAR= LD afiZz 7 kL, 107 &BRILK
JEEAT STl A Z ANV R=7 1 U K (MsCl) 1L D5 EFRIL LI VT,
HBr 252 O-_X>VNVIEB LW Np- MV AR =)v (Ts) FEORIRE &
N-Boc {b&ATVN, 109 #1372, 73h & RIEROTTIETKIEEZEILL, 77 R
73n =5 R L7,
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S ETOHENBRIET VX VI THEEENEBIN D Z 30> TED,
ZOi=, W EEEGEEBNE LT, T/ I VUL 6 (LR
BB EIT T2, LTI, 6 (LIS T VXLV EEFTHTF /Y I VUK
10, 87-94 Ol % Scheme 13 [ 2777,

FA7 =2 MaAf X, 72 —/L N0af DKL) =LA Junsn
AA R (PCC) 2T L., BoN7=T ATt KLY RHRO Tinney &0 J5ik 2%
[T THR LT=, 115 1Z. Magnus H D1 SVICHEn, B o7 L7 e R
MBBLOT I AT Na—L N4IZL DT '8X — VAEREREBBRIGZED

R _NH
"0H co,Me 2

HN

a b,c,d
110a: R" = Cyclopropyl — = ]\ — 1 ] SN
110b: R' = Cyclobutyl R'“" g~ NH, R S ‘ N/)

110c: R' = 1-Methylpropy!
110d: R" = 1-Methylbutyl
110e: R' = Cyclohexyl

110f R' = 1,2-Dimethylpropyl

COoMe
Y, HO e f T b TBDPSO NH
+INN TDBPSOQQ\
CHO . ~__TBDPSO . /s | )
N
116
NH

111a-f 112a-f

13 114 115 111g
Hn N HNT 2

c,d TBDPSO N g.cd F N

16 —= T 16 —= AW

S N/ S N/

h,j
112h + 73h —_—

h,i,j
14c,112a-h + 73d .

/
1129 N 112h NH,
a3 i
L | X
HN™

HN™
e/ PN/
R . \ s \ . _ 10
Scheme 13. Reagents and conditions: (a) PCC (1.5 eq.), CH,Cl,; methyl cyanoacetate (1 eq.), Et;N (1 eq.), DMF (2
eq.), Sg (1 eq.), 5-37% from 110a-f; (b) HCONH, (10 %), 210°C, 58% from 111g; (c) POCI; (10 f% &), 110 °C;
(d) NH,NH, - 1H,0 (10 f& &), EtOH, reflux, 31-58% from 111a-f, 33-76% from 116, 33% in the case of 112h; (e)
113 (1.5 eq.), cat. p-TsOH, p-cymene, reflux; LAH (0.3 eq.), Et,O; TBDPSCI (1.1 eq.), imidazole (1.1 eq.), THF, 3
steps, 38%; (f) OsO, (5 mol%), NalO, (2 eq.), THF, H,O; methyl cyanoacetate (1 eq.), EN (1 eq.), DMF (2 eq.), Sg
(1 eq.), 2 steps, 38%; (g) TBAF (2 eq.), THF, 70 °C; DAST (1.5 eq.), CH,Cl,; (h) aldehyde 73d or 73h (1.1 eq.),
benzene, reflux; (i) TBAF, THF, 70 °C in the case of 112g; (j) 4N HCI in 1,4-dioxane or 1N HCI in EtOH, 2-97%
from 14¢, 112a-h.

SN
y /) 9, 87-94

22-FAF Nl N TFF— VR B T AT RO LAH &I & AR LT KB D
TBDPS f##I2 L W &k LTz, 747 = 111g I%. 115 % Lemieux-Johnson f&{k.
L7ct4, Ma-f & FRFRICERK LTZ, FIEICEW., B ot IMla-g 2RV A7
RTERILL., 4 7 v/fbB LU RTVMEERTREE K7 VU1K 112a-g
EERR Uz, 6 MRMICT vFEEBEALIZE FTZ7 VUK 112h (%, FRIE 116 X
DNz, 116 @ TBDPS REAMREL, SN KBEA(C=F LT I )Y
NZ77—hrUZ7al K (DAST) IZCT7 vHR b L7-%, 4 (7 vfblsLOe K
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Z VAL EATV, 112h 21572, WIEIZHEV., B K7 U0 14¢, 112a-h B LUV L
T & F73d,73h & 55 S8, BARGEZE T 8794 I LUV 10 AR L7,

FE=H0 In vitro BERFAETENE - MAREAIMNGITE M & B ETE A B

AEAWREL, ¥ 7T IVRERD c-Sre BLETFEMENHER SN TS Z &b,
PR EER R D 2 VR S T,

c-Src 7 EDTFu V) UEMEEEFEIX. Ras DT T IURIEREZN LT, BN
(IS T TNV AR ST D, T OREK, TIMIALET 2 A 27 U D1 OpEA
& CDK4 OIEMALE Z D . Rb U U ER{EAMEEE ST, E2F OHRGRERE D3 T4
b s,

In vivo FhFERIZ HFIH LT 5 HCTL16 ML, ZZRIC XV Ras 2MEMAL
ENTWD, DD, V7 FIVGRED BRICAE T % EGF Z AL P3K O
FREAZEH SETH, MEzE AL Gl icHEE IR, 12, Ras
F U TFIICALET 5 MEK OLERZIEH S E75GE. Gl MirdFasnsd, ®
IZ. MEK [HEAI72 & CCDK4 LV & By 7V P vniERaWE LcHGEe, W
A2V DI BELOCDK4 ODEMET L, p27 OEMBAR LD D, Lo, A
LB R AR ST 5E81F, T b ORBEENEL L7, 5t - T, HCT116
HEREIZ IV T, e-Sre [HFEIC L5 Gl HIFFEO rraBMEILk< . CDK4 FRFEFEHIC
&5 Gl HIFFE ORI vl RE & % 2 7= (Figure 38).

Figure 38. Intercellular signaling pathway.

HCT116 cell Mutated Ras

Gene expression

RB
/\ CDK4
Our compound A
Cytoplasm Nucleoplasm
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AR LTS Y 8, 74-86 12O T, CDK4 + CDK2 + ¢-Src DEESEFHETEM: & H
Fa s ESE N5 2 Table 8 (2779, MM FEINHITE MR OFRE E LT, B PR
598 BB SIEAMARAR HCT116 38 X OV b i/ Nl e Ha Skt fa ik PC-6 & V7=,

FoE T AN B VR BICEREERZ G T AEREZEAT L LI2LD,
CDK4 FESE P ETGME & i REE RN m 32 2 L2 ARH L T0d, 207k
D, FT VS —IHRIZBWTCH NBXOSNICT AT R ) EEEATH D
L& LT,

ZDFEF, CDK4 FHEIGME - CDK2 SR - SRS N COLEMIZ DUV T
X, BUF7efE R A2 15T, 77 YV — VB L EHIK 76 1% CDK4 FHETG M2 HERF L
>, CDK2 #IRME (28.8 fi%) LN c-Sre M 3.21F) b ELTWD, —
77 SPLIERER 77 13 c-Sre & OFRPEITG H T, CDK2 &S5 D Z L vb
0 AERTCOEYRERZIT> 72,

CAFNT I AR T8 1, c-Sre FHETEMENIZIZRIETH D H DD, CDK2 B4R
PEAIm ELTWD, i, —f&kT7 I K 79 1L, CDK2 @&EHUEN TS L, c-Sre BH
EVEM IR T S, ZDZ LR, TAFAT I UM ORZRREF AR KL T
X RIEE & ONRR e EmIR G . BIMEOW EICEETH L I EERE LT
Do
FIT, DT VXTI K 80-82 AR LTZ, 1-7 X/ =F /LK 80 1L,
CDK4 FHEVEME DM L& & 12, CDK2 SR (43.7 %) B XV e-Sre i@ (2.1
f5) Om ExmEEd Lo, B2, MlasiEmiiae b m L L. HCT116 FRiZxf LT
Glsof 0.177 pg/mL 35 X T PC-6 #RIZ%F LT GlspfE 0.103 pg/mL DIEMHEZA T
LHZERDb)MroTe, —J. 1-7 X 7 7 UK 82 1% CDK4 BHETEMEDES L .
AFNT I =F AR 83 Tik, HEEMELZMERT 200, SRENHHLL
c-Src PHLETEMENER T 5 Z L Nbho T,

T, BERT VXTI K 83-85 55 L OHEER 1K 86 (28 Tk, FEMFLENE
PEafER L, BIRMEZ AT 2EW LG TV, 2 b I3 sEiEamsE e
DL CLE) ZERHLNE ST,

PLEXY ., FT7TY =B OMOTIAFNAT I 2 HE AT, BUGREOREF %R
Wflom L2 b7l 2 e nhole, £io, 7 EEAT VX AEHD KR
IZE->TH, CDK2 BEO ¢-Src DBIRIEITEWVRH D Z ENbhoT-, EIZ,
80 [ZB T, M BETEINENIENE 2 E S AEOMA L2, — T, 2D
4 NLEHIE ARG oy O 2T TIE, BP9 7e BRETR R TR - SR M B - Al
FEINHITEME BT O o0 nWZ E b LN E R o T,
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Table 8. Enzyme inhibitory and cytotoxic activity for substituted thiazole-2-
carbaldehyde (6-fert-butylthieno[2,3-d[pyrimidine-4-yl)hydrazones.

RG
HN/k
/1 N
Comnd R6 CDK4 IC50 CDK2 IC50 c-Src IC50 HCT116 GI50 PC-6 GI50 Remaining
P (ug/mL}  (ug/mly  (ugmL’  (ug/ml)®  (ug/mLl) rate (%)°
8 1,3-Thiazol-2-yl 0.041 0.20 0.067 0.419 0.381 80
76 g N 0.034 0.98 0.11 0.343 0214 85
N
77 =R 0.042 0.35 0.046 0.156 0.108 NT®
78 *Agj”ﬁf 0.043 1.4 0.048 0.328 0.241 80
79 H/Z]” NH, 0.090 0.38 <0.02 0.730 0.490 89
80 *HyI(LNHz 0.019 0.83 0.039 0.177 0.103 81
S
81 H,N]/(NHZ 0.058 1.4 <0.02 0211 0.107 84
S
82 ,HﬁjfLu/ 0.037 1.1 <0.02 0.320 0.171 85
S
N
83 *%N]JQ 0.073 1.0 <0.02 0.768 0.706 81
S
84 H,N]):NH 0.070 18 NT® 0.812 0.635 NT®
S
NH
85 H,N]/Q 0.014 1.7 0.026 0.929 NT® NT®
S
N
86 e~ TN 0.025 0.20 0.12 0.458 0.240 90

“Concentration (ug/mL) needed to inhibit the Rb phosphorylation by 50%, as determined from the dose-response

curve. Values are the means of at least two determinations.
The ICsq values are determined by Src kinase inhibition assay as described in experimental section.

“Dose-response curves were determined at ten concentrations. The Gls, values are the concentrations needed to

inhibit cell growth by 50%, as determined from these curves.
Remaining rate of the substrate after 3 h incubation with pH 1.2 buffer at 37 °C.
‘NT=not tested.

LIEDIRG | A EEE O EIZmd T B 6 MMIEHOE %2
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Bt Uiz, 6 hiJE0 D i%%@f&/%k%sz@ U] 6 IL tert-7 F L
12|:T*‘.Ejb\|3ﬂ£¥%‘f$7‘xﬁmb P AN 1L T2/ N = =V A SNV 5 - Syl e
& N STARRE £75>$L6t&b EMEDHELTLE Y Z g T
72o CADD O BIE, tert-7 F VDI H TV T LVHE R T& 52213 &
HEBRON, ¥o. lBEBEMWARTZr Yy FEeF 20007 IV BREO~T 1]
TEOMEMEMTHAiERE L H V| WEER EOBEALRF L, G L1k
A% 9,10, 87-94 (2D T, CDK4 * CDK2 * c-Src D% 3 FHETEM: « Mo B 5 )
TEME - TREEVESRME T COLFRYZEENE % Table 9 127,

BRI LTe T VX VA B A LTALAEY 9, 87-92 1%, CDK4 BHETEME 4 fEFr
L. CDK2 & OB (15~47 %) ATV EME S HECR L7225, Al g5 il
TEMESORED /NS, FRIT, SFBRIR T V2 VOB X, M 6lE
PERRES T 2 RN RSN, /a7 X UEREAT D 89 TiX c-Src IEPENHEE
ENTLEIMALELNZ, ZOHT, SROSBEMEEZA TS 9 BL 90
I%. PC-6 ¥k T 100 ng/mL FREE O LLEZAY TR IR SEINENEE 2 A5 2 & A3

> 77,

Wi, 27 ERAOT 2 BRAE E OMBEERZBRE L T, 6 fL~D~T 1
T %Gt T VX VEHDOEANEHE 2T,

—ODHKE LT, B Ra$ Uik 93 (3, CDK4 [HEEEZHERFT 2 L OO,
S FE I HTEME R R E WHIT D Z b oz, IREMENKE LT
LY, HAADICL K o TWA ATREME G RIE S h, B 722 D25 M,
C Aoy

Fo. b —DODHRE LT, ZyvFEDEANEE R, 7 v#RiEL, BIEME
ERE L BB/ NN LD, BT EKRICG S, WM EMERIX
FHNWEEDN TS, L Lans, sENMHAENNLH Y . RITHSER L
TWD 7 v3lE, VR =IVERFEIZRT L, FEHE 7 MDD van der Waals BT o
HHEARRARS 5 Z EBRE SN TWD, ZOZ b, B 6 ML oBUkMER
7y MCAFAET D Aspl58 DI VAR I IEH & O AAERM 2 ]IRF L7z, £z, #

BENLEE DO ETIREE L S® D 2 LT, (kA ERoMEIC L EBIbE 5 %
5;&%%ﬁbko
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Table 9. Enzyme inhibitory and cytotoxic activity for substituted thieno[2,3-d]-
pyrimidines focused on the C-6 (R") position

S S
AN HN™
« /TSN 9, 76,8794 %ﬁN 10
R@ R s | " )
Compd | CDK4ICyy  CDK2ICyy  eSrelCy  HCTHGIC, — PC6ICs  Remaining
(pg/mL)* (ng/mL)* (ng/mL) (ng/mL)* (ng/mL)* rate (%)
76 o 0.034 0.98 0.1 0.343 0.214 85
87 - 0.058 1.50 0.1 0.380 0.221 85
88 > 0.260 >2.0 0.16 0.421 0.271 83
89 O 0.045 1.4 0.024 0.521 0.393 80 (4h)
90 D 0.029 0.4 0.053 0.203 0.114 80 (4h)
91 / H 0.030 1.40 NT® 0.431 0.201 NT®
92 o= 0.020 0.81 NT® 0.340 0.166 NT®
9 ‘& 0.022 0.88 0.060 0315 0.108 83
HO
93 e 0.069 1.8 0.10 1.32 0.681 NT®
F
94 P 0.140 1.8 0.28 0.184 0.078 80
F
10 P 0.046 0.68 0.23 0.061 0.029 81

“Concentration (pg/mL) needed to inhibit the Rb phosphorylation by 50%, as determined from the dose-response
curve. Values are the means of at least two determinations.

°The ICs, values are determined by Src kinase inhibition assay as described in experimental section.

“Dose-response curves were determined at ten concentrations. The Gls, values are the concentrations needed to
inhibit cell growth by 50%, as determined from these curves.

Remaining rate of the substrate after 3 h incubation with pH 1.2 buffer at 37 °C.

“NT=not tested.
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FHIORE R, (LAY 94 1X. CDK4 FHEVEMEDNES L2y, 4 fiF 7 Y —/VER
Z 80 DX A TIZEHE LT 10 IZBWV T, CDK4 [HETRM:Z MR L. CDK2/c-Src
BRE LA PRI ENE A LR LoD, MEEEINHNE S m B35 2 &3 b
STy AMEEMDEET 0 7 7 A NI B UK 6 SFIERSETH - 72,

VLEMNS . BEZ 6 ALT VS VA~ D T v JFF-8 AN e S A il v
DIE LICETH Y . KMEERIC O EL LT T2 2 2/, 4
& DALE B~ 72 A EE TR PEAR BT i & Te o 72,

BoNTALEY 9 BLUN10 D ADME 727 7 A JLIFLLTD LB ThH-o7-
(Table 10), H/J& —i#&k (JP2) TOEHMMEN N E 1K 6 (783 pg/mL) LV LKW
HOD, pH1A BT H2MEOERMAZBE LT 0B EToH 5 LogD (distribution
coefficient) fE ¥ O cLogP 2% 6 ™ LogD fH + cLogP fEIZHE_XTIK T LTV 5,
Flo, ZUNRNTREERLEWD, 7y RET AT AEEZEAN LT 10 TIEEEN
o,

BT, fENOFIE TH AL ENE (Metabolic stability (%), & MNFI 7 a2V
— LB L OHIBERIRIE & DIREWE 30 DA v aX—Tar LB oElF
) X, 9 TH%EFRERETH T2, 10 TIE 90%IZKFEL TWD I &b
o7, Filo, NTHEEEZ AW TCEEZ R ZHE ST 5 FiETHS PAMPA
EEENOIFERINROFEE L L THONTEY . WIFhoflba® b kM
RiFThHs L THISNT,

Table 10. ADME profiles of 9 and 10.

Compd Solubility JP1 Solubility JP2 LogD cLogP Protein Binding Me.tébolic
(ng/mL, pH6.8) (ug/mL, pH6.8) (pH 7.4) human (%) Stability (%)
6 520 783 3.1 4.580 99.6 100
9 > 1000 58.0 3.0 3.836 99.2 64
10 > 1000 53.0 2.0 2.473 96.0 90

fFEV T, HCT16 BRZFIH L, 9 B8 X0V 10 (1281 5 Gl #I~DERFE & T f
L7z, B—EOFEELFERRIC, 7a—% 4 hA MY —EICHEL T, HCT116 £~
{bEMAETRIL, 16 KefEIfZIZEIL L7 MifRicxt LT, DNA &4 lE LTz, £
DOFESR. WLEW &b Gls T OIREE T, MBS % S0%FREIZ GO/G1 #it
FEEE5Z Enbhro7- (Figure 39),
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Figure 39. Cell cycle distribution of HCT116 cells treated with 9 and 10.

DMSO 34 ‘ 50 16

Compound 9

68 17 16
315 ng/mL ‘ ‘ /"/ ‘
Compound 10 0 ‘ 5 ‘ »
60 ng/mL ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%
‘ O G1 phase (%) O S phase (%) 0 G2/M phase (%) ‘

EEVUET In vivo FLIEESIR

FEEEERRIC, X— R~ 2~0b bR B MaE HCT116 Bt T
NEFIFA L, 1 B S BRGS0 A7 Y 20—/ T, MR aEamHE o o -
729 BLO10 28T D HUEGN R OFAN 21T - 72,

bEM 913, 58RI THEEZRBEMAT G | B o 5 2 56
ANZHNH] L - #8 B O W7 THUEEHEAEME (IRT Ve iv = 52% at 300 mg/kg,
po =45% at 300 mg/kg) "9 Z &AM LT,

—J7. AEEW 10 128\ TE, 2 HEREDOEREBDDE Lo Te o DRIEX 7
Va—/VAERER LA, FETHNTES | BLERH o o A L e a2 il S
Ao, WE CHUBEEAEYE (SR H] =R IRTV e iv =47%) &7 LTz, GH
ZEM - BEMKERREOUEICL Y EYTENEDLY | hO/LEMTITS E
TRATIRhoTFmEICRY, KERDPRZ CEL LB, 5H%O%4e
P COFEN 57> & 7257 (Table 11, Figure 40),

Table 11. Antitumor effects of 9 and 10 against HCT116 solid tumors.
Dose/day  Total dose Administration IRTV ax (%) BWL .« (%)

Compd Route " ke)  (me/ke) schedule (day)* (day)® N
9 iv. 300 1500 5-day, continuous 52.4(7) 9.5(5) 0/5
9 p-o. 300 1500 5-day, continuous 45.3 (6) 16.0 (5) 0/5
10 iv. 200 400 2-day, continuous 47.3 (4) 17.9 (3) 0/5
10 p.o. 250 750 dayo0, 1,3 37.5(4) 11.4 (3) 0/5

“Maximum inhibition rate of tumor volume. Numbers in parentheses indicate the day after initial drug administration
on which IRTV ,,, was reached.

Maximum rate of body weight loss. Numbers in parentheses indicate the day of BWL,,,.
“Number of toxicity-related death/Number of mice used.
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Figure 40. Tumor growth inhibition curves of 9 and 10.

300
—+— Vehicle (20%Capx5) PO 0/5
—— X
T 250 |5y Goms o s
g 200 = iﬁ [ |
: - B 57 0 )
2 150 T
o
> // Y
R S | 300mg/kg
= g5 L
£ 50 5H:ER
0 = BT =3
0 | ) 3 4 s 6 %)JJ %EE i
Day
O
Administration
250

—+— Vehicle(20% Cap) 0/5
—@— 10 (200x2) IV 0/5

,.’é\ 200 [|—O— 10250x3) PO 0/5
g
5 150 HE 5 18 5 il
% 1< —]
E 100 e G —
% s (i.v.) 200mg/kg; 2 H E %
& (p.0.) 250mg/kg; 0,138 5
e R a = EMERD
(S S
A A A 250 mg/kg
Administration
EHE /NE

4L F T — AR D IR L OV 6 MBI LV . L FOMRZ157-, %
OFER, AR B UFHER TR E 2o 72 (1) BEBIEER SN TOILFENIEE
PR L OV (i1) c-Sre BHETEME DA 2 25 L. in vivo iBRIZI W T H PilEE
REFT D 6 NI T VAR 9 B XN 6 MKl 7 v FLT VF AR 10 % A
i L7z (Figure 41),

1. 4 iR B oK% 2-B LN 5-F 7V — URICE#T 5 & CDK4 FHLEEM: 214
FFL., 22 OMELENT CORPMREEDHERIND Z ENbhoTe, —J7,
4-F7 —)URIL, CDK4 BEEMLETGIEAT Lz, Z OfER A2 E %2, CDK2
EOBIRMENE NS T2 2-F TV — UARIC X DR 2 Pl & Lz E ko
A& R LT,
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2. FT YV NVERASOEREMEIE AN LY | BEEREOR E2X D Z R TE T,
4 7« SALE BITEWIHEEEZ R T8, 5 fii~OfE ML OE AL, CDK2 fH
FETEEOHERIC S DN Y | BERRIENME T T 5 2 EnbhoT, 4 fi~Dif
FEMERE A OB O T T, 1-7 2/ = F LR 80 ASHRBEFHANHEE 2 16 b &
HZ EERM LT,

3. ZERMICERORMNH 5 E B2 NI 6 flZBW T A Y T e L.
tert-7 F VLA D3I T VX NS ZE AT 5 Z & TH CDK4 FHEIEME % #
FF92Z L2 L, of Tl EmHNEELZ G35 9 2 A L, £z,
BRI 172 EOMMERE OB AT W T Y, BERAEFEENREFT 2 2 & 2 /L
Lz LALARNS. B Ru e S bR 93 G M e e Fm 1 il 36 1 1 20859 3 2 1)
IZHDZehRbhote, =T, 7 yRIFEFOENIBNTIX, 40F7 Y —b
DERIL L DG DERFNT LV . CDK4 BLEEM: 4 #ERF L oI 5l 4m )
TEMED I BT 5 10 2 RH L7z,

bt 4fiF T — /R L 20RO ZEMEom il L, 4 ik IO
6 DRI LY CDK2 3 L O ¢-Sre DIREIEMEZ BT S, A2ameE LT
DEEEHTH 6 MG T VI AR BL6 MK T v FILT LFR10 %
R L7, 2o ofbaWid, MIsEmmsEtE s Gl Wi EN A L., &
12, 9,10 /% in vivo 3R CHE S L OME 0 CHIRE R TSI 2 R4 2 & %
B 5722 Uiz, IS 10 (MR FEIHIEE O ) B &7 v 7 7 A L DN
Ao, ~T a8 AR ED 6 MIBHOERMIZ LV EREDOUGEIZ D72 M D |
SBOERLEBOREEEZ R T 2 ENTE T,

Figure 41. Structures of 9, 10.
/

%ﬂ NH,
N
KLS\ IC,, for K’is\ IC,,, for

CDK4:0.022 . g/mL CDK4: 0.046 » g/mL
HN™ CDK2:0.88 1 g/mL CDK2:0.68 1 g/mL

Src: 0.060 1 g/mL HN Src: 0.23 ; g/mL
a )N Gl,, for F . Gl for
S = PC6: 108 ng/mL s N/) PC6: 29 ng/mL
HCT116: 315 ng/mL HCT116: 61 ng/mL

9 Remaining rate in JP1 buffer 10 Remaining rate in JP1 buffer
(pH 1.2): 83% (3 h) (pH 1.2): 81% (3 h)
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VbR RT& =L 91c, FHIT, HRBIE - QOL A Lica#h<, FIEMEICHE
MDA AR FUm Al OBIIZ AT R OLFFRIER L 1T R 22142 )
IKTFMED A *— A CDK4 BINAY72 ATP H5HEMAZA L, MIaEHEZ Gl ik
S 2By TR ORI A2 HE9lS, AFRICEF L, FRollm LIopii
o

1. ttNZ A 77 U—HTS & v MEEW 1 225 OIEEOE TR & &R MEDm L% H
I, T BV I DU X 4N T A 7 = BREBAL ORI 2 M & S i L
HETEMEABI 2 B & 20T LTe,

ZOHC, MR EH 2 R L7 Ab A 2 & AL L7223, CDK4 BHETS
PERRIIHR SN TR LT, MRS MmEHhiZ B W TRIRE T S BIERD L
k:k#E\%@ﬁ%ﬁié%@%%%%ﬁ%i%hko

Wiz, BV VU EOBBEERICE Y, 5V CDK4 BERLEEME S CDK2
EOBRPRMEEGETH 3 ZAML, EUy/ﬁ6u«@7:/%@§Aﬁ\m%
TEMER L OSRIRMEN EICERTH D E AL LT, 72, HTS & v Mk
Bk X OERIK DL ITNREMERIEF & < . TP TOEMMEN T E A
EFONRWHRT, 3T DN D K 9 7RI 28 A 32 HIT L0 KD )
EToZ 2PN L, MHEEEICMIT e —2 DR Z B LT,

2. XBREEDNBH S0 E 72> Cievo 7= CDK4 12 L, fHFF LS FIEICL D =
RIUHERE R U —E T VOBELZITH, R FLEMED Ry X T RAET
—|Z X Y . ATP binding site N TP 3 & DfEARERICET 2872 R 21577,
{b&% 3 2% ATP binding site C V T OELEE A Bl S FC, (i) Hinge #5117 & D5l
[ 72 KB HE A, (ii) Gate Keeper #A7° E T M OIREMEMISHIC L5 7 1 v % 7,
B L (iii) Solvent Accessible ¥NL TOEPEIEH & KT 2/ H & DAZERES D
TERLDHERS S 4L, 3 DBEVY CDK4 R BAEIGMER L OV CDK2 & OE R D55
WAL 720 | ZOHOLEWEBIZ T 7RG T X 2 572 & OKERE
REEX AT 2EREDHAHES, BV U UVRNLMOGHER~OELD FREM L
A U7,
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3. B UKL, CDK4 LISNOIEMBEST %2 A3 % rlRetE s s S 4v, £ olalkt
NARE L 72> T2, ZOHF T, CADD O REZILIZAR LIk 4 D
PHETEMES 3 LIRIEFFETHY . Gl ERIEHN A TH T2 Z b, 4 &
PRI B AR~ DO RBAICAT - B LT,

RV BICH MR Z L E LTI OB AT R L. 277 I K6 5
FOMEBRM DA Y A F—=/K 7 Z R LT, (LAY 6 I3M GG S D
M k& &SI AR 2R~ DML S8 LR 72 & oo A anil /1 4 208k L |
in vivo BERICEWTHEHE - ROOW G CESE T EEHLMNI L, b
A TIZE VTS, R G CHEBIEEZ R T Z L2 LI Lz,

vy

4. FRFEDOBER T, BIEHEZ AT 2B UBERICE VT, () HREEPEIAIR
S (pH1.2) TOALFIIREMEE MR TE T, (i) c-Src FAFEEM: b RS Z
EBRH BNl ZOD, L OMBEEZELEL, in vivo FRERIZIBNT
bR NRE AT G OESEZ BIRIC 4B UBRICRD D ~T v iR
L& OGS L OB 6 MO IEAT 21T > 72,

ZORER, BYESM T THREICIFIE L, CDK4 PHFETEMEZ R FF LoD c-Src
PRE AT 2 4 fiF 7 Y — VRS8R E B L, BICREE 6 i CoTEMER &
WIPESE AR D . 6 NLATIE T LUK 9 I8 LN 6 LR v FLT L F LR 10
ZRH L7, 2 50bEWIE., Y CDK4 FLEEMEICHES < Gl SIERIER &
AERRYETEINEI 24 L. 9 13 in vivo FEREBRIZ W TR L OWE A CTHREZR B
TGV AR LT, 72, 10 (TEVRRSGEIZ L 0 MERLHEFE NS M2 M E LT
D, BELEMELTOEEEZALTWDZ LA L,

Ubizky, = /U IV UBEAAT 2 HTIS By MEEW 1 06, FHE
EZOTIEL T A, B 4 LB L0 6 MifAlgH &2 21 - ik 9 52 &lck
D . CDK4 BEFEFHEIEME - M FEImGNEE - G1 MIERBIEH A/ L, BB H
~ U A in vivo AERIZ W TR R TUBEIZ I R 2R3 9 B L UN10 ORI R D L
Too AMFFEIC L0 L SNTCERITAE %, Fic RPUERIBR AR 2 b 0 & ]
REEN D,
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E s

Kim X E LODHITERL, HBEREESEL OSSR 2B £ Lz T4
RFPRFEEIE AP IEPE R - TERFEFLHE - TERFPR B P
Bt LA BRIt EZdE VRS R LA TRGHE L £ 7,

Fo. RamXITBH L THEER LOEERHEEUR L HlEL DD £ L TE
RFPRFBEF AT AE A) I+, AfREC it sILELiE L, WOl
P R R HEALE L BT £,

RO L HZ TWEEE, KInEME Bb o7z, H— =3t (k) e
SR AR SREEE L, FMEHTRITE AR L, BEes 75
MR v —T7 K BRRIHERIE L, FERT v — 7R Pl
NCHERE Dy F 55— IR 7 v — 7R G A s L £,

ARFZEE, F— =3 (KR HEBES 55 e BIlEE 1, WONCFE
W7 N—7&K P E—EEOEED S L IfThbcbDTHY, ZZITE
<EHEBL 9,

BRI D 2 TEE & Lo — =4k (BR) BERE ) 158 W Jepr E1LHF 7

HHEREE L RIS AR KA ERME L RUME IR =R
T A W ONC RAFZEAT R AR IE B = B IS A CRGHE L £

il

il

\
/

i

v
/

el

Fo. FHmAFTE A Y U CTHE £ L2 — =0t (BF) @AFIeaTaT R R —
it FMFERTRIEEAEE KB AL W ONCRFZERT MR R Al
PRSI EICE < BEE L £75

Fo. AREACECEEREDE - M 2TEE E LB =4 (BR) #een
T e ATREI MR R BHEZEG, W N RFSEHTEI e E ZRE)
K, bR EERBE L O ADME 7 —# 2l E L T 728V E L7-#Y)
BhEERFICATOFER, WK ALT PLEREL T ZSWNWE LEE -t
RD / N— LSt o 7 — 7 O RICRGHE L £,
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FZERDE

AREBRIZEE L, AW - 32 S To LB Th D,

U BTSN~ T T T 4 —HIKIZIX, Merck Silica Gel 60 (particle size
0.060-0.200 mm F7-1% 0.040-0.063 mm) ZfEHL, Erno~ /77 4 —
(TLC) Z1& Merck Pre-coated Silica Gel 60F,s5,TLC plates (0.25 mm) % V72, 77l
WE s v~ ~272 7 4— (pTLC) (2%, Whatman PLK-5F (1.0 mm, 200 x 200 mm)
F 7213 Merck 60F»s54 (1.0 mm, 200 x 200 mm) = f\\/=, 77 v ar/zua~< 77

—{& Merck silica gel 60 (230-400) =% 7213 Biotage FLASH system (Biotage Si)

Z Wiz,

HERER AL 227 kL (NMR) (., '"HNMR 2% JEOL INM-EX400 spectrometer
%72 ’C NMR TIZ JEOL INM-ECP500 spectrometer % ]\ ), tetramethylsilane (TMS)
Rl — 7 ZNEMEREL L7 6 (ppm) TZoR L., & EIT Hz TR
L7z, 2 H 1 s (singlet). d (doublet), t (triplet). q (quartet), m (multiplet), br (broad)
72w W,

« JRIF AT RL (IR) 1. B SZ8AERT HITACHI 270-30 spectrometer, S35 5A4E
AT FT-270 %7213 JASCO FT/IR-6100 % F\V >, KBr 4 £ 72 138K ATR 5% H T
HIE LTz,

- E BN (MS) X, JEOL IMS-AX505W (EI), JEOL IMS-HX110 (FAB), Agilent
1100 series LC/MS (ESI), SCIEX API-150EX (ESI), JEOL JMS-100LP AccuTOF
LC-plus (HR-FAB) 35 X OV JEOL JMS-700 (HR-FAB) % HWCHIE L7, &#K
kv~ 7774 —I121%. AL L-6000 %% vy, AR X0 B Lz,

JLSR 5T, Perkin-Elmer CHNS/O 240011, Elemental Vario EC, Leco CHNS-932,
FEIR 7”5 U 2 2 IC7000RS ¥ X U Dionex DX-320 % W CTHIE L7,

@S (mp) 1X. Biichi B545 U R EHEE 1 L < 1E Yanaco MP-500D 7 fi% &l

RHEREEZEH L CHE L (GREFE),
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Aimp —EORR

Thiophene-2-carbaldehyde (6-ethylthieno[2,3-d]pyrimidin-4-yl)hydrazone (1)
L& 14a (50 mg, 0.26 mmol) BL W 2-F 47 = HILRT LT E R (24 L,
0.26 mmol) DKV LR (1 mL) 25 14— — A X — 7 KR % v,
100°C IZHR L 3 WA L7e, ROSREZERICR L, Wiz E L, 560
TR E 7 e RV A —p- T A TR AR L, Z52bEa® 1 (67 mg,
91%) Z#HHAEKE LTHT,
'H-NMR (DMSO-dy) 8: 1.37 (3H, t, J = 7.4 Hz), 2.94 (2H, dq, J = 1.5, 7.4 Hz), 7.13
(1H, dd, J=3.7, 5.1 Hz), 7.40 (1H, dd, J= 3.7, 1.0 Hz), 7.61 (1H, dt, J = 5.1, 1.0 Hz),
7.77 (1H, s), 8.37 (1H, s), 8.41 (1H, s), 11.56 (1H, br); *C-NMR (CDCl;) &: 15.0 (CH3),
24.3 (CHy), 116.2 (Cqa), 118.4 (CHyy), 127.1 (CHyy), 127.6 (CHay), 128.7 (CHyy), 138.1
(Car), 140.0 (CH-N), 144.2 (Cy), 151.7 (CHy), 154.3 (Cy-N), 168.7 (Cy); IR (KBr)
em™: 3042, 2969, 1555, 1427, 1119; MS (EI) m/z: 289 (M"); HRMS (ESI) m/z:
289.05670 (Calcd for Ci3H;3N4S,: 289.05816); Anal. Caled for Ci3H12N4S,: C, 54.14; H,
4.19; N, 19.43; S, 22.24. Found: C, 53.99; H, 4.34; N, 19.34; S, 22.15.; mp: 200-201°C
(dec.).

Pyrdine-2-carbaldehyde (6-ter-butylthieno(2,3-d]pyrimidine-4-yl)hydrazone (2)
LAY 1 OBEBIECHEN 14d BL O 2-E U DU LR T AT e KLY IR L
B2 (98%) EIEAERLE L THE,
'H-NMR (CDCl;) &: 1.51 (9H, s), 7.28 (1H, m), 7.79 (1H, dt, J= 7.8, 1.5 Hz), 7.85 (1H,
s), 7.98 (1H, d, J = 8.1 Hz), 8.01 (1H, s), 8.52 (1H, br), 8.64 (1H, d, J = 4.9 Hz),
BC-NMR (CDCl3) 8: 31.5 (CH3) 34.7 [C(CH3)s], 115.0 (Cay), 119.1 (CH,y), 123.7 (CHyy),
128.2 (CHayr), 136.7 (CHyy), 143.8 (Car), 150.0 (CHyy), 152.4 (Cyr), 153.4 (CHy), 153.5
(Car-N), 154.5 (Ca), 167.9 (Cyp); IR (KBr) em™: 3178, 2966, 1554, 1425, 1161; MS (EI)
m/z: 311 (M"); HRMS (ESI) m/z: 312.12829 (Caled for Ci6H;7NsS: 312.12829); Anal.
Calcd for C16H;7NsS: C, 61.71; H, 5.50; N, 22.49; S, 10.30. Found: C, 61.97; H, 5.41; N,
22.54; S, 10.27.; mp: 222-227°C (dec.).

6-[(Dimethylamino)methyl]|pyridine-2-carbaldehyde (6-zert-butylthieno[2,3-d]-

67



pyrimidin-4-yl)hydrazone (3)

{EEW 1 OABIEIZHEND, 14d BEDR 6«(AF AT I H)AFALEY U r2-
HNVRT AT e KL 0ETIEY 3 (49%) Z i AMER s L TE-,

"H-NMR (CDCl3) &: 1.51 (9H, s), 2.33 (6H, s), 3.63 (2H, s), 7.40 (1H, d, J = 7.6 Hz),
7.76 (1H, dd, J = 7.6, 7.8 Hz), 7.84 (1H, d, J = 7.8 Hz), 7.86 (1H, br), 8.03 (1H, br),
8.52 (1H, br), 9.11 (1H, br); *C-NMR (CDCl;) &: 31.8 [(CH3);C], 35.5 [C(CH3)3], 43.1
(2CH3), 60.7 (CH2-N), 115.3 (Cy), 116.3 (2CH,,), 125.7 (CH,y), 138.4 (CH-N , CHy,),
142.4 (Cy), 150.4 (CHyy), 152.5 (Co-N), 158.5 (Car), 165.0 (Ca); IR (KBr) cm™: 2962,
1556, 1453, 775; MS (FAB) m/z: 369 (M"+H); HRMS (ESI) m/z: 369.18673 (Calcd for
C1oH35NgS: H 369.18614); Anal. Caled for CioHauNgS: C, 61.93; H, 6.56; N, 22.81; S,
8.70. Found: C, 61.47; H, 6.55; N, 22.78; S, 8.72.; mp: 180-181°C (dec.).
2-Amino-5-ethyl-3-methoxycarbonylthiophene (12a) 2%)

ERFHKT, BRICTRI=F L7 I (4.18 mL, 30 mmol) BELONY A F
ARV LT 2R (4.65mL, 60 mmol) DIRAIAIRIZ, 7/ Eilfg A T/ (2.65 mL,
30 mmol) BL 7 /LF b K 11a(2.70 mL, 30 mmol) %1% 45 5y MHE#R L. Widg
(962 mg, 30 mmol) Z Mz & HIZ 18 IRFfEIEER LTz, RUSHKIZ/AK Z R 721 . Et,0
(TR U7z, AHE 2 fafn B KIC CToeitt., BOKRRER T MU o A% 0N
AW LT, Wil MU U AEAEE, WIEFICTREEEZR E Lz, Bonk
Bia v VDTN T hra~< NI 7 40— L, n-~FH o BT L =
4: 1 IZTHEH L, EEAY 12a 241 g, 43%) & — a0 & o @ ik &
LTHET,

'H-NMR (CDCl;) &: 1.22 (3H, t, J = 7.6 Hz), 2.60 (2H, q, J = 7.6 Hz), 3.79 (3H, s),
5.78 (2H, br), 6.62 (1H, d, J = 1.3 Hz).

6-Ethyl-4-oxothieno[2,3-d|pyrimidine (13a)

{tEW 12a (2.0 g, 12.4 mmol) DR/ LT I FIAHK (10mL) %, 210°C (2T 14
RFfNEGER T Lo, RO Z=RICE L, il Lciimae Al L7, fFonk
fitifh 2 n-~F Y AT L. Flb e 13a (1.12 g, 50%) Zz2 BaaEss L
THH7=,

'H-NMR (DMSO-dy) &: 1.26 (3H, t, J= 7.6 Hz), 2.85 (2H, q, J = 7.6 Hz), 7.11 (1H, s),
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8.05 (1H, s), 12.41 (1H, br).

6-Ethyl-4-hydrazinothieno[2,3-d]pyrimidine (14a)

b5 13a (3.0 g, 16.7 mmol) DA% (kU LK (60 mL) % 110°C (2T 40
SRUINEA LTz, BOSHRZ2 =RiIRICER L7o&, 0°C I Al LA IR/KSE T b U o A
Kk z P& OMA, B F /WS CTHABRAI Uz, A 2 fafn & ikic
T, BOKRERT b U U A2 MAFEE LT, WlgT b ULz H5EE%, W
JEFICTHRIEAEE LTc, RN RIEIC n-~F | EuO 22T H L7-#E
fn 2 J50BF 13a (173 mg, 0.87 mmol) & L CHIUX L., RHEZIBE FIZ TEME L.
4-chloro-6-ethylthieno[2,3-d]pyrimidine (1.56 g) % HL/ERW) - #E IR ME & LT
7=, #F B #L7= Hl 4-chloro-6-ethylthieno[2,3-d]pyrimidine (970 mg, 4.88 mmol) » =
X ) — VIR (30 mL) (2, F|IEIC T R Y 1KF % (30 mL) &z 80°C
(MR LT 50 i Lz, ROz ==i1IC R L7c, BUE TS TRt 2w
EL. EO MM LIcfida AL, BET, S|IRICTEAREREL, 5
et B ¥ 14a (660 mg, 70%) % HEAEKRE LT,
"H-NMR (DMSO-ds) &: 1.27 (3H, t, J = 7.6 Hz), 2.86 (2H, q, J = 7.6 Hz), 4.55 (2H, br),
7.32 (1H, br), 8.30 (1H, s), 9.00 (1H, br); IR (KBr) cm™: 3194, 1578, 1504, 1304, 869;
MS (ESI) m/z: 195 (M'+H); HRMS (ESI) m/z: 195.06828 (Caled for CgHiN,S:
195.07044); mp: 172-174°C (dec.).
2-Amino-3-methoxycarbonyl-5-methylthiophene (12b) 2%)

L&Y 12a OERIEITHEN, (LG 11b LV HARY & L TERLEY 12b
EREOIRWE L LTE, SlEmES RO LT,

6-Methyl-4-oxothieno[2,3-d|pyrimidine (13b)

L& 13a DA EIEICHEW, HARY & L THE LR LEY 12b L 0 iRk
A% 13b (2steps 7%) ZHEERE R & L TR,
"H-NMR (CDCl3) 8: 2.56 (3H, s, J= 1.0 H), 7.14 (1H, d, J= 1.3 Hz), 7.95 (1H, br).

4-Hydrazino-6-methylthieno[2,3-d|pyrimidine (14b)
LB 142 DERIEIZHEN, LAY 13b XV LAY 14b (57%) Z 8 TE
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k&L TH-,

'H-NMR (CDCls) &: 2.58 (3H, d, J = 1.3 H), 6.35 (1H, br), 6.86 (1H, s), 8.49 (1H, s);
BC-NMR (DMSO-dq) &: 15.8 (CH3), 114.9 (CH,,), 116.8 (Cyy), 135.5 (Ca), 152.9 (CHy),
157.1 (Co-NH), 164.5 (C,p); IR (KBr) cm™: 2913, 1584, 1516, 1312, 1131; MS (ESI)
m/z: 181 (M'+H); HRMS (ESI) m/z: 181.05218 (Calcd for C;HoN4S: 181.05479); Anal.
Calcd for C7HgN4S-0.1H,0: C, 46.19; H, 4.54; N, 30.78; S, 17.62. Found: C, 46.18; H,
4.37; N, 30.99; S, 17.92. ; mp: 207-208°C (dec.).

Thiophene-2-carbaldehyde (6-methylthieno[2,3-d]pyrimidine-4-yl)hydrazone (15b)
AW 1 DERBIEZEN 14D BE R 2-F 47 = WV ART AT B RE VG
L& 15b (53%) Z s afEik s L THEE,
"H-NMR (CDCl3) 8: 2.64 (3H, s), 7.09 (1H, dd, J=5.1, 3.7 Hz), 7.26 (1H, br), 7.40 (1H,
d, J= 5.1 Hz), 7.77 (1H, br), 8.04 (1H, br), 8.45 (1H, br); "C-NMR (CDCl;) &: 14.2
(CH3), 116.3 (Cy), 120.3 (CHyy), 127.0 (CHy), 127.6 (CHy, CHyy), 128.5 (CHyy), 137.8
(Car), 140.0 (Ca-CH3), 153.1 (CHyy), 154.5 (CHa-N), 169.3 (Cyy); IR (KBr) cm™: 3194,
3037, 1560, 1520, 1437; MS (EI) m/z: 274 (M"); HRMS (ESI) m/z: 275.04121 (Calcd
for CioH 9N4S;: 275.04251); Anal. Calcd for C1,H;oN4S,-0.25H,0: C, 51.85; H, 3.77; N,
20.16; S, 23.07. Found: C, 52.03; H, 3.73; N, 19.90; S, 22.53.; mp: 218-220°C (dec.).
2-Amino-5-isopropyl-3-methoxycarbonylthiophene (12¢) 2%)
LB 12a DEFIEIZHEN, LAY 11e XV AFREEY 12¢ (quant.) % B EAH
WRE & LT,
'H-NMR (CDCl;) 8: 1.24 (6H, d, J = 6.8 Hz), 2.89 (1H, m), 3.79 (3H, s), 5.78 (2H, br),
6.62 (1H, s).

6-Isopropyl-4-oxothieno|2,3-d]pyrimidine (13c¢)

LB 13a DEFIEICIEN ALEY 12¢ KV EEFLALE) 13¢ (79%) % ks ([
k& LTH,
'H-NMR (CDCls) &: 1.39 (6H, d, J = 6.8 Hz), 3.20 (1H, qq, J = 6.8, 6.8 Hz), 7.19 (1H,
d,J=1.0 Hz), 8.00 (1H, d, J= 1.5 Hz), 8.23 (1H, d, /= 6.7 Hz).
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4-Hydrazino-6-isopropylthieno[2,3-d]pyrimidine (14¢)

EEW 142 DERIEITHE 13¢ LV AERLILAW 14¢ (52%) Z ikl s L
TRz,
"H-NMR (DMSO-ds) 8: 1.31 (6H, d, J = 6.8 Hz), 3.18 (1H, m), 4.55 (2H, br), 7.35 (1H,
br), 8.30 (1H, s), 9.00 (1H, br); *C-NMR (DMSO-dq) &: 23.9 (2CH3), 29.8 [CH(CH3),],
113.6 (Cqr), 114.5 (CHyy), 148.0 (Cyr), 153.0 (CHyy), 157.3 (Ca-N), 164.5 (Cyr); IR (KBr)
em™: 3195, 2957, 1576, 1504, 1345, 1306, 1142; MS (ESI) m/z: 209 (M"+H); HRMS
(ESI) m/z: 209.08350 (Calcd for CoH3N4S: 209.08609); Anal. Calcd for CoH2N4S: C,
51.90; H, 5.81; N, 26.90; S, 15.39. Found: C, 51.71; H, 5.84; N, 26.77; S, 15.41.; mp:
167-168°C.

Thiophene-2-carbaldehyde (6-isopropylthieno[2,3-d]pyrimidin-4-yl)hydrazone
(15¢)

LEW 1 OERIETHEN 14e BR U 2-F A7 = VR T AT B FED S
LB 15¢ (93%) ZikFEAER L L TR,
"H-NMR (CDCls) &: 1.46 (6H, d, J = 6.8 Hz), 3.97 (1H, qq, J = 6.8, 6.8 Hz), 7.09 (1H,
dd, J=4.9, 3.7 Hz), 7.26 (1H, d, J = 3.7 Hz), 7.40 (1H, d, J = 4.9 Hz), 7.85 (1H, br),
8.06 (1H, br), 8.46 (1H, br); >C-NMR (CDCls) &: 23.7 (2CH3), 29.9 [CH(CH3),], 114.8
(CHu), 116.8 (Car), 127.9 (CHay), 128.0 (CHyy), 129.6 (CHyy), 138.3 (Car), 139.5 (CH-N),
148.7 (Cap), 152.3 (CHyy), 154.3 (CHo-N, Cu), 154.4 (Cyy), 167.8 (Cyr); IR (KBr) cm'™:
3038, 2869, 1556, 1429, 1091; MS (EI) m/z: 302 (M"); HRMS (ESI) m/z: 303.07311
(Calcd for Ci14H;sN4S,: 303.07381); Anal. Caled for C4H14N4Sy: C, 55.60; H, 4.67; N,
18.53; S, 21.21. Found: C, 55.47; H, 4.57; N, 18.63; S, 20.88.; mp: 167-168°C.

2-Amino-5-tert-butyl-3-methoxycarbonylthiophene (12d)

LAY 122 DEFRIEIZHEWD., (LAY 11d X Y E LAY 12d (96%) %t
k& LTH-,
"H-NMR (CDCls) &: 1.29 (9H, s), 3.79 (3H, s), 5.76 (2H, br), 6.62 (1H, s); IR (KBr)
cm™: 2951, 1716, 1614, 1527, 1231, 1144; MS (ESI) m/z: 214 (M"+H); HRMS (ESI)
m/z: 214.08918 (Calcd for C;oHsNO,S: 214.09017); mp: 165-167°C (dec.).
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6-tert-Butyl-4-oxothieno[2,3-d|pyrimidine (13d)

L& 13a DERIEIZHEN, LAY 12d X D IESEEY 13d (88%) Z kT (A
B LT,
"H-NMR (CDCls) &: 1.43 (9H, s), 7.21 (1H, s), 8.01 (1H, s), 12.15 (1H, br); "C-NMR
(CDCl3) &: 32.1 (3CHs3), 35.1 [(CH3):C], 114.8 (CHyy), 124.6 (Cy), 142.9 (CH,y), 156.6
(Car), 160.1 (Cu), 164.3 (Ca); IR (ATR) cm™: 2957, 2866, 1650, 1582, 1368, 1270,
1168; MS (ESI) m/z: 209 (M™+H); HRMS (ESI) m/z: 209.07370 (Calcd for
C1oH3N,08: 209.07486); Anal. Caled for C10H,N,0S: C, 57.67; H, 5.81; N, 13.45; S,
15.40. Found: C, 57.88; H, 5.98; N, 13.46; S, 15.68.; mp: 180-182°C.

6-tert-Butyl-4-hydrazinothieno[2,3-d|pyrimidine (14d)

LB 14a DERIEIZHEN, LAY 13d LV IR LAY 14d (36%) kT
ERE LTHT,
'H-NMR (CDCls) &: 1.43 (9H, s), 6.89 (1H, s), 8.49 (1H, s); C-NMR (CDCl;) &: 32.0
(CHj3) 35.1 [C(CH3)3], 110.5 (CHyy), 115.4 (Cyy), 152.9 (CHy,), 155.9 (Cyp), 158.0 (Cy-N),
165.6 (Ca); IR (KBr) cm™: 3233, 2948,1576, 1440, 1345, 1305, 872; MS (EI) m/z: 222
(M+); HRMS (ESI) m/z: 223.10077 (Calcd for C;oH 5N4S: 223.10174); Anal. Calcd for
Ci10H14N4S-0.1H,0: C, 53.59; H, 6.39; N, 25.00; S, 14.31. Found: C, 53.59; H, 6.29; N,
25.24; S, 14.30.; mp: 180-182°C.

Thiophene-2-carbaldehyde (6-tert-butylthieno|2,3-d]|pyrimidine-4-yl)hydrazone
(15d)
LB 1 DERBIEZEN14d BE R 2-FT 47 = WL ART AT B FE VG

{5 15d (T1%) Z IEEARER & L CTE7z,

'H-NMR (CDCls) &: 1.51 (9H, s), 7.08 (1H, dd, J = 5.1, 3.0 Hz), 7.24 (1H, d, J = 3.2
Hz), 7.39 (1H, d, J = 4.6 Hz), 7.89 (1H, br), 8.05 (1H, br), 8.46 (1H, br); *C-NMR
(CDCl;3, TMS) &: 32.0 [(CH3);C], 35.1 [(CH3):C], 115.9 (Cq), 116.7 (CHy), 127.1
(CHyr), 127.6 (CHyy), 128.5 (CHyy), 137.6 (CH-N), 140.0 (Cy), 152.2 (CHyy), 154.0 (Cay),
154.8 (Co-N), 168.7 (C4y); IR (KBr) cm™: 3205, 3059, 2958, 1581, 1558, 1435; MS (EI)
m/z: 316 (M"); HRMS (ESI) m/z: 317.08781 (Calcd for C;sH;7N4S»: 317.08946); Anal.
Calcd for CisHgN4S,: C, 56.93; H, 5.10; N, 17.71; S, 20.27. Found: C, 57.33; H, 5.08;
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N, 17.52; S, 20.27.; mp: 218-220°C (dec.).

2-Amino-5-benzyl-3-methoxycarbonylthiophene (12¢)

LEW 12a OERIEHEN, LAY e XLV HARY & L TELEY 12¢
ZfgtiikmE & LTE, glEmSROISICH LT,
'H-NMR (CDCl;) &: 3.83 (3H, s), 5.80 (2H, br), 6.66 (1H, s), 7.19-7.32 (5H, m).

6-Benzyl-4-oxothieno[2,3-d|pyrimidine (13e)

LA 13a DERIEICTEV, (LAY 12¢ LV EERLLEY 13e (2steps 18%) % 1
HEER S LTE,
'H-NMR (CDCl;) &: 4.18 (2H, s), 7.16 (1H, t, J = 1.2 Hz), 7.23-7.36 (5H, m), 7.96 (1H,
s), 8.23 (1H, d, /= 13.4 Hz).

6-Benzyl-4-hydrazinothieno|2,3-d]pyrimidine (14e)

LB 142 DEFIEIZHEN ALEY 13e KV EEFUALED) 14e (57%) % 148 (4[]
k& LTH,
'H-NMR (DMSO-ds) &: 4.20 (2H, s), 4.56 (2H, br), 7.24-7.37 (6H, m), 8.29 (1H, s),
9.06 (1H, br).

Thiophene-2-carbaldehyde (6-benzylthieno[2,3-d]pyrimidine-4-yl)hydrazone (15¢)
LB 1 DERIEITHEN 14e BL O 2-F A7 = UNVRT AT & R X DR
LA W) 15e (16%) Z iR AE K E L TR,
'H-NMR (CDCls) &: 4.26 (2H, s), 7.06 (1H, dd, J = 4.6, 3.7 Hz), 7.19 (1H, d, J = 2.1
Hz), 7.27-7.40 (6H, m), 7.74 (1H, br), 8.00 (1H, br), 8.44 (1H, br); >*C-NMR (CDCl;)
0: 37.2 (CHy), 115.9 (Cy), 120.4 (CHyy), 126.8 (CHy), 127.0 (CHyy), 127.6 (CHyy), 128.3
(CHar), 128.8 (CHar, CHyr), 129.0 (CHar, CHay), 137.8 (Car), 138.9 (Car), 140.1 (CH-N),
140.9 (Cyy), 152.4 (CHyy), 154.8 (CH,-N), 169.0 (C.y); IR (KBr) cm™: 3190, 2974, 1589,
1560, 1441; MS (EI) m/z: 350 (M'); HRMS (ESI) m/z: 351.07448 (Calcd for
CisH 5N4S2: 351.07381); Anal. Caled for CigH14N4S,: C, 61.69; H, 4.03; N, 15.99; S,
18.30. Found: C, 61.83; H, 4.10; N, 15.97; S, 18.24.; mp: 217-220°C (dec.).
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2-Amino-4-ethyl-3-methoxycarbonyl-5-methylthiophene (12f) >

L& 12a DERIEIZTEN, ALEW 11f L AR & L TERREAE Y 12f 2
ek E L LT, SIEmES RO LT,

5-Ethyl-6-methyl-4-oxothieno[2,3-d|pyrimidine (13f)

LA 13a DERIEITHE, LAY 12f L 0 EFLALE W) 13 2steps 59%) %18
BER e LT,
"H-NMR (CDCl) &: 1.19 (3H, t, J = 7.3 Hz), 2.44 (3H, s), 2.96 (2H, q, J = 7.3 Hz),
7.96 (1H, s), 12.06 (1H, br); *C-NMR (CDCl5) &: 12.8 (CH3), 15.1 (CH3), 20.7 (CH,),
123.4 (Cy), 130.9 (Cap), 136.0 (Cyr), 142.7 (CHyr), 160.0 (Cyr), 163.5 (Cy-O); IR (KBr)
em™: 3162, 2927, 1647, 1579, 1363; MS (ESI) m/z: 195 (M™+1); HRMS (ESI) m/z:
195.05905 (Caled for CoH 1N,OS: 195.05921); Anal. Calcd for CoHoN,OS: C, 55.65;
H, 5.19; N, 14.42; S, 16.51. Found: C, 55.33; H, 5.28; N, 14.21; S, 16.41.; mp:
180-182°C (dec.).

5-Ethyl-4-hydrazino-6-methylthieno[2,3-d|pyrimidine (14f)

LA 14a DA FIEIZHEN, (LG 13 X VAR LS 14F (35%) AR EAEK
& LT,
'H-NMR (CDCl;) &: 1.25 (3H, t, J = 7.8 Hz), 2.61 (3H, s), 2.78 (2H, q, J = 7.8 Hz),
4.22 (2H, br), 6.55 (1H, br), 8.48 (1H, s); >C-NMR (CDCls) &: 13.2 (CH3), 15.2 (CHs),
21.6 (CHy), 115.8 (Cy), 129.8 (Cy), 130.8 (Cy), 152.4 (CHy), 158.4 (Cu-N), 165.0
(Ca); IR (KBr) em™: 3300, 2961, 1551, 1503, 1166; MS (ESI) m/z: 209 (M™+1); HRMS
(ESI) m/z: 209.08515 (Calcd for CoH 3N4S: 209.08609); Anal. Calcd for CoH1,N4S: C,
50.80; H, 5.92; N, 26.33; S, 15.07. Found: C, 50.83; H, 5.76; N, 26.52; S, 15.12.; mp:
170-171°C.

Thiophene-2-carbaldehyde (5-ethyl-6-methylthieno[2,3-d]pyrimidine-4-yl)
hydrazone (15f)

LB 1 OBRIECHED, MBI 2-F A7 = IV RT LT b KX =R
EEW 15f (9%) Ztalllfk & LTieT,
'H-NMR (CDCls) &: 1.24 (3H, t, J = 7.3 Hz), 2.46 (3H, s), 3.31 (2H, q, J = 7.3 Hz),
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7.10 (1H, dd, J=5.1, 3.9 Hz), 7.42 (1H, dd, J = 3.7, 0.7 Hz), 7.57 (1H, d, J = 5.1 Hz),
7.74 (1H, s), 7.95 (1H, s); *C-NMR (CDCls) &: 12.9 (CHs), 14.9 (CH3), 20.9 (CH,),
120.1 (Cy), 127.6 (CHyy), 127.8 (CHy), 129.9 (CHy,), 130.5 (Cy), 136.1 (Cyp), 140.6
(Car), 141.1 (CH-N), 148.1 (CH,,), 148.3 (Co-N), 156.7 (Cap); IR (KBr) cm™:3059, 2960,
1608, 1558, 1533, 1020; MS (ESI) m/z: 303 (M'+1); HRMS (ESI) m/z: 303.07366
(Calced for C14H;sN4S,: 303.07381); Anal. caled for C14H4N4S,-0.1H,O: C, 55.27; H,
4.65; N, 18.42; S, 21.08. Found: C, 55.25; H, 4.65; N, 18.34; S, 21.00.; mp: 161-163°C
(dec.).
2-Amino-3-methoxycarbonyl-4,5,6,7-tetrahydrobenzo(b)thiophene (12g) 29b)

LAY 12a ODERGEIZHED, LAY 11g LV IETLAEY 12g (53%) % B [EH
k& LTH,
'H-NMR (CDCl3) &: 1.75 (4H, m), 2.49 (2H, m), 2.68 (2H, m), 3.78 (3H, s), 5.92 (2H,
br).

4-Ox0-5,6,7,8-tetrahydrobenzo(b)thieno|[2,3-d]pyrimidine (13g)

L&Y 13a DERIEICHEN ., LEW 12g XV IERLAY 13g (98%) ZHkHE
Gk L LTHT,
'H-NMR (CDCl) &: 1.87 (4H, m), 2.79 (2H, m), 3.03 (2H, m), 7.93 (1H, s), 8.22 (1H,
br).

4-Hydrazino-5,6,7,8-tetrahydrobenzo(b)thieno[2,3-d]pyrimidine (14g)

{LEY 142 DA FIEITHEN, (LAWY 13g K V= LEY 14g (33%) Z IR
EfR L LR,
'H-NMR (CDCl;) &: 1.90 (4H, m), 2.81 (2H, m), 2.89 (2H, m), 4.15 (2H, br), 6.50 (1H,
br), 8.46 (1H, s).

Thiophene-2-carbaldehyde
(5,6,7,8-tetrahydrobenzo(b)thieno|2,3-d]pyrimidine-4-yl)hydrazone (15g)

LB 1 OERIEZHEN, M B LN 2-F A7 = VAT AT v REY IS
{EEM 15g (65%) Z ik s L THET,
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'H-NMR (CDCl;) &: 1.91 (4H, br), 2.82 (2H, br), 3.05 (2H, br), 3.33 (2H, br), 7.08 (1H,
m), 7.40 (1H, d, J = 3.7 Hz), 7.58 (1H, d, J = 4.7 Hz), 7.71 (1H, s), 7.95 (1H, s). );
BC-NMR (DMSO-dq) 8: 21.9 (CH,), 22.3 (CH,), 24.6 (CH,), 26.5 (CH,), 118.7 (Ca),
127.7 (CHar), 128.2 (CHy), 130.4 (CHyy), 130.7 (Cyr), 132.2 (Cy), 140.0 (Cyr), 143.9
(CH-N), 147.5 (CH,,), 148.2 (C.-NH), 157.1 (C4); IR (KBr) cm™: 2918, 1614, 1562,
1537; MS (EI) m/z: 314 (M"); HRMS (ESI) m/z: 315.07214 (Calcd for CisH;sN4So:
315.07381); Anal. calcd for C1sH4N4S,: C, 57.30; H, 4.49; N, 17.82; S, 20.40. Found:
C, 57.00; H, 4.20; N, 17.92; S, 20.64.; mp: 78-80°C (dec.).

Thiophen-2-carbaldehyde 1-(5-methylthieno[2,3-d]pyrimidin-4-yl)hydrazone (15h)
LB 1 DERIEICHEW, HIRD 4-vt TP ) 5-AFLFx ) 23-dE°V
DU 14h BLOR2-F A7 = AR T T FLVETZLAY 15h (29%) % 8k
BERE L TR,
'H-NMR (CDCls) 8:2.61 (3H, s), 6.80 (1H, s), 7.08 (1H, dt, J= 3.7, 1.7 Hz), 7.29 (1H,
d, J=3.4 Hz), 7.36 (1H, d, J = 4.6 Hz), 7.72 (1H, s), 8.16 (1H, s), 10.29 (1H, br);
BC-NMR (CDCl3) &: 17.6 (CH3) 118.3 (CH,y), 120.0 (Cyy), 127.6 (CHyy), 128.0 (CH,y),
130.2 (CHay), 134.6 (Cay-CHj), 140.3 (Cyp), 142.0 (CHN), 148.6 (CHyy), 149.2 (Cu-N),
159.8 (Cqr); IR (KBr) cm1:1620, 1566, 1045. MS (EI) m/z: 274 (M"); HRMS (ESI) m/z:
275.03840 (Calcd for Ci,H oN4Sy: 275.04251); Anal. Caled for CoH gN4S;: C, 52.53; H,
3.67; N, 20.42; S, 23.37. Found: C, 52.25; H, 3.66; N, 20.17; S, 23.23.; mp: 152-155°C
(dec.).

2-Amino-3-aminocarbonyl-5-ethylthiophene (16) 290)

ERFEPFAK T, FIRIZ TRV =F T 22 (209 mL, 150 mmol) B LY X F
VARV LT IR (23.2 mL, 300 mmol) DIRGIRIRIC, 7/ 7 R T IR (126
g, 150 mmol) BL T F /LT /LT & K (13.5 mL, 150 mmol) %1% 15 5y
L. Fi#% (4.80 g, 150 mmol) Z N1z & BT 67 B L=, SUGSHRIZKZ I Z
7ot R T VIS TR U7, A 2 fafn bk CToei e, K
B NY U AEMAEEE LT, BT ) U LEAEE, BIE FICCTREEZ ¥
KL, BonlEEZz VAN T La~ NI 74— L, ZaB
RVLTER =20:01-5: 1 IZTHEM LT, EbA 16 (16.8 g, 62%) %
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HAERD & LR akmE & L THE,
'H-NMR (CDCl) &: 1.23 (3H, t, J = 7.6 Hz), 2.62 (2H, q, J = 7.6 Hz), 5.34 (2H, br),
6.04 (2H, br), 6.35 (1H, t, J= 1.2 Hz).

2-Acetylamino-3-(N-acetylaminocarbonyl)-5-ethylthiophene (17a)

{EA% 16 (10.1 g, 55.4 mmol) Z HEKEERE (150 mL) (Z¥sME L. 7.5 FEfNEGE
it Lic, RO Z SIS L7tk & o SR 2 TR L, =% ) —
TP LT, BEEET TV —n-~F Y —ELO IRIRIC TSR L, HrifiL
et AR LT, AIREZEIERME L, GoNEEZ ) BTN T L8
~h I TT7 4= L, T Y HERBRT L =3 LICTHEIB LT, ik
THEOLNEIAE AbE, Eitfba% 17a (3.35 g, 24%) B AEK L L TE
72
'H-NMR (CDCls) &: 1.30 (3H, t, J = 7.6 Hz), 2.29 (3H, s), 2.57 (3H, s5), 2.75 2H, q, J =
7.6 Hz), 6.64 (1H, s), 8.22 (1H, br), 11.37 (1H, br).

6-Ethyl-2-mehtyl-4-oxothieno[2,3-d]pyrimidine (13i)

b5 % 17a (3.35 g, 13.2 mmol) OMEKT X ) — LESHE (70 mL) (2, Z=IRIZTH
MU DA FFT R (2,69 g, 39.6 mmol) Z 1% 100°C 12T 3.5 R IR L 7=,
FOGSRZ ZIRICRE L, BT IS THEEEZEE L, KEMMZ, Bifg=F /11 Tl
H U7 ARSI 2 KRS T R U 7 DT LT, FiE T N Y 7 bk AR,
WIE FIC TR E L, EbE® 13i (145 g, 57%) ZfetalEk s L TH,
'H-NMR (CDCls) &: 1.35 (3H, t, J = 7.6 Hz), 2.55 (3H, s), 2.87 (2H, q, J = 7.6 Hz),
7.13 (1H, d, J= 1.1 Hz).

4-Hydrazino-6-ethyl-2-methylthieno[2,3-d]pyrimidine (14i)

L& 14a DERIEITIEN, (LB 131 L 0 EEALEWY) 141 (97%) % s AR
WE & L TR,
"H-NMR (CDCl) &: 1.35 (3H, t, J= 7.6 Hz), 1.74 (2H, br), 2.63 (3H, s), 2.89 (2H, q, J
=7.6 Hz), 6.44 (1H, br), 6.84 (1H, s).

Thiophene-2-carbaldehyde (6-ethyl-2-methylthieno[2,3-d]pyrimidine-4-yl)
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hydrazone (15i)

LB 1 OERIEZHEN, 1B LN 2-F A7 = VAT AT v REY IS
EEW 151 (65%) ZRMGERER L L TR,
"H-NMR (CDCls) &: 1.43 (3H, t, J= 7.6 Hz), 2.59 (3H, d, J = 1.7 Hz), 2.95 (2H, q, J =
7.6 Hz), 7.08 (1H, dd, J = 4.9, 3.4 Hz), 7.24 (1H, d, J = 3.4 Hz), 7.37 (1H, dd, J = 4.9,
0.7 Hz), 7.75 (1H, br), 8.01 (1H, br); *C-NMR (DMSO-dq) &: 14.5 (CH3), 23.4 (CH3),
24.9 (CHy), 112.6 (Cy), 117.8 (CHyy), 127.8 (CHyy), 128.0 (CHyy), 129.3 (CHy,), 137.9
(Car), 139.6 (CH-N), 141.8 (Cy), 154.2 (Co-N), 161.0 (Cqr), 168.8 (Cap); IR (KBr) cm™:
3178, 2966, 1560, 1520, 1149; MS (EI) m/z: 302 (M"); HRMS (ESI) m/z: 303.07205
(Calcd for C14H sN4S;: 303.07381); Anal. Calcd for C14H4N4S,-0.25H,0: C, 54.79; H,
4.76; N, 18.25; S, 20.89. Found: C, 54.48; H, 4.64; N, 18.30; S, 21.15.; mp: 134-139°C
(dec.).

3-Aminocarbonyl-2-benzoylamino-5-ethylthiophene (17b)

L& 16 (1.82 g, 10.0 mmol) DX ¥ ¥R (55mL) (2, FIRICTHU =F
V7 XY (5.5mL,40.0 mmol), XV A /L7 a2 K (1.74 mL, 15.0 mmol) Z/NZ.
100°C (2 C 3 IpEVINBNE T L 72, RO R Z2 =RIRIC R LT L7ef st &2 AL .
JBE T, 50°C 12T 6 Feflizfe L, s kA4 17b (2.78 g, quant.) Z kB E K
& LT,

"H-NMR (CDCls) &: 1.33 (3H, t, J = 7.6 Hz), 2.80 (2H, q, J = 7.6 Hz), 6.71 (1H, t, J =
1.0 Hz), 7.36 (1H, s), 7.50-7.57 (3H, m), 8.02 (2H, dd, J=7.1, 1.4 Hz).

6-Ethyl-4-oxo0-2-phenylthieno|[2,3-d]pyrimidine (13j)

{EEH 170 (2.78 g, 10.1 mmol) ~ 2 HE/KEELT F U 7 LEHE (50 mL) Z 0
A 100°C (2T 2 BpIINBGER R LTz, ROSRZ =I0IC R L, 1 FUERRNE 200 2 A
HLUHMERE Y BTNV T hra~ NTT 7 4 —I2fF L, n-~Fh v B
TF =2:1—1:1 WHIZE Y, ELEY 13) (650 mg, 25%) Z 14 AE K
& LTIe7,

'H-NMR (CDCl;) &: 1.39 (3H, t, J = 7.6 Hz), 2.91 (2H, q, J = 7.6 Hz), 7.25 (1H, s),
7.55 (3H, m), 8.11 (2H, m), 11.09 (1H, br).
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4-Hydrazino-6-ethyl-2-phenylthieno[2,3-d|pyrimidine (14j)

LG 14a DERIEIZHEN (LA 13] L D IERLLE Y 14) (60%) A HEAREIK
& LT,
"H-NMR (CDCl5) &: 1.38 (3H, t, J = 7.6 Hz), 2.92 (2H, q, J = 7.6 Hz), 4.28 (2H, br),
6.36 (1H, br), 6.85 (1H, s), 7.45 (3H, m), 8.47 (2H, m).

Thiophene-2-carbaldehyde
(6-ethyl-2-phenylthieno[2,3-d|pyrimidine-4-yl)hydrazone (15j)

LA 1 DERRIEIZIEN, W BX O 2-F A7 2 DAVRT AT B XD iER
{EA W 15) (56%) Z AR E LT,
'H-NMR (CDCl;) &: 1.47 (3H, t, J = 7.6 Hz), 3.00 (2H, q, J= 7.6 Hz), 7.07 (1H, dd, J =
5.1, 4.1 Hz), 7.24 (1H, br), 7.37 (1H, d, J = 4.9 Hz), 7.46 (3H, m), 7.82 (1H, s), 7.93
(1H, br), 8.41 (2H, d, J = 6.8 Hz), 9.10 (1H, br); >C-NMR (CDCls) &: 14.9 (CH3), 24.5
(CHy), 114.7 (Cy), 118.4 (CHy), 127.2 (CHyr), 127.5 (2CHa), 128.1 (CHy), 128.6
(3CHy), 130.2 (CHyy), 137.0 (Cqp), 137.9 (Cyr), 139.4 (CH-N), 144.6 (Cyr), 154.6 (Cy-N),
158.5 (Car), 170.6 (Cap); IR (KBr) cm™: 3184, 2968, 1570, 1552, 1402; MS (EI) m/z: 364
(M+); HRMS (ESI) m/z: 365.08788 (Calcd for C;9H 7N4S,: 365.08946); Anal. Calcd for
C19H16N4S,-0.25H,0: C, 61.85; H, 4.51; N, 15.18; S, 17.38. Found: C, 61.95; H, 4.28;
N, 15.34; S, 18.03.; mp: 161-163°C (dec.).

(1E)-1-(2-Thienyl)ethanone (6-isopropylthieno[2,3-d|pyrimidin-4-yl)hydrazone
(15k)

L&Y 14¢ (208 mg, 1.0 mmol) BL W 2-7&F/LF 47 = (0.11 mL, 1.0
mmol) DMK PUEE (4 mL) & 100°C (ZHHE L 2 BFEEAR L 72, KGN
FEAEEIT LD oo, RONEEEZ My (4 mL) (IZEH L 140°C 2
AR L & 61T 2 BEfAHR Lz, RISz =IRICR L, WA ELZ, f5bh
THEERE 7 o RV A T S CTHEAER L, ELAY 15k (109
mg, 34%) ZeaER L L TR,

'H-NMR (CDCls) &: 1.47 (6H, d, J = 6.8 Hz), 2.36 (3H, s), 3.28 (1H, qq, J = 6.8, 6.8
Hz), 7.07 (1H, dd, J = 4.9, 3.9 Hz), 7.28 (1H, d, /= 3.7 Hz), 7.36 (1H, d, J = 5.1 Hz),
7.94 (1H, s), 8.46 (1H, s); C-NMR (CDCl;) &: 12.6 (CH3) 24.2 [(CH3),CH], 30.8
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[CH(CHs),], 116.2 (Cy), 117.0 (CHyy), 126.1 (CHyy), 127.4 (2CHy), 143.0 (Cyy), 143.7
[C(CH3)N], 150.7 (Ca), 151.9 (CHyy), 154.3 (Co-N), 169.4 (Cy); IR (KBr) cm™: 3199,
2960, 1552, 1516, 1120; MS (EI) m/z: 316 (M"); HRMS (ESI) m/z: 317.08907 (Calcd
for C;sH17N4S;: 317.08946); Anal. Calcd for CisH¢N4S;,: C, 56.93; H, 5.10; N, 17.71; S,
20.27. Found: C, 56.61; H, 5.00; N, 17.75; S, 20.34.; mp: 120-122°C (dec.).

6-Isopropyl-4-[3-(2-thienyl)pyrazolyl]thieno[2,3-d]pyrimidine (15])

HHREMLA T, (LAY 15k (49 mg, 0.15 mmol) DK THF ¥&i% (0.6 mL) % 0

CIZMALEH LT, ZOMISRICEIRIZT, n-7F LY F 7 A (1.5TM ~F
P UVEIR) (0.19 mL, 0.30 mmol) Z Nz 15 BFERE L. S HICEM=F /L (12 L,
0.15 mmol) Z A 20 3 L7z, HWVTIORIGHRIZ 0 °C (2T 1 HE I
ZINZ, pH2 IZHHBL L 1 RERIINBNEWR L7z, BONRZ |IRICRE Lz, fafnpk
fe) & U © LOKEEHE 2 2 Wil —F VIS Thlt Uz, ARg)E 2 fafn ki <
Vevpte, HEARMEET MY UL TR L, T M) ULz AEE, BIET
T2 E LT, BoNTERBE TV ARG T o7 VA rsa~ N7 T
74— L, penF BRIV =101 EHIC K DS BT o A R
L7z VT EQO—n-~FH ATl L, i ba 151 (26 mg, 80%)
AR L LT,
'H-NMR (CDCls) &: 1.48 (6H, d, J = 6.8 Hz), 3.35 (1H, qq, J = 6.8, 6.8 Hz), 6.77 (1H,
d, J=2.7Hz), 7.13 (1H, dd, J=4.9, 3.7 Hz), 7.37 (1H, d, /= 5.1 Hz), 7.48 (1H, d, J =
2.9 Hz), 8.24 (1H, s), 8.78 (1H, d, J = 2.2 Hz), 8.78 (1H, s); "C-NMR (CDCl;) &: 24.1
(2CH3), 31.1 [CH(CHas)z], 106.0 (CHyy), 117.3 (CHygy), 119.6 (Cyr), 125.3 (CHyy), 126.0
(CHap), 127.7 (CHyy), 130.1 (CHyy), 135.7 (Cyp), 149.3 (Cyp), 150.7 (Cu-N), 151.5 (CHyy),
154.2 (Cyr), 171.2 (Cap); IR (KBr) em™: 2960, 1505, 1454, 1379; MS (EI) m/z: 326 (M");
HRMS (ESI) m/z: 327.07451 (Calcd for CicH;sN4Sy: 327.07381); Anal. Caled for
Ci6H14N4S»: C, 58.87; H, 4.32; N, 17.16; S, 19.65. Found: C, 59.00; H, 4.14; N, 17.12;
S, 19.53.; mp: 128-130 °C (dec.).

(1E)-2,2-Dimethylpropanal (6-ethylthieno[2,3-d|pyrimidin-4-yl)hydrazone (18)

{bEYW 1 OERRIEICHEN., 14da BX O Aa A L7 L7 XV EZLEY
18 (47%) % MEAEK L L THT,
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'H-NMR (DMSO-ds) &: 1.15 (9H, s), 1.30 (3H, t, J= 7.6 Hz), 2.88 (2H, q, J = 7.6 Hz),
7.47 (1H, s), 7.71 (1H, s), 8.33 (1H, s), 11.25 (1H, br); *C-NMR (DMSO-dq) &: 14.5
(CHj3), 23.4 (CH,), 27.3 [(CH3)5C], 34.6 [C(CHs)s], 114.7 (CHy), 118.2 (Cy), 142.4
(Car), 152.2 (CH-N), 154.8 (Co-NH), 155.1 (CHyy), 167.7 (Ca); IR (KBr) cm™: 3192,
3059, 2964, 1576, 1664; MS (EI) m/z: 262 (M"); HRMS (ESI) m/z: 263.13429 (Calcd
for C13HgN4S: 263.13304); Anal. calcd for C13HgN4S: C, 59.51; H, 6.91; N, 21.35; S,
12.22. Found: C, 59.18; H, 6.87; N, 21.36; S, 12.06.; mp: 165-168°C (dec.).

Cyclopropancarbaldehyde (6-ethylthieno[2,3-d]pyrimidine-4-yl)hydrazone (19)
LB 1 OERBIEZEN, da B LY 7 a7 a /XU VAT AT REDEE
AL B 19 (53%) AR L L TR,
"H-NMR (CDCl3) &: 0.78 (2H, m), 0.98 (2H, m), 1.39 (3H, t, J= 7.6 Hz), 1.81 (1H, m),
293 (2H, q,J=7.6 Hz), 6.86 (1H, d, /= 6.8 Hz), 7.61 (1H, br), 8.38 (1H, br), 8.82 (1H,
br); *C-NMR (DMSO-dq) &: 6.16 (2CH,), 13.6 (CH3), 15.0 (CH), 23.4 (CH,), 114.6
(CHyy), 118.2 (Cyp), 142.4 (Cy), 150.9 (CH-N), 152.4 (CH,), 154.3 (C,-NH), 167.6
(Ca); IR (KBr) em™: 3197, 3059, 1593, 1566, 1537, 1437; MS (EI) m/z: 246 (M);
HRMS (ESI) m/z: 247.09857 (Calcd for C1,H sN4S: 247.10174); mp: 142-144°C (dec.).

2-Pyrdinecarbaldehyde (6-isopropylthieno[2,3-d]pyrimidine-4-yl)hydrazone (20)
LA 1 OERBIEIZHEN, 14e BL O 2-V'Y DU L ART AT B R LD Rk
B 20 (74%) ZEAEERE L THT,
'H-NMR (CDCls) &: 1.45 (6H, d, J = 6.8 Hz), 3.30 (1H, qq, J = 6.8, 6.8 Hz), 7.29 (1H,
dd, J= 6.8, 5.1 Hz), 7.80 (2H, m), 7.97 (1H, d, J = 7.6 Hz), 8.04 (1H, s), 8.53 (1H, s),
9.64 (1H, d, J = 4.6 Hz); PC-NMR (CDCl;) &: 23.9 (2CH3), 30.0 [CH(CH3),], 115.0
(Car), 119.3 (CHyy), 123.8 (CHyr), 128.2 (CHar), 136.8 (CHy), 144.1 (CH-N), 149.6
(CH,y), 152.4 (CHy,), 153.3 (Cor-N, Cu), 154.4 (Cy), 167.9 (Cyp); IR (KBr) em™: 3195,
2966, 1552, 1431, 1356; MS (EI) m/z: 297 (M"); HRMS (ESI) m/z: 298.11038 (Calcd
for C1sHi6NsS: 298.11264); Anal. Calcd for CsH;sNsS: C, 60.58; H, 5.08; N, 23.55; S,
10.78. Found: C, 60.74; H, 5.07; N, 23.19; S, 11.05.; mp: 196-201°C (dec.).

3-Pyrdinecarbaldehyde (6-isopropylthieno[2,3-d]pyrimidine-4-yl)hydrazone (21)
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LAY 1 OERBIEZHEN 14e BEO3-E U DU LR T AT v KL IEGI L
AW 21 (41%) ZIRFEAFEIRE L TR,
'H-NMR (CDCls) &: 1.45 (6H, d, J = 6.8 Hz), 3.31 (1H, qq, J = 6.8, 6.8 Hz), 7.40 (1H,
dd, J=17., 4.6 Hz), 7.75 (1H, s), 7.93 (1H, s), 8.02 (1H, dd, J = 8.0, 1.7 Hz), 8.64 (1H,
dt, J = 4.9, 1.7 Hz), 8.93 (I1H, s); "C-NMR (CDCls) &: 24.2 [(CH;),CH], 30.7
[CH(CHj3),], 115.9 (Cy), 116.3 (CHyy), 123.7 (CHy), 130.8 (CHyy), 133.2 (CHyy), 140.7
(Car), 148.3 (CH-N), 150.0 (CHy,), 150.4 (CHyy), 151.8 (Cyr), 154.5 (Cy-N), 168.0 (Cyy);
IR (KBr) cm™: 2965, 1550, 1430, 1354; MS (EI) m/z: 297 (M"); HRMS (ESI) m/z:
298.11060 (Caled for C;sH;6NsS: 298.11264); Anal. Caled for C;sH;sNsS-0.25H,0: C,
59.68; H, 5.18; N, 23.20; S, 10.62. Found: C, 59.41; H, 4.95; N, 23.60; S, 10.99.; mp:
218°C (dec.).

4-Pyrdinecarbaldehyde (6-isopropylthieno[2,3-d]pyrimidine-4-yl)hydrazone (22)
LG 1 OEEIEIZEN, 14e BL4-E U DU VAR T VT B KD ERE
AW 22 (95%) ZEAMBEIRE LTHZ,
"H-NMR (CDCls) &: 1.46 (6H, d, J = 6.8 Hz), 3.32 (1H, qq, J = 6.8, 6.8 Hz), 7.55 (1H,
d, J =49 Hz), 7.75 (1H, s), 7.83 (1H, s), 8.52 (1H, s), 8.70 (2H, d, J = 4.9 Hz);
PC-NMR (CDCls) &: 23.8 (2CH3), 30.0 [CH(CH3),], 115.0 (CHy), 116.1 (Cy), 120.4
(2CHy), 141.2 (Cy), 141.5 (CH-N), 149.9 (Cy), 150.2 (2CHy), 152.3 (CHy), 154.3
(Ca-N), 167.9 (Cy); IR (KBr) cm™: 3184, 2964, 1558, 1531, 1435; MS (EI) m/z: 297
(M+); HRMS (ESI) m/z: 298.11024 (Calcd for C;sH¢NsS: 298.11264); Anal. Calcd for
C1sHsNsS: C, 60.58; H, 5.08; N, 23.55; S, 10.78. Found: C, 60.28; H, 5.06; N, 23.77; S,
10.79.; mp: 217-219°C (dec.).

Benzaldehyde (6-isopropylthieno[2,3-d]pyrimidine-4-yl)hydrazone (23)

LEW 1 OERIEICHED, 14 BEION AT AT E FLYIEREEY 23
(83%) ZEaERE L TR,
"H-NMR (CDCls) &: 1.45 (6H, d, J = 6.8 Hz), 3.20 (1H, qq, J = 6.8, 6.8 Hz), 7.44 (3H,
m), 7.71 (2H, dd, J = 8.3, 1.7 Hz), 7.84 (1H, br), 7.89 (1H, br), 8.48 (1H, br), 8.98 (1H,
br); C-NMR (CDCls) &: 23.8 (2CH3), 29.9 [CH(CHs),], 114.8 (CH.y), 116.6 (C),
126.4 (2CHy), 128.9 (2CHy), 129.5 (CHyy), 134.5 (Cy), 143.8 (CH-N), 148.9 (Cy),
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152.4 (Cy), 154.5 (Co-N), 167.7 (Cy); IR(KBr) cm™: 3184, 3030, 1570, 1552, 1402;
MS (EI) m/z: 296 (M'); HRMS (ESI) m/z: 297.11517 (Caled for C¢Hi7N,S:
297.11739); Anal. Calcd for C;¢H6N4S: C, 64.84; H, 5.44; N, 18.90; S, 10.82. Found: C,
65.09; H, 5.43; N, 18.85; S, 10.79.; mp: 208-212°C (dec.).

2-Furaldehyde (6-isopropylthieno[2,3-d|pyrimidine-4-yl)hydrazone (24)

ILEW OEBIEICHEN Mde BLO2-7 LT T —)L Q-7 T T Tt R) &
D IERRL B 24 (43%) ZEERERE LT,
'H-NMR (CDCl5) &: 1.44 (6H, d, J = 6.8 Hz), 3.29 (1H, qq, J = 6.8, 6.8 Hz), 6.53 (1H,
dd,J=3.4,2.4Hz), 6.74 (1H, d, J=3.7 Hz), 7.56 (1H, d, J= 1.7 Hz), 7.86 (1H, s), 7.90
(1H, br), 8.38 (1H, s); *C-NMR (CDCl;) &: 24.2 (2CHj3), 30.9 (CH), 112.0 (CH,,), 112.3
(CHar), 116.5 (Cyr), 116.9 (CHyr), 133.5 (CH-N), 144.3 (CHyr), 149.7 (CHyr), 150.5 (Cay),
151.2 (Co-N), 153.8 (Cy), 168.2 (Cqr); IR (KBr) ecm™: 3431, 2960, 1589, 1564, 1435;
MS (ESI) m/z: 287 (M'+H); HRMS (ESI) m/z: 287.09672 (Calcd for C14H;sN4OS:
287.09666); Anal. Caled for C14H4N4OS-0.5H,0: C, 56.93; H, 5.12; N, 18.97; S, 10.86.
Found: C, 56.93; H, 4.99; N, 19.00; S, 10.70.; mp: 184-189°C (dec.).

3-Pyrdinecarbaldehyde (6-ter-butylthieno|2,3-d]pyrimidine-4-yl)hydrazone (25)
LAY 1 OGBIEIZHEN 14d BEON3-E Y DU VAR T LT RE YR
HW) 25 (85%) ZikEAEIIKE LTHT,
'H-NMR (CDCl5) &: 1.50 (9H, s), 7.39 (1H, dd, J = 7.8, 4.9 Hz), 7.80 (1H, br), 7.91 (1H,
br), 8.02 (1H, dt, /= 8.1, 1.7 Hz), 8.50 (1H, br), 8.62 (1H, dd, J=4.9, 1.7 Hz), 8.92 (1H,
d, J = 2.0 Hz), 9.18 (1H, br); >C-NMR (CDCl5) &: 31.9 [(CH3);C], 35.0 [C(CH3)s],
115.7 (Car), 123.7 (CHyr), 128.3 (Car), 130.8 (CHyr), 133.0 (CHayr), 140.1 (Cyr), 148.3
(CH-N), 150.0 (CHyy), 152.3 (CHyr), 154.3 (Cy-N), 154.8 (Cyr), 168.6 (Cy); IR (KBr)
em™: 3199, 2964, 1552, 1432, 1356; MS (EI) m/z: 311 (M"); HRMS (ESI) m/z:
312.12756 (Calcd for C;¢H7NsS: 312.12829); Anal. Calcd for CisH7NsS: C, 61.71; H,
5.50; N, 22.49; S, 10.30. Found: C, 61.73; H, 5.49; N, 22.60; S, 10.31.; mp: 247°C
(dec.).

5-Methylpyridine-2-carbaldehyde [6-(zerz-butyl)thieno[2,3-d]pyrimidine-4-yl]-
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hydrazone (26)

LM 1 OERIEICHEN, 14d BEOS-AFALEY Pr2-7 07 REDE
B 26 (17%) T EEAREKLE L TR,
"H-NMR (CDCl5) &: 1.50 (9H, s), 2.40 (3H, s), 7.60 (1H, d, J = 8.1 Hz), 7.84 (1H, s),
7.89 (1H, d, J = 7.8 Hz), 7.99 (1H, s), 8.47 (1H, s), 8.51 (1H, s); "C-NMR (CDCl;) :
18.4 (CH3), 31.9 [(CH3)5C], 35.0 [C(CH3)3], 115.8 (Cy), 115.9 (CHy), 119.3 (CHyy),
133.3 (Cy), 137.0 (CH-N), 144.0 (C,), 149.8 (CHyy), 151.3 (Cyy), 152.5 (CHyy), 154.2
(Ca-N), 154.8 (Cqy), 168.5 (Cy); IR (KBr) cm™: 2965, 1556, 1427, 1348, 1157, 1120;
MS (FAB) m/z: 326 (M'+H); HRMS (ESI) m/z: 326.14502 (Calcd for C;7HNsS:
326.14394); Anal. Calcd for C;7H9NsS: C, 62.74; H, 5.88; N, 21.52; S, 9.85. Found: C,
62.76; H, 5.88; N, 21.80; S, 9.68.; mp: 238-239°C (dec.).

6-Methylpyridine-2-carbaldehyde 6-(tert-butyl)thieno[2,3-d]pyrimidine-4-yl
hydrazone (27)

LEW 1 OERIEIZHEN, 14d BED6-AFALEY Dr2-7 L7k REDEE
LA & 27 (89%) ZEHEAEIIR L L THET,
'H-NMR (CDCls) &: 1.51 (9H, s), 2.60 (3H, s), 7.16 (1H, d, J = 7.5 Hz), 7.67 (1H, t, J =
7.5 Hz), 7.74-7.76 (1H, m), 7.87 (1H, br), 7.97 (1H, br), 8.51 (1H, br), 9.12 (1H, br);
BC-NMR (CDCls) &: 24.3 (CHs), 32.0 [(CH3);C], 35.2 [C(CH3)s], 115.7 (CHy,), 116.3
(Car), 123.4 (CHayy), 128.3 (CHyy), 136.8 (CHyy), 143.3 (Cyr), 152.0 (Cyr), 152.6 (CH-N),
154.2 (Ca-N), 155.3 (C,CH3), 158.6 (CH,y), 169.0 (Cy); IR (KBr) cm™: 3191, 3052,
2900, 1679, 1587; MS (FAB) m/z: 326 (M+H"); HRMS (ESI) m/z: 326.14179 (Calcd for
C17H20NsS: 326.14394); Anal. Calced for C17H 19NsS-H,0: C, 59.45; H, 6.16; N, 20.39; S,
9.34. Found: C, 59.48; H, 5.97; N, 20.42; S, 9.66.; mp: 176-177°C.

6-(Aminomethyl)pyridine-2-carbaldehyde (6-fert-butylthieno|2,3-d]pyrimidin-4-
yl)hydrazone hydrochloride (28)

LA 1 OB RRIEIZHEV, 14d (223 mg, 1.00 mmol) 3 K N 2-7K/L 2 JL-6-(7 X
A I R)ATIVE Y P (293 mg, 1.10 mmol) % b/t 20 mL) (2, T
g = RS — 7 KRR & B 2 BERIINBNEE U, ROSIR A A% . 135
Nl Ez =2 7 — NV X 0EL L, 7404 I RK (375 mg, 80%) % i3 taldE
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e LTH, Bonie7 24 I FIK (305 mg, 0.648 mmol) =% / —/L (6
mL) (28 L. F7 V-1 Kf# 3 mL) ZIN1Z.60°C (2T 3 FERIRFE L 7=,
Binte. Nz AR L, WEEZRIERNGE L TSN KIEIC 7 n kL A%
A HORNEWESEL, 05 BUEHR— < & / — VIR (12 mL) %0 2 5
WL STz, BONTEEE A ) — A bELT 52 LI X 0 EREAEY 28
(155 mg, 63%) ZIEE OB - EEEE L L TH 7,

'H-NMR (DMSO-d) &: 1.45 (9H, s), 4.22 (2H, s), 7.58 (1H, d, J= 7.8 Hz), 7.98 (1H, t,
J=17.8 Hz), 8.18 (1H, s), 8.21 (1H, d, /= 7.8 Hz), 8.55 (1H, s), 8.60 (2H, br), 8.76 (1H,
s); "C-NMR (DMSO-ds, 80°C) &: 31.3 (3CH3), 34.6 [C(CHs)s], 42.6 (CH,), 115.2
(CHy), 115.7 (Cyr), 115.9 (CHyy), 122.7 (CHgy), 137.4 (CHyy), 137.5 (CH-N), 146.9 (C,,),
152.2 (Ca), 153.2 (Ca), 155.7 (Car-N), 165.0 (Cyr), 165.9 (Ca); IR (KBr) cm™: 3396,
2962, 1637, 1587; MS (FAB) m/z: 341 (M"+H); HRMS (ESI) m/z: 341.15154 (Calcd for
C17H21NgS: 341.15484); Anal. Calcd for C7H,0NsS-2HCI: C, 49.40; H, 5.36; Cl, 17.15;
N, 20.33; S, 7.76. Found: C, 49.71; H, 5.55; Cl, 17.01; N, 20.54; S, 7.79.; mp:
207-210°C (dec.).

6-[(Methylamino)methyl|pyridine-2-carbaldehyde (6-tert-butylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (29)

LAY 1 DERRIEIZHE, 14d (120 mg, 0.54 mmol) 35 X OV 2-[(N-tert-7
VIR ZJV-N-AFIN)T X A TF )45 LY 20 (148 mg, 0.59 mmol)
ZRUBY 20 mL) [CHZ, T4 —r — AX— 7 BiKEEEZ v 3 R g
it LTz, BUOSIR 2Rt 13 bk x 4 FIERIR Y 459 (4ml) ([
U 1 R U7, IRMER, =& 7 —c T 3 B3k, fSohikkcs =¥/
— V=K EET 5 2 LI L VIR LS 29 (195 mg, 81%) % s A fEAK -
W & LT,

'H-NMR (DMSO-dq) &: 1.45 (9H, s), 2.64 (3H, s), 4.33-4.36 (2H, m), 7.61 (1H, d, J =
7.5 Hz), 8.06 (1H, t, J = 7.5 Hz), 8.20 (1H, br), 8.42 (1H, br), 9.42 (2H, m); *C-NMR
(CDs;0D) &: 32.3 (3CH3), 33.7 [C(CH3)s], 36.7 (CH3), 53.1 (CHy), 115.2 (Cy), 116.7
(CHy), 122.7 (CHy), 125.6 (CHy), 139.6 (CHy), 143.9 (CH-N), 147.9 (Cy), 153.3
(CHa), 153.0 (Car-N), 156.5 (Cay), 162.7 (Car), 167.9 (Ca); IR (KBr) cm™: 3428, 3399,
1639, 1581; MS (ESI) m/z: 355 (M+H"); HRMS (ESI) m/z: 355.17128 (Calcd for
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C18H23N6SI 35517049), Anal. Calcd for ClgH22N6S‘2HC1‘HQOI C, 48.54; H, 588, Cl,
15.75; N, 18.87; S, 7.35. Found: C, 48.42; H, 5.92; Cl, 15.92; N, 18.94; S, 7.19.; mp:
237-239°C.

6-(Morpholin-4-ylmethyl)pyridine-2-carbaldehyde (6-zert-butylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone (30)

LAY 1 OERIEIZHEN, 14d BE P 6-(FAKRY J AT /)2-EY VU LR
TT e REDEERRIEY 30 (81%) A MERLE L TR,
'H-NMR (CDCl3) &: 1.51 (9H, s), 2.56 (4H, br), 3.71 (2H, s), 3.77 (4H, t, J = 4.2 Hz),
7.46 (1H,d,J=7.6 Hz), 7.76 (1H, t,J= 7.8 Hz), 7.84 (1H, d, J= 7.6 Hz), 7.85 (1H, s),
8.01 (1H, s), 8.52 (1H, s), 9.15 (1H, br); "C-NMR (CDCl3) &: 32.0 [(CH3);C], 35.2
[C(CHa3)3], 53.8 (2CH3), 64.8 (CH2-N), 67.0 (2CHs3), 115.7 (CHy), 116.2 (Cy), 118.5
(CHy), 123.2 (CHa), 136.9 (CHy), 143.4 (CH-N), 152.1 (CHy), 1529 (Cy), 154.4
(Car-N), 155.3 (Cyp), 158.6 (Car), 169.3 (Ca); IR (KBr) cm™: 2954, 2802, 1549, 1427,
1354, 1114; MS (FAB) m/z: 411 (M'+H); HRMS (ESI) m/z: 411.19791 (Caled for
C21H27N6OS: 411.19670); Anal. Caled for Cy1Ha6N6OS: C, 61.44; H, 6.38; N, 20.47; S,
7.81. Found: C, 61.28; H, 6.41; N, 20.57; S, 7.90.; mp: 177-179°C.

6-Hydroxymethylpyridine-2-carbaldehyde 6-(fert-butyl)thieno[2,3-d]pyrimidine-4-
yl hydrazone (31)

LA 1 OB RRIEICHEV Y, 14d (100 mg, 0.45 mmol) 3 L O 2-(tert 7 F )V A F
WY NFRINATF 4RI VE Y 20 (126 mg, 0.50 mmol) Z~X £
Q0mL) ([ZIMZ, T 4 — - A X —7 BKIEE 2 A 1.5 RpRINEGERT L7z, RO
R B, BoN/-/&E% THF GmL) \ZBfEL, T NI TFAT =T L
71 Y R (TBAF, IM-THF &%) (1 mL, 1.0 mmol) Z 01z =RIRIZC 1 B L
Teo FUSRAZBET TV CAR, K, B EEKONEIZ S, HEARmEET Y
U LTHR, WIEEIET, BE L, BOoNTEELZ A Z 7 — /00 fhdh
T 52 LI X VIR LAY 31 (88 mg, 57%) EIRFEAME A L L CET-,

'H-NMR (DMSO-d) &: 1.46 (9H, s), 4.60 (2H, s), 5.50 (1H, t, J = 6.0 Hz), 7.48 (1H, d,
J =15 Hz), 7.76 (1H, d, J = 7.5 Hz), 7.89-7.94 (2H, m), 8.23 (1H, s), 8.46 (1H, s),
12.02 (1H, br); *C-NMR (DMSO-d) &: 31.5 [(CH3);C], 34.7 [C(CHs);], 64.0 (CH,),
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115.0 (Cay), 117.7 (CH,y), 120.0 (2CH,y), 137.2 (CH,,), 143.8 (CH-N), 152.2 (C.y), 152.4
(Car), 153.5 (Ca), 154.4 (Co-N), 162.2 (CHay), 167.9 (Car); IR (KBr) em™: 2960, 2925,
1585; MS (FAB) m/z: 342 (M'+H); HRMS (ESI) m/z: 342.13842 (Caled for
C17H0Ns0S: 342.13886); Anal. Caled for C17HsNsOS-1.25H,0: C, 56.10; H, 5.95; N,
19.24; S, 8.81. Found: C, 56.36; H, 5.63; N, 19.48; S, 9.21.; mp: 150-151°C.

6-(tert-Butyl)-4-(1-methylhydrazino)thieno[2,3-d|pyrimidine (14k)

{EA % 13d (250 mg, 1.20 mmol) =% /—/L (1 mL) 53X TUK (4 mL) DiE
Rz, | TAFLE RV (1mL) &Mz 100°C (AR LT 2 K[
PiHE L7, RUSIRZKICTAR, BRg—F /LIS THIE L7z, fafn ks Tk
o BOKRRERT U U AT, W 2R T, MR U, GOl
g = F )L —n-~FH A THAES LESSEA Y 14k (225 mg, 79%) % HEEE K &
L TR,

'H-NMR (CDCls) &: 1.42 (9H, s), 3.51 (3H, s), 4.17 (2H, br), 7.77 (1H, s), 8.38 (1H, ).

6-[(Dimethylamino)methyl]|pyridine-2-carbaldehyde (6-zert-butylthieno[2,3-d]-
pyrimidin-4-yl)(methyl)hydrazone (32)

{EEW 1 OAERBIEIZHEND, 14k BED 6«(AF AT I H)AFALEY V-
HNVRT T & KK 0ESAEEY 32 (73%) ZHdaEik s LTHT,
"H-NMR (DMSO-dq) : 1.49 (9H, s), 2.33 (6H, s), 3.63 (2H, s), 3.83 (3H, s), 7.37 (1H,
d,J=7.5Hz),7.73 (1H, t,J="7.5 Hz), 7.91 (1H, d, J= 7.5 Hz), 8.03 (1H, s), 8.59 (1H,
s); C-NMR (DMSO-ds) &: 30.2 (CH3), 31.6 [(CH3)3C], 34.7 [(CH3);C], 45.2 (2CHa),
65.1 (CHy), 117.1 (Cy), 118.1 (CHyy), 118.9 (CHyy), 122.4 (CHyy), 137.1 (CHyy), 140.1
(CH-N), 151.6 (CHay), 152.9 (Cqyr), 153.2 (Cyr), 155.4 (Cy-N), 159.5 (Car), 168.0 (Cay);
IR (KBr) cm™: 2960, 2761, 1583, 1546; MS (FAB) m/z: 383 (M'+H); HRMS (ESI) m/z:
383.20113 (Caled for CyoH27NeS: 383.20179); Anal. Caled for Cy0HsNeS: C, 62.80; H,
6.85; N, 21.97; S, 8.38. Found: C, 62.84; H, 6.82; N, 21.96; S, 8.48.
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AimH _EOER

B L7 X #hih s

EAEMET — X /N7 RCSB Protein Data Bank (PDB) (28 &k XL T\ 5 LA
T OREEREE 2 LT,
CDK2: PDB code; 1jst (human cyclinA - Cdk2 - ATP complex)

O INIEMEAL STV B ELEE, T-b— 7 HALOD Thrl60 728 Y Rk ST
%itintEE, ATP-Mg™ &,
CDL6: PDB code; 1blx (Cdk6-p19INK4d complex)

ANEVERIBLE, CDK4 # /37 8 ERRPEDIER 2@ < L ATP AR 7 > b b3
T& 5, BEX X7 E pl9INK4d & & e,

TIA A b

CDK4 O—RAEEIX, # /3787 2 BRELST — 4 ~X— X UniProtKB/Swiss-
Prot X W AF-A[BECTdH > 7= CDK4 HUMAN (code: P11802) 7 3 / Fefc 5 % F]
M L7z, P11802 Z#F|ffl L7z, CDK2 33 LT CDK6 DAL, 1jst 35 L TN 1blx D
T 2FIH Uiz,

VT e = R T T A A MZIE, CLUSTALW(L.4) % A=, 7K
B YT MEGERFO Insightll L TD7T Z A > A2 ME, Homology >>
Alignment >> Pairwise Sequence $3 & UF Structure Module % V72,

CDK AEVY—EFY 7
CDK4 7RE 1 ¥ —E7 /L OVERKIZIL Accelrys Software Inc.tf: InsightIl &% L
7o

~ =2 7L TOREEEIZHVTIEL, Homology Module % £ f L 72, LOOP i 72
EDIFMO NG S 13 Loop Search & ERIZ U THEE ATV, EDKE S B 2R
555413 Loop Generate ZFI| ] L THEZL L 7=,

g 2RO L E S KO8 ) %55 1L Discover 3 Module 25 L7=, &
faf OE D AT 13 InsightIl £E4ED CVFF 7135 2R H L7z,

BonftEon —4F~v—%~v==2 7 VHIE L, EMEICZIE Homology
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Module @ ProStat % FI|H L7,

728, ProStat |2 X HHEEDRHMETIL, ¥~ == 7 /UEFETT /LD Leud9, Prol09,
Tyr167 (23 T, Omega fEA> S cis-trans 23 ifin LTV 5 & PRI LD,
FIC BB 20 TR\ 2 L BAHIEZTT 2 TR,

H#E) COET /VHEEIZIX, Modeler Module ZFI|H L7z, Z @ Module i£, 77
A A MRPEY THIVUL, HEBBEFEEOEWET V2 ERHTH L Z &
MTEDLEEbNLTWS, £ZT, Cdk6 & Cdk2 DT T A A hae~v=aT
NWEMEL BRI E X35 2 L TERT 5 2 & & L7z (Table),

Table: Multiple sequence alignment for Modeler Module (CDK4_auto)
BLX_A_:
JST_A_: MEN--FQKVEKIGEGTYGVVYKARNKLTGEVVALKKIRLDTETEG——VP

P11802: matsryepvaeigvgaygtvykardphsghfvalksvrvpnggggggglp

BLX_A_: EHPNVVRLFDVCTVSRTDRETKLTLVFEHVDQDL

JST_A_:

STAIREISLLKELN-—HPNI | LVFEFLHQDL

P11802: istvrevallrrleafehpnvvrimdvcatsrtdreikvtlvfehvdqdl

BLX_A_: TTYLDKVPEPGVPTETIKDMMFQLLRGLDFLHSHRVVHRDLKPQNILVTS
JST A : |

P11802: rtyldkapppglpaetikdlmrqflrgldflhancivhrdlkpenilvts

BLX_A_: SGQIKLADFGLARI | ——————— SVVVTLWYRAPEVLLQSSYATPVDLWS

JST_A_

: ——IKLADFGLARAFGVPVRTY | HEVVTLWYRAPE

P11802: ggtvkladfglariysygm—altpvvvtlwyrapevllgstyatpvdmws

BLX_A_: VGCIFAEMFRRKPLFRGSSDVDQLGKILDVIGLPGEEDWPRDVALPRQAF
JST_A_:

P11802: vgcifaemfrrkplfcgnseadqlgkifdliglppeddwprdvslprgaf
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BLX_A_: HSKSAQPIEKFVTDIDELGKDLLLKCLTFNPAKRISAYSALSHPYFQDLE
JST_A_:

P11802: pprgprpvgsvvpemeesgaqlllemltfnphkrisafralghsylhkde

BLX_A_: RCKEN
JST_A_:

P11802: gnpe

ATJ$ % PDB 7 7 A )V THELARFREL LIS T vi 72 E D editor THATIZHIBR L7z,
F7o. Al =a 7 VIk L RERIZ, ATP binding site #3571 1jst DA% 2 Fil
L7 CREOETIIFREES)

® Cdk2 E®DPSTAIRE #iZHHT 572D 1-61

® ATP binding site®adeninef i ER L4 FHEL T 572 80 -85

® T-loop I TceyclinA & fH AAEH (vdW 3 K O'H-bonds) L TW 57 2/ fig
ZHBLT 570 164-183

L OREE D B < PRAF S AV TV D SCRs #4712 1blx D A $HAFIH LT, 7272
L. SPLICE #\/3% HE L TN 720 EFHREDGHE L7270, EERIZEL T 0Fk %k
AL,

® Cdk2:1-63,78—-87,141 172
® Cdk6:72—-100, 101 — 169, 178 — last

Bon-Eoon —42~v—%~=a2 7 LMIE L, #1EMFEIZIZHomology

Module D ProStatZFI|FH L 7=,

BELFACEMDZRITRED T+ A — 9 RN

Accelrys Software Inc.f1: InsightIl @ CDiscover Module % FJf L 7=,

TEfr DENY A7 1E Insightll #EHED CVFE 3B XL OEREE /R T A — 2 —(k &
A7z CFF91 (Classll) M35 &FIH L7, FEMRAG =R F—FHE T LT XA,
Cell Multipole {EZ2FIH L7z,

DTN FFHEDO XX~/ MM) TOM/NMET LT X A,
SteepestDescent/Conjugate Gradients/Newton-Raphson M#H 51 Cd % Discover 15 1
DAYy REFM LT,
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58 )5 (MD) #HE Tl Discover E#ED T ) =J1 V7 7L NVT ik
GEE —&. B —&) ZFH L. BiERES 7 v Y XA (Verlet Velocity 15) «
A LAT 7 (Ifs, 10-15 sec) B I ONEE =2 F 7 —/L (Direct Velocity Scaling,
1fs) &7 7 # /L ME% 72, Run Time fs (X 1000~10000 [a], % &L,
298K~2000K % Hv 7=,

RyXL TRAET 4—

Accelrys Software Inc.ft: InsightIl @ Docking Module 35 & T8 Schrédinger Inc.fh:
Glide ZH|H L7z, LA D SAR 1F#H L OMAAL G TE o & s G AR
HEEINTWEZ D, FIv=a2T WELLD Ry X 7 2iTol, =—
P—=NU T REBEEZLRDO RyF o 73ds (ZFEH Ry X 7), Z0
EPE T, AR - fiBRFEITAAE LTHHI 72D, a7 A—va V&
BIFZE L T, laxd U Ty FyFbiiamit - fiameEEEd, =
YT F A= a2 TR L EOERMMBELRE Lic, RIZ, &0 EERGE
BEATHI 120, GO TEE % FLZ LC, ATP binding site & ¥ Z .02, HE
RET L TOMM/MD FHHEE{T 572,
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ARFEZEDER

3-[(Dimethylamino)methyl]benzaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-
yDhydrazone (4)

F—ELEW 1 OABIEIZEN, E TV 14d BLOT VTR K33g LD
TRl LB 4 (67%) ZEARK LS L TR,
'H-NMR (CDCl;) &: 1.52 (9H, s), 2.27 (6H, s), 3.48 (2H, s), 7.35-7.42 (2H, m), 7.57
(1H, d, J = 7.1 Hz), 7.73 (1H, s), 7.87 (1H, s), 7.92 (1H, s), 8.48 (1H, s); >C-NMR
(DMSO-dp) 6: 31.5 (3CH3), 34.6 [CH(CHj3)s], 45.0 (2CHs), 63.4 (CH,-N), 114.8 (CH,y),
116.2 (Cy), 125.5 (CHyy), 126.3 (CHyy), 128.7 (CHyr), 129.9 (CHyy), 134.4 (Cy), 139.9
(Car), 143.6 (CH-N), 152.5 (CHy), 152.9 (C4-N), 154.6 (Cy), 167.8 (Cy); IR (KBr)
em™: 2958, 2775, 1558, 1434, 1346, 1157, 1120, 773; MS (FAB) m/z: 368 (M'+H).
HRMS (ESI) m/z: 368.19011 (Caled for Cy0Hz6NsS: 368.19089); Anal. Caled for
C20H2sNsS 0.1H,0: C, 64.85; H, 6.88; N, 18.96; S, 8.68. Found: C, 64.85; H, 6.80; N,
19.35; S, 8.89.; mp: 155°C.

4-[(Dimethylamino)methyl|benzaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-yl)-
hydrazone (5)

LB 4 DERBIEIZHEN, B RT V2 14d BL T VT R 33h LY L
B 5 (54%) ZIEAEERLE L TR,
'H-NMR (CDCls) &: 1.50 (9H, s), 2.30 (6H, s), 3.50 (2H, s), 7.41 (2H, d, J = 8.1 Hz),
7.68 (2H, d, J= 8.1 Hz), 7.87 (1H, s), 7.89 (1H, s), 10.00 (1H, s); *C-NMR (DMSO-dj)
o: 31.5 (3CH;3), 34.6 [C(CHs)3], 44.9 (2CHs3), 63.0 (CHy), 114.7 (CHy), 115.9 (Cy),
126.2 (2CHar), 129.1 (2CHar), 133.2 (Cyy), 140.7 (Cyr), 143.5 (CH-N), 152.5 (Cy-N),
152.9 (CHyy), 154.6 (Car), 167.7 (Cap); IR (KBr) cm™: 1558, 1427, 1348, 773; MS (FAB)
m/z: 368 (M'+H). HRMS (ESI) m/z: 368.19245 (Calcd for CyHsNsS: 368.19089);
Anal. Calcd for C,0HpsNsS: C, 65.36; H, 6.86; N, 19.06; S, 8.73. Found: C, 65.14;
H,6.86; N, 19.00; S, 8.60; mp: 183-184°C.

4-[(Methylamino)methyl]benzaldehyde (6-zer-butylthieno|2,3-d]pyrimidin-4-yl)-
hydrazone hydrochloride (6)
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LAY 44 (49.0 mg, 0.11 mmol) % 4 FUEHNE « A4 FH K (1.0 mL) 20

A EIRIZT 6 RefElfE#E L7, BONRZBIERM L, =% ) — /L T 21T
o, BONTEREL T /) — /T THAEMBRL, file— Mok AHL
7oo 40°C I T—MEEIERZE L, iRk E9 6 (38.9 mg, 81%) Z s H ALK «
Fethi & LT,
'H-NMR (DMSO-ds) &: 1.46 (9H, s), 2.55-2.57 (3H, m), 4.18 (2H, m), 7.64 (1H, s),
7.66 (1H, s), 7.98 (2H, br), 8.53 (1H, br), 9.19 (2H, br); *C-NMR (500MHz, CD;0OD,
TMS) &: 32.3 (3CH3), 32.4 (CH3), 36.7 [C(CH3)s], 53.1 (CH»-N), 115.3 (CHy), 116.4
(Car), 130.2 (2CHy), 131.6 (2CH,), 135.3 (Ca), 136.1 (Ca), 143.6 (CH-N), 147.6
(CarN), 153.3 (CH,y), 162.5 (Cay), 167.4 (Cyy); IR (BEMK ATR) cm™: 3396, 2738, 2667,
1651, 1595; MS (FAB) m/z: 354 (M'+H); HRMS (ESI) m/z: 354.17533 (Calcd for
C19H24N5sS: 354.17524); Anal. Caled for C19H23NsS-2HCI-1H,0: C, 51.35; H, 6.12; Cl,
15.95; N, 15.76; S, 7.22. Found: C, 51.63; H, 6.04; Cl, 15.96; N, 15.73; S, 7.28.; mp:
250-251°C (dec.).

Isoindoline-5-carbaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-yl)hydrazone
hydrochloride (7)

LB 6 DERIEIZHEN, LB 45 KV IEFLAEW T (97%) % HEARERE L
TRz,
"H-NMR (DMSO-dq) &: 1.44 (9H, s), 4.55 (4H, br), 7.53(1H, d, J = 7.8 Hz), 7.85 (1H,
br), 7.90 (1H, s), 8.49 (1H, s), 9.80 (2H, br) ); C-NMR (DMSO-d6) &: 31.5 (3CH3),
34.7 [CH(CH3)z], 114.8 (Cy), 120.6 (CHy), 123.5 (2CHy), 126.6 (Cyr), 134.8 (CHayy),
136.0 (CH-N), 136.4 (CHy,), 143.5 (Cy), 152.2 (C4-N), 153.2 (Cyy), 154.0 (Cyr), 167.0
(Ca); IR (KBr) em™: 3388, 2698, 2582, 1643; MS (FAB) m/z: 352 (M™+H); HRMS
(ESI) m/z: 352.15884 (Calcd for C19H»pNsS: 352.15959); Anal. Caled for
C1oH21NsS-2HCI1-0.75H,0: C, 52.11; H, 5.64; N, 15.99; Cl, 16.19; S, 7.32. Found: C,
52.28; H, 5.55; N, 15.88; Cl, 16.45; S, 7.27.; mp: 265-266°C (dec.).

Benzaldehyde (6-tert-butylthieno|2,3-d]pyrimidine-4-yl)hydrazone (34)

{EEW 4 ODERRIEIZHEN, E RIV 0 1dd BEXORUXTLFE K33a LD
S LAY 34 (84%) ZIRHEAEIKE L THT-,
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'H-NMR (CDCl;) &: 1.50 (9H, s), 7.45 (3H, m), 7.70 (2H, m), 7.87 (1H, s), 7.88 (1H, s),
8.47 (1H, s), 8.98 (1H, br); "C-NMR (CDCL) &: 31.9 (CHs), 35.0 [C(CH3)s], 115.7
(CHyy), 116.2 (Cy), 126.6 (2CHyy), 128.7 (2CHyy), 129.4 (CH,,), 134.8 (CH-N), 143.4
(Car), 152.4 (CHyy), 153.8 (Car), 155.0 (Co-N), 168.5 (Ca); IR (KBr) cm™': 3195, 2966,
1577, 1552, 1429; MS (EI) m/z: 310 (M"); HRMS (ESI) m/z: 311.13045 (Calcd for
C17H19N4S: 311.13304); Anal. Calcd for C7H sN4S: C, 65.78; H, 5.84; N, 18.05; S,
10.33. Found: C, 65.81; H, 5.80; N, 18.06; S, 10.25; mp: 241-242°C (dec.).

Methyl
4-{(E)-|(6-tert-butylthieno[2,3-d]pyrimidin-4-yl)hydrazono]methyl}benzoate (35)
LB 4 DERBIEIZHEN, B RT V2 14d BLOT VT E R 33b L YL
HW) 35 (98%) ZIEEAREIIKRE L THT,
'H-NMR (CDCl;) &: 1.51 (9H, s), 3.96 (3H, s), 7.77 (2H, d, J = 7.5 Hz), 7.85 (1H, br),
7.92 (1H, br), 8.12 (2H, d, J = 7.5 Hz), 8.50 (1H, br); *C-NMR (CDCl;) &: 31.8 (3CH3),
35.2 [C(CHa)3], 52.3 (CHs3), 115.8 (CHyy), 116.4 (Cy), 126.6 (2CHyy), 130.2 (2CHay),
130.9 (Ca), 138.4 (CH-N), 142.0 (Cqy), 151.3 (Cqp), 154.3 (C4-N), 155.6 (CHay), 166.5
(C=0), 169.0 (C,); IR (KBr) cm™: 3253, 3228, 1698; MS (FAB) m/z: 369 (M +H);
HRMS (ESI) m/z: 369.13759 (Calcd for Ci9H21N4O,S: 369.13852); Anal. Calcd for
CioH20N4O,S: C, 61.94; H, 5.47; N, 15.21; S, 8.70. Found: C, 62.19; H, 5.53; N, 15.29;
S, 8.81.; mp: 220-221°C.

4-{(E)-|(6-tert-Butylthieno|2,3-d|pyrimidin-4-yl)hydrazono|methyl}benzoic acid
(36)

LB 4 OEBIECHEN, B RT P2 14d BLOT LT R 33¢ LYk
54 36 (quant.) ZHIHARMK LS L TR,
'H-NMR (DMSO-d) &: 1.46 (9H, s), 7.82 (2H, d, J= 8.3 Hz), 7.83 (1H, s), 8.02 (2H, d,
J = 8.3 Hz), 8.29 (1H, s), 8.46 (1H, s), 11.95 (1H, br); *C-NMR (DMSO-d;) &: 31.5
(3CH3), 34.7 [CH(CH3)s], 114.9 (CHy), 115.7 (Car), 126.3 (CHyr), 129.3 (Cyr), 129.4
(2CHy), 131.2 (CHy), 138.6 (CH-N), 142.4 (Cy), 152.5 (Cu-N), 153.4 (CHy), 154.4
(Ca), 166.6 (COOH), 167.9 (Cy); IR (KBr) cm™: 1701, 1558, 1358, 1273, 885; MS
(FAB) m/z: 355 (M'+H); HRMS (ESI) m/z: 355.12227 (Caled for CisH;oN4O,S:
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355.12287); Anal. Caled for C1sH1sN4O,S: C, 61.00; H, 5.12; N, 15.81; S, 9.05. Found:
C, 60.65; H,5.13; N, 15.00; S, 8.78.; mp: 293-294°C (dec.).

4-Hydroxybenzaldehyde N-[6-(zert-butyl)thieno[2,3-d]pyrimidin-4-yl|hydrazone
37

LB 4 OERIEIZHEN, B RT V2 4d BROT AT B R 33d L0k
B 37 (92%) ZHEEREERE L TR,
"H-NMR (DMSO-ds) 8: 1.43 (9H, s), 6.84 (2H, d, J=8.5 Hz ), 7.54 (2H, d, J = 8.5 Hz),
7.82 (2H, br), 8.13 (1H, s), 8.36 (1H, s); "C-NMR (DMSO-ds) &: 31.5 (3CH3), 34.7
[CH(CH3)s], 114.6 (CHyy), 115.8 (2CHyy), 116.2 (Cyr), 125.5 (Cyr), 128.1 (2CHay), 144.1
(CH-N), 152.5 (CHy), 153.0 (C4-N), 154.6 (Cy), 159.0 (Cy), 167.6 (Cyp); IR (ATR)
em™: 1564, 1512, 1433, 1292, 1153; MS (FAB) m/z: 327 (M'+H); HRMS (ESI) m/z:
327.12799 (Calcd for C17H19N4OS: 327.12796); Anal. Caled for C7HgN4OS: C, 62.55;
H, 5.56; N, 17.16; S, 9.82. Found: C, 62.42; H, 5.64; N, 17.08; S, 9.96.; mp: 270-273°C
(dec.).

4-([1-(tert-Butyl)-1,1-diphenylsilyljoxymethyl)benzaldehyde (33e)

Mk ® methyl 4-(hydroxymethyl)benzoate 51 (1.0 g, 6.02 mmol), A I %> —/L
(860 mg, 12.64 mmol) % THF 20 mL) |ZI&fiE L. tert-7 T NY 7 ==L U L7
2 Y K (1.64 mL, 6.32 mmol) %%, I T 7 ReIRHEE L 7=, BOSRIZAK Z N
Z. HEfe—F U CHIM U, AR 2 fafn & Ek Ceid L7z, BokmiEg ) Y v
DT L0 g - I A ERAE L, BonkE s Y b S v s~ N5 T
4 =AU, ne~F v FEERT L =5 0 1 AR S5 DTy ) A R
fa L. “ VLK 52 2157-, LAH (246 mg, 6.48 mmol) % THF (25 mL) (28 <
. KA TICEONT- 52 201%, HIEICT S B Lz, OGS Z ks L A
% ) —JL (0.55mL), /K (0.25mL), 15%/KE&{bF bV 7 LKA (0.25mL), 7K
(0.75 mL) ONEICMZFBIRBICR LR LTz, REMEE T A bAE, R R
fii « HEL, 73— K (232 g, quant) ZEEGEEHHRYE & L TE, 5
SNT=T /v a—ikE 7 aaf/b A (46 mL) (AR LIENE MnO, (4.6 g) ZH1%
6 RFFIINBGEJE L7z, Humtk, 74 FAl L, B2 RME, Sohi-fkiks v
VAhZnrna~ K777 4=, Z7aadL AL E - L, B
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{bE% 33e (1.86 g, 81%) Z o tadzMIRME & L THET-,

'H-NMR (CDCl3) &: 1.12 (9H, s), 4.84 (2H, s), 7.39-7.44 (5H, m), 7.51 (2H, d, J = 8.3
Hz), 7.68 (4H, dd, J = 1.7, 7.8 Hz), 7.85 (2H, d, J = 8.3 Hz), 10.00 (1H, s); MS (FAB)
m/z: 375 (M+H).

4-([1-(tert-Butyl)-1,1-diphenylsilyljoxymethyl)benzaldehyde (6-zert-butylthieno|2,3-
d]pyrimidin-4-yl)hydrazone (38)

LB 4 OERIEZHEN, B RT V0 14d BLOT LT R 33e LYk
AW 38 (90%) Z MEEAER & LTz,
'H-NMR (CDCl3) &: 1.12 (9H, s), 1.50 (9H, s), 4.81 (2H, s), 7.37-7.46 (8H, m),
7.67-7.71 (6H, m), 7.89 (1H, br), 7.96 (1H, br), 8.44 (1H, br); IR (KBr) cm™: 1558,
1429, 1115, 1074, 702; MS (FAB) m/z: 579 (M'+H); HRMS (ESI) m/z: 579.25812
(Calced for Cs34H39N4OSSi: 579.26138); Anal. Calcd for C;4H33N4OSSi: C, 70.55; H,
6.62; N, 9.68; S, 5.54. Found: C, 70.61; H, 6.63; N, 9.70; S, 5.81.

4-(Hydroxymethyl)benzaldehyde (6-fert-butylthieno|2,3-d|pyrimidin-4-yl)
hydrazone (39)

1A% 38 (345 mg, 0.60 mmol) % THF (7 mL) (Zi&fi# L. TBAF (1.2 mL, 1.19
mmol) Z i1 A 60°C T 4 IpfIFiF: L7z, SOSIRICAK &2 I A WifiR= T /L THit L,
BN B KIS RIS T L7z, KRR T b U w7 DT 20 Wl - Pt 2 el £ I
ML, b ikifiae A 4 ) — /b — Nk = F /L —n-~F 5 A THAERR L
= LAY 39 (191 mg, 94%) Z BEAE K S LT,
'H-NMR (CDCls) &: 1.50 (9H, s), 4.76 (2H, s), 7.45 (2H, d, J= 8.1 Hz), 7.70 2H, d, J
= 8.1 Hz), 7.87 (1H, s), 7.90 (1H, s), 8.46 (1H, s); C-NMR (DMSO-dj) &: 31.5 (3CH3),
34.6 [CH(CHj3)s], 62.5 (CH»-N), 114.7 (CHyy), 116.1 (Cyy), 126.2 (2CHyy), 126.8 (2CHyy),
133.0 (Cap), 143.7 (Cy), 144.2 (CH-N), 152.5 (CHar), 152.9 (Ca-N), 154.6 (Cqr), 167.7
(Ca); IR (KBr) em™: 1577, 1556, 1512, 1431, 1360, 1344; MS (FAB) m/z: 341 (M+H).
HRMS (ESI) m/z: 341.14399 (Calcd for C;sH2iN4OS: 341.14361); Anal. Calcd for
Ci3H20N4OS 0.1EtOAc: C, 63.28; H, 6.00; N, 16.04; S, 9.18. Found: C, 63.61; H, 6.26;
N, 15.84; S, 9.04.; mp: 225-226°C (dec.).
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4-[(Dimethylamino)sulfonyl]benzoic acid (54)

ik @ 4-chlorosulfonylbenzoic acid 53 (1.0 g, 4.53 mmol) % THF (20 mL) (Z¥Afi#
L. KW TIZYAF VT I (2.0 M-THF ##g) (4.76 mL, 9.52 mmol) % F L.
IR T 16 FFRIRIR Lo, BOUSHRZ 1 BUEKERbT N U o LOKEEHE Chllth L.
KEAZ 6 BUEHNE TRzt e LT, fril L7ciidiz Al L., RSk &% 54
(589 mg, 57%) ZEAREIKE L TH-,
'H-NMR (DMSO-ds, TMS) &: 2.63 (6H, s), 7.86 (2H, d, J = 6.9 Hz), 8.16 (2H, d, J =
7.3 Hz); MS(FAB) m/z: 230 (M'+H).

N,N-Dimethyl-4-formyl-1-benzenesulfonamide (33f)

LAH (192 mg, 5.06 mmol) % Et,O (6 mL) (Z/%&&# S, ki FIT LAY 54 (580
mg, 2.53 mmol) Z 0%, ZIRIZT 1.5 K Lz, ROSEZ KM LA S ) —)b
(0.42mL), 7K (0.19 mL), 15%/KE&{kF kU &7 2KEHK (0.19mL), /K (0.58 mL) @
JEIWZN % SBBICR LRI L2, REME 74 NAE, IEEEZRN - HELT
Jba— UK (508 mg, 2.36 mmol, 93%) ZIEFEEMIRWE L L GohieT
Jva— K%k 7 ma b (10 mL) ISEME LIEYE MnO, (1.0 g) 200 % 4 REfEN
BUBW L7z, umtc, B4 MARL, BIEAZRME L, 56N RE LNk
F I —n-~FH 2 L0 EAMS L, B bEW 33F (309 mg, 62%) % i [ AE R &
LTHET,

"H-NMR (CDCl;) &: 2.76 (6H, s), 7.95 (2H, d, J = 8.0 Hz), 8.06 (2H, d, J = 8.0 Hz),
10.12 (1H, s); MS (FAB) m/z: 214 (M'+H).

4-{(E)-[(6-tert-butylthieno[2,3-d]pyrimidin-4-yl)hydrazono|methyl}-V,N-dimethyl-
benzenesulfonamide (40)

LG 4 OEGRIEIZHEN B KTV 14d BELOT VT & R 33fF L0 iRk s
) 40 (quant.) ZEEAREKE L THT,
'H-NMR (CDCl) &: 1.51 (9H, s), 2.76 (6H, s), 7.81 (1H, s), 7.86 (4H, s), 7.99 (1H, s),
8.49 (1H, s); C-NMR (DMSO-ds) &: 31.5 (3CH3), 34.7 [CH(CHs)3], 37.5 (2CH3),
115.0 (CHyy), 115.6 (Cy), 126.9 (2CHy), 128.1 (2CHy,), 134.8 (Cyy), 138.8 (Car), 141.8
(CH,), 152.5 (CH-N), 153.7 (C4-N), 154.3 (C,), 167.8 (Cy); IR (KBr) em™: 1560,
1550, 1435, 1342, 1157, 1128, 750; MS (FAB) m/z: 418 (M'+H); HRMS (ESI) m/z:
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418.13540 (Calcd for C19H24N502822 41813714), Anal. Calced for C19H23N502822 C,
54.65; H,5.55; N, 16.77; S, 15.36. Found: C, 54.67; H,5.53; N, 16.83; S, 15.42.; mp:
275-276°C (dec.).

Methyl 3-[(dimethylamino)methyl]benzoate (56)

Methyl 4-(bromomethyl)benzoate 55 (2.3 g, 10.0 mmol) % THF (13 mL) (ZI&fE L .
U AF LT 2 (2M THF %) (10 mL, 20.0 mmol) Z 1z, =EiRIZ T 18 BRI
LIz, ROSIRZEIR—F /L TR L, K, BERRERKFE T b U T DK,
BRI K THeidr L7z, BEKEIER T MU U A K0 e, i 2 Jet R iR L.
R B A 56 (1.89 g, 98%) Z vzl E & L T/,

'H-NMR (CDCls) &: 2.24 (6H, s), 3.46 (2H, s), 3.91 (3H, s), 7.40 (1H, t, J = 7.6 Hz),
7.53 (1H,d, J=7.6 Hz), 7.94 (1H,d, J = 7.6 Hz), 7.97 (1H, s); MS (EI) m/z: 193 (M").

3-[(Dimethylamino)methyl]benzaldehyde (33g)

LEW 33f DARIEICHEV, = 2T /L 56 XV IEZ LAY 33g (68%) % (A%
R E & LT,
'H-NMR (CDCls) &: 2.24 (6H, s), 3.50 (2H, s), 7.49 (1H, t, J= 7.6 Hz), 7.59 (1H, d, J =
7.6 Hz ), 7.78 (1H, d, J = 7.6 Hz), 7.83 (1H, s), 10.02 (1H, s); MS (FAB) m/z: 164
(M+H).

Methyl 4-[(dimethylamino)methyl]benzoate (58)

{LEW 56 DEFIEIZHEV Y, methyl 4-(bromomethyl)benzoate 57 X ¥ #Et L&
58 (78%) Z wta B HHNRIE & L TIRT-,
"H-NMR (CDCl3) &: 2.25 (6H, s), 3.47 (2H, s), 3.91 (3H, s), 7.38 (2H, d, J = 8.3 Hz),
7.99 (2H, d, J = 8.3 Hz); MS (FAB) m/z: 194 (M +H).

4-[(Dimethylamino)methyl]benzaldehyde (33h)

LG9 33f DEFIEIZHEV, = AT /L 58 L VI LAY 33h (86%) % Hifaif
HIRRE & LT,
'H-NMR (CDCls) &: 2.26 (6H, s), 3.50 (2H, s), 7.49 (2H, d, J = 8.1 Hz), 7.84 (2H, d, J
= 8.1 Hz), 10.00 (1H, s); MS (FAB) m/z: 164 (M"+H).
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4-[(2-Hydroxyethyl)(methyl)amino]methylbenzaldehyde (33i)

Methyl 4-(bomomethyl)benzoate 57 (1.0 g, 4.37 mmol) % /L= (10 mL) [Z¥
fi# L . N-methyletanolamine (420 L, 5.24 mmol) %/ Z | EiEIZ T 1 BRI L7,
EHIZ RV =F AT I (3.0mL, 21.8 mmol) %A1z 70°C T 19.5 BERHEE L 7=,
FOSHRIZAK Z A, BElk—F /L Chl U, AFEAH z fafn K Tl Lz, 4%
AKEEET b U D LT K0 FolE - B AR L CL ML = — R (717.2 mg,
74%) A5, (LG 33f DEIEITHE, Feb o7 v a— /R LY R b
) 33i (468 mg, 55% from 57) % EBIMIRME & L THET-,

'H-NMR (CDCls) 8: 2.26 (3H, s), 2.63 (2H, t, J = 5.4 Hz), 3.65 (4H, s), 7.49 2H, d, J =
8.1 Hz), 7.85 (2H, dd, J = 1.7, 8.1 Hz), 10.00 (1H, s); MS (FAB) m/z: 194 (M'+H);
HRMS (ESI) m/z: 194.11582 (Calcd for C11HsNO,: 194.11810).

4-[(2-Hydroxyethyl)(methyl)amino]methylbenzaldehyde (6-tert-butylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone (41)

LB 4 DERIEIZIEVN, B RV 14d BELOT AT B R 331 L0 ks
) 41 (80%) Z AR E L THT,
'H-NMR (DMSO-dq) &: 1.46 (9H, s), 2.17 (3H, s), 2.50 (2H, d, J = 1.2 Hz), 3.54 (4H,
br), 4.41 (1H, t, J=5.4 Hz), 7.42 (2H, d, /= 7.8 Hz), 7.67 (2H, d, /= 7.8 Hz), 7.86 (1H,
br), 8.23 (1H, s), 8.42 (1H, s), 11.77 (1H, br); *C-NMR (DMSO-ds) &: 31.5 (3CH3),
34.6 [CH(CHs)s3], 42.4 (CH3), 58.9 (CH»), 59.0 (CH»), 59.1 (CH), 114.7 (CHyy), 116.1
(Car), 126.2 (2CHyy), 129.1 (2CHgyy), 133.1 (Cqp), 141.1 (Cyy), 143.6 (CH-N), 152.5 (CHay),
152.9 (Car-N), 154.6 (Cyy), 167.7 (Ca); IR (KBr) em™: 1581, 1558, 1433, 1356; MS
(FAB) m/z: 398 (M'+H); HRMS (ESI) m/z: 398.20146 (Calcd for CyH,sNsOS:
398.20235); Anal. Calcd for C;Hy7Ns50S: C, 63.45; H, 6.85; N, 17.62; S, 8.07. Found:
C, 63.85; H, 6.79; N, 17.52; S, 8.01.

tert-Butyl (4-{(E)-[(6-tert-butylthieno|2,3-d|pyrimidin-4-yl)hydrazono]methyl}-
benzyl)carbamate (42)

LW 4 ODERRIEIZHEV, B FT Y0 14d 1 X O tert-butyl (4-formylbenzyl)-
carbamate 33j £ Y EZC LAY 42 (90%) & EHAEIKE L THT-,
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'H-NMR (CDCl;) &: 1.48 (9H, s), 1.50 (9H, s), 4.37 (2H, d, J = 5.6 Hz), 4.90 (1H, br),
7.36 (1H, s), 7.37 (2H, d, J = 8.1 Hz), 7.68 (2H, d, J = 8.1 Hz), 7.86 (1H, s), 7.87 (1H,
s), 8.48 (1H, s); IR (M ATR) cm™: 2972, 1712, 1558, 1157; MS(FAB) m/z: 440
(M'™+H); HRMS (ESI) m/z: 440.21149 (Calcd for Cp3H3oNs0,S: 440.21202); Anal.
Calcd for C53Hy9N50,S: C, 62.84; H, 6.65; N, 15.93; S, 7.29. Found: C, 63.02; H, 6.53;
N, 15.75; S, 7.44; m.p.: 207-209°C (dec.)

4-(Aminomethyl)benzaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-yl)hydrazone
hydrochloride (43)

bEH 6 DERIEITHEN ALEW 42 L D IERALEY) 43 (87%) % 38 A -
Wl & L TiE T,
"H-NMR (DMSO-d) &: 1.46 (9H, s), 3.68 (2H, br), 4.08 (2H, s), 7.60 (2H, d, J = 8.3
Hz), 7.83 (2H, d, J = 8.3 Hz), 7.95 (1H, s), 8.46 (1H, s), 8.48 (1H, s); IR (ATR) em™:
1641, 1587, 1086; MS (FAB) m/z: 340 (M +H); HRMS (ESI) m/z: 340.15959 (Calcd for
CigH2NsS: 340.15952); Anal. Caled for CisH2 1 NsS-2HC1-0.25H,0: C, 51.86; H, 5.68;
N, 16.80; S, 7.69. Found: C, 51.90; H, 5.68; N, 16.47; S, 7.77.; mp: 295-298°C (dec.).

Methyl 4-{|(tert-butoxycarbonyl)(methyl)amino]methyl}benzoate (60)

ik @ methyl 4-formylbenzoate (2.0 g, 12.18 mmol) B LA F /LT I > (2.0M
THF %) (6.09 mL, 12.18 mmol) % k/L > (200 mL) IZVAR L. T8 IaiE 21T
ST, IHIZ MLy 200mL) THHH L, B oKL A X/ —/L (200 mL)
(Z¥RfE L. NaBH,4 (510 mg, 13.40 mmol) % I 2 SEIRIC T 2 el L7z, BOGR
Z 1 HUEERIZ LD pH2 ITHEE L, BUERME L, B o iEEL 7 vkl
LT THIH U, 10%KER (LT R U 7 DOKESIRIZ TR LT, KRR T R YU o A
([ CHAR S I A PR L7 S o kiEa2 Y7 enr A % (50mL) (IZ
FAfi L, Boc,O (2.8 mL, 12.18 mmol), ¥ AT /LT X /) U U (filftdE) 2.,
FIRIZT 4 REfEHE LT, BONRZBIERME L, o icEE > Y T ns
nv NTTT7 4 —IfF L, nenFH BRI TL = 10 1 WHENOE LN
720y A A L. R A 60 (600 mg, 18%) Z MEBIHMIINME & LT
B,

'H-NMR (CDCls) &: 1.45-1.49 (9H, br), 2.81-2.88 (3H, br), 3.91 (3H, s), 4.47 (2H, s),
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7.30 (2H, d, J = 8.1 Hz), 8.00 (2H, d, J = 8.1 Hz); MS (FAB) m/z: 280 (M'+H).

tert-Butyl 4-formylbenzyl(methyl)carbamate (33k)

LA 33f DEFIEICHEVN, = AT L 60 LV G LAY 33k (58%) % ME(aidh
HIRE & LT,
'H-NMR (CDCls) &: 1.45-1.50 (9H, br), 2.83-2.89 (3H, br), 4.50 (2H, br), 7.38 (2H, d, J
=8.1 Hz), 7.86 (2H, d, J = 8.1 Hz), 10.01 (1H, s); MS (FAB) m/z: 250 (M '+H).

tert-Butyl (4-{(E)-|[(6-tert-butylthieno|2,3-d|pyrimidin-4-yl)hydrazono]methyl}-
benzyl)methylcarbamate (44)

LB 4 DERBIEIZHEN, B RT V2 14d BLOT AT & K 33k L0k
G 44 (37%) ZIEEAREIRE L THT,

'H-NMR (CDCl;) &: 1.50 (18H, s), 2.89 (3H, br), 4.47 (2H, br), 7.28 (1H, m), 7.67 (2H,
d, J=8.1 Hz), 7.87 (2H, s), 8.47 (1H, s); *C-NMR (CDCl5) &: 28.5 (3CHs), 32.0 (CH3),
34.2 [C(CH3)s], 35.1 (CH3-N), 52.5 (CH,-N), 80.0 [C(CHj3)3], 116.1 (CHyy), 116.1 (Cyy),
127.0 (2CHy), 127.7 (CHyy), 128.3 (CHy), 133.3 (Cyr), 140.1 (Cyy), 142.7 (CH-N), 152.0
(CHyy), 154.7 (Co-N), 154.8 (C=0), 155.7 (Cq), 169.1 (Cq); IR (KBr) cm™: 2962, 1703,
1680, 1556, 1437, 1126; MS (FAB) m/z: 454(M'+H); HRMS (ESI) m/z: 454.22882
(Calced for Cy4H3oN50,S: 454.22767); Anal. Caled for Co4H31N50,S: C, 63.55; H, 6.89;
N, 15.44; S, 7.37. Found: C, 63.26; H,6.81; N, 15.35; S, 7.01.
N-tert-Butoxycarbonyl-dipropargylamine (62) )

Mk @ dipropargylamine 61 (5.45 g, 58.5 mmol) B XK U =F /L7 I (10
mL, 72 mmol) O 7 mr A& (60 mL) &K % K L. Boc,O (15 mL, 65 mmol)
ZI T LT SRS T B Uiz, e, Wik S TRIRL K. fafn
BHOKONAIZBEA, HEARFIRET Y U L THglE, W2 RETEEL, fFilt
AW 62 (11.5 g, quant.) ZBEHMRME & L THET-,

"H NMR (CDCly) &: 1.48 (9H, s), 2.22 (2H, t, J= 2.5 Hz), 4.17 (4H, br).

tert-Butyl 5-(hydroxymethyl)-1,3-dihydro-2H-isoindole-2-carboxylate (63) )
ft& % 62 (7.35 g 38 mmol) Z T /—/L (160 mL) (Z¥A L, Kb FiZ

101



propargylalcohol (9.0 mL, 0.155 mol) % {f# T 1% . Wilkinson’s catalyst (1g, 1 mmol) %
INA SRR L 24 Bpf#AR Lo, B8R, fSonickiiz v I v v n< b
777 4 =AU, BRI TV penF Y= 102 IEHICTRBRL, YT
T—7 )V —p-~F Y X0 iR LT, RS 63 (4.17 g, 44%) % HEAE R
& LT,

'H NMR (CDCls) &: 1.52 (9H, s), 4.62 (4H, br), 4.69 (2H, br), 7.21-7.27 (3H, m); IR
(KBr) cm™: 3421, 2863, 1673; MS (FAB) m/z: 250 (M'+H); Anal. Calced for
C14H9NOs3: C, 67.45; H, 7.68; N, 5.62. Found: C, 67.53; H, 7.58; N, 5.58.

tert-Butyl 5-formyl-1,3-dihydro-2H-isoindole-2-carboxylate (331)

{EE % 63 (500 mg, 2.00 mmol) Z UM bRSE (15 mL) (28D L, {5 MnO,
(2.0 g ZINZ 3053 MEGETE LT, RNEME | T A Atk AiREZ TR LT,
‘JonlRiEz L VAT ra~ N7 T 7 =AU, BTV -
= 1:4 IFHICTHER L EREAY 331 (325 mg, 66%) & EEAEKRE L THT-,
'H-NMR (CDCls) &: 1.53 (9H, s), 4.72 (2H, br), 4.76 (2H, br), 7.38-7.45 (1H, m),
7.75-7.81 (2H, m), 10.00 (1H, s); IR (KBr) cm™: 3050, 1693; MS (EI) m/z: 247 (M");
Anal. Caled for C4H7sNO3-0.1H,0: C, 67.70; H, 6.98; N, 5.64. Found: C, 67.51; H,
6.98; N, 5.45.

tert-Butyl 5-{(E)-|(6-tert-butylthieno[2,3-d]|pyrimidin-4-yl)hydrazono|methyl}-1,3-
dihydro-2H-isoindole-2-carboxylate (45)

LB 4 DEBIEIZHEN, B RZ V0 14d BLOT LT B K331 LY LA
Yy 45 (96%) Z s HAER L L TR,
"H NMR (CDCls) &: 1.50 (9H, s), 1.54 (9H, s), 4.70 (2H, br), 4.74 (2H, br), 7.31-7.36
(1H, m), 7.56 (1H, s), 7.70 (1H, s), 7.85 (1H, s), 7.94 (1H, s), 8.46 (1H, s); IR (KBr)
cm™: 2968, 1689, 1564, 1433, 1396, 1107; MS (FAB) m/z: 452 (M"+H); HRMS (ESI)
m/z: 452.21125 (Calcd for Cp4H30Ns50,S: 452.21202); Anal. Calcd for C4Hy9NsO,S: C,
63.83; H, 6.47; N, 15.51; S, 7.10. Found: C, 63.91; H, 6.44; N, 15.48; S, 7.36.

2-Methyl-5-isoindolinecarbaldehyde (33m)
b4 63 (200 mg, 0.80 mmol) #¥7 v A % (0.4 mL) (TR L. TFA (1
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mL) ZH0Z ., SRS T2 R LT SOSIK A JBUE TR L7, 15 547z TFA
WhYr7un A% 24ml) (ML, Y =F LT I (223 pL, 1.60 mmol)
Nz, RIETI15 oS L, & SI2E#R (115 uL, 2.00 mmol) 3 X OV /L A
TAT B R (35%AIR) (138 uL, 1.60 mmol) Z Nz 5 /yMiE# Lz, &#%IZT b
VoA RI TR RFFUAREE RU K (272 mg, 1.28 mmol) Z M1z 1.5 R4 #E L
7=o BUSIRIC 1 BEKERET b U o 2KkEKZ Nz, BilgoF /L ChhilH L, fig
TR KT Lc, AL KRR N U O AT XD e - I 2RI T
e L. T 3 — Uk (109.9 mg) #1570, o7 v a—R%E U bR
# (2 mL) (MR LIETE MnO, (220 mg) Z0N1x 7 BFRINBGEFE L=, untk.
tBIA4 NAME L, EEA RN L. HARY OELALE Y 33m (100 mg, 77% from
63) TR EAEYIIRME & LT,

"H NMR (CDCls) &: 2.60 (3H, s), 3.91 (4H, d, J=2.9Hz), 7.16 (2H, d, J= 1.7 Hz), 7.71
(1H, s), 9.97 (1H, s); MS (FAB) m/z: 162 (M"+H).

2-Methylisoindoline-5-carbaldehyde (6-ter-butylthieno|2,3-d|pyrimidin-4-yl)
hydrazone (46)

LB 4 DERIEIZEN, E RT Y 14d B LT L7 & R 33m LV EGE
B 46 (15%) ZEAEEKRE LTHT,
'H-NMR (CDCls) &: 1.50 (9H, s), 2.64 (3H, s), 3.97 (4H, s), 7.28 (1H, s), 7.50 (1H, d, J
= 7.1 Hz), 7.61 (1H, s), 7.86 (1H, s), 7.88 (1H, s), 8.48 (1H, s); *C-NMR (CDCl) &:
31.4 (CHj3), 34.6 [C(CHs)s], 41.7 (CH3-N), 59.9 (CHy), 60.0 (CH>), 114.7 (CHyy), 115.9
(Car), 119.3 (CHyy), 122.5 (CHyy), 125.6 (CHyy), 133.2 (Cyp), 141.6 (CH-N), 142.5 (Cy),
143.6 (Ca), 152.5 (CHyy), 152.8 (Car), 154.7 (Car-N), 168.0 (Cy); IR (KBr) cm™: 2954,
1562, 1429, 1354, 1344; MS (FAB) m/z: 366 (M'+H); HRMS (ESI) m/z: 366.17483
(Calcd for Cy0H»4N5S: 366.17524); Anal. Caled for Cy0Hp3NsS: C, 65.72; H, 6.34; N,
19.16; S, 8.77. Found: C, 65.34; H, 6.40; N, 19.02; S, 8.91.; mp: 192-193°C (dec.).

2-Isopropyl-5-isoindolinecarbaldehyde (33n)

LA 33m OARIEIZHE, (LAY 63 D Boc #:% TFA ICTHIARH#E L, HL
LATNT e ROBLOIZTE N EOETHT I MEKIGEIT) Z &1L D,
Falfb S 8n (13%) Z AV E & L TH T,
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'H NMR (CDCl3) &: 1.21 (6H, d, J = 6.3 Hz), 2.75-2.80 (1H, m), 3.95 (2H, d, J = 8.1
Hz), 4.02 (2H, s), 7.16 (1H, s), 7.36 (1H, d, J = 8.1 Hz), 7.72 (1H, d, J = 3.4 Hz), 9.98
(1H, s); MS (FAB) m/z: 190 (M'+H); HRMS (ESI) m/z: 190.12308 (Calcd for
Ci2H16NO: 190.12319).

2-Isopropylisoindoline-5-carbaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-yl)-
hydrazone (47)

LB 4 DERIEICHEN, B RV 14d BLOT VT B K 33n L0k
B 47 (21%) ZEAMERE L THE,
'H-NMR (CDCl3) &: 1.22 (6H, d, J = 6.3 Hz), 1.50 (9H, s), 2.81 (1H, m), 4.02 (4H, s),
7.29 (1H, d, J= 7.8 Hz), 7.52 (1H, d, J = 7.8 Hz), 7.60 (2H, s), 7.86 (1H, s), 7.88 (1H,
s), 8.47 (1H, s); PC-NMR (CDCl;) &: 21.6 (2CH3), 32.0 (3CH3), 35.2 [C(CH3)s], 54.6
[CH(CH3),], 56.7 (CH,), 56.9 (CH,), 116.1 (Cy), 116.2 (CHy), 120.4 (CHy), 122.8
(CHar), 126.0 (CHyy), 128.3 (Cyr), 133.2 (Cyp), 140.9 (Cy), 142.1 (Cy), 143.2 (CH-N),
152.0 (CH,y), 154.6 (Co-N), 169.0 (Cy); IR (KBr) cm™: 2964, 1556, 1427, 1354, 1107;
MS (FAB) m/z: 394 (M'+H). HRMS (ESI) m/z: 394.20572 (Calcd for CaHsNsS:
394.20654); Anal. Calcd for C,H27NsS-0.5H,0: C, 65.64; H, 7.01; N, 17.40; S, 7.97.
Found: C, 65.68; H, 6.80; N, 17.00; S, 8.25.; mp: 194-195°C (dec.).

tert-Butyl 7-hydroxy-3,4-dihydro-1H-isoquinoline-2-carboxylate (65)

1 @ isoquinolin-7-ol 64 (1.50 g, 10.3 mmol) ZfEfE (15 mL) ([ZE2 L. Rk
F4: (100 mg) 2Nz, KFEFRFKT (3 atm) (& CTEfGE TSI L-, MIGKE
EIAMABL, =Z ) —WZTHHH®R, AIREBIET. ¥EL, BHonk
P2 THF-/K (3:1) (20 mL) (2L, U =F /L7 2 (1.67 mL, 12 mmol)
X ' Boc,0 (2.50 mL, 10.9 mmol) % A1z FIRIZ T 2 BefE R Uiz, BOGK % 1
R F LI TAIRL, K. BIRIEALT T =7 LOKIEIR., fafna K DIEICHE
G, BEKEEEET B U U LIS THEES, WIERAZBIET., BE L7, &bkl
BTNV NI T 4= L, BTV n-~F Yy = 14 B
ICTORRLL . S A 65 (2.05 g, 82%) ZEMAMEIRE L CH-,

'H-NMR (CDCls) &: 1.50 (9H, s), 2.75 (2H, t, J = 6.0 Hz), 3.62 (2H, t, J = 6.0 Hz), 4.53
(2H, s), 6.74-6.63 (2H, m), 6.98 (2H, t, J = 6.0 Hz); *C-NMR (CDCls) &: 28.1 (CH,),
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28.5 (3CHs), 42.3 (CHy), 45.6 (CHy), 80.3 [C(CHj3)3], 112.8 (CHyy), 114.2 (CHyy), 125.8
(Car), 129.7 (CHyy), 134.6 (Cu), 154.9 (C=0), 155.2 (C.~OH); IR (ATR) cm™: 3337,
1654, 1435, 1159; MS (FAB) m/z: 250 (M"+H); HRMS (ESI) m/z: 272.12681 (Calcd for
Ci14H19NNaOs: 272.12626); Anal. Caled for C14H19NO3-0.1H,0: C, 66.96; H, 7.71; N,
5.58. Found: C, 66.85; H, 7.58; N, 5.46.

tert-Butyl 7-(trifluoromethanesulfonyl)oxy-3,4-dihydro-1H-isoquinoline-2-
carboxylate (66)

1EE% 65 (2.00 g, 8.00 mmol) Y7 m A% (30mL) (ZEL, FU=F
JLT XY (1.25 mL, 9.00 mmol) ¥ KT N-phenylbis(trifluoromethanesulfonimide)
(Tf,NPh, 3.15 g, 8.8 mmol) Z Iz FIRIC T 24 BRI LT, BfEE. Bonr-
FiEz v VA rnra<x 777 4= L, BHRTF /L p-~FH 2 = 19
HIC TR L, R EA 66 (3.05 g, quant.) & MEAFEIIHMAME & LT,
'H-NMR (CDCl;) &: 1.49 (9H, s), 2.83 (2H, t, J = 6.0 Hz), 3.65 (2H, t, J = 6.0 Hz), 4.58
(2H, s), 7.02 (1H, d, J = 2.4 Hz), 7.06 (1H, dd, J = 2.4, 8.5 Hz), 7.19 (1H, d, J = 8.5
Hz); PC-NMR (CDCl3) &: 28.5 (3CH3), 28.5 (CH,), 40.4 (CH,), 45.8 (CH,), 80.4
[C(CH3)3], 114.9, 117.5, 120.0, 122.6 (CF3), 119.3 (CHy), 123.6 (CHyy), 129.7 (CHyy),
130.6 (Cy), 135.4 (Cy), 147.8 (Ca), 154.7 (C=0); IR (ATR) cm™: 2987, 1670, 1423,
1208; MS (ESI) m/z: 404 (M'+Na); HRMS (ESI) m/z: 404.07421 (Calcd for
CisHisF3sNNaOsS: 404.07555).

tert-Butyl 7-[(E)-3-ethoxy-3-oxo-1-propenyl]-3,4-dihydro-1H-isoquinoline-2-
carboxylate (67)

LA 66 (3.00 g, 7.86 mmol) D7 & ~= kU /L 30mL) FHKIZ. 77 VILEE
— F /b (1.1 mL, 10 mmol), EEEE N7 ¥ 7 & (176 mg, 10 mol%),
tri(o-tolyl)phosphine (530 mg, 1.74 mmol) BEL U ~Y =F /L7 I (2.2 mL, 15.8
mmol) ZMZ 7=, ZOWKERR L, 18 RFEINBGEG L7z, Bk, kT
MZTHRR L, SaREAET 8 = 0 DK, BaF K ORI e, HEK AT
B H U U AT, WIEZIET, MEL, JonikEizs Vs
Nrma~w NTTT7 =L, BTV TPy = 1:10—1: 3 &I
TR L, A 67 (1.59 g, 61%) ZEEMIRME & LT,
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'H-NMR (CDCl;) &: 1.34 (3H, t, J = 7.2 Hz), 1.49 (9H, s), 2.85 (2H, t, J = 5.9 Hz), 3.65
(2H, t, J = 5.9 Hz), 4.26 (2H, q, J = 7.2 Hz), 4.58 (2H, s), 6.40 (1H, d, J = 16.1 Hz),
7.15 (1H, q, J = 8.1 Hz), 7.27-7.42 (2H, m), 7.65 (1H, d, J = 4.3, 16.1 Hz); MS (ESI)
m/z: 354 (M'+Na), 276 (M—tBu).

tert-Butyl 7-(1,2-dihydroxy-3-ethoxy-3-oxopropyl)-3,4-dihydro-1H-isoquinoline-2-
carboxylate (68)

t&% 67 (1.50 g, 452 mmol) Z THF : 7 ~F> ik =1:1:1B0mL) (ZI

fi# L. NMO (1.06 g, 9.0 mmol) 33 X OUEE LA = I 7 2 (115 mg, 10 mol%) % N
X FBIMIZT 7 R Lo, ROSHRICESFHEAREE T - U ¥ A2 0 % Bl — F v
(ZTHIH L, S ey o = v LOKEEIR . B R E K ONEIZ e, KR
T U U LIS THIRES, BIEZBIET, ¥E L, Bohikibzs Va7
sua~ N7 74— L, BERTT )L i n-~FH 2 = 12211 IRHIC TR L
L. BB 68 (1.26 g, 76%) Z HEAJRYE & L THE7-,
'H-NMR (CDCl;) &: 1.30 (3H, t, J = 7.0 Hz), 1.49 (9H, s), 2.71 (1H, d, J = 7.3 Hz),
2.82 (2H, t,J = 5.5 Hz), 3.11 (1H, d, J= 5.5 Hz), 3.63 (2H, t, J= 5.5 Hz), 4.29 (2H, q, J
= 7.0 Hz), 4.34 (1H, dd, J = 5.5, 3.0 Hz), 4.58 (2H, s), 4.99 (1H, dd, J = 7.3, 3.0 Hz),
7.13-7.22 (3H, m); MS (ESI) m/z: 388 (M'+Na).

tert-Butyl 7-formyl-3,4-dihydro-1H-isoquinoline-2-carboxylate (330)

&% 68 (1.20 g, 3.28 mmol) Z# THF : A% /—/L: /K =1:1:136mL) |Z

AR L, WX HHFEEET MY UL (140 g, 6.55 mmol) &Iz IR T 1 BRI
L7, AKICTHRRL, W= F /W THit U, Kk, BRI &K ONRIC Yaig M
KERERT B U w7 MM THR . WEEAZIE T, BELL, BohlEkEEZ T
HATNTa~ 87T T =AU BHRT TV n-F Y = 14 ST
L. LAY 330 (777 mg, 91%) & HEAGHIIRYE & LT,
'H-NMR (CDCl;) &: 1.50 (9H, s), 2.92 (2H, t, J = 5.5 Hz), 3.68 (2H, t, J = 5.5 Hz), 4.65
(2H, s), 7.30 (1H, d, J = 7.5 Hz), 7.63 (1H, s), 7.68 (1H, d, J = 7.5 Hz), 9.97 (1H, s);
PC-NMR (CDCl;) &: 28.5 (3CH3), 29.5 (CH,), 80.3 [C(CHs)s], 127.6 (CH,), 128.0
(CHar), 129.6 (CHar), 134.8 (Car), 135.0 (Car), 142.2 (Cyr), 154.8 (C=0), 191.9 (CHO);
IR (KBr) em™: 3366, 2976, 1690, 1415, 1365, 1159; MS (FAB) m/z: 284 (M +Na).
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tert-Butyl 7-{(E)-[(6-tert-butylthieno[2,3-d]pyrimidin-4-yl)hydrazono|methyl}-3,4-
dihydroisoquinoline-2(1H)-carboxylate (48)

LB 4 DEBIEIZHEN, E RT Y0 14d BEOT LT B K 330 LV Mk
G 48 (17%) = \AMER L L TETZ,
'H-NMR (CDCls) &: 1.51 (18H, s), 2.88 (2H, br), 3.68 (2H, br), 4.63 (2H, s), 7.21 (1H,
d, J= 7.8 Hz), 7.46-7.50 (2H, m), 7.87 (2H, s), 8.45 (1H, s); *C-NMR (CDCl;) &: 28.5
(3CH3), 29.1 (CHy), 32.0 (3CH3), 35.2 [C(CHs3);3], 40.5 (CHy), 46.0 (CH»), 80.0
[C(CH3)s3], 116.0 (Cy), 116.0 (CHyy), 124.2 (CHyy), 125.1 (CHyy), 129.4 (CHy), 132.3
(Car), 134.5 (Cqp), 135.0 (Cap), 136.9 (Cyr), 142.4 (CH-N), 152.1 (CHyy), 154.6 (Co-N),
154.8 (C=0), 169.2 (Cy); IR (KBr) cm™: 2962, 1695, 1562, 1425 ,1163; MS (FAB) m/z:
466 (M'+H). HRMS (ESI) m/z: 466.22667 (Calcd for CsH3,N50,S: 466.22767); Anal.
Calcd for Cy5H31Ns50,S: C, 64.49; H, 6.71; N, 15.04; S, 6.89. Found: C, 63.74; H, 6.66;
N, 14.38; S, 6.93.

1,2,3,4-Tetrahydroisoquinoline-7-carbaldehyde (6-fert-butylthieno[2,3-d]pyrimidin-
4-yl)hydrazone hydrochloride (49)

LG 6 DERIEIZIE, {LEWY 48 L VIFEFLILEY 49 (97%) % HEAEA -
Wl & L7,
"H-NMR (CD;OD) &: 1.52 (9H, s), 3.21 (2H, t, J = 6.3 Hz), 3.56 (2H, t, J = 6.3 Hz),
4.46 (2H, s), 7.41 (1H, d, J = 7.8 Hz), 7.80 (1H, s), 7.88 (1H, s), 791 (2H, d, J= 7.8
Hz), 8.55 (1H, s), 8.59 (1H, s); >C-NMR (CD;OD) &: 26.3 (CH,), 32.3 (3CH3), 36.7
[C(CHj3)s], 42.6 (CHy), 45.7 (CH,), 115.0 (CHy), 116.4 (Cy), 128.1 (CHyy), 128.9 (Cyy),
130.4 (CH-N), 131.0 (2CHy), 133.3 (Cq), 136.8 (Car), 143.7 (Car), 147.8 (Ca-N), 153.2
(CHyy), 167.0 (Cy); IR (KBr) cm™: 2627, 1641, 1587; MS (FAB) m/z: 366 (M'+H).
HRMS (ESI) m/z: 366.17704 (Caled for Cy0H24NsS: 366.17524); Anal. Caled for
C20H23NsS-1.9HCI-0.75H,0: C, 53.59; H, 5.94; CI, 15.03; N, 15.62; S, 7.15. Found: C,
53.71; H, 5.85; Cl, 14.93; N, 15.69; S, 7.16.; mp: 204-206°C (dec.).
tert-Butyl 6-hydroxy-3,4-dihydroisoquinoline-2(1H)-carboxylate (70) *’ )
ik @ 6-hydroxy-1,2,3,4-tetrahydroisoquinoline 69 (500 mg, 2.17 mmol) & U =
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FT7 2 (0.40 mL, 2.85 mmol) % THF (7.5mL) ([ZIAfE L. /K 2.5mL) BL O
Boc,0 (569 mg, 2.61 mmol) Z %, SEIEIZT 24 B L7z, SOGR & K=
FNZTHIR L, K, fAFELT &= 2OKIEIK., faFnAE K ONEIC BEE
BRI U U LT THERE, WIEABIET, BE L7, BonckEs s
VAT nrua<s v777 44—l B F )L n-~FHhr = 111 BHIC
TR L, Ei{bE% 70 (493 mg, 91%) % EBIHERME & L CTET-,

'H NMR (CDCl) &: 1.49 (9H, s), 2.77 (2H, t, J= 5.9 Hz), 3.61 (2H, t, J = 5.9 Hz), 4.49
(2H, s), 4.95 (1H, s), 6.62 (1H, s), 6.67 (1H, t, J = 8.3 Hz), 6.96 (1H, t, J = 8.3 Hz); MS
(ESI) m/z: 272 (M'+Na).

tert-Butyl 6-(trifluoromethanesulfonyl)oxy-3,4-dihydroisoquinoline-2(1H)-

carboxylate (71) )

LG 66 DA FIEICHEV, {LE 70 K VGG 71 (quant.) % HEEFEH]
HRWE & LT,
'H NMR (CDCl5) &: 1.49 (9H, s), 2.85 (2H, t, J = 6.0 Hz), 3.64 (2H, t, J = 6.0 Hz), 4.57
(2H, s), 7.05 (1H, d, J = 2.4 Hz), 7.08 (1H, dd, J = 2.4, 8.5 Hz), 7.15 (1H, d, J = 8.5
Hz); IR (ATR) cm™: 2979, 1693, 1663, 1418, 1205, 1130; MS (ESI) m/z: 404 (M"+Na),
326 (M+—tBu); HRMS (ESI) m/z: 404.07534 (Calcd for CsHsF3NNaOsS: 404.07555).

tert-Butyl 6-[(1E)-3-ethoxy-3-oxoprop-1-en-1-yl|-3,4-dihydroisoquinoline-2(1H)-
carboxylate (72)

LB 67 DERIEITHEN, (LG 71 X 0 AERU LG 72 (18%) A sz A
WE & LT,
"H NMR (CDCl;) &: 1.34 (3H, t, J = 7.3 Hz), 1.49 (9H, s), 2.85 (2H, m), 3.65 (2H, m),
4.26 (2H, q, J = 7.3 Hz), 4.58 (2H, s), 6.41 (1H, d, J = 16.1 Hz), 7.12 (1H, d, J = 8.1
Hz), 7.29 (1H, s), 7.35 (1H, d, J = 8.1 Hz), 7.64 (1H, d, J = 16.1 Hz); MS (FAB) m/z:
332 (M'+H).

tert-Butyl 6-formyl-3,4-dihydro-2(1H)-isoquinolinecarboxylate (33p)

LA 72 (309 mg, 0.93 mmol)% THF (4.0 mL) (ZEfE L. /K (2.0 mL) Zhix
77o W LA A I =7 A (2.4 mg, 1mol%) ZHZ. 50°CITTHIL L, KIS
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Wi E v R S U A (398 mg, 1.86 mmol) A ETOMZ, [FIEEIZT3.S
REfEIFE PR U7, ROGHKE TH#., fafndimimg ) MY v LKERE Iz, Big= /1
[ZTHIH L. K - &3 CUei Lz, A2 BKAEET R U 7 ALY
Wl S, WA TR Lz, BonkEE U b S v~ N T T ¢
—IZfT U e~ FERE TV =401 I L 0SS N0 ARG L.
Ak A 33p (111.7 mg, 46%) % HEGREIA L L T2,

'H-NMR (CDCl;) &: 1.50 (9H, s), 2.92 (2H, t, J = 5.8 Hz), 3.68 (2H, t, J = 5.8 Hz), 4.65
(2H, s), 7.28 (1H, d, J = 7.3 Hz), 7.66 (1H, s), 7.69 (1H, d, J = 7.3 Hz), 9.96 (1H, s);
MS (FAB) m/z: 262 (M'+H).

1,2,3,4-Tetrahydroisoquinoline-6-carbaldehyde (6-terz-butylthieno|2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (50)

LAY 4 DERRIEICHIEN, ERTIP 14d BT LT F33p Lo R

VR EAREKLE LTHTZ, LAY 6 DGRV, Bohice FI Y v
RIZ 4 BUEHERE-V A4 %90 2 EH S Boc ZE & ifR# L. L& 50 (72%)
g AR - MR & LTI Tz,
'H NMR (CD;0D) &: 1.53 (9H, s), 3.24 (2H, t, J = 6.3 Hz), 3.57 (2H, t, J = 6.3 Hz),
4.45 (2H, s), 7.38 (1H, d, J = 7.8 Hz), 7.84 (1H, s), 7.88 (1H, d, J = 7.8 Hz), 7.89 (1H,
s), 8.54 (1H, s), 8.60 (1H, br); *C-NMR (CD;OD) &: 26.1 (CH,), 32.3 (3CH3), 36.7
[C(CHs)s], 42.8 (CH>), 45.8 (CHy), 115.1 (CHy), 116.5 (Car), 127.8 (CHyy), 128.8 (Cyr),
130.1 (CHyr), 133.0 (Cy), 133.9 (CH-N), 134.2 (Cy), 143.9 (Cy), 147.5 (Cy), 153.4
(CH,y), 162.4 (Co-N), 167.3 (Ca); IR (ATR) cm™: 2790, 1635, 1587, 1091; MS (FAB)
m/z: 366 (M'+H); HRMS (ESI) m/z: 366.17526 (Caled for Cp0HauNsS: 366.17524);
Anal. Caled for Cy0H23NsS-2.25HCI-2H,0: C, 49.68; H, 6.10; Cl, 16.50; N, 14.48; S,
6.63. Found: C, 49.89; H, 5.79; Cl, 16.68; N, 14.40; S, 6.66; mp: 232-234°C (dec.).
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NG EADES

LR L TE AR

Wih Oz EMRBRO =0 ALEWD 500 pg/mL (A X /) —/: T+ b=k UL
= 50:50) WREHM L7, ZOREBR 1#R. B2 &% pH 4.0 HEREFR TR
T 200 fEFRIR LT, AT T T 4N A —TAhil, EEBIGELT, 37CT
A FaX— 3L, BEFICHPLC A L CEGFEEZHE Lz, (BE ;25
ug/mL) ,

E L (HPLC-UV) [ TN FOFRMBEZMEH Lz, 77 A Waters Xterra RP18, 2.1
mm ¢ X 10 cm, 3.5 um, BE)FH: 25 mM pH 6.8 VU U EFEEHR: 7T h=FU /L =
65:35, 4 7 LIEE: 40°C, WiE: 0.3 mL/min, A &: 3~7 pL, BHHEE : 210 nm
¥ LY 340 nm,

E L (LC-MS) (ZEL FOEMEEMEH LT, 777 2 Waters Xterra RP18, 2.1 mm
¢ X5cm, 3.5 um, BEFE: 10 mM pH 6.8 FHERE T > &= A —FERSREMER: 7 & k
= MU/ =60:40, & DOfh, HPLC-UV & [Al£k, MS #H25: ThermoQuest LCQ,
A Z > {tik: Electron spray ionization (ESI), & ¥ &°7 U —RJE: 250°C, A ¥ v
{%: Positive scan (M.W. 100 — 400)

1,3-Thiazole-2-carbaldehyde  (6-fer-butylthieno[2,3-d|pyrimidin-4-yl)hydrazone
®)

B W 1 OBRIEICHEN, B RT7 V0 14d BRI 13-F7 YV —/1-2-7
JVART AT E R 73a LV EERMEE Y 8 (41%) Z Ak s L THT,
"H-NMR (CD;O0D) &: 1.52 (9H, s), 7.66 (1H, d, J = 3.4 Hz), 7.87 (1H, br), 7.99 (1H, d,
J = 3.4Hz), 8.35 (1H, s), 8.42 (I1H, s); "C-NMR (DMSO-ds) &: 31.4 (3CH3), 34.5
[C(CH3)3], 115.0 (CHy), 115.5 (Cqar), 120.7 (CHgy), 137.3 (CH-N), 143.7 (CHy), 151.9
(Car), 152.1 (Co-N), 153.9 (CHyy), 164.2 (Cu), 167.9 (C.); IR (ATR) cm™: 2968, 1552,
1431, 1354, 1124; MS (EI) m/z: 317 (M"); HRMS (ESI) m/z: 318.08234 (Calcd for
C14H16N5S,: 318.08471); Anal. Caled for Ci4H 5NsS,: C, 52.97; H, 4.76; N, 22.06; S,
20.20. Found: C, 52.77; H, 4.83; N, 21.83; S, 20.33.; mp: 232.5-234°C.
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1,3-Thiazole-4-carbaldehyde  (6-tert-butylthieno|2,3-d|pyrimidin-4-yl)hydrazone
(74)

LE¥ 8 DARIEICHE, B RTZ V0 14d BEX W 1,3-F7 Y — -4 VKT
LT R 73b X WS LAY T4 (59%) ZHHEE AR & LTS T,
'H-NMR (CDCl3) &: 1.50 (9H, s), 7.74 (1H, s), 7.87 (1H, s), 8.13(1H, s), 8.51 (1H, s),
8.88 (1H, s), 8.98 (1H, br); *C-NMR (DMSO-dj) &: 31.6 (3CH3), 34.6 [C(CH3)3], 115.0
(CHy), 116.6 (Cyp), 137.8 (CH-N), 151.9 (CHy), 152.4 (Cy-N), 153.0 (Cy), 154.6
(Ca-N), 155.1 (CH,,), 167.7 (Car); IR (ATR) cm™: 2960, 1562, 1442; MS (FAB) m/z:
318 (M'+H); HRMS (ESI) m/z: 318.08587 (Calcd for C;4H¢NsSy: 318.08471); Anal.
Calcd for C14H;5NsS;,: C, 52.97; H, 4.76; N, 22.06; S, 20.20. Found: C, 53.06; H, 4.68;
N, 21.90; S, 20.17.; mp: 210-211°C.

1,3-Thiazole-5-carbaldehyde  (6-tert-butylthieno|2,3-d|pyrimidin-4-yl)hydrazone
(75)

a8 DARIEICHE, B RTZ V0 14d BEX W 1,3-F7 Y —L-5-I0VRT
T e R 73¢ L IELAWY 75 (85%) % EfalEik & L T,
'H-NMR (CDCls) &: 1.52 (9H, s), 7.77 (1H, s), 8.03 (1H, s), 8.11 (1H, s), 8.50 (1H, s),
8.84 (1H, s); >C-NMR (DMSO-dq) &: 31.6 (3CH3), 34.7 [C(CH3)3], 114.8 (CHy), 115.9
(Car), 135.3 (CH-N), 135.7 (Cy), 144.4 (CHyy), 152.4 (CHyy), 153.3 (Ci-N), 154.3 (Cyy),
155.2 (CHyy), 167.9 (Ca); IR (ATR) cm™: 1550, 1427, 1109; MS (FAB) m/z: 318 (M");
HRMS (ESI) m/z: 318.08159 (Calcd for Ci4H;¢NsS,: 318.08471); Anal. Calced for
Ci14H1sNsS»: C, 52.97; H, 4.76; N, 22.06; S, 20.20. Found: C, 53.22; H, 4.67; N, 22.07;
S, 20.28.; mp: 270-271°C.

4-| N-(tert-Butoxycarbonyl)- V-methylaminomethyl]thiaozle (96a)

il ® 4-methylthiazole 95a (3.0 g, 30.25 mmol) % MUt VEEFE (60 mL) (ZiAfE
L.N-7aER7 43I K (NBS,5.6g 31.77 mmol), 2,2-7 VY EAA Y7 Fu
= K UL (AIBN, 250 mg, 1.51 mmol) Z 1%, 90°C |ZC 30 4y EANEGENE L7z,
BOSIRZ SRS L, 7 A4 AR LT, AREFREENN 13 &E2bHF
TREEME L., SN2 H 7 0 K% THF (15 mL) SR L=, Z OWRIK %K
BmTIC, AF T 2 (2M-THF #AR) (45 mL, 90.75 mmol) &iE~H F L. =Ei&
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(2T 18 WEfEEE L7, RUSK T#, FriifEiflz AR L, A2 UETRE L7,

BN 7-FH % THF (60 mL) (Z¥Af# L. BocyO (6.9 mL, 30.25 mmol), kU =5

VT XY (4.6mL,33.28 mmol) AN Z., ZIRIZ T S R L7z, Al L7z @R
BAEL, AIREWIEEN LT, SonicEiEs sV rvrsa~ 7o 7 4

— TP L, n~F W U Fi =TV =301 AR L D 15 D AT 40 ) A YR R L
LA 96a (2.41 g, 35%) = EHAMIRME L LT,

'H-NMR (CDCls) &: 1.46 (9H, s), 2.94 (3H, s), 4.58 (2H, s), 7.12 (1H, s), 8.74 (1H, d, J
= 2.2 Hz); PC-NMR (CDCls) &: 28.4 (3CH3), 34.7 (CH3), 49.2 (CH,), 79.8 [C(CH3)s],
114.2 (CHy), 154.1 (CHy), 154.9 (Cy), 155.6 (C=0); IR (ATR) cm™': 2976, 1686, 1390,
1142; MS (ESI) m/z: 251 (M'+Na); MS (FAB) m/z: 229 (M'+H); HRMS (ESI) m/z:

229.10345 (Calcd for C1oH;7N,0,S: 229.10107).

4-| N-(tert-Butoxycarbonyl)- V-methylaminomethyl|thiazole-2-carboxaldehyde
(73d)

n-7F U F 7 A (1.52 mol n-~F % IEHR) (3.02 mL, 4.60 mmol) % ¥ F /L
T—7 L (10.0 mL) (Z¥ME L. -78°C 12 T{LAH 96a (1.0 g, 4.38 mmol) D= F
T —7 L (10.0 mL) Rz F Lic, RHREEIZ T 1 REEE# L. N-Rr v
FE)LARY (462 uL, 4.60 mmol) Z i T L7, & ICHIRE S 7028 5-5°C 12T 20
RFf IR R U 7o, BOSIRICEIRRBE KR T N U U AR Z Nz, BEfg—F iz T
U, Al Z fa K CHeir e, BRI T B U U A TR L7z, JBUE
TR E R L%, BoniEmikez v Vs a~ N7 57 4 —IZfF L, n-~F
P UFRR T TV = 41 TR DA DAL Ay A )RR L. A kA 73d
(392.7 mg, 35%) % EHAFEHMRYE & L THET,
'H-NMR (CDCls) &: 1.47 (9H, s), 2.98 (3H, s), 4.62 (2H, s), 7.48—7.58 (1H, br), 9.97
(1H, s); PC-NMR (CDCl3) &: 28.4 (3CHs), 34.9 (CH3), 48.4, 49.1 (CH,), 80.2
[C(CH3)3], 122.0, 123.0 (CH,y), 155.4, 155.9 (Cy), 157.3 (C=0), 165.7 (Ca), 183.7
(CHO); IR (ATR) cm™: 2975, 2931, 2847, 1683, 1390, 1365, 1141; MS (EI) m/z: 256
(M"); HRMS (EI) m/z: 256.08964 (Calcd for C;;H ¢N,03S: 256.08816).

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-zert-butylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (76)
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LAY 4 OGRIEIZIENY, ERTFTV 1A BLOT AT E R73d L0
b RV U RERAGEIRE U TRz W TH =B A 6 DA IEIZIE,
Bohizt RT7Y AR 4 BIEHERE-U A4 X5 0 2 EH &8 Boc M & ifRA#E L.
IERLALB) 76 (56%) Z PR A AEA - HEEH & L7,
'H-NMR (DMSO-dq) &: 1.47 (9H, s), 2.61 (3H, br), 4.28 (2H, d, J = 4.4 Hz), 7.83 (1H,
s), 7.92 (1H, s), 8.49 (1H, s), 8.54 (1H, s), 9.25 (1H, br); *C-NMR (DMSO-dq) &: 31.3
(3CH3), 32.2 [C(CH3)3], 34.6 (CH3), 46.4 (CH,), 115.3 (C,p), 115.4, 115.6 (CHyy), 121.2,
121.4 (CH,y), 138.5 (CH-N), 148.0 (Cy), 150.3 (Car), 152.6 (Co-N), 154.9 (CHy,), 164.5
(Car), 166.4 (C,); IR (ATR) ecm™: 2359, 1801, 1560, 1417; MS (FAB) m/z: 361 (M+H);
HRMS (ESI) m/z: 361.12640 (Calcd for Ci6H21NeSz: 361.12691); Anal. Caled for
C16H20NgS,-2HCI-0.25H,0: C, 43.88; H, 5.18; Cl, 16.19; N, 19.19; S, 14.64. Found: C,
43.67; H, 5.05; Cl, 15.99; N, 18.95; S, 14.56.; mp: 227-229°C (dec.).

5-| N-(tert-Butoxycarbonyl)-/N-methylaminomethyl]thiaozle (96b)

BB 96a DA RRIEIZHEVY, T 5-methylthiazole 95b L Y fZEE{LA4) 96b
(57%) ZHEOaMRpE & L THT,
'H-NMR (CDCls) &: 1.50 (9H, s), 2.85 (3H, s), 4.5 (2H, s), 7.73 (1H, s), 8.73 (1H, s);
MS (FAB) m/z: 229 (M"+H).

5-[V-(tert-Butoxycarbonyl)-/N-methylaminomethyl]thiazole-2-carboxaldehyde (73e)
LB 73d DAL, LB 96b L 0 IEFLILEW T3e (32%) % Bt

RE & L TR,

'H-NMR (CDCls) &: 1.50 (9H, s), 2.90 (3H, s), 4.63 (2H, s), 7.93 (1H, s), 9.94 (1H, s);

MS (EI) m/z: 256 (M").

5-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-zer-butylthieno|2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (77)

LB 76 DEFIEICHEN, B RTVU MAdBLOT AT E R73e LV B RT
VAR EBRENIRE L LT, Bt TR R Y UARIC 4 BUERRE- A %%
Z/EH & Boc 2z il fi L, IEiLIb W 77 81%) Z i talfiis - Mkt & LT

57
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'H-NMR (DMSO-ds) &: 1.47 (9H, s), 2.58 (3H, br), 4.48 (2H, br), 7.82 (1H, s), 8.07
(1H, s), 8.50 (1H, br), 8.53 (1H, s), 9.44 (1H, br), 9.52 (1H, br); *C-NMR (DMSO-ds)
d: 31.4 (3CH3), 31.6 (CH3), 34.9 [C(CH3)s], 42.5 (CH3), 115.3 (Cyr), 115.6 (CHyy), 129.7
(CHy), 129.8 (Cqr), 138.6 (Cyp), 146.6 (CH-N), 151.7 (Cy-N), 157.9 (CHy), 165.3 (Cy),
165.5 (Ca); IR (ATR) cm™: 2665, 1637, 1591, 1101; MS (ESI) m/z: 361 (M™+H);
HRMS (ESI) m/z: 361.12789 (Calcd for CicH2NgS,: 361.12691); Anal. Calcd for
Ci6H20N6S2-2HCI-0.5H,0: C, 43.44; H, 5.24; Cl, 16.03; N, 18.99; S, 14.50. Found: C,
43.71; H, 5.14; Cl, 15.74; N, 18.74; S, 14.37.; mp: 238-240°C (dec.).

4-(Dimethylaminomethyl)thiazole-2-carbaldehyde (73f)

A% 73d DA RRIEIZHEN, TR D 4-(dimethylaminomethyl)thiazole 96¢ J ¥ 2
SALBW 731 (44%) B IRE & L TR,
'H-NMR (CDCl3) &: 2.32 (6H, s), 3.69 (2H, s), 7.58 (1H, s), 10.00 (1H, s); MS (FAB)
m/z: 171 (M'+H).

4-(Dimethylaminomethyl)thiazole-2-carbaldehyde (6-fert-butylthieno[2,3-d]|-
pyrimidin-4-yl)hydrazone (78)

LB 8 DERIEIZHEN, B TV 14d BL T VT & K 73f L0 R LA
Y78 21%) ZEAERE L THk,
'H-NMR (CDCl3) &: 1.52 (9H, s), 2.33 (6H, s), 3.63 (2H, s), 7.20 (1H, s), 3.75 (2H, s),
7.84 (1H, s), 8.14 (1H, s), 8.52 (1H, s); *C-NMR (DMSO-ds) &: 31.3 (3CH3), 34.5
[C(CHs;)3], 44.5 (2CHs), 58.2 (CHy), 115.0 (CHy), 115.6 (C,), 116.9 (CHy), 137.3
(CH-N), 151.9 (Cqy), 152.2 (Cy-N), 153.9 (Cqr), 155.1 (CHyr), 163.3 (Car), 167.8 (Car);
IR (ATR) cm™: 2964, 1549, 1421, 1169; MS (FAB) m/z: 375 (M'+H); HRMS (ESI) m/z:
375.14159 (Caled for C17H23NeS;: 375.14256); Anal. Calcd for Ci7H2oNgS: C, 54.52; H,
5.92; N, 22.44; S, 17.12. Found: C, 54.66; H, 5.89; N, 22.44; S, 17.09.; mp: 192-193°C.

2-{[2-({|tert-Butyl(diphenyl)silyl]oxy}methyl)-1,3-thiazol-4-yl|methyl}-1 H-isoindole

-1,3(2H)-dione (98)
Sinha & D J71E N2 X W AR L 7= ethyl 2-({[tert-butyl(diphenyl)silylJoxy} methyl)-
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1,3-thiazole-4-carboxylate 97 (748.3 mg, 1.76 mmol) % THF (14 mL) (2R L. K
7 N2 LAH (67 mg, 1.76 mmol) ZA0Z . [FENREIC T 1 Ref#R Lo, RN A
KL, A%/ —/b (02 mL), /K (0.1 mL), 15%/KE&{LF ~ VU 7 L/KIEHE (0.1
mL), 7K (0.3 mL) DONAEIZI X SRR L 2 REfEiREE L7z, REmEE 74 A
. AIREBRHETREMEL, GoniEEr sV a5~ 777 40—
fFL. ATV FRT T L = 2:1-1:1 W B8 5 17240 2 R G L.
B O T-FEE %A THF (20 mL) (ZIEfE LT-, T ORI 7 # v A 2 K (154.4 mg,
1.05mmol), FV 7 x==/LARAT 1> (275.3 mg, 1.05 mmol), 7~ /LK fig
YT F )L (165 uL, 1.05 mmol) # N %, =IRIZ T 4.5 BRI L7z, SOGHR & 5
JERAE L, Son@iEas s VA rsa~ 7T 70—t L, n-~FH o
FEfe = F /L = 2:1 EWHED B O 0B 2 R L. R b5 98 (441.9
mg, 49%) A EEAREK L L TR,

'H NMR (CDCl3) 8: 1.10 (9H, s), 4.91 (2H, s), 4.94 (2H, s), 7.17 (1H, s), 7.34-7.42 (6H,
m), 7.64-7.78 (8H, m), 7.85-7.88 (2H, m); MS (FAB) m/z: 513 (M™+H).

tert-Butyl (2-formyl-1,3-thiazol-5-yl)carbamate (73g)

{bE% 97 (441.9 mg, 0.86 mmol) 2T % / —/L (44mL) AL, B RT Vv
1 k%% (0.95 mL, 1.89 mmol) ZA0x . =T 2 KeffiiE Lo, ROSKIZY 7
nuAX Y (44ml), fafimEEKFET B U U LKER (4.4 mL), Boc,O (0.65 mL,
2.84 mmol) Z/MZz, FIRICT2RFMFELE L, RINKA T 7 mr A% T
L. R & fafn K el g, BOKEiEE T b U U A CHnlg Uiz, UL FIE
AR I BonEEE Y BV a~ NI T 7 40— L, n-~F P
HEfg—F /L = 4:1 WHERD 45 5 AV 43 B 2 8 E A L. N-Boc {& (181.1 mg,
44%) ZIAJRYE & L7, 5 547z N-Boc {& % THF (1.8 mL) Z¥fi# L |
JK# TIZ TBAF (1.0M-THF &%) (0.37 mL, 0.37 mmol) Z /1%, ZIEIZT 16 FEf
R LT, ISR ERERGE L, foniEZE&z vV a5 vra~ N7 o7 4
—IZfF L. Z maRb A A S ) —)b =20:1 IRHEEED B S AV T2 40 18 & s A
L. &zl a2l bRFE (1 mL) (SR LT-, Z OERICIEEE MnO,
(160 mg) ANz, 60°C IZT 4.5 KFE#E L1z, RIS A =RICRE L, N %
T4 A%, AREABERME L T, E bE4 98 (41.3 mg, 20%) % wE Al
W & LT,
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'H NMR (CDCls) &: 1.46 (9H, s), 4.52 (2H, d, J = 6.1 Hz), 5.19 (1H, br), 7.59 (1H, s),
9.96 (1H, s); MS (EI) m/z: 242 (M").

4-(Aminomethyl)thiazole-2-carbaldehyde (6-fert-butylthieno|2,3-d]-pyrimidin-4-
yl)hydrazone hydrochloride (79)

LAY 76 DERIEIZHEN, E KTV A BLIOT LT E RT3g L R

VR ERE, RO TE BT Y AR 4 HUEHRER- A % Y 2B & Boc £ %
ifei L. fREL B 79 (49%) ZWa il « et & L TR,
'H NMR (DMSO-ds) 8: 1.47 (9H, s), 4.18 (2H, br), 7.87 (1H, br), 7.88 (1H, s), 8.49 (3H,
br), 8.53 (1H, s); "C-NMR (DMSO-ds) &: 31.3 (3CH3), 34.6 [C(CH3)3], 39.0 (CH,),
115.2 (CHy), 115.5 (Cy), 119.6 (CHyy), 137.7 (CH-N), 149.7 (CHy), 151.0 (Cy-N),
151.3 (Cap), 153.1 (Cap), 154.5 (Cyr), 164.5 (Ca); IR (ATR) cm™: 2615, 1637, 1508,
1107; MS (FAB) m/z: 347 (M'+H); HRMS (ESI) m/z: 347.11089 (Caled for
Ci5H19N6S2: 347.11126); Anal. Caled for CisH;sNeS,-2HCI1-0.5H,0: C, 42.05; H, 4.94;
Cl, 16.55; N, 19.62; S, 14.97. Found: C, 42.27; H, 4.65; Cl, 16.74; N, 19.32; S, 14.69.;
mp: 264-266°C (dec.).

2-Hydroxymethyl-4-(1-phthalimidoethyl)thiazole (101a)°”

il @ N-phtahloyl-DL-alanine 9a (2.19 g, 10 mmol) (Z DMF (2 i) 35 & QM LT
F =/ (1.09 mL, 15 mmol) ZA0x . 30 7rRNEGEGE Lo, OS2 B TR
L. f&i&E% THF (10 mL) [ZIEMELTc, ZOWKEKEG T, U AFL Y LY
T AL (2.0M-n-~FH UVEHR) (12.5 mL, 25 mmol) @ THF (25 mL) {AKIZ
INZ 0°C T 18 Wi HR L7z, ROSHR AL FigfE L, REICy=F ro=—7 b
(30 mL) 3 X OEFIIREEKSFE T R U v AK (30 mL) N7z, @A,
Kigz vy =F o —7/0 30mL) THIt L7-, AHE %2 HbH, fafnRiEK (30
mL) TPk, EKRET N UL TEE L, BETEREZEER, GO0
B E VDTN I T A ra~ NTTT7 40— L, n-~F U EBR T L
= 2:1 WHER L 0 157243 | & £ L. 1-diazo-3-phthalimidobutan-2-one (2.35 g,
97%) ZFEMIRME & LTHE, BT V11K (049 g, 2.0 mmol) DT =
FNT—7 )b (10 mL) IERIZKAE T, 47%FbKFE KA (0.28 mL, 2.4 mmol)
Z N Z L 2R T 50 3 R R U7z, BOGR 2 fafn gk €7 R U 0 LK THIRIE
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“EESEEL-, KEEY T r=—7L 20 mL) CTHiIH L, AigEE A& b
RN RIEK (20 mL) TUEAE., MOKRREET NV ¥ A TR Lo, WUE T A
BMEL, Bz /) —/L 20 mL) ([ZIfE L. Sinha 505 N2 L v AL
7= 2-(tert-butyldiphenylsilyloxy)thioacetamide 100 (0.66 g, 2.0 mmol) %Nz, 12 IF
EUINBGERE UTe, ROSRZ BT FIfE L, 2R ICEEE =T /L (20 mL) 3 X O
FRERAKTFET B Y 7 Ak (40 mL) 21z 7z, " EaodEL. KEZEmRT T L
(20 mL) THith L7z, A x Hbw, fafn K (20 mL) TUHEHE. KR
B N O LATREL, BIETREZEEL, GonEEL> U b7y
Fhrua~w NI TT7 4= L, n-~F Y BT TV = 23 IEHEE D 57
Oy 2 RS L. B b A% 101a (0.4 g, 69%) Z S GIIRME & L TH7=,
'H-NMR (CDCls) &: 1.92 (3H, d, J= 7.3 Hz), 2.60 (1H, br), 4.85 (2H, s), 5.66 (1H, q, J
=7.3 Hz), 7.24 (1H, s), 7.69-7.72 (2H, m), 7.81-7.84 (2H, m).

4-[1-(N-tert-Butoxycarbonylamino)ethyl]-2-hydroxymethylthiazole (102a)

{EE% 101a (0.4 g, 1.39 mmol) =% /—/L (10 mL) ¥ERICE RZ T2 1K
% (0.2mL, 4.17 mmol) Z Nz, =RIE T | BRI Lz, BOUGNER % BUE T i fE
L, EC7aadR Vv izl £ UTRILEBYE ARk, AHREBITE T iR
L7z, 7% THF (5 mL) (2% f# L. Boc,O (0.33 g, 1.5 mmol) #/Nx, FEIET 1
RFFEIIR R Lo, PO Z T TiRME L, B oNEL >V W TN DT LR
<~ NI T 7 4=l 7R AR ) —)v =40:1 WHES X D 15 7- 50 &
TRE AR L. A 102a (0.32 g, 89%) A EEAHRME L L TET-,
'H-NMR (CDCls) 8: 1.44 (9H, s), 1.48 (3H, d, J = 6.9 Hz), 2.90 (1H, br), 4.92 (3H, m),
5.09 (1H, br), 7.05 (1H, s).

4-[1-(N-tert-Butoxycarbonylamino)ethyl]thiazole-2-carboxaldehyde (73h)

{EA% 102a (032 g, 1.24 mmol) @7 r AR/l A (10 mL) WIKIZTENE MnO,
(0.5 g) ZhNx., 18.5 ReffIINEEE L7z, RIGHKEZE T A AL, AIKZRTE
TEME L, SonEBEE2S VSN DT Lrsu~v NI TF 7 4 —ITff L, 7
MRV L AL =)L =100:1 EEHE X VSRS 2 TR L. AR bR
73h (0.26 g, 82%) Z B AMLIRME & L TR,

'H-NMR (CDCl;) 8: 1.44 (9H, s), 1.56 (3H, d, J = 6.8 Hz), 5.01 (1H, br), 5.09 (1H, br),
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7.53 (1H, s), 9.95 (1H, d, J= 1.3 Hz).

4-(1-Aminoethyl)-1,3-thiazole-2-carbaldehyde (6-fert-butylthieno[2,3-d]pyrimidin-
4-yh)hydrazone hydrochloride (80)

LB 76 DERIEIZHEN, B RT YV 4d BL T VT R 73h LY IERE(L
B 80 (47%) Z wralEAR - HERIE & LTS 7,
'H-NMR (DMSO-de) &: 1.46 (9H, s), 1.57 (3H, d, J = 6.8 Hz), 4.57-4.61 (1H, m), 7.87
(2H, br), 8.52 (4H, br); "C-NMR (DMSO-ds) &: 18.8 (CH3), 31.8 (3CH3), 35.1
[C(CHs)s3], 46.2 (CHy), 115.8 (2CHy), 118.1 (Cyp), 137.5 (CH-N), 151.9 (C,-N), 154.1
(Car), 154.8 (CHyy), 155.2 (Cap), 165.5 (Cap), 168.1 (Cu); IR (KBr) em™: 3338, 1631,
1587, 1552, 1504, 1421, 1367, 1338; MS (FAB) m/z: 361 (M'+1); HRMS (ESI) m/z:
361.12668 (Calcd for C16H21NeS2: 361.12691); Anal. Caled for Ci6H20N6S,-2.4HCI-
1.75H,0: C, 40.08; H, 5.44; Cl1, 17.74; N, 17.59; S, 13.37. Found: C, 40.34; H, 5.25; Cl,
17.92; N, 17.74.; S, 13.43; mp: 214-217°C (dec.).

N-Phthaloyl-2-aminobutyric Acid (99b)

MR @ 2-aminobutyric acid 103 (10.3 g, 100 mmol) 35 X OMEAK 7 # LR (14.8 g,
100 mmol) OIEGEY) % 120°C T 4 FffEEE Lo, ISKIZZ v r AL (50 mL)
N %. 1 SRS (50 mL) 2z /=, “EEoEEL. KEx 7 ank
b2 (50mLx2) THith L7z, A A&, fafaE/K (100 mL) CTHEARDE
ik, BoKBRlE T U U A THEE Uz, BE T2 8 E L RS bS89 99b (23
g, 99%) ZHEAMRME & LT,

'H-NMR (400 MHz, CDCls) & : .95 (3H, t, J = 7.4 Hz), 2.25-2.32 (2H, m), 4.81-4.85
(1H, m), 7.73-7.75 (2H, m), 7.86-7.88 (2H, m).

2-Hydroxymethyl-4-(1-phthalimidopropyl)thiazole (101b)

LAY 101a DEFIEIZHEN, IR UEEI9D BLOTF AT & F7 I K100 X
D EERLAE AW 101b (60%) ZHBEHRWE & L TR,
'H-NMR (CDCl;) &: 1.00 (3H, t, J = 7.4 Hz), 2.32-2.39 (1H, m), 2.47-2.55 (1H, m),
2.63 (1H, br), 4.85 (2H, s), 5.44 (1H, q, J = 4.2 Hz), 7.26 (1H, s), 7.70-7.72 (2H, m),
7.82-7.84 (2H, m).

118



4-[1-(N-tert-Butoxycarbonylamino)propyl]-2-hydroxymethylthiazole (102b)

LAY 102a DA REIZHEV, L&Y 101b L Y ZFE(LAY) 102b (quant.) %18
BHRE & L TR
'H-NMR (CDCl;) & : 0.87 (3H, t, J= 7.3 Hz), 1.47 (9H, s), 1.81-1.90 (2H, m), 2.82 (1H,
br), 4.67 (1H, brd, J=7.1 Hz), 4.91 (2H, s), 5.12 (1H, br), 7.05 (1H, s).

4-[1-(/N-tert-Butoxycarbonylamino)propyl]thiazole-2-carboxaldehyde (73i)

EE 9 73h OEFIEICHEN ., LAY 102b KV IEFELEY 731 (93%) % #5 il
WWE & LT,
'H-NMR (CDCl;) 8: 0.92 (3H, t, J= 7.3 Hz), 1.47 (9H, s), 1.87-1.99 (2H, m), 4.79 (1H,
br), 5.13 (1H, br), 7.52 (1H, s), 9.96 (1H, d, /= 1.2 Hz).

4-(1-Aminopropyl)-1,3-thiazole-2-carbaldehyde (6-tert-butylthieno|2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (81)

LG 76 DERBIEIZHEN, B RT VU 14d BEOT AT B R 731 XYL
AW 81 (57%) Z A - R L L TH,
'H-NMR (DMSO-dq) &: 0.82 (3H, t, J = 7.3 Hz), 1.44 (9H, s), 1.88-2.03 (2H, m), 4.36
(1H, m), 7.95 (1H, s), 8.56 (1H, s), 8.66 (4H, br); *C-NMR (DMSO-d) &: 9.3 (CH3),
25.9 (CHy), 31.3 (3CHs), 34.6 [C(CH3)3], 51.7 (CH), 115.3 (CHa), 115.7 (CHyy), 119.4
(Car), 139.3 (CH-N), 149.9 (C4~N), 153.2 (CHyy), 155.2 (Cqp), 161.1 (Cyp), 164.2 (Cyy),
166.0 (C); IR (ATR) cm’™: 2960, 2069, 1943, 1731, 1633, 1577, 1504, 1482, 1421; MS
(FAB) m/z: 375 (M'+H); HRMS (ESI) m/z: 375.13947 (Caled for C;7Ha3NeSo:
375.14256); Anal. Calcd for C17H2NgS,-2HCI-1.75H,0: C, 43.45; H, 5.68; Cl, 15.09;
N, 17.88; S, 13.65. Found : C, 43.65; H, 5.60; Cl, 14.80; N, 18.23; S, 13.40.; mp:
194-196°C (dec.).

4-[1-(N-tert-Butoxycarbonyl-N-methylamino)ethyl]-2-hydroxymethylthiazole
(102¢)

{E&#¥102a (1.5 g, 5.8 mmol) DX /—)L (5mL) IFIRIZHEEE-= % /) —/L (5
mL) ZNA, SR T 17 R Lo, R TRISEZ M L, Rikze Y7 no
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AL 30mL) (2R LT, ZORBEIKIOKE T, P FAT I (41 mL,
29.1 mmol) B IO~V 7)Ao FEEREEKY) (TFAA, 2.1 mL, 14.5 mmol) %X,
SR TR U7, NS ZE 10% 7 = U FRKIRIE (30 mL), fafnirEE/K 3T
kU w47k (30 mL), fEFARME/AK (30 mL) CHERMEE%., HBAKRERT F U © A
CTHLEE U To, UE FIRIEEZ A L, FRE% DMF 20 mL) IZIEfR L=, 2 O
(ZEREE 71 U w7 A (1.9 g, 13.7 mmol) BLTVE (b A F /L (0.43 mL, 6.9 mmol) %
Mz, FIE T4 BRIEEE L7, ROSRIZKZ N2 Fi#E=F /L 20 mLx 3) CHiH
L7z, filii 2 10% KRS T R U 7 2K (20 mL), /K (20 mL), fafnfi
K (20 mL) THEXRGEE%, MRS N U o ATHERE Lz, BT FEEE2 /5
L. #&i&E% THF (10 mL) (2R L7z, Z ORI 1 BEKERLT N U U LKE
# (10 mL) ZA0x., 2R T 1 KFEHEEE . BocyO (1.5 g, 0.9 mmol) @ THF (5 mL)
Wik Z Nz, 2T 30 R HE Lo, ROSIKZ N2 BElg—F /L 20 mLx 2) T
i U, R 2 fafn ik (20 mL) CTHEE%., KRR U o AT L
7o WIETRIEZE L%, SontEiEs > VISV Tarua~v NI 57 4
—ITAF L, ZauaRLie A X ) —)b =40:1 EHER L0 157 4y 1 A 8T A L.
LA 102¢ (0.17 g, 11%) & EAHRIRME & L THE-,

'H-NMR (CDCl) &: 1.47 (9H, s), 1.53 (3H, d, J = 7.1 Hz), 2.69 (3H, s), 2.95 (1H, br),
4.90 (2H, s), 7.00 (1H, s).

4-[1-(/N-tert-Butoxycarbonyl-N-methylamino)ethyl|thiazole-2-carboxaldehyde (73j)
{E&%) 73h DA FIEIZHEV, ALEY 102¢ XV LG T3] (95%) Ak

HRWE & LTz,

'H-NMR (CDCl3) &: 1.48 (9H, s), 1.62 (3H, d, J= 7.3 Hz), 2.75 (3H, br), 5.62 (1H, br),

7.48 (1H, s), 9.97 (1H, d, J= 1.2 Hz).

4-[1-(Methylamino)ethyl]-1,3-thiazole-2-carbaldehyde (6-tert-butylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (82)

LW 76 DAERIEICHEN, E RTI VU 14dBLOT AT R 73j L0z L
A1) 82 (88%) Z wHEER - MR & L TH T,
'H-NMR (DMSO-ds) &: 1.45 (9H, s), 1.60 (3H, d, J = 6.8 Hz), 2.44 (3H, t, J = 5.4 Hz),
4.52-4.57 (1H, m), 7.90 (1H, br), 7.97 (1H, s), 8.53 (1H, s), 8.58 (1H, br), 9.25-9.26 (1H,
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br), 9.61 (1H, br); ?C-NMR (CD;OD) &: 18.0 (CH3), 31.3 (CH3), 32.3 (3CH3), 36.7
[C(CHs3)3], 55.8 (CH), 115.5 (CHy), 116.8 (Cy), 124.1 (CHy), 143.9 (CH-N), 147.2
(Car), 154.3 (CHyy), 156.3 (Co-N), 162.8 (Cyr), 165.0 (Car), 168.0 (Cu); IR (ATR) cm™:
2965, 2468, 1735, 1641, 1592, 1546, 1508, 1469, 1428; MS (FAB) m/z: 375 (M +H);
HRMS (ESI) m/z: 375.14256 (Calcd for C7H»3NgS,: 375.1444); Anal. Calcd for
C17H22N6S2-2HCI-0.5H,0: C, 44.73; H, 5.52; Cl, 15.53; N, 18.41; S, 14.05. Found: C,
44.41; H, 5.20; C1, 15.20; N, 18.39; S, 14.05; mp: 202-204°C (dec.).

4-(1-Benzyloxycarbonyl-3-azetidinyl)-2-hydroxymethylthiazole (105a)

b5 46a (1.2 g, 5.0 mmol) DY 7w A% (30 mL) WIKIZKE F. DMF
) BLOHELA XY VUL (0.63mL, 7.5 mmol) ZHx. [FHET 15 43, =ik
T 1 RFEEEER U7e, ROSHR 2 380 FiEfE L. #8E% THF (30 mL) (iR L7z,
COWHITKE T FUAF ALY LT T AL 2.0M-n-~F Y AEIR) (6.25
mL, 12.5 mmol) Z /N x 0°C T 15 RefifiEHE L7z, BOGHR 280+ T iRfE L. FRIEIC
Mg —F /L (20 mL) 3 X OFIFIREEAKFZ T R U U LK 0mL) 2Nz 7=, )8
ZOYEEL . KEEERTF /L 20 mLx2) THith L7z, A%z Hbtw, fafis
HK 20 mL) THEFE, BKRREET R U o A CRLME U7, JUE FASE 25 L,
itz o= F T —7 L (10 mL) I[ZEMELTc, T OWRIKH T, 47%5R kK
FIKEWE (0.7 mL, 6.0 mmol, 1.2 eq.) Nz, FRET 1 R L7z, ROSK%E
BURNIRIRAKFE T R U U LK THIRIR, BER—F /L (20 mLx 2) THIM L, filiHik
AR K (20 mL) CTYEEH, BOKEREET R U U A THE U7, BT TS
EREEL, EBikExTX /—)L B0mL) ITIEMEL, ZOWRIZTATE R T IR
100 (1.65 g, 5.0 mmol) Z %, 38 RpIMNENE IR L 7o, SOSHR 2 J8UE T e L.
FRIEIZHERE =T /L (20 mL) 3 L OMaFIREEKFE T N U U ALK (40 mL) 0%
Too B ZAYHEL KB AR F /L (20 mLx2) THiH L7z, A= % 5o,
IR EEK (20 mL) THeiic, BEOKGREET U U AT Uic, BUE T4
BEL. GonEBika VSV h T arua~ 777 40— L, n-~FH
ViFER T TV =102 B K 0 AR A R RE L, RS 105a (0.4 g,
26%) et IIRmE & L TR,
'H-NMR (CDCls) &: 2.58 (1H, br), 3.92-3.95 (1H, m), 4.19 (2H, dd, J = 6.1, 8.8 Hz),
436 (1H, t, J= 8.5 Hz), 4.94 (2H, s), 5.12 (2H, s), 7.01 (1H, s), 7.35-7.37 (5H, m).
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4-[1-(tert-Butoxycarbonyl)-3-azetidinyl]-2-hydroxymethylthiazole (106a)

LE4 105a (0.4 g, 1.3 mmol) DY/ mr A X 20mL) WIKIZKA T, =8
bR T3 (1.0M-7 01 A X ERIK) (4.0 mL, 4.0 mmol, 3 eq.) MMz, RT3
HRIFEE L7z, BOSDET L CW o ned =Mk v #E (1.0M- 7 r e X
HUVRIR) (40mL) ZiBIMNL., S HIZEIR T 23.5 BefHE Uiz, BOGR & fafnix
Fe/kFEF U T LK THRI, BUE FiEHE L 7o, F8EIZ BocyO (0.43 g, 1.97 mmol)
OF7 hZ7E Rr7Z > (10 mL) WRB L1 BUEKEELT Y ¥ KB (10
mL) ZZ., =R T30 sMEEE Lic, OS2 HEE—F /L (20 mLx 3) THiH
L. iz fafn Kk (20 mL) THeE%., BKMEET U U AT LT,
WIE PR 2B EL, BonEikE2 L VD5V T ara~ NI T77 4—IC
fFL. Zuaafv b A% ) —) b =40:1 WHES L D 157200 0 & L 0E L, 2250
LA 4 106a (40 mg, 11%) ZfBajiiky & L CTiE7,

'H-NMR (CDCls) &: 1.45 (9H, s), 3.21 (1H, br), 3.85-3.91 (1H, m), 4.07 (1H, dd, J =
6.4, 8.3 Hz), 4.27 (1H, t, J= 8.5 Hz), 4.93 (2H, s), 7.01 (1H, s).

4-[1-(N-tert-Butoxycarbonyl)-3-azetidinyl|thiazole-2-carboxaldehyde (73k)

tE4) 73h DEFEIEICHEN, (LG 106a K 0 EEFLALAY) T3k (68%) % B Al
WE & LT,
"H-NMR (CDCl;) &: 1.47 (9H, s), 3.96-4.03 (1H, m), 4.14 (2H, dd, J = 6.1, 8.3 Hz),
4.34 (2H, t, J=8.5 Hz), 7.47 (1H, s), 9.98 (1H, d, /= 0.8 Hz).

4-Azetidin-3-yl-1,3-thiazole-2-carbaldehyde (6-tert-butylthieno[2,3-d]pyrimidin-4-
yl)hydrazone hydrochloride (83)

LB 76 DEFIEIZHEN, B KTV 14d BLOT AT & K 73k LY Rk
AW 83 (85%) Z whtalEl{f - HEeIE & L TS/,
'H-NMR (DMSO-d;) : 1.45 (9H, s), 4.15 (2H, m), 4.25 (3H, m), 7.74 (1H, s), 7.88 (1H,
br), 8.52 (1H, s), 9.05 (1H, br), 9.37 (1H, br); *C-NMR (DMSO-ds) &: 31.5 (3CH3),
32.0 (CH), 34.6 [C(CHs3)s3], 50.5 (2CH,), 115.2 (CHy), 115.4 (CHyy), 117.3 (Cyy), 145.2
(CH-N), 150.8 (Cqa), 152.9 (Cyr), 154.6 (Cy-N), 155.0 (CHyy), 164.5 (Car), 166.8 (Car);
IR (ATR) cm™: 3380, 2962, 1633, 1583, 1560, 1508, 1423, 1365; MS (FAB) m/z: 373
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(M™+H); MS (ESI) m/z: 373 (M'+H); HRMS (ESI) m/z: 373.12682 (Calcd for
C17H21N6S2: 373.12691); Anal. Caled for Ci7H20NgS,-2.25HCI-1.5H,0: C, 42.40; H,
5.28; Cl, 16.56; N, 17.45: S, 13.32. Found: C, 42.24; H, 5.32; Cl, 16.35; N, 17.31; S,
13.15.; mp: 213-216°C (dec.).

4-(1-Benzyloxycarbonyl-3-pyrrolidino)-2-hydroxymethylthiazole (105b)

LAY 105a DA RIEIZHE ., LAY 104b X 0 LAY 105b (44%) Z 18t
HRE & LT T,
'H-NMR (CDCl;) &: 2.10-2.17 (1H, m), 2.28-2.30 (1H, m), 2.96 (1H, br), 3.44-3.69 (4H,
m), 3.84-3.89 (1H, m), 4.91 (2H, s), 5.14 (2H, d, J = 2.4 Hz), 6.93 (1H, d, J = 2.2 Hz),
7.32-7.36 (5H, m).

4-[1-(tert-Butoxycarbonyl)-3-pyrrolidino]-2-hydroxymethylthiazole (106b)

BB 106a DA RIEIZHEV, /LA 105b X 0 SR LAY 106b (64%) A 18th
HRWE & LT,
"H-.NMR (CDCl;) &: 1.46 (9H, s), 2.06-2.14 (1H, m), 2.25 (1H, br), 2.76 (1H, br),
3.41-3.59 (4H, m), 3.74-3.77 (1H, m), 4.92 (2H, s), 6.94 (1H, s).

4-[1-(/N-tert-Butoxycarbonyl)-3-pyrrolidino]thiazole-2-carboxaldehyde (731)

{tE# 73h OEFIEIZHEN, LG9 106b X 0 IEGALEY 731 (83%) % (Al
WRWE & LB,
'H-NMR (CDCl) & : 1.48 (9H, s), 2.15-2.20 (1H, m), 2.33 (1H, br), 3.46-3.63 (4H, m),
3.81-3.86 (1H, m), 7.41 (1H, s), 9.96 (1H, s).

4-Pyrrolidin-3-yl-1,3-thiazole-2-carbaldehyde (6-fert-butylthieno|2,3-d|pyrimidin-
4-yl)hydrazone hydrochloride (84)

LB 76 DAL, B RT VU 14d BLOT VT & K731 LV iRk
B 84 (84%) Z srfalElR - HEEEIE & L TiB T,
'H-NMR (DMSO-d) 8: 1.45 (9H, s), 2.07-2.10 (1H, m), 2.32-2.36 (1H, m), 3.25-3.27
(2H, m), 3.35 (1H, m), 3.58-3.64 (1H, m), 3.66-3.70 (1H, m), 7.70 (1H, s), 7.87 (1H, br),
8.51 (2H, s), 9.32 (2H, br); “C-NMR (CD;OD) &: 32.1 (CH,), 32.3 (3CH3), 36.8
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[C(CHs)s], 40.6 (CHy), 46.6 (CH), 51.1 (CHy), 115.4 (CHy,), 116.7 (Cy), 120.8 (CHgy),
143.7 (Cy), 147.3 (CH-N), 147.6 (Cy-N), 158.2 (CHyy), 162.8 (Cy), 163.9 (Cy), 167.9
(Ca); IR (ATR) cm™: 2960, 1735, 1633, 1587, 1556, 1504, 1402; MS (FAB) m/z: 387
(M'+H); HRMS (ESI) m/z: 387.14215 (Calcd for C13H,3N6S,: 387.14256); Anal. Caled
for C1sH22N6S,-2.7HCI-H,0: C, 42.98; H, 5.35; Cl, 19.03; N, 16.71: S, 12.75. Found: C,
43.14; H, 5.35; CI, 18.83; N, 16.52; S, 12.66.; mp: 183-185°C (dec.).

4-[1-Benzyloxycarbonyl-4-piperidinyl]-2-hydroxymethylthiazole (105c)

1EAY 1052 DA RIEIZHE, LEY 104 LV LAY 105¢ (70%) Z 1B
HRWE & LTz,
'H-NMR (CDCl;) &: 1.56-1.64 (4H, m), 2.02-2.04 (1H, m), 2.53 (1H, br), 2.89-2.96 (3H,
m), 4.27 (1H, br), 4.91 (2H, s), 5.14 (2H, s), 6.86 (1H, s), 7.31-7.37 (5H, m).

4-[1-(tert-Butoxycarbonyl)-4-piperidinyl]-2-hydroxymethylthiazole (106¢)

LAY 106a DA RIEIZHEV, LAY 105¢ L Y EZE(LAW 106¢ (69%) % T
HRE & LT T,
'H-NMR (CDCls) &: 1.47 (9H, s), 1.59-1.66 (2H, m), 1.99-2.03 (2H, m), 2.67 (1H, br),
2.802.92 (3H, m), 4.20 (2H, br), 4.92 (2H, s), 6.86 (1H, s).

4-[1-(N-tert-Butoxycarbonyl)-4-piperidinyl]thiazole-2-carboxaldehyde (73m)
EE W 73h OEFIEICHEN ALEY 106 L U FFERLALEY) 73m (60%) % #5 il

RE & L TR,

'H-NMR (CDCl3) & : 1.48 (9H, s), 1.63-1.73 (2H, m), 2.04-2.07 (2H, m), 2.88 (1H, br),

2.99-3.05 (1H, m), 3.49 (2H, d, J = 4.6 Hz), 4.22 (1H, br), 7.34 (1H, s), 9.96 (1H, d, J =

1.2 Hz).

4-Piperidin-4-yl-1,3-thiazole-2-carbaldehyde (6-fert-butylthieno|2,3-d]pyrimidin-4-
yl)hydrazone hydrochloride (85)

LB 76 DERIEICHEN B FZ7 V0 14d B LT L7 B R 73m LV Rk
AW 85 (84%) Z wrfalEl{l - HEEEIE & L TS/,
'H-NMR (DMSO-dq) &: 1.46 (9H, s), 1.82-1.98 (2H, m), 2.12-2.16 (2H, m), 2.98-3.10
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(3H, m), 3.32-3.35 (2H, m), 7.55 (1H, s), 7.86 (1H, s), 8.47 (1H, br), 8.51 (1H, s), 8.71
(1H, br), 8.95 (1H, br); C-NMR (DMSO-dq) &: 27.7 (2CH,), 31.4 (3CH3), 34.8 (CH),
35.2 [C(CHa)s3], 42.6 (2CHy), 115.3 (CH,,), 115.8 (CH,), 116.0 (C,), 140.6 (CH-N),
149.0 (Cy), 150.3 (Cy), 155.6 (C4-N), 160.1 (CHyy), 163.0 (Car), 164.8 (Cyr); IR (ATR)
em™: 2962, 1864, 1631, 1587, 1552, 1504, 1400, 1367; MS (FAB) m/z: 401 (M +H);
MS (ESI) m/z: 401 (M™+H); HRMS (ESI) m/z: 401.15792 (Calcd for C;oH,5NS;:
401.15821); Anal. Caled for Cj9Hp4NeS,-2.75HCI-1.25H,0: C, 43.60; H, 5.63; CI,
18.63; N, 16.06: S, 12.25. Found: C, 43.20; H, 5.36; Cl, 19.02; N, 15.91; S, 12.17; mp:
207-210°C (dec.).

5-(tert-Butoxycarbonyl)-2-hydroxymethyl-4,6-dihydro-5SH-pyrrolo[3,4-d|thiaozle
(109)

1-(p-Toluenesulfonyl)pyrrolidin-3-one 108 (1.4 g, 5.86 mmol) DOFEFETAHE(15 mL)
IZH3E (0.33 mL, 6.4 mmol) OEFEATAHR(15 mL)% A1 %, 50°C T 10 7 IR L7,
BOSHRIZIK (100 mL) 201z 27 v rd/b A (100 mL x 2) CHIH L=, #itin s
AR K (100 mL) THevdte. HEAKMEET N U » LT Lo, BUE Rk %
AL, #Ri&E% DMF (15 mL) ([Z¥fE L7-, T OFHRIZ 2-benzyloxythioacetamide
107 (1.2 g, 6.6 mmol) Z /N x 50°C T 7 RefilfiE#R: L7z, BONRIZIRIEKFE T R U &
2 (0.5 g, 5.86 mmol) A ANZ JE FIRME . FREICHEE =T /L (30 mL) 3 KX UVK
(30 mL) Nz 7z, ZEEohi%. KEzER-F/Lr 30 mL) THIHL7-, A
g 2 A bW, Sk 30mL) THeEE, KBRS Y U A TR L T2,
BE TR AR E L, BiEE2 Y7 on A% (50 mL) (ZEfRLTZ, Z OWIKIZ
KT, PU=F A7 I (41mL,293mmol) BIORAKX AV T =)L 71
74 K (091 mL, 11.7 mmol) %%, =R T 22 FEIHAE L7z, BISRIZK (50
mL) Zz., “JE&E5EL., KEZZ ook/Ls (S0mL) THitH L7=, A=
ZaY, MK (50 mL) THEAE., HEKEET U U LA THEE L, B
JEMREEZREEL, BonkEE VBTNV T AIa~ N T T 4 —ITfY
L. Zuuf)Lh: A% ) — =100:1 EHES X 0 &0 2 TR L-, 7%
BIZT7 = /=L (2.0 g) BEO47%RAKFEKERK 3 mL) ZI0x, 1 RFREINEL
=mE L7z, RIS Z S| E CHmEIE., K (10 mL) BLRY=Fr=—7 /b (10
mL) Z0Nx 1 R L7z, ZEamoBt L. AE % | BUERR: Tl L7,
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TR 2 oK m T 10 BUEKEE (LT R U O 2K T v U EE L BoeyO (0.55

g, 2.5 mmol) ® THF (20 mL) &K% M %, =IE T 23 B L, BOSR & HE

fp—F /LTIt U, il 2 fafn &k THevett . BOKARER T b U o A TR

L7z, BIETREAREEL, SonkREs s VoIV ra~ 777

4 =L, ZaadRv i AL ) — b =50:1 I X 0 5572 4 1 2 IR A L
=LA 109 (0.13 g, 9%) A s & L CTE7-,

'H-NMR (CDCls) &: 1.52 (s, 9H), 2.48 (br, 1H), 4,52-4.53 (m, 1H), 4.58 (br, 1H),

4.66-4.67 (m, 2H), 4.94 (s, 2H); MS (EI) m/z: 257 (M+H)".

5-(tert-Butoxycarbonyl)-4,6-dihydro-5SH-pyrrolo|3,4-d|thiazole-2-carboxaldehyde
(73n)

tE% 13h OEFIEICHE, {EEW 109 KV ARG EEY) T30 (81%) % 18 fafE
k& LTl
'H-NMR (CDCl5) &: 1.53 (s, 9H), 4.64-4.66 (m, 1H), 4.69 (br, 1H), 4.77-4.88 (m, 2H),
9.93 (s, 1H).

5,6-Dihydro-4H-pyrrolo[3,4-d][1,3]thiazole-2-carbaldehyde (6-tert-butylthieno-
[2,3-d]-pyrimidin-4-yl)hydrazone hydrochloride (86)

LB 76 DEFIEICHEN, B KTV 14d BL T VT & K 73n LY Rk
HW) 86 (40%) ZtefalEAR - MR & L T,
'H-NMR (DMSO-dy) &: 1.47 (9H, s), 4,43 (2H, br), 4.62 (2H, br), 7.77 (1H, s), 8.42
(1H, br), 8.52 (1H, s), 10.26 (1H, br); “C-NMR (DMSO-ds) &: 31.1 (3CH3), 34.5
[C(CHs)s], 45.2 (CH,), 46.6 (CH,), 115.1 (Cy), 115.3 (CHy,), 128.8 (Cy), 138.8 (CH-N),
150.8 (Cyr), 152.8 (Cyr), 154.8 (C4-N), 155.1 (CHyyr), 166.6 (Cyr), 170.7 (Cyr); IR (ATR)
cm™ : 2962, 1635, 1581, 1515, 1425, 1365; MS (FAB) m/z: 359 (M"+H); MS (ESI) m/z:
359 (M'+H); HRMS (ESI) m/z: 359.11144 (Calcd for CsHoNgS,: 359.11126); Anal.
Calcd for Ci6HsNeS,-1.9HCI-2H,0: C, 41.35; H, 5.40; Cl, 14.49; N, 18.08; S, 13.80.
Found: C, 41.27; H, 5.06; Cl, 14.68; N, 17.88; S, 13.77.; mp: 232-235°C.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-isopropylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (87)
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LB 76 DERIEIZHEN, B RT VU 14e BLOT AT & K 73d LV Rk
AW 87 (41%) ZvialEs - R & LT/,
'H-NMR (DMSO-d) &: 1.41 (6H, d, J = 6.6 Hz), 2.59-2.61 (3H, br), 4.29 (2H, br), 7.80
(1H, s), 7.93 (1H, s), 8.52 (2H, s), 9.21 (2H, br); *C-NMR (DMSO-d;) &: 23.4 (3CH3),
29.7 (CHs), 31.9 (CH), 46.4 (CH,), 1153 (Cy), 1159 (CHy), 121.1 (CHy), 138.1
(CH-N), 147.9 (Cy), 150.5 (CHyy), 150.6 (Cy-N), 152.8 (Cyr), 164.6 (Cyr), 166.7 (Cyr);
IR (ATR) cm™: 2696, 1637, 1587; MS (ESI) m/z: 347 (M™+H); MS (ESI) m/z: 347
(M'+H); HRMS (ESI) m/z: 347.10962 (Calcd for C;sH 9NgS»: 347.11126); Anal. Caled
for C;sHsNeS,-13/7HCI-2.5H,0: C, 39.23; H, 5.46; Cl, 14.34; N, 18.30; S, 13.96;
Found : C, 39.28; H, 5.20; CI, 14.12; N, 18.00; S, 13.84; mp: 178°C (dec.).

2-Amino-5-cyclopropyl-3-methoxycarbonylthiophene (111a)

PCC (7.50 g, 348 mmol) Z¥ 7 na XA X% (50 mL) (2 <&, il

2-cyclopropylethanol 110a (2.00 g, 23.2 mmol) % —FEIZHANL 1.5 FEMM L < Bk
L7z, YZFb=—7 /b (180 mL) A 30 oI L=k, 7n U Inh
Th (VTN —TVER) ICEELRET A2 LR, TATE R (1.59
g) ZMEAMMRME L L TR, RWT, E2RFMKR T, SRICTRI=F AT
3 (2.40 mL, 17 mmol), DMF (2.65 mL, 34 mmol) DIEHKRIZ., 7T / Hifg A F 1
(1.50 mL, 17 mmol) BEXOESNT-T LTt FEMZ 3 ofiE# L, itk (545
mg, 17 mmol) %z & 512 40 RFfEIRHE U7e, ROGRIZKZINZ 721, HifR—=F
I TARA L7, AHE 2 fafn K Ty s, BKmie - U v o %
IMA R LTz, Wil T MY U LEAHEEG, BWETICTREZEELEZ, Boh
TR VTN ru<x 8777 40— LR TV ip-~FH = 19
BRI TR L, n-X0 & L0 B S8, R LA 111a (580 mg, 13%) %
WE AR L LTHEE,
'H NMR (CDCl5) 8: 0.60-0.67 (2H, m), 0.80-0.86 (2H, m), 1.77-1.83 (1H, m), 3.78 (3H,
s), 5.78 (2H, br), 6.59 (1H, s); IR (KBr) cm™: 3423, 3311, 1662, 1602; MS (EI) m/z: 197
(M+); Anal. Calcd for CoH;i1NO,S: C, 54.80; H, 5.62; N, 7.10; S, 16.26. Found: C,
55.10; H, 5.62; N, 7.02; S, 16.18.
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6-Cyclopropyl-4-hydrazinothieno[2,3-d|pyrimidine (112a)

LW 111a (550 mg, 2.79 mmol) DAL LT I REEHE (5.5mL) %, 210°C (2T
2 REMINEGE IR LT, Bk, AT e AELKIC THds, fel L=, > U 7
nNrua<w 777 40— L, BT VATt = 20 EHIICTHERL ., a-
ANFY U —FRTF LN ERE L. BY 2 FUK (285 mg, 53%) % HEA A
& LT,

HBonzv U 2 FUR (255 mg, 1.32 mmol) DA F LY VAR 3 mL) %
110 °C 12T 6 REMINEA L 7=, SOSIE % SIRICR L2k, KKIZIEE, 0°C 12 TR
B rY Lz ESOMAFML, BT VTR, il L7e, AiE
RIS THeE#%, BKEER T N oA BN LTz, Mg ~NY v
LxEAE%, WIETICCREEEE Lz, SonigEs UV ar v~ bk
757 4= L HIBR =T L~F Y = 19 ImHICTRRILL, 7 v uiE (275
mg, 99%) & HEAREIR S L TR,

BoNn7- 7 ak (250 mg, 1.18 mmol) D= / —)LVIRIE (SmL) (2, R

Tk RZV 1K (2.5mL) 01z 80°C IZANEIC LT 1.5 Bl L7z, X
SRR 2 AR LT, U TS T2 85 LKITTHR, B F iz T
N U7z, SR BRI CToeid, MOKRREET N YU o A CRME WEBEA )T T,
BELE, BONEEBEZER-T NV —n-~FT VA THER L, Eibdw
112a (190 mg, 78%) % MEAFEAR L L TH7,
"H-NMR (CDCl;) &: 0.81-0.86 (2H, m), 1.08-1.12 (2H, m), 2.11-2.18 (1H, m), 6.39 (1H,
br), 6.85 (1H, d, J = 1.0 Hz), 8.48 (1H, s); "C-NMR (DMSO-ds) &: 9.7 (2CH,), 11.5
(CH), 114.0 (Cy), 114.7 (CHyy), 144.0 (Cay), 152.9 (CHyy), 157.5 (Car-N), 163.7 (Cy); IR
(KBr) cm™: 3243, 3197, 1585; MS (EI) m/z: 206 (M"). HRMS (ESI) m/z: 207.06637
(Caled for CoH iN4S: 207.07044); Anal. Calcd for CoH oN4S: C, 52.41; H, 4.89; N,
27.16; S, 15.54. Found: C, 52.32; H, 4.85; N, 27.17; S, 15.67.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-cyclopropylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (88)

LEW 76 DERIEIZIEV, B RT VY 112a BEXOT L7 & K 73d LY ER
LAY 88 (49%) % sHEAMEIR « HEEAHE & L CT1e7,
'H-NMR (DMSO-d) 8: 0.84-0.88 (2H, m), 1.15-1.23 (2H, m), 4.29 (2H, t, J = 5.4 Hz),
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7.77 (1H, br), 7.98 (1H, s), 8.53 (1H, s), 8.66 (1H, br), 9.83 (2H, br); *C-NMR
(DMSO-dg) 8: 9.64 (2CH,), 11.4 (CH), 32.2 (CH,), 46.4 (CH,), 115.5 (CHy), 115.7
(Car), 121.0 (Cyp), 138.0 (CH-N), 146.1 (C,), 147.9 (CHy), 150.6 (C4-N), 152.4 (Cy),
164.6 (Cqr), 166.2 (Car); IR (ATR) cm™: 2657, 1630, 1585, 1099; MS (FAB) m/z: 345
(M™+H); MS (ESI) m/z: 345 (M'+H); HRMS (ESI) m/z: 345.09333 (Calcd for
CisH17NeS2: 345.09561); Anal. Caled for CisHsNeS,-1.9HCI-0.75H,0: C, 42.17; H,
4.58; Cl, 15.77; N, 19.67; S, 15.01. Found: C, 42.31; H, 4.44; Cl, 16.17; N, 19.43; S,
14.66.; mp: 218-220°C (dec.).

2-Amino-5-cyclobutyl-3-methoxycarbonyl-thiophene (111b)

LAY 111a DA RIEIZHE, Hi D 2-(cyclobutyl)ethanol 110b L Y & FEALA W)
111b (37%) ZRHAMRWE & L TR,
'H-NMR (CDCls) &: 1.79-2.34 (6H, m), 3.40-3.49 (1H, m), 3.79 (3H, s), 5.79 (2H, br),
6.62 (1H, s).

4-Hydrazino-6-cyclobutylthieno[2,3-d|pyrimidine (112b)

LA 112a DB RIEICHEN, F 47 = K 111b L 0 = LAY 112b (44%) %
HEMRYE & L TR,
'"H-.NMR (CDCLy) &: 1.90-2.12 (2H, m), 2.19-2.29 (2H, m), 2.42-2.50 (2H, m),
3.71-3.80 (1H, m), 6.43 (1H, br), 6.86 (1H, d, J = 1.0 Hz), 8.50 (1H, s); "C-NMR
(DMSO-dg) 8: 17.4 (CHp), 30.1 (2CHy), 35.3 (CH), 113.7 (Cy), 114.6 (CHy), 145.4
(Ca), 152.5 (CHyy), 157.2 (Co-N), 164.2 (Cyy); IR (KBr) cm™: 3234, 3193, 1585; MS
(ESI) m/z: 221 (M'+H); HRMS (ESI) m/z: 221.08765 (caled for CioH;3N,So:
221.08609); Anal. Calcd for C;oH2N4S: C, 52.52; H, 5.49; N, 25.43; S, 14.55. Found: C,
52.26; H, 5.41; N, 25.58; S, 14.68.; mp:175-177°C (dec.).

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-cyclobutylthieno[2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (89)

LEW 76 DERIEIZHEN, B RV 112b BEXOT /LT | R 73d LY HER
LG 89 (55%) % v AR - W & L CTi7e,
'H-NMR (DMSO-ds) &: 1.89-1.97 (1H, m), 2.01-2.12 (1H, m), 2.19-2.29 (2H, m),
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2.45-2.49 (2H, m), 2.58-2.61 (3H, t, J = 5.8 Hz), 3.86 (3H, td, J = 8.5, 16.8 Hz), 4.29
(2H, m), 7.83 (1H, s), 7.96 (1H, s), 8.54 (1H, s), 8.61 (1H, br), 9.33 (2H, br); *C-NMR
(DMSO-ds) 8: 17.8 (CH,), 30.1 (2CH,), 32.0 (CHs), 35.6 (CHs), 46.4 (CH,), 115.5
(CHyy), 116.6 (CHyy), 121.9 (Ca), 139.8 (CH-N), 148.3 (CH,y), 149.4 (Co-N), 156.9 (Ca),
164.4 (Cy), 166.1 (Cy); IR (ATR) cm’™: 2663, 1630, 1589, 1101; MS (FAB) m/z: 359
(M™+H); MS (ESI) m/z: 359 (M'+H); HRMS (ESI) m/z: 359.10991 (Calcd for
C16H1oNgS5: 359.11126); Anal. Caled for C6H5NgS,-2HCI-0.5H,0: C, 43.63; H, 4.81;
Cl, 16.10; N, 19.08; S, 14.56. Found: C, 43.54; H, 4.65; Cl, 16.07; N, 19.13; S, 14.56;
mp: 242-244°C (dec.).

2-Amino-5-(1-methylpropyl)-3-methoxycarbonylthiophene (111c)

L&Y 111a OFFIEIZHE, TR 3-methyl-1-pentanol 110¢ L Y £ L&
111c (36%) ZRFEAMIRME & L THET=,
'H-NMR (CDCl3) &: 0.88 (3H, t, J = 7.0 Hz), 1.22 (3H, d, J = 7.0 Hz), 1.50-1.60 (2H,
m), 2.62-2.69 (1H, m), 3.79 (3H, s), 5.79 (2H, br), 6.62 (1H, s); MS (ESI) m/z: 254
(M"+MeCN).

4-Hydrazino-6-(1-methylpropyl)thieno[2,3-d]pyrimidine (112¢)

LAY 112a DERIEICIEW, F 47 = UK 111e L VLAY 112¢ (56%) %
BEAEERE LTHET,
'H-NMR (CDCl3) &: 0.91 (3H, t, J = 7.0 Hz), 1.36 (3H, d, J = 7.0 Hz), 1.64-1.72 (2H,
m), 2.91-2.99 (1H, m), 6.57 (1H, br), 6.89 (1H, s), 8.50 (1H, s); *C-NMR (CDCl;) &:
11.8 (CHj3), 22.1 (CHs), 31.6 (CH,), 38.0 (CH), 111.9 (CHg), 115.3 (Cy), 150.6 (Cqy),
152.8 (CHay), 157.9 (Co-N), 165.7 (Cy); IR (KBr) em™: 3270, 2954, 1583; MS (FAB,
ESI) m/z: 223 (M'+H); HRMS (ESI) m/z: 223.10034 (Caled for CjoH;sN,S:
223.10174); Anal. Calcd for C;0H4N4S: C, 54.03; H, 6.35; N, 25.20; S, 14.42. Found: C,
53.99; H, 6.39; N, 25.52; S, 14.56.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-sec-butylthieno|2,3-d]-

pyrimidin-4-yl)hydrazone hydrochloride (90)
LEW 76 DEBIEIZHEN, B RT V2 M2e BLOT AT B K 73d LV

130



LB 90 (45%) Z o5 AR - R L L <Th,

'H-NMR (DMSO-ds) &: 0.92 (3H, t, J = 7.3 Hz), 1.38 (3H, d, J = 6.8 Hz), 1.68-1.76
(2H, m), 2.58-2.61 (3H, m), 3.06-3.13 (1H, m), 4.29 (2H, m), 7.83 (1H, s), 7.95 (1H, s),
8.53 (1H, s), 8.59 (1H, br), 9.29 (2H, br); C-NMR (CD;0D) &: 12.0 (CHs), 22.3 (CH3),
32.6 (CH,), 33.4 (CH3), 39.2 (CH), 48.4 (CH,), 116.0 (Cyy), 116.5 (CH,y), 125.0 (CH,),
143.9 (CH-N), 145.0 (C.), 147.0 (Cy), 151.5 (Co-N), 157.0 (CHy), 164.9 (C.y), 165.8
(Ca); IR (ATR) cm™: 2692, 1639, 1099; MS (FAB) m/z: 361 (M™+H); HRMS (ESI) m/z:
361.12685 (Calcd for C1gHa NeSy: 361.12691); Anal. Caled for CsH NS, 2HCI-
0.5H,0: C, 43.44; H, 5.24; Cl, 16.03; N, 18.99; S, 14.50. Found: C, 43.70; H, 5.07; ClI,
16.04; N, 19.18; S, 14.53.; mp: 233-234°C (dec.).

Methyl 2-amino-5-(1-methylbutyl)thiophene-3-carboxylate (111d)

IbAE 111a DOERRIEIZHE, il D 3-methylhexan-1-01 110d X Y L L&)
111d (24%) ZEEEAHRmE & L THE,
"H-NMR (CDCls) &: 0.89 (3H, t, J= 7.3 Hz), 1.21 (3H, d, J = 7.1 Hz), 1.26-1.35 (2H,
m), 1.41-1.53 (2H, m), 2.75 (1H, td, J = 13.9, 7.1 Hz), 3.78 (3H, s), 5.77 (2H, br), 6.61
(1H, s); PC-NMR (CDCls) &: 14.0 (CH3), 20.4 (CH,), 22.5 (CHs), 34.9 (CH), 40.8
(CH2), 50.9 (CH3), 105.8 (Car), 119.9 (CHyy), 133.4 (Cyar), 161.1 (Cyp), 165.8 (C=0); IR
(ATR) cm™: 3332, 2954, 1664, 1584, 1500, 1439, 1263; MS (ESI) m/z: 228 (M"+H);
HRMS (ESI) m/z: 228.10266 (Calcd for C1;H;sNO,S: 228.10582).

4-Hydrazino-6-(1-methylbutyl)thieno[2,3-d|pyrimidine (112d)

LAY 112a DA RRIEITHEN . FA4 7 = R 111d L 0 (LAY 112d (52%) %
BEAEERE LTHET,
'H-NMR (CDCl3) &: 0.91 (3H, t, J = 7.3 Hz), 1.27-1.36 (2H, m), 1.36 (3H, d, J = 6.8
Hz), 1.56-1.69 (2H, m), 2.50 (1H, m), 3.06 (1H, td, J = 13.9, 6.8 Hz), 6.48 (1H, br),
6.88 (1H, s), 8.50 (1H, s); *C-NMR (DMSO-dj) &: 13.8 (CH3), 19.8 (CH,), 22.4 (CH3),
35.1 (CHy), 40.3 (CH), 114.5 (Ca), 114.5 (CHy), 147.7 (Cy), 153.0 (CHyy), 157.3
(Ca-N), 164.0 (Cy); IR (ATR) cm™: 3260, 2958, 2925, 1579, 1516, 1355; MS (ESI)
m/z: 237 (M'+H); HRMS (ESI) m/z: 237.11384 (Caled for C;H7N4S: 237.11739);
Anal. Calced for C;1HigN4S: C, 55.90; H, 6.82; N, 23.71; S, 13.57. Found: C, 55.96; H,
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6.79; N, 23.72; S, 13.41.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde [6-(1-methylbutyl)thieno-
[2,3-d]pyrimidin-4-yl|hydrazone hydrochloride (91)

LEW 76 DERIEIZHEN, B RV 112d BEXOT LTk R 73d LY HER
LAY 91 (719%) Z BRI - Mg & L Tie7z,
"H-NMR (DMSO-ds) &: 0.91 (3H, t, J = 7.3Hz), 1.30-1.36 (2H, m), 1.38 (3H, d, J =
6.8Hz), 1.63-1.71 (2H, m), 2.59 (3H, t, J=5.3Hz), 3.17 (1H, q, J = 6.6Hz), 4.28 (2H, t,
J = 5.4Hz), 7.81 (1H, s), 7.95 (1H, s), 8.52 (1H, s), 8.56 (1H, br), 9.27 (2H, br);
BC-NMR (DMSO-ds) &: 13.3 (CHs), 19.4 (CHa), 21.6 (CH;), 31.8 (CH), 34.6 (CHs),
35.1 (CH), 46.4 (CHy), 115.2 (Cy), 116.6 (CHy), 121.2 (CH,,), 138.4 (CH-N), 148.0
(CH,y), 149.6 (Cyr), 150.2 (Co-N), 152.5 (Cyr), 164.5 (Ca), 166.4 (Cy) ; IR (ATR) cm™:
1643, 1596, 1550, 1511, 1463, 1423, 1382, 1242, 1101; MS (FAB) m/z: 375 (M '+H);
MS (ESI) m/z: 375 (M™+H); HRMS (ESI) m/z: 375.14012 (Calcd for C;7H,3N6S;:
375.14256); Anal. Calcd for C;7H2aN6S,-1.8HCI: C, 46.39; H, 5.45; Cl, 14.50; N, 19.09;
S, 14.57. Found: C, 46.40; H, 5.34; CI, 14.24; N, 19.12; S, 14.51.; mp: 238-240°C
(dec.).

Methyl 2-amino-5-cyclohexylthiophene-3-carboxylate (111e)

A8 111a DA EIEIZHEV, TR 2-cyclohexyl-1-ethano 110e X Y #Ezt{b5
Y 111e (5%) %z tadWIRE & L TR,
'H-NMR (CDCl3) &: 1.16-1.25 (1H, m), 1.28-1.37 (4H, m), 1.67-1.71 (1H, m),
1.77-1.81 (2H, m), 1.93-1.98 (2H, m), 2.51-2.56 (1H, m), 3.78 (3H, s), 5.78 (2H, br),
6.61 (1H, d, J = 1.1 Hz); "C-NMR (CDCls) &: 25.9 (CH,), 26.3 (2CH,), 34.8 (2CH,),
38.9 (CH), 50.8 (CHs3), 105.9 (Cq), 119.0 (CHyy), 133.4 (Cy), 160.9 (Co-NH3), 165.8
(C=0); IR (ATR) cm’": 3299, 2918, 2851, 1657, 1500, 1439, 1260; MS (ESI) m/z: 240
(M'™+H); HRMS (ESI) m/z: 240.10716 (Calcd for C1,H;sNO,S: 240.10582).

6-Cyclohexyl-4-hydrazinothieno[2,3-d|pyrimidine (112e)

LAY 112a DERRIEICIEW, F4 7 = UK 111e L VLAY 112e 31%) %
IEEER S LTE,
'H-NMR (DMSO-ds) &: 1.21-1.24 (1H, m), 1.35-1.43 (4H, m), 1.67-1.70 (1H, m),
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1.76-1.80 (2H, m), 2.00-2.04 (2H, m), 2.81-2.86 (1H, m), 4.49 (2H, br), 7.34 (1H, br),
8.28 (1H, s), 8.81 (1H, br); “C-NMR (DMSO-ds) &: 25.1 (CH,), 25.3 (2CH,), 34.1
(2CH,), 38.7 (CH), 113.6 (CH,y), 114.5 (Cy), 146.9 (Cqp), 152.6 (CHyy), 157.2 (Co-N),
163.8 (Ca); IR (ATR) cm’™': 3286, 2917, 2849, 1581, 1510; MS (ESI) m/z: 249 (M'+H);
HRMS (ESI) 249.11937 (Calcd for C1,H17N4S: 249.11739); Anal. Calcd for Ci,H;6NyS:
C, 58.04; H, 6.49; N, 22.56; S, 12.91. Found: C, 57.76; H, 6.83; N, 22.51; S, 12.68.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde (6-cyclohexylthieno|2,3-d]-
pyrimidin-4-yl)hydrazone hydrochloride (92)

LB 76 DERBIEIZHEN, B KTV 1126 BEOT AT K 73d LV i3
Eaw) 92 (58%) ZsalEif - MRt & L TIS7,
"H-NMR (DMSO-dg) &: 1.23-1.34 (1H, m), 1.38-1.57 (4H, m), 1.72 (1H, d, J = 12.9
Hz), 1.83 (2H, d, J = 12.9 Hz), 2.11 (2H, d, J = 10.3 Hz), 2.60 (3H, t, /= 2.9 Hz), 2.95
(1H, m), 4.29 (2H, t, J= 4.6 Hz), 7.79 (1H, s), 7.94 (1H, s), 8.52 (1H, s), 8.55 (1H, br),
9.23 (2H, br); "C-NMR (DMSO-dg) &: 25.0 (CH,), 25.3 (2CH,), 32.0 (CH3), 33.9
(2CH»), 38.7 (CH), 56.3 (CH»), 115.35 (CHa), 116.0 (Cy), 121.6 (Cyr), 139.1 (CH-N),
148.1 (Cy), 149.8 (Co-N, CHy), 152.1 (Cy), 164.3 (Cy), 165.9 (Ca); IR (ATR) cm’™:
2701, 1633, 1593, 1099; MS (FAB) m/z: 387 (M'+H); HRMS (ESI) m/z: 387.13763
(Calcd for C;gH23NgS,: 387.14256); Anal. Caled for CisH2uNgS,2.1HCI-0.25H,0: C,
46.23; H, 5.30; Cl, 15.92; N, 17.97; S, 13.71. Found: C, 45.83; H, 5.30; CI, 15.92; N,
18.34; S, 13.34.; mp: 236°C (dec.).

Methyl 2-amino-5-(1,2-dimethylpropyl)thiophene-3-carboxylate (111f)

1AW 11a DA RIEIZHE, IO 3 4-dimethylpentan-1-ol 110f L ¥ #=5t LA
) 111£ (29%) Z @Bk E & L TE-,
'H-NMR (CDCls) &: 0.88 (3H, d, J = 6.9 Hz), 0.89 (3H, d, /= 6.9 Hz), 1.19 (3H, d, J =
7.2 Hz), 1.67-1.73 (1H, m), 2.56 (1H, dt, J = 6.9, 14.9 Hz), 3.79 (3H, s), 5.78 (2H, s),
6.60 (1H, s); C-NMR (CDCl) &: 18.3 (CH3), 19.4 (CH3), 20.6 (CH3), 34.5 (CH), 41.6
(CH), 50.9 (CHs3), 105.7 (Cq), 120.6 (CHyy), 132.1 (Cyp), 161.1 (Cyr), 165.8 (C=0); IR
(ATR) cm™: 3439, 3334, 2957, 1666, 1583, 1501, 1439, 1265; MS (ESI) m/z: 228
(M'"+H); HRMS (ESI) m/z: 228.10542 (Calcd for C;H;sNO,S: 228.10582).
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6-(1,2-Dimethylpropyl)-4-hydrazinothieno[2,3-d]pyrimidine (112f)

EEY 112a DEFKIEIHEN, T4 7 = 4K MIf KV IRGLLEY 1121 (59%) %
BEAEKE L THET,
'H-NMR (DMSO-ds) &: 0.88 (3H, d, J = 6.9 Hz), 0.91 3H, d, J = 6.9 Hz), 1.27 (3H, d,
J=69Hz), 1.84 (1H, td, J=13.5, 6.9 Hz), 2.85 (1H, dt, J=13.5, 6.9 Hz), 4.51 (2H, br),
7.34 (1H, s), 8.29 (1H, s), 8.82 (1H, br s); *C-NMR (DMSO-d) &: 18.0 (CH3), 18.8
(CH3), 20.0 (CH3), 33.8 (CH), 41.5 (CH), 114.3 (Cy), 115.1 (CHayy), 145.7 (Cy), 152.6
(CHy), 157.1 (Co-N), 164.0 (Cy); IR (ATR) cm™: 3289, 2956, 1579, 1508, 1355; MS
(ESI) m/z: 237 (M'+H); HRMS (ESI) m/z: 237.11924 (Caled for C;H;7N4S:
237.11739); Anal. Calcd for C;1H 6N4S: C, 55.90; H, 6.82; N, 23.71; S, 13.57. Found: C,
56.19; H, 6.99; N, 23.63; S, 13.30.; mp: 156-158.

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde [6-(1,2-dimethylpropyl)-
thieno|2,3-d]pyrimidin-4-yl|hydrazone hydrochloride (9)

LAY 76 DEFIEICHEN, B KTV NABLOT AT B K 73d LY Rk
B9 (82%) Z Pk - HERE & L CTHET,
"H-NMR (DMSO-dg) &: 0.92 and 0.93 (each 3H, d, J = 6.6Hz), 1.35 (3H, d, J = 7.1Hz),
1.91 (1H, td, /= 13.2, 6.6Hz), 2.59 (3H, t, J = 5.4Hz), 2.99 (1H, q, J = 6.8Hz), 4.29 (2H,
t, J = 5.6Hz), 7.89 (1H, br), 7.99 (1H, s), 8.57 (1H, s), 8.68 (1H, br), 9.41 (2H, br);
PC-NMR (CD;0D) &: 19.0 (CH3), 19.7 (CH3), 20.9 (CH3), 33.4 (CHs), 36.2 (CH), 44.1
(CH), 49.5 (CHy), 116.7 (Cy), 117.0 (CHy), 125.1 (CHy), 143.6 (CH-N), 147.1 (Cy),
148.0 (Ca), 156.7 (Car-N), 158.3 (CH,y), 164.8 (Car), 168.0 (Ca); IR (ATR) cm™: 1635,
1579, 1508, 1460, 1419, 1373, 1247, 1147, 1099; MS (FAB) m/z: 375 (M'+H); HRMS
(ESI) m/z: 375.14180 (Calcd for C7H»3NgSy: 375.14256); Anal. Caled for
C17H22N6S2-2.5HCI-1.25H,0: C, 41.82; H, 5.44; Cl, 18.29; N, 17.02; S, 12.95. Found:
C, 41.68; H, 5.44; C1, 18.29; N, 17.02; S, 12.95.; mp: 238-239°C (dec.).
2,2-Dimethyl-1-(ter-butyldiphenylsilyloxy)-4-pentene (115)°"

Magnus ©H DG AIEIZHEV Y, isobutyraldehyde 113 (25 mL, 0.275 mol) & L N allyl
alcohol 26 (12.5 mL, 0.183 mol) % p-cymene (40 mL) (Z{fi# L .p-TsOH (60 mg) %
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MAT 4 —v —AX— 7 BikEEZ HV 24 BERIINBGEGE L=, K% (bpieo
124-128°C) (Z X 0 FBLL | 2,2-dimethyl-4-pentenal (14.8 g, 72%) % A RYE
L LT,

KFLVF T LTI =724 (08 g 21 mmol) Y =F/LTt—F /L (60 mL)
IR L, EE TICEIRIC T, 5 5407z 2,2-dimethyl-4-pentenal (8.00 g, 71 mmol)
DY TFNT—T )T —T VIRIE (40 mL) ZiE F L7z, 3 BERInEGEH Lz,
Hstk, KL AKX 7 —/ (1.8mL), /K (0.8mL), 15% /KEE{LT ~ VU v LKE
# (0.8 mL), /K (2.4mL) DNAIZHIZ Z=IWITER L 30 045 L=, NazE A5,
TEAE, R KV ERLL ., 2,2-dimethyl-4-pentenol (5.9 g, 73%) % HE(A IR )
BLLTHE,

% 5172 2,2-dimethyl-4-pentenol (2.28 g, 20 mmol) B X Wtert-7F NI T = =
vy vra Y R (5.7 mL, 22 mmol) Z THF (50 mL) (ZiEfELA I &4 —)b
(1.50 g, 22 mmol) %1z 20 BefiR#E U7, SO & KIS TR LEEBE = 5112
THEH, SR AR K CHeg, BKREET N U U A TR LIEBEZE T, A
Lic, BonlikEEZ IV rnvra~ 777 40— L, BEig—F L ~F
T = 1:50 IEHICTHRE L, B ba® 115 (5.05 g, 72%) Z HEAikmE &
LT,

'H NMR (CDCls) &: 0.85 (6H, s), 1.05 (9H, s), 2.05 (2H, d, J = 8.0 Hz), 3.32 (2H, s),
4.95-5.02 (2H, m), 5.71-5.82 (1H, m), 7.35-7.77 (10H, m).

2-Amino-5-[2-(tert-butyldiphenylsilyloxy)-1,1-dimethyl]ethyl-3-methoxycarbonyl-t
hiophene (111g)

LAY 115 (5.00 g, 14.2 mmol) B L OTHER{LA A 2 7 A (180 mg, 5 mol%) %
THF:7K =2:1 O (225 mL) (2R L. 50°C [IZMBVE#E L=, IRWT, |k
HFERT Y 7L (6.10 g 28.5 mmol) & 1 FFREI T TH Loz, &6IT1
IRFFIRR U 7 BOSIRIC BN dEi e 7 N U 7 LOKIEHR 200 2 1 RFRR$HR L 724,
VxFN =TT THIE U7e, Aok TR, BEOKBREE T R U U AT
WL I ARE T, BE LT, BonhEELr >V hornra<x N 7o 7
4 — WAL, BEl= T L ~F Ty = 120 WIS TRRE L
2,2-dimethyl-3-(tert-butyldiphenylsilyloxy)butanal (2.50 g, 50%) % #:JHRRYE &
LTI/,
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THREHKT, FIRICTHY=F A7 I (1.05 mL, 7.5 mmol) 3L ¥ DMF
(1.1 mL, 14 mmol) DIRETEIKIZ, 7 / HilE A F /v (0.65 mL, 7.5 mmol) 35 L
2,2-dimethyl-3-(tert-butyldiphenylsilyloxy)butanal (2.50 g, 7.0 mmol) Z /Il 2. 3 75 [ER
L. Wizd (225mg, 7.0 mmol) Z N2 T 72 REfER#R L7z, RUSRIZ/KZ N 72
%, FEle— F VI CTABRA U7, AR 2 i ik Ic Tleid e . oKtz
TR AEMAFEE L, RS N ULEAER, BIE I CREEEZEE
L, Bonikizv Y hrnrsa~ N7 o7 =2 L, BiR=FL~F
To= 1914 HEHICTRRE L, Fba® 111g (2.50 g, 76%, 2steps 38%) %
W AMIRE & L TR,

'H-NMR (CDCls) 8: 1.05 (9H, s), 1.29 (6H, s), 3.48 (2H, s), 3.78 (3H, s), 5.77 (2H, br),
6.68 (1H, s), 7.33-7.61 (10H, m).

6-[2-(tert-Butyldiphenylsilyloxy)-1,1-dimethyl]ethyl-4-oxothieno[2,3-d]pyrimidine
(116)

L&Y 111g (2.50 g, 5.34 mmol) DA/ LT I REEHE (12.5mL) %, 210°C (2T
2 REEDINBNER R L7z, g, Aritia AHLL, KICTHF LT, gLz, ¥
VAT a~ s 777 =AU, BFRTF LTy = 11 IWHIZTH
L, LG 116 (1.43 g, 58%) Z EARE A L LTz,
'H NMR (CDCls) &: 1.04 (9H, s), 1.42 (6H, s), 3.61 (2H, s), 7.26 (1H, s), 7.32-7.59
(10H, m), 8.01 (1H, br); IR (KBr) cm™: 3571, 2854, 1689, 1577; MS (FAB) m/z: 463
(M'+H); HRMS (ESI) m/z: 463.18572 (Caled for CpsH3 N,0,SSi: 463.18755); Anal.
Calcd for Co6H39N,0,SSi: C, 67.49; H, 6.54; N, 6.05; S, 6.93. Found: C, 67.54; H, 6.82;
N, 6.22; S, 6.67.

6-[2-(tert-Butyldiphenylsilyloxy)-1,1-dimethyl]ethyl-4-hydrazinothieno[2,3-d]-
pyrimidine (112g)

LA 116 (800 mg, 1.73 mmol) DA% U4 kY &K (8 mL) % 110°C (2T 3
RFRRIINEN L 72, BOSH &2 SRIRICR L7t KOKICHES | 0°CIC TR T R Y
U LD ESOMA B, Kl T WS TR Uiz, AHE 2 fafn i
KIZTHEE%, EARMEET N U LAZIMAREE Lz, g ) U U LEAERE,
BIETICTHEHEEZRHE L, GoniEExzs Va5 ra~x N7 77 40—
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L. BT L~FH e = 1.9 BWHIZTHR L, 6-[2-(fert-butyldiphenyl-
silyloxy)-1,1-dimethyl]ethyl-4-chlorothieno[2,3-d]pyrimidine (780 mg, 94%) % %5
EkmE & L TR,

BHhTz 4-7 Lk (780 mg, 1.62 mmol) DX J —/LIRHE (8 mL) (2. =il

IZCe RV 1K%Y (4 mL) Z00% 80°C (ZHNIEIZ L C 2 BFRElIR#HE L=, X
SRR 2 IR R L2 t%, BUE TS THRIEA B & LRI THIR, Fig—F 1z T
T U7, Safn BRI Coed, MOKBREET N YU o A TR, B2 )L T,
BEL BN EEEZERT T L —~F T I CHEERS L ER LAY 112g
(625 mg, 81%, 2steps 76%) % MEAEKR L L CTH7-,
'H NMR (CDCl3) &: 1.02 (9H, s), 1.42 (6H, s), 3.63 (2H, s), 6.35 (1H, br), 6.90 (1H, s),
7.32-7.55 (10H, m), 8.51 (1H, s); IR (KBr) cm™: 3301, 3268, 2929, 1589, 1548; MS
(FAB) m/z: 477 (M'+H); HRMS (ESI) m/z: 477.21018 (Calcd for C,¢H33N4OSSi:
477.21443).

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde [6-(2-hydroxy-1,1-
dimethylethyl)thieno[2,3-d|pyrimidin-4-yllhydrazone hydrochloride (93)

t K7 Y2 112h (885.6 mg, 1.86 mmol) 3L N7 /L7 & K 73d (500 mg, 1.95
mmol) X B (17.0 mL) [T/ L. 3 REEDINBVER L7z, KOS A =R
RU, WERME L, SoniciRiEzs Varnvrsa~ 777 0 —IZffF L,
AR T L =2:1 WA OE LN E ARG L, e R
¥ (777.6 mg, 1.08 mmol) Z FEfafEA & L TR,

BFoni=e K7V (777 mg) %2 THF (8 mL) IZ&f# L. JK& FIZ TBAF
(1.OM-THF %%, 1.3 mL, 1.31 mmol) Z 1z, Z=IRIZT 15 FFfH, 75°C 12T 4.5 If
MR L7z, ROSRZRIEREME L, SonlEkas sV hsrnvrsa~v NI 7
A =L AT o FER T TV = 13 B K 1S O a7 S A R R AR L
Fle Fa¥xfk 358 mg) #EAHRYE & L TH-,

Bonizbe R R 4 HEHER-UAXY > (1.5 mL) 2z, FiRiZT
16 P L7c, POSRZRIERME L, =X/ — /T L7e, =%/ —
JUfSFe Y R T VI TR AR UL 40°C IS C—BRBIERE T 5 2 & IT &
D, ESEAY 93 (9.3 mg, 3steps 2%) % AR - HEESHE & L T,

'H-NMR (DMSO-d¢) &: 1.40 (6H, s), 2.45 (3H, s), 3.49 (2H, s), 4.00 (2H, s), 5.06(1H,
br), 7.70 (1H, s), 7.83 (1H, s), 8.42 (1H, s), 8.50 (1H, s); IR (ATR) cm™: 1558, 1508,
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1348; MS (FAB) m/z 377 (M'+H); HRMS (ESI) m/z: 377.11975 (Caled for
C16H2NSa: 377.12183); Anal. Caled for Cy6HaoNgOS,: 1.5HCI-0.25H,0: C, 44.11; H,
5.09; N, 19.29; S, 14.72. Found: C, 44.46; H, 4.89; N, 18.98; S, 14.57.; mp: 197-198°C.

6-(1,1-Dimethyl-2-fluoroethyl)-4-hydrazinothieno|2,3-d|pyrimidine (112h)

LA %116 (8.60 g, 18.4 mmol) % THF (100 mL) (Zi&fi# L TBAF (1.0M-THFIAR,
36.7 mL, 36.7 mmol) #/Nx 7, SUGHHKZ70 °CT—Hafi#r Lok, =|iRE TH
HUPE TiEME Lz, FEICffiglEKke 7 aa RV A&l 2 0 kB EE1T
ST, AEE & TKEREET N Y 7 M X VR U2 IR AT TR B LT,
Wi D TN I T Lhroma<x N7 T 74— L, ZaaiRb AL ) —)b
=100:3 HFHUC TR L, Bk E 257, 2l vk s & FgT T
JVOIREWR (1:1) ZMAHH L7-ERZ AH L. 6-(1,1-dimethyl-2-hydroxyethyl)-
thieno[2,3-d]pyrimidin-4-one (2.01 g) Z#AEAK L L THET-,

HFoize ek bR (1.60 g, 7.14 mmol) 27 v A% (240 mL) (2
BB L, 18 °CTYAF AT I ) ANLT77 FU 7 K (DAST, 3.77 mL, 28.6
mmol) Z M., 2 KT THIRE THIE L, ROSIKIZ SRR KFZ T R
U LIKEEIR A R ER L2 IR L7c . At & Bk U o
DXV LT, WA RIE TR ELEE, BiEa s VDAV T ara~

N7T 74 —I2ff L, ZaakLbh: AR ) —) = 100:1 EHIZCTERL,
6-(2-fluoro-1,1-dimethylethyl)thieno[2,3-d]pyrimidin-4-one % #E A [ (& & L TH5H7=,

Boniz7 A niRE 4% ) > (25 mL) (ZERE L. 1 RFREIINEGERT L
Too BUSKRZBIRE TWEAILT-12, BUE NIRM L7z, FREIZfMREEKET b
U U LRGSR 2 A B = F /WIS THIM U7z, AHE 2 KM ~ Y v AL
KO L%, BEEZBIETEELY VDAV T LA~ NI T 7 4—|C
fFL. ~FH iR T =20:1 IWHICTHR L, 4-7 7K (1.31g) #EaE
B S LT,

Boni4-7 ok (130 g, 531 mmol) 2%/ —)L (75mL) IZIEfELE R
FY1 KR 2mL) ZMNZ3 REEINEGEDE L7z, SR A iR E TWAEIL -
o, PR T RE L7, FRIEISKZIMAANTH L2k 2 AH L it b &4%112h
(1.16 g, 3steps 33%) Z HEFEKE L THET-,

'H NMR (DMSO-ds) &: 1.33 (3H, s), 1.38 (3H, s), 3.17 (2H, d, J = 22.2 Hz), 4.57 (2H,
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br), 7.39 (1H, br), 8.31 (1H, s), 9.07 (1H, s); IR (ATR) cm™: 335, 2985, 1580, 1513,
1317; MS (FAB) m/z: 241 (M'+H); HRMS (ESI) m/z: 241.09405 (Caled for
CioH14FN4S: 241.09232); Anal. Calcd for CioH;FN4S: C, 49.98; H, 5.45; F, 7.91; N,
23.32; S, 13.34. Found: C, 49.99; H, 5.46; F, 7.91; N, 23.12; S, 13.38.; mp: 209-212°C
(dec.).

4-[(Methylamino)methyl]-1,3-thiazole-2-carbaldehyde [6-(2-fluoro-1,1-dimethyl-
ethyl)thieno[2,3-d]pyrimidin-4-yllhydrazone hydrochloride (94)

LB 76 DERIEICHEN, B RZ VU M2h BLOT LT B R 73d LV
LAY 94 (97%) ZEEAEIE - HEERtE & L TiE7=,
'H-NMR (DMSO-ds) &: 1.39 (3H, s), 1.44 (3H, s), 2.59 (3H, t, J = 5.4 Hz), 3.30 (2H, d,
J=22.0Hz),4.28 (2H, t,J=5.4 Hz), 7.89 (1H, s), 7.98 (1H, s), 8.56 (1H, s), 8.65 (1H,
br), 9.40 (2H, br); MS (FAB) m/z: 379 (M'+H); HRMS (ESI) m/z: 379.10884 (Calcd for
Ci6H20FN6S2: 379.11749); Anal. Caled for Ci¢H19NeFS,-2HCI: C, 42.57; H, 4.69; Cl,
15.71; F, 4.21; N, 18.62; S, 14.21. Found: C, 42.52; H, 4.74; Cl, 15.80; F, 4.27; N,
18.68; S, 14.15.; mp: 224-226°C (dec.).

4-(1-Aminoethyl)-1,3-thiazole-2-carbaldehyde [6-(2-fluoro-1,1-dimethylethyl)-
thieno[2,3-d]pyrimidin-4-yllhydrazone hydrochloride (10)

LAY 76 DEFIEICHEN, B RV M2h BEX T /LT & K 73h L VL
LB 10 (88%) % BEtalEfk - MEFEIE & L CTET-,
'H-NMR (DMSO-d) &: 1.39 (3H, s), 1.44 (3H, s), 1.59 (3H, d, J= 6.8 Hz), 3.31 (2H, d,
J = 22.2 Hz), 4.52-4.64 (1H, m), 7.92 (1H, s), 7.94 (1H, s), 8.54-8.90 (6H, m);
BC-NMR (DMSO-dg) 8: 19.0 (CH3), 26.1 (2CH3), 41.4 [C(CH3),CH,F], 46.2 (CH),
95.5 (CHyF), 113.5 (CHar), 115.3 (CHar), 119.0 (Cyr), 121.4 (CH-N), 138.0 (Car), 142.8
(Car-N), 150.5 (Cap), 152.4 (Cy-N), 153.0 (Cyr), 154.9 (CHyy), 164.4 (Cy), 166.5 (Cyr);
MS (FAB) m/z: 379 (M'+H); HRMS (ESI) m/z: 379.11307 (Calcd for CisHaFNeS;:
379.11749); Anal. Caled for Ci¢Hi9FNgS,-2.4HCI-0.95H,0: C, 39.78; H, 4.86; Cl,
17.61; F, 3.93; N, 17.40; S, 13.27. Found: C, 40.15; H, 4.80; Cl, 17.66; F, 3.61; N,
17.00; S, 13.01.; mp: 212-214°C (dec.).
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In vitro FEHIZBE 3 5 EBR

(BERPAETE M D M)
AL AP SR OV &

AR A L 72 A oI K OBERIT 10%4-46 V2 i (Hyclone; USA) % &
T RPMI1640 551 (GIBCO; USA) % V>, 37°C. 5%CO, 5k FCEMi L=, *
7o, Bl R SE9 Mifw (ESZEYSEMFIEAT & 0 Bth) 13X, 10%4F 06 i ig & & e
7 L— AR (GIBCO) % HV 27°CEASHR THE& LT,

HEL A4 2 TR DR

CDK4 B XU+ 7 U DI, CDK2 BLUY A 7V v EORBEIFE2AT
HNANF a2 A )R (RKEFMEF - Dr. H. Matsushima, ¥ 72/% UCSF - Dr. D.
Morgan #f%7>H465) % S£-9 i (10" 8L 1) 1S s8, 3 HH%IZ 200-300
mL D71 A F— A3 77— (50 mM Hepes; pH7.5, 10 mM MgCl,, 1 mM DTT,
2.5 mM EGTA. 5 mg/mL AMSF, 5 mg/mL aprotinine, 0.1 mM NaF, 10 mM f3 -
glycerophosphate 3 X T00.1 mM sodium-o-vanadate % 8) (ZHIfdZAfE L T, #5
Biviziml Bl A Cdk4 B LN Cdk2 OFFRIKE LR L7,

CDK4 DFEETH D RO IZINE F A L-S-h T A7 = L—A (GST) @A E
HE LT, KIBEZHWTAERE LT, GST-Rb B{s 7 2k A0A A T2 KIGE 2 — it
AiEER L. 103 L7z Hiz, 2-3 FEESER L, IPTG (FKIREE 200 uM) % i
ML CEBHIZ 6 R Liz, ©XIZ, HEKD 1/10 &D TNEN i (20 mM
Tris-HCI; pH8.0, 150 mM NaCl, 1 mM EDTA £ X O} 0.5% Nonidet P-40) (2 % /&%
# L EE R K0 IR 2 R Lo, DL (7,000 pm)  IEIZ BSA (4%
W) WMBE L= VB2 TF A4 E—RX (77 m—A 4B, Amersham) % 20% &2
TA4CTA4RFMIS S, GST-Rb @A E A A B — X RICEIL L7z,

CDK4 3 X U CDK?2 BHETE M O MRS

ZRiA% 10 mg/mL (2725 K 912 DMSO I CIEfE L. T HEED 10 [EHEE
ETDMSO THIMLTI96 X7 F A7 4 )& —7 L — | (Whatman f1:, GF/C 7
4 V=) 1T 10 uLiwell TOWM L7z, YA 27 U DI-CDK4 BERIR £ 72135 A
7 U E-CDK2 FRik (iR z 10 {5 Z i, GST-Rb & — XK (GST-Rb
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E— R h A F— ANy 7 7 —=1:3) BL0.2 mCi [PP]ATP Z & T 10 mM ATP
IR & 45 230 uL 322 T, 4% 100 uL & L, 30°C T 30 2y St S &
oo O, WEILERENHE—X%Z/KT 4 BEE Lz, SV — Mg
%I, Ik > F L — & — (Microscint 20 ; /X 71— Rfk) & 7 = /L2 50uL
TOWRMUL, My T ATk Ny —FKth) 20T T 4 V¥ — D%
PIE LTz, BERIRDOMRD VI AF 2 m 7 A /L ZIEEGE SE-9 EL Al il HH iR 2 s
MU= OHEEE (B), BERIMBEO GHEMEZ (C). 8 L OBRIKEINRED
HHEEZ (AL LT, {(A—B),/(C—B)} x 100 (%)IZ X v T/C 2R, T/C=50%
e 2 FHE L0 HOHEYEE 50%MH T DR (ICso) ZFHAE L. MO ENRN
PEE LT,

c-Sre A R — A K¢ BAtk D FHAm SR
MR FLE 31T B R M2 M55 HRY T, Src kinase FHETEM: 2 H7E LTz,

UJEY L — MIFHREEN S0 uL (2725 X 912, 10 fFREORKIK 5 uL 3 LU
# (UBL Cat#14-117) 15 uL (9U), EEH L L TEFF U LA TTF R (2
ug) Zaie ATP ¥RIE (1.0 mCi [PPJATP, 3£ T ~L ATP He#& 2 30 uM) % 30 puL
WL, 30CT 15 pEcS¥E, ok, Pkl eorve—xX
(Streptavidin Sepharose High Performance, Amarsham, Code No.17-5113-01) % 100
uL(E—=XE LTSuL &A) $ 2L, =R T30 oMM LG S 872, Kk
596 XTTAT 4 NEZ—TL— M LTRSS LARNLE—X%/KT 4[N
B L7e, PIEFIER LV ICs HH 151X CDK4, CDK2 FHETEMHEORE L & Fkk
(232 iE L7z,

(R A BETE BN IV P 0D 34
MTT 7 v &A1 RER
0B HE 5 TS P L. MTT  [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide] ¥ 1 & v H|E L7z, HCT116 #MHLiE American Type Culture
Collection (ATCC, USA) X W i A L 7=, PC-6 #Hlf@ L Immuno Biological
Laboratories (FES) L W EEA L7-, Ml (1~5x10° (&) % 96 /X7 L — MCHERE L |
FRICHEAE 171000 EIRMNL T 37°CT 3 AMEE L, BiRE&EHEZ 10
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pug/mL (ZFRE L. Biomek1000 & VT 12 ¥ o5&/ L, 10 HEEZRE LT, 5
mg/mL O MTT ¥ % 10 uL/well #0 L C 4 BefE55EE L, bR 2%, DMSO %
150 uL/well M L CTARR L7277 b~ W U &R L, 540 nm CTWOGEE 2 JIIE L
7o AMREEGTEANGENENE & U CKIREIZRIT D T/C (%) %KD, T/IC=50%% ke 2
&L M % 50%IH 3 2IREE (Gls)) 2R M L7,

(G1 B DFFAiTh)
A REJE 5 53 A1 DI TERABR

MR E B OWEIL 7 v —H A A b U —{EIZHE L TIT > 7, HCT116 #ifl 2
1x10° cellsymL (2722 X D ICHERE L, #H, 16 Ff#] / =24 —/L (50 ng/mL,
Sigma, USA) fLEEZ U CiFilE L7z ilaz el U7z, [ L 7= flifid % PBS Tl
% 1x10° cells/mL (272 % & D ICHHERE L7-, AN ZTRMNL T 4-24 BEf (227 Y
— =V JWET 16 B AEE L. MR >10°{8) Z R L CHIRRERIE S >~ b
(Cycle Test, Becton Dickinson) (2 X 0 Qefafkzguta L7z, D&, 77/ A% ¥
> (Becton Dickinson) % FHVNTHIfED DNA & &4 HIE L. AALE o546 b=
Z B L7z (Modifit software, Verity Software House, Inc.; Topsham, ME, USA),
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In vivo FHMIZ B3 5 5E8k

(FUIEEZh R O Fih)
A L 7=

FEAMAL A% & . 20% Captisol® (B-Cyclodextrin Sulfobutylether Sodium Salt
(SBE7-B-CyD), Lot. RPP-96-CDSBE-BA#10, CyDex Inc.) & %\ % 40% Captisol®%
INZ TEE I L0 ML, RS AR LT 10 mLkg & % VX 20 mL/kg
DEIE TEHIRANE LG H L2 WITR ARG EZ1T o7z, £, 05% CMC &k
(CMC-Na; Carboxymethyl cellulose sodium salt (Medium Viscosity), Sigma-aldrich),
0.9% NaCl; HAZER GRS AR K (REREERA S ) (2B rTRE2 bW
2OV T, [RVREBECAR L C 10 mL/kg & 5 )ME 20 mL/kg OEES TR OB 5 %
1To72,

fEH L -8

5~6 145 ® BALB/c AnNCrj-nu it~ 7 2 (A ARF v — /L X+ U N—RA 1t
JEAR) & 5V IEBALB/c-nu/mu it~ 7 A (AART A )L o —R Stk #50) %
BEA L., A1 I S 7o, SFREHCE N Uz, Bi3fmEEICINAE L,
SPF &1 F Cfilk D EI AL (CMF, A U = > X VEERE T3S A, ) &
7 v =g UToKiEK &2 B B S E 7,

JEB IR DR AE

FTATHAALEMIZ BN T, X — R~ T AR NAE L 72 HCT116 AifafRIZx L.
PUEE SR 2R T &V ) A ER Ve, ZOHEEZSBICLTX—Rv X
DBIE T NV EMEE LT, HCT116 ffakkiX ATCC 706 AF L7z, MilaDOMirik
L ORI in vitro T L, ~~2 2~ Ak (Hank’s Balanced Salt Solution, HBSS,
Cat.No.14170-112) 7% S B 72/ (5.0 x 10° or 1x107 cells/0.1 mL/head) %
X— R ALARBEHE FICA a2 D ERHAYV Y 2T LT,

PUEE SRR
fEIERAETS . HEENEEARED 80~100 mm’ 123 L7 T, F OHEI %
HECRIZICRD XIS T E2FERL (5 HDHWIT 6 VLR, EF OG5 % Btk
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LTco EAT YV a—)uid, 5 SRR G2 AL L, 4~12 HFER IR
BHEHLWEIROZEG21To 7=, {LEMORHEIX, FalZFEH L 72 Maximum
tolerated dose (Fx Kifif 2. MTD) #at DGR %2 & LT E LT,

BHEMMF, RENEZRAMICHERL, EHEOEELE L THRERD E
(BWL(%)) Z®&=Uz L B L7,

BWL(%)= {1-%HI7E H OIRE (g)/Aal#E 5-71 DK E(g)}  x 100

TSR DR E % 2~3 HEICEM L, WRRUZ K0 & H 8 OHEE N HE ] =
(IRTV(%)) =& L7,

IRTV (%)= { 1-FE5$5 -5-HE 0 HE & N5 (A F/ e AL & O HEE IR ISHAFE ]} x 100
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