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m«[2, 1-/H1, 2, 

1-/][1, 2, 
@0^C7X^#J» $&$.#} j£o ffi^; I 

mi^ivjmmmmmB3-)m CPDK) ^JM, 
SftflW M#lo 

PI3K Ji—3 $L 
mnfo, ^mmmmm-3-mm (PIP), «jtMii-3,4-^iM CPIP2) m 
§IJtSM?-3,4,5-=M (PIP3)o PIP, PIP2^P PIP3 #(£, 
^PH (pleckstrin homology domain), FYVE (\ZXik 
%]%M^FYVE Fablp, YOTB, Vaclp $1 EEA1 
^-~5kiw3=!, Gaullier, J. M.; Simonsen, A.; D' Arrigo, A.; Bremnes, 
B.; Stenmark, H., Chem. Phys. Lipids, 1999, 98: 87-94.), PX (Phox 
homology domain) 

Vanhaesebroeck, B.; Leevers, S. J.; Ahmadi, K.; Timms, J.; Katso, R.; Driscoll, P. 
C.; Woscholski, R.; Parker, P. J.; Waterfield, M. D., Annu. Rev. Biochem., 2001, 
70: 535-602.)o 

mmmPDK 
M: i M, ii HI M Pi3Ko iMPi3K^iJJ!^±#F^;^ry£W^So 
\%M PI3K (PI), (PI (4) p), m 
mmrnrn 4,5-r.mm CPI (4,5) P2X 

IMPBKX^JM^, 
PI3K IA ^P PI3K IBo PDK IA PI3Kou PI3KJ3 ^P PI3K5, 
UBfflMWcffi; PI3K IB ix S PI3Ky £ G PI ^P PI 
(4)p H n M PI3K II M PI3K PI3KC2ou PI3KC2J3 ^P PI3KC2y0 
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C2 E, PDK 

fiMflKW Pic (.XLXm Engelman, J. A.; Luo, J.; 
Cantley, L. C., Nat. Rev. Genet., 2006, 7: 606-619.)o 

pi3K 3-#n/ge#n B/P 
(PI3K/Akt/mTOR) 

60%fitlAI^IIt,^l=l=,r^y5.;ffit o PTEN (phosphatase and tensin homolog 
deleted on chromosome 10) /f$ill3H!ljtl/lI¥l=l=,IAI¥^F 3 jiiftWiV(i> ^nirC PI3K 

ii54pii0a^S@ 
PI3K3CA 30%o %*r\>, PI3K3CA ^Pg 
fillB Ukt) 6<jS@rit, Engelman, J. A., Nat. 
Rev. Cancer, 2009, 9: 550-562.)o PI3K 

(mTOR) B z-, %&/ 

mTOR; TSC2 (Tuberous sclerosis protein 2) 7ftfa]® 
ifSS mTOR Mygo mTOR S6 # H (S6K1, 
SSc^P70S6K), 4E (eIF-4E) 1 (4E-BP1X 

3 (STAT3) 
setic (PKO 

tRNA 

PI3K M^$0 mTOR 
@ BIT PI3K y^TOlPJfflAT £P GDC-0941, XL-147, PX-866 

m^ic, #R PX-866 MX" Wortmannin, 
GDC-0941 @ltb, ££{M2?lftfE 
fa pi3K g itr 

nbfcB^[2, 1-/][1, 2, = g/Ail; 

(jALXfift: Hayashi, M.; Araki, A.; Maeba, I., 
Heterocycles, 1992, 34: 569 - 574. Patil, S. A.; Otter, B. A.; Klein, R. S., 
Tetrahedron Lett., 1994, 35: 5339 - 5342.), 
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JAK2 ffiTOJ (JflJtSfc: Weinberg, L. 
R.; Albom, M. S.; Angeles, T. S. et al., Bioorg. Med. Chem. Lett. 2001, 21: 
7325 - 7330.), &E Aurora (Abraham, S.; Hadd, M. J.; Tran, L. et al., 
Bioorg. Med. Chem. Lett. 2011, 21: 5296 - 5300.), p38a 
Hf (p38a MAPK) (Liu, C.; Lin, J.; Wrobleski, S. T. et al., J. Med. Chem., 
2010, 53: 6629 - 6639.), ALK WMlJ (Mesaros, E. F.; Thieu, T. V.; 
Wells, G. J. et al., J. Med. Chem., 2012, 55: 115-125.), VEGFR-2 ^P FGFR-1 M 
SWffrJlRl (Cai, Z.-w.; Zhang, Y.; Borzilleri, R. M. et al., J. Med. Chem., 2008, 5: 
1976 - 1980.), VEGFR-2 W$^IJ(Hunt, J. T.; Mitt, T.; Borzilleri, R. et al., J. Med. 
Chem., 2004, 47: 4054 - 4059.), EGFR1/2 (Gavai, A. V.; Fink, B. E.; 
Fairfax, D. J. et al., J. Med. Chem., 2009, 52: 6527 - 6530.), IGF-1R JTOlPJ (JAL 

Wittman, M. D.; Carboni, J. M.; Yang, Z. et al. J. Med. Chem., 2009, 52: 
7360 - 7363.), Met itHJTOIflJ (: Schroeder, G. M.; Chen, X.-T.; 
Williams, D. K. et al., Bioorg. Med. Chem. Lett., 2007,18: 1945 - 1951.), 

EGFR WWJ AC-480 (W0-2004054514), VEGF-2 
'J BMS-690514 (W02005/066176A1), IGF-1R BMS-754807 

(US2008/0009497 Al) Btb^[2, 1-/|[1, 2, 4]# = R§ 
ittXM Thieu, T; Sclafani, J. A.; Levy, D. V. et al., 

Org. Lett., 2011,13: 4204 - 4207o 1^7 
MMP, i-y][i, 2, (^VJF^: 
US2006/0084650A1 ), EGFR # H W |PJ (^JF^r US2006/0089358A1, 
W02006/069395), VEGFR-2 ^P FGFR-1 ^fulfil W02004/009784, 
W02004/043912 ) , ^ f§] W & J& ^ if ( W02007/005709, 
W02008/083398 ) , Sllf #tll M IPJ ( W02007/061882, 
W02008/131050), Aurora W02009/136966), JAK W 
HWWJ (^VJF^: W02010/002472), 
2, PBK 

° 

RWM^mtn^[2, l-/][l, 2, 
it^T—PBK «4IPJ, 
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\-f[[\, 2, 4]# 

R3 ^-NH2, -NHC(0)NHR„, -NHC(0)0R„, -CH2OH, -CH2S(0)2R12, 
-CH20S(0)2Ri2 ̂ -CH2NHS(0)2R12; 

R4^H SSC# CF3; 
R5^P Ci-C4 ')%m, 

Bf^^(^3?^-S(0)2Ri2; 
R7, R8, R9^PRio#S^it^H^Cl-C3^S, Sic# R7i3R8iR9ii 

5-8 jn^WPi^; R7i^ R8^C R9 

^ Rio 

Jf; 
R„^ C1-C4 C3-C6 

sSc#7^^f^sSc^ 
C1-C3 

Cl-C3^ftS, -CF3, -C(0)0R12, -C(0)NR12R15, 

R. 

X = CH SE#N; 

Ri ^-NRsRe; 

R2^ 
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9 /-^ ° /Rl2 9 /-^ 
"C-0 , _C"'0-N-Rl5 gjj -C-N^N-R12 . 

Ruff C1-C3 
iJt&Vk, i I$^$J£RT: 

X, Rh R2, R^PR^^Mffi^Jo 

R2^ WS. (S)-3-WW&E 8-ft-3-M^—if[3.2.1]^if-3-S; 
R3^-NH2, -NHC(0)NHR„, -NHC(0)0RH, -CH2OH, -CH2S(0)2Me^ 

-CH2NHS(0)2Me; 

R4^ HSSC#-CF3; 
RII^¥S. ZiS. MS. UTS. ^MiX 

tu in. z,WMm, 4-^mmm-\-m 
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Y= NH^O 

Ri. R2. Rn^O Rii^fiT^iUS^J, 
Rie^O Rnffl> -&• [=1 C1-C4 Ri6^0 Rn-^/li 

w^t i ^.Tistfiik 
% l. 

n -
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0s^ 
1-18 F 



WO 2013/177983 10 PCT/CN2013/074559 

Me02S 
N 

>—N 

0i"» 
1-19 F 

Me02S ( 
N-\ N 

>—N 

^N-N^ 
L^NH 

jD~" 
Et02C 

1-20 

Me02S ( "l 
N-^v N 

>—N 

^N-N"Sn 
yp^ 

1-21 0 

Me02S ( 

O X N—N /5=/^N 
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1-26 
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1-27 

Me02S 'N\J^h VY° 
N^,N 
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HYY^I 

1-28 ° 

/ s y^C\ 
Me02S'Nv_7 ^~\\ \ \? 
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PM: 
sn-r, ivieu2o 

r,—n MH„r.i li A MM is Kv \—^ 
Me02C Me02C Me02C 

y-a NH2CI a (T\ UffifcM , y^\ 
Xi^nCuFt 8#. T'tSDMF W CO,Et X.^-r l\|- C02Et 5j|, DMF N C02Et N""^CONH2 

H LI NI I 
2 H2N 

1 2 3 
OHC 

,R4 Me02C Me02C Me02C 

X0^B ^r°POCWDMAP^'Sf'CI RrH_ OY"2 

" N^NH NY N^-N 

mmm, mm T n-wcl5 J^RA imm R4 , K 
xj X°V 

J^-1 ^ 13 R13 
Ha lib lie 



m <ui (s 
Kdvna) 

r—N'N 
sqn/#^Wii#OT^W^Bn/#^w O 
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•z ^^\mmn^mw^ ̂ ®$n$o£ 
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\ X 
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6) lie SSc#5fe^^tl He 
Hit He 

\^% lie; 

5 J?T&J©fc¥J©sSc¥iimXM; 

9) ^Rn0C(0)Cl^ 
^ RHC(O)OH m Rnc(0)ci 

10 sSc#Ri2S(0)2Cl^;^l|^MsSc®feM)#S!Jffi^:i^^W^tlo 
Mlf. la-lf l^LMxtt-Uy PMM^r: 
(1) ffi^IIIa-IIIc^^^fj^J^nN- (5-SIS-4- (=M¥S) Pbt 

®S-2-) #j£®fcJ© (7) 
Me02C Me02C Me02C 

V~a NH2CI NH3/MeOH^ V~^ 

BXC0!B mm DMF u X c°2Et *#*«*•* S CONH2 
H2N H2N 

1 2 3 

Me02C 

mMmm 

15 i M£j±3t7kmm N,N-r^$^sit, »» rmu 

#M^#J3o (WffiS¥¥i. 3-
¥®Mn^ZJB, N- (5-SIS-4- (HI¥S) Btfcl^S-2-) #j£®fcJ©) 
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ilia, iiib^nic, 
3 sift 

ma, nib nJc nice 

¥MM<# N,N-r^i^SJg, N,N-^¥SZJ®, MM 
80-150°C o 

o o 
4 5 6 7 

N-mxT=.m®-mmx, is. 
ftiETSIi/N,N-^¥S¥0®/^7Kraa^B®W^#T#iiJ^tJ7o 

(2) X = CH, R3^NHC(0)NHR„^R[:t;n&[2, 1-/][1, 2, 
la, lb 

nia 8, ft^#j 8 
9o 9 ^ 5%S!G# 

io%MMIg#mi^ti 10,10 n, 
11 12o 12JTOJg» 

13, 
13, £^7K— 

Ia0 ^=| Rn 4-Zi^ti^3S?3SBt, la TK 
«^^tJi4o ^tii4^-¥J®. N-¥lii$i4-r^MSi®fi 
-£#?!] lb: 
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R2 RuNCO/CHzClz 

NYN ^CRIICON3/: 

EtOC-^^—N^NH 

1N KOH 
MeOH/THF 

HOOC—$ V- N^.NH 

14 

iPr2NEt/HBTU 

^HtDMF 

R17R16N t, A H 

" NL^NH 

(3) X = CH, R3 % CH2OH, CH2S(0)2R12, CH2NHS(0)2RI2 fi«n&[2, \-f[\, 

2, = Ic-e 

MeOoC MeOoC, 

O POCI3/DMAP 

J^PCU 

OAc 

Illb 

MsOoG 

THF 

OAc 

15 

EtOH 

OAc 

H02C, 

R HBTU/Et3N/DMF 

OH 

^ (1 THFgK-ni^ 

OH 

RI~A 

BH3^BH3SMe2 < 3^ ^2 MsCI, Et3N 
^ a CH?CI? 

OH 

17 18 Ic 
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NH3/MeOH 

nib 
^^tJi6o I7ig-¥J©> ¥?t®« 

5 is0 is mMummmmmmmmmr-mMmm 
^jg#sijico # 

19o 19 ft N-^Snlt^®^, 120°CMR 
^2 30 #$»#£!] Idc ^tj 19 20, 20 

#J Ieo 

10 (4) X = N, R3^NH2, NHC(0)NHR„, NHC(0)0R„, R^ CF3 iftPlfc 
Hfr[2, \-f[\, 2, 4]fHif4tl If-Ig 
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#'>»«, A#«M®, Mii, IP 
J4}S?> IFF IS > fLlSlSj^o 

33 *b 
WlnMtW, UMM^o 

3-mmm^m^7jm, ^rnmrn 

mmnm 

a 1 ^I-33X4AIHIs;IA^I^Rh30^Jl^PA#^M^U87MG^JlPI3K 

a 2 %\^m 1-30, 1-33 X4A#^JKM® U87-MG t/M^T^SiW 

Txrt^ll, {S 
IMKII. !HNMR ^ BrucherAM-400 M^P GEMINI-300 

5 (ppm) ^/]K; Milt i MAT-95 MMilfftifi 
200-300 go 

mmm 
K l-MS-5-®feJ®S-l/T-Blt^-3-¥M¥l0 (3) 

MeOoC 

H. NN/^CONH2 

H2N 

9 g 330 mL tft£PilJ-20°C, JWfflPA 15 mL $<M 
7k, ffijlfM®S^il4yftA2i6mL5% 
M^tJ£-io°CTWMo #$»., (ft 
Jg^it/E, faWtlM^iPA^/KfL^f1!, #g 
^-40°CT^SI I 
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1,3-—!^ 1100 1 (5 g, 25.4 mmol, Kamijo, 
S., Kanazawa, C., and Yamamoto Y. J. AM. CHEM. SOC. 2005, 127, 9260-9266. 

^25mL^7K 
£b3lfi<J N,N-— ¥ S ^M 0°C, Mm(60%, & 
iS4:';Er#J}'&l=K 1.22 g, 30.5 mmol), 1 ^Bf> 
fit/ 300 mL 

iR7Xft#o \ tr# 
OTIM, ym^k, i/Kiiftfi, mB.mmmu.2gnr^a 

M 3 g flr'nniPA 80 mL fi<J ¥0M$#$&> 80°C*f fflxJZ 2 A. 
sfc*ss®##ritj, #gi<w£;&, j±m, mm 3 
64.6%c m.p. 222-224°C o 

*H NMR (300 MHz, DMSO-J6): 5 7.95 (brs, 1H), 7.38 (s, 1H), 7.33 (br 
s, 1H), 7.15 (s, 1H), 6.87 (s, 2H), 3.70 (s, 3H)o MS (EI) m/z (%): 183 (M+, 
100)o 

2, 2-t@-4-=il¥S-5-}I« (5) 

^2-MS-4-HM¥Snltl^ (5 g, 30.8 mmol, >MkB%lk 
100 mL ||47JI=K ftfiktlPA (5.92 g, 33.3 mmol), 

mm, : z^mz^m =10: 
1 |Prl¥^StJK). mij4.33g^Pfe@#o W: 58.2%o LC-MS: 240 
(M+l), 242 (M+2+l)o 

3, N- (541-4- (HI¥S) «-2-S) #j£®fcJ© (6) fi<J$!|& 

M^f/5 (50.0 g, 207 mmol) ^P = ZiJg (37.9 mL) fitft 

¥^ (300.0 mL) M43, MittA 29.8 g (226 mmol), 1'bNfa 
MP^, III# 2 I^M^^iPA 150 mL 7jC> 

Br 

O 
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mm, z.mz.nm 
(57.7 g, 85.6%)o 

m.p. 126-128 °Co !H NMR (300 MHz, CDC13): 5 8.67 (s, IH), 8.50 (s, 

IH), 8.14 (brs, IH), 1.33 (s, 9H)o 

4, N- (5-TOX-4- (HI¥S) «S-2-) (7) 

V(±ii % 6 (15.0 g, 46.2 mmol) 350 mL 
7tiPM-78°C, 45 mL 2.5 M lETSfS 
1 T^M^-78°CT^# 1 'bNfe, Mt#»R 15 mL N, 
N-r^S^SM, f-78°CTiiift2.5 />0to fa&M^RA 120mL 1M 

(200 mL X 3), tflKXMTk (200 
mL x 3), (200 mL) jliio <MMmm, 

: z,mz,m =60: 10: o, 
7.1 g (56.1%)o m.p. 96-98 "Co lR NMR (300 MHz, CDC13): 5 10.32(brs, 
1 H), 9.01 (s, IH), 8.73 (s, 1 H), 8.40 (s, 1 H), 1.38 (s, 9 H)„ 

5, Illa-IIIc 
tkipffi 3 (55 mg, 0.3 mmol), (0.3 mmol), —(51 mg, 

0.3 mmol) M^WflRA 5 mL — 80-150°CR^Zo & 
ip, iliJA7R43, jliio 
M, mmi (^m¥^ : TO =50: o mit* 

\-f[\, 2, 4]# = R§-6-¥^¥@B 
(Ilia) 

CHO 

o 
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M6O2C 

M - NH 

.0 

N - NH 

NO-

M±&5 &M, 
Ilia, W: 72.0%o m.p. > 300 "Co lR NMR (300 MHz, 

DMSO-J6): 5 12.52 (S, IH), 8.38 (d, J=8.5Hz, 2H), 8.22 (s, IH), 8.21 (d, 
J = 8.5 Hz, 2H), 7.26 (s, IH), 3.80 (s, 3H)o LRMS (EI) m/z (%): 314 (M+, 
85), 283 (100)o HRMS if #{t CMHK^OS: 314.0651; 314.0659c 

2-|t]Z^fi¥S?S-4-fi^-3, 4-—anlt^[2, 1-/][1, 2, 4]# = R§-6-
(IHb) &}®\& 

5 it 1 3 
Illb, 39.0%o m.p.202-203 °C „ lR NMR (300 

MHz, DMSO-dtf): 5 12.29 (s, IH), 8.19 (d, J=1.7Hz, IH), 7.96 (s, IH), 
7.92 (dt, J= 1.7, 7.2 Hz, IH), 7.58 - 7.53 (m, 2H), 7.24 (d, J= 1.7 Hz, 
IH), 5.16 (s, 2H), 3.81 (s, 3H), 2.10 (s, 3H)o LC-MS: 342 (M+l)„ 

2- (4- = M¥X-6-#j£®®-li|tl£-3-S) -4-^-3, 4-—anlt^[2, 1-/][1, 
2, 4]^ = Rf-6-¥^¥@B (Hie) 



WO 2013/177983 25 PCT/CN2013/074559 

O 

5 7 3 &M, #£lJ8$Jt£ 
] IIIc, 25.9%o m.p. 244-245 °C 0 *H NMR (300 MHz, 

DMSO-J6): 5 12.47 (S, IH), 10.68 (S, IH), 8.86 (S, IH), 8.57 (S, IH), 8.20 
(d, J= 1.7 Hz, IH), 7.29 (d, J=1.7Hz, IH), 3.81 (s, 3H), 1.28 (s, 9H)o 
LC-MS: 438 (M+l)o 

6, l-y][l, 2, 4]# = n§-6-¥^¥@0 (8) 

NO2 

Ilia (4.74 g, 15.1 mmol), (4.34 g, 35.6 mmol) 
WM^tJ43iPA = flfli|20 mL, ®iirL5/>0tc = 

ftftfl, WJ^fHliJA^K^, jlii, (4.6 g, 91.8%)o 
m.p. 218-223°Co !H NMR (300 MHz, CDC13): 5 8.54 (d, J=8.9Hz, 2H), 
8.36 (s, IH), 8.34 (d, J=8.9Hz, 2H), 7.46 (d, J=1.3Hz, IH), 3.96 (s, 
3H)o MS (EI) m/z (%): 332 (M+, 100), 334 (M+2, 33)c 

7, 9 
1-/][1, 2, 4]# = R§-6-¥^¥@B (9a) 
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NO2 

8 (4.6 g, 13.8 mmol) 150 mL Ypf A 3.6 mL 
iW, T&M, UM 3.9 gW\W, # 
3\ 1.1 9a (94.3% )o m.p. 296-300°C o !H NMR (300 MHz, CDC13): 

5 5 8.45 (d, J = 8.7 Hz, 2H), 8.29 (d, .7=8.7 Hz, 2H), 8.14 (d, J= 1.3 Hz, 
IH), 7.23 (d, J = 1.3 Hz, IH), 4.17 (t, .7= 4.8 Hz, 4H), 3.91 (t, .7=4.8 Hz, 
7H)o LC-MS: 384 (M+l)o 

2-XfffiS?S-4- (8-fC-3-M^—if[3.2.1]^-3-S) R»[2, 2, 
io 4]# = n§-6-TO¥@B (9b) 

NO2 

tkipffi 8 (100 mg, 0.3 mmol) 15 mL [I9laI]^R|tl=l=r > #R A 8-H-3-
Jf[3.2.1]^SMS (54 mg, 0.36 mmol) $1 1 = 

3-4 />0f, Tktfc, #£!] 109mgJt"fe@ 
15 #9b(88.6%)c m.p. 278-280°Co !HNMR (300 MHz, CDC13): 5 8.45 (d, .7=9.0 

Hz, 2H), 8.29 (d, .7= 9.0 Hz, 2H), 8.13 (d, J= 1.3 Hz, IH), 7.21 (d, .7=1.3 
Hz, IH), 4.60 (brs, 4H), 3.91 (s, 3H), 3.63 (br, s, 2H), 2.08-2.04 (m, 
2H), 1.91-1.84 (m, 2H)o LC-MS: 410(M+1)„ 

20 8, 10 
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9 (13 mmol) ^iP A 500 mL EKTvtl'n MM (1 : 1). 
10%^M io%), ^ig±Sj« 

2-X4MS¥S-4-^#SB[:l:P^[2, l-f][l, 2, 4]# = R§-6-¥^¥@B (10a) 

10 9a u& 10a, &&mW, m.p. 
238-240°Co *H NMR (300 MHz, DMSO-J6): 5 8.13 (d, .7=1.6 Hz, IH), 7.93 
(d, J = 8.5 Hz, 2H), 7.31 (d, .7= 1.6 Hz, IH), 6.62 (d, .7= 8.5 Hz, 2H), 
5.70 (br, s, 2H), 4.04 (t, .7= 4.5 Hz, 4H), 3.80 (s, 3H), 3.77 (t, .7= 4.5 Hz, 
4H)o MS (EI) m/e (%): 353 (M+, 100)o 

2-X4MSSS-4- (8-fl-3-ft^^if[3.2.1]^-3-S) M[2, 2, 

10 9b 10b, m.p. 
254-256°C o *H NMR (300 MHz, DMSO-d6): 8 8.21(s, IH), 8.19 (d, .7=8.7 
Hz, 2H), 7.34 (s, IH), 7.22 (d, .7= 8.7 Hz, 2H), 4.53 (brs, 4H), 3.81 (s, 
3H), 3.49 (br, s, 2H), 1.89- 1.85 (m, 2H), 1.78- 1.75 (m, 2H)o LC-MS: 
380 (M+l)0 
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9, 11 
2-XtfMX?X-4-lWSll|«[2, l-y][l, 2, 4]# = R§-6-¥^ (11a) 

ttipffi] 10a (14 mmol) 150 mL Zil?, ^P A 30 mL 2M 
MM, M#fcM7t±o ipA2mLZ,^, MJE^^AnP^#lPJ, 
UrtMft, jlii, 11a (3.25 g, 68.5%)o m.p. > 300°Co !HNMR 
(300 MHz, DMSO-J6): 5 7.91(d, .7= 8.8 Hz, 2H), 7.71 (d, .7=1.2 Hz, IH), 
6.99 (d, .7= 1.2 Hz, IH), 6.59 (d, J =8.8 Hz, 2H), 5.49 (s, 2H), 4.02 (t, J 
= 4.4 Hz, 4H), 3.77 (t, .7= 4.4 Hz, 4H)o MS (EI) m/e (%): 339 (M+, 100)o 

2-X4MSSS-4- (8-fl-3-ft^^if[3.2.1]^-3-S) M[2, 2, 
4]# = R§-6-TO (lib) 

#J 11a ^@[B]EKJ7J^> tiX 360 mg Vcii'-% 10b (0.95 mmol) 
#ft/n#Jllb (270 mg, 77.9%)o m.p. 278-280°C 0 *H NMR (300 

MHz, DMSO-J6): 5 12.46 (S, IH), 8.04 (d, .7= 1.7 Hz, IH), 7.92 (d, .7=8.8 
Hz, 2H), 7.22 (d, .7= 1.7 Hz, IH), 6.60 (d, .7= 8.8 Hz, 2H), 5.55 (br s, 
2H), 4.51 (brs, 4H), 3.48 (br, s, IH), 3.44(br, s, IH), 1.88 - 1.85 (m, 
2H), 1.79- 1.75 (m, 2H)o LC-MS: 366 (M+l)„ 
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10, 12 
2-X4M3?¥3?-N, N-—¥X^-WXfll»[2, \-f[\, 2, 4]# = R§-6-¥ 

Mm (12a) 

^ ¥I$xEfell:xEfe (686 mg, 8.4 mmol) iPA 30 mL ^n/K^bSEKJ N,N-— ¥31 
1}\\KWLWM (3.48 g, 25.2 mmol), 30 ^jniPAit 

11a (4.2 mmol), ?# = ftP^-N, N, N', N'-0 ¥SJ®cAiWI^@B (4.77 
g, 12.6 mmol), HZiJ© (2.9 mL, 21 mmol), j|ij 

A/K43, jliio 
^F, flrfjjitt (^ft¥^ : ¥11 = 100 : 1), 
^#J12a (922 mg, 60.0%)o m.p. 238-239°C 0 lR NMR (300 MHz, CDC13): 
5 8.08 (d, .7= 8.6 Hz, 2H), 7.82 (d, .7= 1.4 Hz, IH), 7.02 (d, .7=1.4 Hz, 
IH), 6.73 (d, .7= 8.6 Hz, 2H), 4.11 (t, .7= 4.4 Hz, 4H), 3.86 (t, .7= 4.4 Hz, 
4H), 3.20 (br, s, 6H)o MS (EI) m/e (%): 366 (M+, 100)o 

(2-X4MS?S-4-ffiin^Ritn&[2, 1-/][1, 2, 4]# = n§-6-S) (4-¥#t®t 
XQM-l-X) M (12b) 

\iX 1.2 gttiptffljlla (3.54 mmol) ¥^3ft3PJSR-il&t/^.M 
(1.85 g, 7.1 mmol) ¥I$mlitxEk^L^b % 12a ffi|WJ 

.0 
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Ift @ W 12b(540 mg, 31.4%) „ m.p. 185-186°C „ *H NMR (300 
MHz, CDC13): 5 8.07 (d, .7= 8.6 Hz, 2H), 7.75 (d, .7=1.5 Hz, IH), 6.93 (d, 
.7= 1.5 Hz, IH), 6.71 (d, .7= 8.6 Hz, 2H), 4.09 (t, .7= 4.8 Hz, 4H), 3.90 (t, 
J = 4.8 Hz, 4H), 3.86 (t, .7= 4.8 Hz, 4H), 3.27 (t, .7= 4.8 Hz, 4H), 2.80 (s, 
3H)o LC-MS: 508 (M+23)o 

{2-X4MSSS-4- (8-ft-3-ft^if[3.2.1]^-3-S) Blt^[2, 2, 
4]# = R§-6-S} (4-¥Ji®MM-l-X) M (12c) 

HkT ^k 183 mg tkii-lib (0.5 mmol) 11a 
12b 12c (120mg, 46.8%)c m.p. > 300°Co 

*H NMR (300 MHz, DMSO-d6): 5 7.96 (s, IH), 7.9l(d, .7= 8.5 Hz, 2H), 
7.06 (s, IH), 6.61 (d, .7= 8.5 Hz, 2H), 5.53 (s, 2H), 4.51 (br, s, 4H), 3.75 
(t, J = 4.5 Hz, 4H), 3.48 (brs, IH), 3.43 (br s, IH), 3.18 (t, .7= 4.5 Hz, 
4H), 2.91 (s, 3H), 1.90- 1.75 (m, 4H)o LC-MS: 511 (M+), 512(M+l)o 

IK 13 

2-X4MS?S-6-^¥MS¥S-4-^nt®Ritn&[2, 1-/][1, 2, 4]# = R§(13a) 
\ 
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150 mL 1 g 12a (2.7 mmol), 50 mL 
'tS'tSSitA 2M (10.8 mmol), 

SinL2/>0to 13a(930mg, 96.7%)c 
m.p.205°C^#o *H NMR (300 MHz, DMSO-d6): 5 7.92 (d, .7= 8.5 Hz, 2H), 
7.86 (s, IH), 7.05 (s, IH), 6.60 (d, .7= 8.5 Hz, 2H), 5.48 (br s, 2H), 4.02 
(t, J= 4.5 Hz, 4H), 3.92 (s, 2H), 3.77 (t, .7= 4.5 Hz, 4H), 2.42 (s, 6H)o 

MS (EI) m/e (%): 352 (M+, 24)o 

2-xfMS¥S-6-[ (4-¥«S) «-i-S]¥S-4-^n|®RM[2, i-y][i, 
2, 4]# = R§ (13b) 

HkT540 mg ttipffi 12b (l.lmmol) 12a 4^ 
ft, 13b (288 mg, 55.0%, 
@#)cm.p. 199-200°Co !H NMR (300 MHz, DMSO-d6): 5 7.92 (d, J= 8.6 Hz, 
2H), 7.85 (d, .7= 1.4 Hz, IH), 7.03 (d, .7= 1.4 Hz, IH), 6.60 (d, .7= 8.6 Hz, 
2H), 5.47 (s, 2H), 4.08 (s, 2H), 4.03 (t, .7=4.6 Hz, 4H), 3.78 (t, .7= 4.6 Hz, 
4H), 3.49-3.35 (m, 4H), 2.95 (s, 3H), 2.89 (t, .7= 5.7 Hz, 4H)o MS (EI) m/e 
(%): 471 (M+, 12)o 

2-X4MS?S-6-[(4-¥#t®tt)«-l-S]¥S-4-(8-fi-3-ft^if [3.2.1] 
3^-3-S) Pbtn#[2, \-f[\, 2, 4= m (13c) 
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100 mg tkii-12c (0.195 mmol) 12a 
ft, 13c (39 mg, 40.1%, 
fe@#)c *H NMR (300 MHz, DMSO-d6): 5 7.89(d, J=8.4Hz, 2H), 7.61 (s, 
IH), 6.78 (s, IH), 6.59 (d, J=8.4Hz, 2H), 5.46 (brs, 2H), 4.50 (br, s, 
4H), 3.56 (s, 2H), 3.43 (brs, IH), 3.39 (brs, IH), 3.30 (brs, 4H), 3.11 (br 
s, 4H), 2.86 (s, 3H), 1.88- 1.85 (m, 2H), 1.78- 1.75 (m, 2H)o MS (EI) m/e 
(%): 497 (M+, 12)o 

12, (1-13, 17-20) 
i-£S-3-[4- (6-—¥MX¥X-4-iW»«[2, i-/][i, 2, 4]#=n§-2-

g) (i-l) 

13a (0.15mmol) J 10mL^fl¥^l=K iPA 

(22 mg, 34.6% )c m.p. 222-224"Co !H NMR (300 MHz, 
DMSO-J6): 5 8.65 (S, IH), 8.09 (d, J=8.8Hz, 2H), 7.93 (s, IH), 7.48 (d, 
J = 8.8 Hz, 2H), 7.11 (s, IH), 6.16 (t, J=5.8Hz, IH), 4.05 (t, J = 4.5 Hz, 

o 
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4H), 3.94 (s, 2H), 3.78 (t, J= 4.5 Hz, 4H), 3.12 (quint, J= 5.8, 7.1Hz, 
2H), 2.43 (s, 6H), 1.06 (t, .7= 7.1 Hz, 3H)o ESI-MS: 424 (M+l)o 

l-MS-3-[4- (6-—¥MX¥X-4-lWSlllW[2, 1 -f[l, 2, 4]# = R§-2-
g) (1-2) 

(23 mg, 35.1%)o m.p. 224-225°Co !H NMR (300 MHz, DMS0-d6): 
5 8.64 (s, IH), 8.09 (d, J = 8.9 Hz, 2H), 7.93 (s, IH), 7.48 (d, .7= 8.9 Hz, 
2H), 7.11 (s, IH), 6.20 (t, .7= 5.8 Hz, IH), 4.05 (t, .7=5.1 Hz, 4H), 3.94 
(s, 2H), 3.78 (t, J= 5.1 Hz, 4H), 3.05 (q, .7=5.8, 7.2 Hz, 2H), 2.43 (s, 
6H), 1.44 (sext, J= 7.2 Hz, 2H), 0.88 (t, J= 7.2 Hz, 3H)o ESI-MS: 438 (M+l)„ 

l-KTS-3-[4- (6-—¥MX¥X-4-lWSll|«[2, 2, 4]# = R§-2-
g) (1-3) 

o 

fife® ft (11 mg, 16.3%) o m.p. 220-224°C o lR NMR (300 MHz, DMSO-d6): 
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5 8.49 (s, IH), 8.08 (d, .7= 8.8 Hz, 2H), 7.93 (d, .7=1.0 Hz, IH), 7.44 (d, 
J = 8.8 Hz, 2H), 7.11 (d, .7= 1.0 Hz, IH), 6.07 (s, IH), 4.05 (t, .7= 4.4 Hz, 
4H), 3.94 (s, 2H), 3.78 (t, .7= 4.4 Hz, 4H), 2.42 (s, 6H), 1.30 (s, 9H)o 
ESI-MS: 452 (M+l)o 

l-[4- (6-—¥MX¥X-4-lWSllltnfr[2, 1 -f[l, 2, 4]# = R§-2-S) ¥ 
(1-4) 

ft (30 mg, 40.9%)o m.p.217-219°Co !H NMR (300 MHz, DMSO-d6): 5 8.90 
(s, IH), 8.75 (s, IH), 8.15 (d, .7= 8.7 Hz, 2H), 7.95 (s, IH), 7.55 (d, J = 
8.7 Hz, 2H), 7.47 (dd, .7=4.6, 8.8 Hz, 2H), 7.13 (t, J= 8.8 Hz, 2H), 7.13 
(s, IH), 4.06 (t, J= 4.6 Hz, 4H), 3.94 (s, 2H), 3.79 (t, .7= 4.6 Hz, 4H), 
2.43 (s, 6H)o ESI-MS: 490 (M+l)„ 

i-[4- (6-^¥MS¥S-4-^nttSBtl:P^[2, i-/][i, 2, 4]#=n§-2-S) ¥ 
S]-3-Xfft?SJ®c (1-5) 
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(43 mg, 56.8%)o m.p. 237°C^v^o lR NMR (300 MHz, DMSO-d6): 
5 8.95 (s, IH), 8.87 (s, IH), 8.15 (d, J= 8.5 Hz, 2H), 7.95 (s, IH), 7.55 (d, 
J = 8.5 Hz, 2H), 7.50 (d, .7= 8.7 Hz, 2H), 7.34 (d, .7= 8.7 Hz, 2H), 7.13 (s, 
IH), 4.06 (t, .7= 4.5 Hz, 4H), 3.94 (s, 2H), 3.79 (t, .7= 4.5 Hz, 4H), 2.43 
(s, 6H)o ESI-MS: 506 (M+1), 508 (M+2+l)o 

i-[4- (6-^¥MS¥S-4-^nttSBtl:P^[2, 2, 4]#=n§-2-S) ¥ 
S]-3-fg]E¥SM (1-6) 

(25 mg, 33.0%)o m.p. 173-176°Co !HNMR (300 MHz, DMSO-d6): 
5 9.00 (s, IH), 8.94 (s, IH), 8.16 (d, .7= 8.8 Hz, 2H), 7.95 (d, .7= 1.3 Hz, 
IH), 7.73 (t, .7= 1.9 Hz, IH), 7.56 (d, .7= 8.8 Hz, 2H), 7.34-7.25 (m, 2H), 
7.13 (d, J = 1.3 Hz, IH), 7.03 (dt, J= 1.9, 7.0 Hz, IH), 4.07 (t, .7=4.6 Hz, 
4H), 3.94 (s, 2H), 3.79 (t, J= 4.6 Hz, 4H), 2.43 (s, 6H)o ESI-MS: 506 (M+1), 
508 (M+2+l)o 

l-[4- (6-—¥MX¥X-4-lWSll|»[2, 2, 4]# = R§-2-S) ¥ 
g]-3_ (2, 4-^fi?S) M (1-7) 

ci 
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CI 
CI 

(29 mg, 35.8%)o m.p. 225°C^o NMR (300 MHz, 
DMSO-J6): 5 9.66 (S, IH), 8.45 (S, IH), 8.22 (d, J=9.0Hz, IH), 8.18 (d, 
J = 8.8 Hz, 2H), 7.95 (d, J=1.4Hz, IH), 7.64 (d, J=2.4Hz, IH), 7.57 (d, 
J = 8.8 Hz, 2H), 7.40 (dd, .7=2.4, 9.0 Hz, IH), 7.13 (d, .7= 1.4 Hz, IH), 
4.07 (t, J = 4.7 Hz, 4H), 3.95 (s, 2H), 3.79 (t, .7= 4.7 Hz, 4H), 2.43 (s, 
6H)o ESI-MS: 540 (M+1), 542 (M+2+l)o 

l-[4- (6-—¥MX¥X-4-lWSll|»[2, 2, 4]# = R§-2-S) ¥ 
S]-3-f0]=ii¥S¥SIM (1-8) 

(81 mg, 100%)o m.p. 160-163°Co lR NMR (300 MHz, 
DMSO-J6): 5 9.73 (S, IH), 9.55 (S, IH), 8.16 (d, .7= 8.8 Hz, 2H), 8.01 (s, 
IH), 7.96 (d, J= 1.1 Hz, IH), 7.61 (d, .7= 8.6 Hz, IH), 7.57 (d, .7= 8.8 Hz, 
2H), 7.52 (t, J= 7.5, 8.6 Hz, IH), 7.31 (d, .7= 7.5 Hz, IH), 7.12 (d, J= 1.1 
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Hz, IH), 4.07 (t, J= 4.4 Hz, 4H), 3.94 (s, 2H), 3.79 (t, .7= 4.4 Hz, 4H), 

2.43 (s, 6H)o ESI-MS: 540 (M+l)o 

1-tt ^$l-3-[4- (6-—¥MX¥X-4-lW»tnfr[2, 2, 4]#H 

(37 mg, 50.8%)o m.p. 230°Cfrj$o !H NMR (300 MHz, DMS0-J6): 
5 8.86 (s, IH), 8.61 (s, IH), 8.15 (d, .7= 8.8 Hz, 2H), 7.95 (d, .7=1.2 Hz, 
IH), 7.55 (d, J = 8.8 Hz, 2H), 7.35 (d, .7= 8.6 Hz, 2H), 7.13 (d, .7= 1.2 Hz, 
IH), 7.09 (d, .7= 8.6 Hz, 2H), 4.06 (t, .7= 4.6 Hz, 4H), 3.94 (s, 2H), 3.79 
(t, J= 4.6 Hz, 4H), 2.43 (s, 6H), 2.24 (s, 3H)o ESI-MS: 486 (M+1 )Q 

l-[4- (6-—¥MX¥X-4-lWSll|»[2, 2, 4]# = R§-2-S) ¥ 
(1-10) 

(49 mg, 65.2%)o m.p. 235°C^o NMR (300 MHz, 

m-2-m) ?S]JR (1-9) 
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DMSO-J6): 5 8.82 (s, IH), 8.52 (s, IH), 8.14 (d, J=8.8Hz, 2H), 7.94 (s, 
IH), 7.55 (d, J= 8.8 Hz, 2H), 7.37 (d, J=8.8Hz, 2H), 7.12 (s, IH), 6.87 
(d, J = 8.8 Hz, 2H), 4.06 (t, J=4.5Hz, 4H), 3.95 (s, 2H), 3.79 (t, J= 4.5 
Hz, 4H), 3.72 (s, 3H), 2.43 (s, 6H)o ESI-MS: 502 (M+l)o 

l-XfM^S-3-[4- (6-—¥MX¥X-4-lWSllltnfr[2, 1 -f[l, 2, 4]# = 
m-2-m) (i-ii) 

(32 mg, 42.4%)o m.p. 219-223°C 0 *H NMR (300 MHz, DMS0-d6): 
5 8.83 (s, IH), 8.10 (d, J=8.8Hz, 2H), 7.93 (s, IH), 7.50 (d, J=8.8Hz, 
2H), 7.35 (dd, J= 5.7, 8.6 Hz, 2H), 7.16 (t, J=8.6Hz, 2H), 6.70 (t, J = 
5.5 Hz, IH), 7.11 (s, IH), 4.29 (d, J= 5.5 Hz, 2H), 4.05 (t, J=4.4Hz, 
4H), 3.94 (s, 2H), 3.78 (t, J= 4.4 Hz, 4H), 2.42 (s, 6H)o ESI-MS: 504 (M+l)„ 

i-[4- (6-^¥MS¥S-4-^nttSBtl:P^[2, i-/][i, 2, 4]#=n§-2-S) ¥ 
S]-3- (3, 5-r^S^i®) m (1-12) 

o 
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I-l (24 mg, 31.7%)o m.p.236°C^^o lR NMR (300 MHz, 
DMSO-J6): 5 9.05 (S, IH), 8.14 (d, J=8.8Hz, 2H), 7.94 (d, .7=1.6 Hz, 
IH), 7.76 (s, IH), 7.55 (d, .7= 8.8 Hz, 2H), 7.12 (d, .7= 1.6 Hz, IH), 4.06 
(t, J= 4.5 Hz, 4H), 3.94 (s, 2H), 3.79 (t, .7= 4.5 Hz, 4H), 2.43 (s, 6H), 
2.30 (s, 3H), 2.13 (s, 3H)o ESI-MS: 505 (M+l)o 

l-[4- (6-—¥MX¥X-4-lWSllltnfr[2, 1 -f[l, 2, 4]# = R§-2-S) ¥ 
S]-3-XfZ,ftI^?SJ®c (1-13) 

l^Xf rill1^1 I-l 
(47 mg, 57.7%)o m.p. 175-176°C 0 *H NMR (300 MHz, 

DMSO-J6): 5 8.24 (d, .7= 8.5 Hz, 2H), 8.01 (d, .7= 8.7 Hz, 2H), 7.68 (s, 
IH), 7.49 (d, J= 8.5 Hz, 2H), 7.42 (d, .7= 8.7 Hz, 2H), 6.92 (s, IH), 6.78 
(s, IH), 6.70 (s, IH), 4.36 (q, .7= 7.0 Hz, 2H), 4.10 (t, .7= 4.5 Hz, 4H), 
4.03 (s, 2H), 3.89 (t, .7=4.5 Hz, 4H), 2.58 (s, 6H), 1.39 (t, .7= 7.0 Hz, 
3H)o ESI-MS: 544 (M+1 )o 

1-ZI3S-3-{4-{6-[ (4-TO®fc®M-l-X) ¥S]-4-^nt®Btl:P^[2, 
2, 4]# = n§-2-S}?S}J®c d-17) 
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/N"A "N 0 

113b ft# 13a, I-l MM&o 
(34 mg, 41.8%)o m.p. 200°C^#o lR NMR (300 MHz, DMSO-d6): 5 8.92 (s, 

IH), 8.08 (d, J= 8.8 Hz, 2H), 7.92 (s, IH), 7.49 (d, .7= 8.8 Hz, 2H), 7.09 
(s, IH), 6.36 (t, J= 5.6 Hz, IH), 4.10 (s, 2H), 4.05 (t, .7= 4.5 Hz, 4H), 
3.79 (t, J= 4.5 Hz, 4H), 3.49- 3.37 (m, 4H), 3.11 (quint, J= 5.6, 7.0 Hz, 
2H), 2.96 (s, 3H), 2.89 (br, s, 4H), 1.05 (t, 7=7.0 Hz, 3H)o ESI-MS: 
543 (M+l)o 

l-{4-{6-[ (4-¥Ji®MM-l-X) ¥X]-4-HWSPl»[2, 2, 4] 
# = n§-2-S}?S}-3-*til?SJ®c (1-18) 

1 13b ft# 13a, 1-4 Iftftj&o 
(45 mg, 49.3%)c m.p. 255-256°C 0 ]HNMR (300 MHz, DMS0-d6): 5 8.89 (s, 

IH), 8.74 (s, IH), 8.15 (d, .7= 8.8 Hz, 2H), 7.93 (s, IH), 7.56 (d, .7=8.8 
Hz, 2H), 7.47 (dd, .7=4.8, 8.8 Hz, 2H), 7.13 (t, .7= 8.8 Hz, 2H), 6.50 (s, 
IH), 4.10 (s, 2H), 4.07 (br, s, 4H), 3.80 (br, s, 4H), 3.58 -3.38 (m, 4H), 
2.96 (s, 3H), 2.90 (br, s, 4H)o ESI-MS: 609 (M+1)„ 

F 
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l-{4-{6-[ (4-¥#t®M«-l-S) ¥l]-4- (8-ft-3-ft^if [3.2.1]^ 
-3-S) Blt^[2, 1-/][1, 2, 4]# = n§-2-S}?S}-3-Xfil?SJ®c (1-19) 

Me02SN r >—N 

F' 

13c ft# 13a, 1-4 Mffl&o 0fe@ft(31 
mg, 32.6%)c m.p. 266-267°Co !H NMR (300 MHz, DMSO-d6): 5 8.89 (s, IH), 
8.75 (s, IH), 8.13 (d, .7=8.5 Hz, 2H), 7.70 (s, IH), 7.54 (d, J= 8.5 Hz, 
2H), 7.47 (dd, .7=5.0, 8.8 Hz, 2H), 7.13 (t, .7= 8.8 Hz, 2H), 6.84 (s, IH), 
4.51 (br, s, 4H), 3.57 (s, 2H), 3.47 (brs, IH), 3.43 (brs, IH), 3.32 (br s, 
4H), 3.11 (t, J= 4.0 Hz, 4H), 2.87 (s, 3H), 1.89 - 1.85 (m, 2H), 1.80-1.76 
(m, 2H)o ESI-MS: 635 (M+l)„ 

l-{4-{6-[ (4-¥Ji®MM-l-X) ¥X]-4-HWSPl»[2, 2, 4] 
# = Rf-2-S}?S}-3-Xf(1-20) 

^7m^fJ13bft#13a, ^M^jifM^lI-13 
(40 mg, 40.2% )o m.p. 260-262 °Co !H NMR (300 MHz, DMSO): 59.15 (s, 

IH), 9.02 (s, IH), 8.16 (d, J = 8.8 Hz, 2H), 7.90 (d, J = 8.8 Hz, 2H), 7.72 
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(s, IH), 7.62- 7.56 (m, 4H), 6.90 (s, IH), 6.52 (s, 3H), 4.28 (q, J = 7.0 Hz, 
2H), 4.05 (brs, 4H), 3.79 (brs, 4H), 3.58 (s, 2H), 3.11 (brs, 4H), 2.87 (br 
s, 4H), 1.31 (t, J = 7.0 Hz, 3H)o ESI-MS: 663 (M+1)„ 

13, I-14-I-16 
(0.5 mmol) $#^7jC N,N-—= (101 

mg, 1 mmol) 4K #P ?®[§ (165 mg, 0.6 mmol), 1 
/>0t, IIIJA7K43, 

ft$Jo 13 (0.1 mmol) (0.2 

mmol) 3 ^0fo ^^§(¥^^0 

¥s(^m¥^ : *pm = 8: o, mums 

l-[4- (6-—¥MX¥X-4-lWSllltnfr[2, 1 -f[l, 2, 4]# = R§-2-S) ¥ 
g]-3_ (4-^¥M«S¥S) m (1-14) 

I3^ffiffi^, Afs^ltt4-(^¥SMS¥®»)¥¥«, pm 
4-(^¥3SM3S¥®k3S)?¥®kftft/f't#J-tg 13a jx.B5, (14mg, 
25.8%)o m.p. 240°Co !H NMR (300 MHz, DMSO-d6): 5 9.59 (s, 2H), 8.16 (d, 

J = 8.5 Hz, 2H), 7.99 (s, IH), 7.58 (d, .7= 8.5 Hz, 2H), 7.52 (d, .7=8.5 Hz, 

2H), 7.36 (d, J = 8.5 Hz, 2H), 7.19 (s, IH), 4.25 (s, 2H), 4.08 (t, .7=4.4 

Hz, 4H), 3.80 (t, J = 4.4 Hz, 4H), 2.96 (s, 6H), 2.69 (s, 6H)o ESI-MS: 

543 (M+l)o 

l-[4- (6-—¥MX¥X-4-lWSll|»[2, 2, 4]# = R§-2-S) ¥ 
g]_3_[4- (4-¥Sii-l-iS) ?S]JR d-15) 

0 

o 
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o N 

—N 

O 

ft (9 mg, 15.1%)o *H NMR (300 MHz, DMSCM6): 5 9.63 (br, s, 2H), 8.16 
(d, J = 8.9 Hz, 2H), 7.92 (s, IH), 7.57 (d, .7=8.9 Hz, 2H), 7.53 (d, J= 8.5 
Hz, 2H), 7.34 (d, J= 8.5 Hz, 2H), 7.13 (s, IH), 4.07 (br, s, 6H), 3.80 (br, 
s, 4H), 3.51 (br, s, 4H), 3.06 (brs, 2H), 2.55 (s, 6H), 2.38 (brs, 2H), 
2.24 (s, 3H)o ESI-MS: 598 (M+l)„ 

l-[4- (6-—¥MX¥X-4-lWSll|»[2, 2, 4]# = R§-2-S) ¥ 
X]-3-[ (4-« -1 -») ?S]JR (1-16) 

13 4-(niP|i-i-il)¥?l, Bf# 4-OM 
13a jxBS, #?lJH'fe@ft (11 mg, 

18.9%)o m.p. 184-186°Co !H NMR (300 MHz, DMSO-d6): 5 9.57 (s, 2H), 
8.15 (d, J = 8.8 Hz, 2H), 7.93 (s, IH), 7.57 (d, .7= 8.8 Hz, 2H), 7.52 (d, 
.7= 8.6 Hz, 2H), 7.31 (d, .7= 8.6 Hz, 2H), 7.13 (s, IH), 4.07 (br, s, 6H), 

# 4-(4-¥S^iS-l-I^)?¥®MM^fj^t^fj 13a 

o 
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3.79 (t, J= 4.3 Hz, 4H), 3.38 (br, s, 4H), 2.58 (s, 6H), 1.60 (br, s, 2H), 
1.50 (br, s, 4H)o ESI-MS: 583 (M+l)„ 

14, l-{4-{6-[ (4-¥Ji®MM-l-X) ¥XM-WXmW[2, 2, 
4]#=Ri-2-s}?S}-3-x«s?siic (i4) 

] 1-20 (395 mg, 0.6 mmol) 20 mL 10 mL ¥!?> 

ipA4mL lMMft^W#^, ®inL3/>0tc #RA2mLZJt, UrtiJ® 
ft, jlii, #S!]fi"fe@ft (312 mg, 82.0%)o m.p. 207-209°C o lR NMR (300 
MHz, DMSO-J6): 5 9.16 (S, IH), 9.08 (S, IH), 8.16 (d, .7= 8.7 Hz, 2H), 
7.88 (d, J = 8.7 Hz, 2H), 7.71 (s, IH), 7.58 (d, .7=7.9 Hz, 4H), 6.87 (s, 

IH), 4.04 (brs, 4H), 3.79 (brs, 4H), 3.58 (s, 2H), 3.34 (br, s, 4H), 3.11 
(brs, 4H), 2.87 (s, 3H)o LC-MS: 635 (M+l)„ 

15, 1-21-1-23) 
^ 14 (95 mg, 0.15 mmol), —(116mg, 0.9 mmol), 

N, N', N'-0(284 mg, 0.75 mmol) y# 
f5mLN, N-r^l^il, iPA^M/^mjg: (0.6 
mmol), 4-6 ^0fo j|iJA 50 mL 7K43> ZsWlZsWi^-M, 

M (^ft¥^ : ¥11 =io : l) HiiJrfJo 
l-{4-{6-[ (4-¥Ji®MM-l-X) ¥X]-4-HWSPl»[2, 2, 4] 

# = R§-2-S}?S}-3- (4-^¥M«S¥S) M (1-21) 

o 
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Me02Sv 

(N-\ N 0 

J»p* 
o 

(38 mg, 38.3%)o m.p. 248-250°C 0 *H NMR (300 MHz, 
DMSCMJ): 5 9.40 (S, 2H), 8.15 (d, .7=8.8 Hz, 2H), 7.72 (s, IH), 7.57 (d, 
J = 8.9 Hz, 2H), 7.52 (d, .7= 8.9 Hz, 2H), 7.36 (d, .7= 8.8 Hz, 2H), 6.89 (s, 
IH), 4.05 (t, .7= 4.4 Hz, 4H), 3.79 (t, .7= 4.4 Hz, 4H), 3.59 (s, 2H), 3.32 
(brs, 4H), 3.12 (brs, 4H), 2.96 (s, 6H), 2.87 (s, 3H)o ESI-MS: 684 (M+23)o 

l-{4-{6-[ (4-¥Ji®MM-l-X) ¥X]-4-HWSPl»[2, 2, 4] 
# = R§-2-S}?S}-3-[4- (4-¥Sti-l-ii) ?S]JR (1-22) 

(40 mg, 37.2%)o m.p. 185-188°Co NMR (300 MHz, 
DMSCMJ): 5 9.03 (S, IH), 9.02 (S, IH), 8.15 (d, .7= 8.7 Hz, 2H), 7.71 (s, 
IH), 7.58-7.52 (m, 4H), 7.34 (d, .7= 8.7 Hz, 2H), 6.89 (s, IH), 4.04 (t, 
J = 4.7 Hz, 4H), 3.79 (t, J = 4.7 Hz, 4H), 3.59 (s, 2H), 3.50 (br s, 4H), 

3.32 (brs, 4H), 3.12 (brs, 4H), 2.87 (s, 3H), 2.38 (br s, 4H), 2.24 (s, 3H)o 
ESI-MS: 717 (M+l)o 

o 
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l-{4-{6-[ ¥X]-4-HWSPl»[2, 1-/|[1, 2, 4] 
# = R§-2-S}?S}-3-[4- (4-^¥®@«-l-») ?S]JR (1-23) 

0fe@ft(44 mg, 39.4%)o m.p. 200-202°C o *H NMR (300 MHz, DMSO): 
5 9.12 (s, 2H), 8.15 (d, .7=8.6 Hz, 2H), 7.71 (s, IH), 7.58 - 7.53 (m, 4H), 
7.37 (d, .7= 8.6 Hz, 2H), 6.90 (s, IH), 4.05 (t, .7= 4.2 Hz, 4H), 3.79 (t, J 
= 4.2 Hz, 4H), 3.59 (s, 2H), 3.32 (brs, 8H), 3.12 (brs, 4H), 2.87 (s, 3H), 
2.94 (s, IH), 2.68 (s, 6H), 2.05 - 1.91 (m, 2H), 1.63 - 1.48 (m, 2H)o ESI-MS: 
745 (M+l)o 

16, 2- (3-ZJjkfi¥S?S) -4-fCPltnfrp, 2, 4]# = R§-6-TO 

\>X 341 mglllb (1 mmol) 8 ffiN] EKlTj 
tJi5c (^MSI : =5 : 1) (197 
mg, 54.8%)o m.p. 154-155 °C 0 !H NMR (300 MHz, CDC13): 5 8.33 - 8.29 (m, 
3H), 7.52-7.50 (m, 2H), 7.41 (d, .7= 1.3 Hz, IH), 5.20 (s, 2H), 3.94 (s, 
3H), 2.14 (s, 3H)o LC-MS: 360 (M+1), 362(M+2+l)o 

o 
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17, 2- (3-ZJjkfi¥S?S) -4-ffiin|ffiR[tn&[2, 2, 4]# = n§-6-
(16) 

\>X 180 mg tkipffi 15 (0.5 mmol) 9 
16c (177 mg, 86.3%) o m.p. 204-205°C 0 lR NMR (300 

MHz, CDC13): 5 8.26 - 8.22 (m, 2H), 8.13 (s, IH), 7.46 (d, .7=4.5 Hz, 2H), 
7.19 (s, IH), 5.19 (s, 2H), 4.15 (t, .7= 4.8 Hz, 4H), 3.90 (s, 3H), 3.90 (t, 
J = 4.8 Hz, 4H), 2.13 (s, 3H)o LC-MS: 411 (M+l)„ 

18, 2-(3-P5¥S?S) -4-^ntt«l:P^[2, 2, 4]^ = Rf-6-¥^(17) 

\>X 150 mg tkii-16 (0.366mmol) W>fy\£rikn"-% 11 ffiRlEKlrfrJ 
U&VL-ntfo 17c (111 mg, 85.7%)o m.p. 254°C^o 'HNMR 

(300 MHz, DMSO-J6): 5 12.64 (S, IH), 8.21 (S, IH), 8.19 (d, .7= 1.6 Hz, 
IH), 8.13-8.10 (m, IH), 7.44- 7.42 (m, 2H), 7.36 (d, .7= 1.6 Hz, IH), 
5.30 (s, IH), 4.58 (s, 2H), 4.10 (t, .7= 4.5 Hz, 4H), 3.80 (t, .7= 4.5 Hz, 
4H)o LC-MS: 355 (M+l)„ 

19, 2- (3-P5¥S¥S) -N, N-r^S 4-nWSflltnfr[2, i-y][i, 2, 4] 
#=n§_6-TO)g; (is) 
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\ O 
N 

\>X 92 mg 17 (0.26 mmol), 12a IWJ 
18c Sfe@ft(80 mg, 80.8% )o m.p. 170-171°C 0 lR NMR (300 

MHz, CDC13): 5 8.22 (s, IH), 8.20- 8.17 (m, IH), 7.84 (d, .7=1.5 Hz, IH), 
7.46- 7.43 (m, 2H), 7.04 (d, .7= 1.5 Hz, IH), 4.77 (s, 2H), 4.11 (t, .7=4.7 
Hz, 4H), 3.87 (t, J =4.7 Hz, 4H), 3.20 (br, s, 6H)o LC-MS: 382 (M+l)„ 

20, 2- (3-p5¥S¥S) - 6-—¥MX¥X^-WXnltnfr[2, i-/][i, 2, 
4= (1-24) 

\>X 70 mg tkii-18 (0.184 mmol) W>fy\£rikn"-% 13a tSRlEKlrfrJ 
(100%)o m.p. 163-165°Co lR NMR (300 

MHz, DMSO-J6): 5 8.20 (S, IH), 8.11 (dt, .7=2.4, 6.0 Hz, IH), 7.99 (d, 
J = 1.3 Hz, IH), 7.45-7.41 (m, 2H), 7.15 (d, .7= 1.3 Hz, IH), 5.27 (t, J = 
5.8 Hz, IH), 4.57 (d, .7= 5.8 Hz, 2H), 4.07 (t, .7= 4.6 Hz, 4H), 3.95 (s, 
2H), 3.80 (t, J= 4.6 Hz, 4H), 2.44 (s, 6H)o MS (EI) m/e(%): 367 (M+, 16)o 

21, 3- (6-—¥MX¥X^-WXnltnfr[2, 2, 4]# = n§-2-S) 
(19) 

\ 
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\ 
N 
/ 

1-24 (36.7mg, 0.1 mmol) 5 mL M, ¥^l=l=,> 
0°C , in A ¥ Jot 3ft lit (14 |iL, 0.12 mmol), HZiJ© (16 |iL, 0.12 mmoDo 

0°c^30^o MiE 
45 mg (100%)o m.p. 178-179°Co lR NMR (300 MHz, 

CDC13): 5 8.33 (s, IH), 8.31 (dd, J= 1.8, 5.5 Hz, IH), 7.70 (d, J= 1.5 Hz, 
IH), 7.51 (d, J = 5.5 Hz, 2H), 6.72 (d, .7=1.5 Hz, IH), 5.34 (s, 2H), 4.14 
(t, J= 4.8 Hz, 4H), 4.04 (s, 2H), 3.91 (t, .7= 4.8 Hz, 4H), 2.95 (s, 3H), 
2.56 (s, 6H)o MS (EI) m/e(%): 350 (M-MeS03, 30)o 

22, 2- (3-¥iiS¥S?S)-6-r^iS^S-4-n^llt^[2, i-/][i, 
2, 4]#=n§ (1-25) 

19 (45 mg, 0.1 mmol) ¥3S30JtllBft (41 mg, 0.4 mmol) 
^2mLN-¥SBtl:P^®43, IM30^, U&X) 120°C, 100 

wtiM, (^M¥^ : 
¥11 =6 : 1), #?!] 12 mg Sfe@ft(28.0%)c m.p. 143-144°C o lR NMR (300 
MHz, CDCI3): 5 8.32 (d, .7= 5.2 Hz, IH), 8.29 (s, IH), 7.63 (d, .7= 1.2 Hz, 
IH), 7.50 (d, J= 5.2 Hz, 2H), 6.78 (d, .7= 1.2 Hz, IH), 4.34 (s, 2H), 4.11 

\ 
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(t, J = 4.4 Hz, 4H), 3.88 (t, .7=4.4 Hz, 4H), 3.66 (s, 2H), 2.78 (s, 3H), 
2.36 (s, 6H)o MS (EI) m/e (%): 429 (M+, 12)o 

23, 2- (3-MS¥S¥S) -6-—¥MX¥X^-WXnltnfr[2, 2, 
4= (20) 

19 (80 mg, 0.18 mmol) 20 mL 80 
(^I¥^ : ¥11 = 6 : 1), # 

3\ 37 mg (56.2%)o !H NMR (300 MHz, CDC13): 5 8.20 (s, IH), 
8.17- 8.13 (m, IH), 7.64 (s, IH), 7.41-7.39 (m, 2H), 6.86 (s, IH), 4.11 (t, 
J = 4.7 Hz, 4H), 3.97 (s, 2H), 3.87 (t, .7= 4.7 Hz, 4H), 3.69 (s, 2H), 2.41 
(s, 6H)o LC-MS: 367 (M+l)o 

24,2-(3-¥Ji®fcMX¥X?X)-6-—¥MX¥X-4-iWSnlW[2, i-y][i» 
2, 4]# = R§ (1-26) 

tiX 37 mg ttip 20 (0.1 mmol) 19 
I-26o (^ft¥^ : ¥11 =8 : 1), #?!] 12 

mg8$Jt"fe@ft (26.7%)o m.p. 238-240°Co !H NMR (300 MHz, CDC13): 5 8.20 
(s, IH), 8.19 (d, J =1.1 Hz, IH), 7.60 (s, IH), 7.47-7.38 (m, 2H), 6.88 

\ 

\ 
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(s, IH), 4.41 (s, 2H), 4.02 (br, s, 4H), 3.81 (t, .7=4.4 Hz, 4H), 2.95 (s, 
2H), 2.94 (s, 3H), 2.87 (s, IH), 2.51 (s, 6H)o MS (EI) m/e (%): 444 (M+, 

16)o 

25, 2- (4- = M¥S-6-#iX®®SB[:l:PS-3-S) -4-fCH|»[2, 2, 
4]#=n§-6-¥S!¥@B (21) 

(ii, 300 mg IIIc (0.686 mmol) 
(290 mg, 92.9%)o m.p. 172-173°Co lR NMR (300 

MHz, CDC13): 5 8.79 (s, IH), 8.77 (s, IH), 8.33 (d, .7= 1.6 Hz, IH), 8.30 

(s, IH), 7.47 (d, .7= 1.6 Hz, IH), 3.94 (s, 3H), 1.36 (s, 9H)o LC-MS: 478 

(M+23), 480 (M+2+23)o 

26, 22 

22 9 

2- (4- = M¥S-6-#iXS»«l:PS-3-S) -4-HWSfll»[2, 2, 
4]# = n§-6-TO¥@B (22a) 

o 

o 
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\>X 100 mg iktrtJ 21 (0.22 mmol) 22a0 (73 
mg, 65.8% )o m.p.205°Co !H NMR (300 MHz, DMSO-d6): 5 10.53 (s, IH), 
8.79 (s, IH), 8.57 (s, IH), 8.30 (d, .7=1.2 Hz, IH), 7.46 (d, .7= 1.2 Hz, 
IH), 4.03(t, J= 4.2 Hz, 4H), 3.83 (s, 3H), 3.75 (t, .7= 4.2 Hz, 4H), 1.27 
(s, 9H)o LC-MS: 507 (M+l)o 

2- (4- = M¥S-6-#iXS»SB[:l:PS-3-S) -4- (8-ft-3-ft^if[3.2.1]^ 
^-3-S) Pbtn#[2, 2, 4]^ = Rf-6-¥^¥@B (22b) 

\>X 276 mg tkii-21 (0.61 mmol) % 22bo 
(274 mg, 84.8%)o m.p. 175-176°C 0 lR NMR (300 MHz, CDC13): 5 8.71 (s, 

IH), 8.70 (s, IH), 8.27 (s, IH), 8.09 (s, IH), 7.21 (s, IH), 4.52 (brs, 4H), 
3.90 (s, 3H), 3.54 (brs, 2H), 2.04- 1.99 (m, 2H), 1.89- 1.78 (m, 2H), 1.36 
(s, 9H)o LC-MS: 533 (M+l)o 

(S) -2- (4- = M¥S-6-#iXS®SB[:l:PS-3-S) -4-(3-¥Mn|ffi)RM[2, 
1-/][1, 2, 4]# = n§-6-¥^¥@0 (22c) 

o 

HN 

O 
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\>X 210 21 (0.46 mmol) % 22c0 

(145 mg, 60.4%)o m.p. 225-226°C o !H NMR (300 MHz, DMSO-d6): 5 10.53 
(s, IH), 8.79 (s, IH), 8.57 (s, IH), 8.29 (d, .7=1.5 Hz, IH), 7.42 (s, IH), 
4.92 (br, IH), 4.61 (br, IH), 4.03- 3.96(m, IH), 3.83 (s, 3H), 3.81-3.64(m, 
3H), 3.53 (t, J= 11.4 Hz, IH), 1.43-1.31 (m, 3H), 1.27 (s, 9H)o LC-MS: 
521 (M+l)o 

27, 23 
2- (4-=M¥S-6-M«t;®-3-s) i-y][i' 2, 4]#= 

R§-6-TO (23a) 

22a (300mg, 0.59mmol) 10 mL Zil?, ipAl.5mL2M 
U'M 1 />0t, flqA2mLZJt, 

T&M, #l 23ae (224 mg, 92.6%)c 
m.p. 244-245 °Co lR NMR (300 MHz, DMSO-d6): 5 12.54 (s, IH), 8.37 (s, 
IH), 8.11 (s, IH), 7.34 (s, IH), 6.83 (s, 3H), 4.00(t, .7= 4.0 Hz, 4H), 3.73(t, 
J = 4.0 Hz, 4H)o LC-MS: 409 (M+l)„ 

2- (4-HM¥S-6-MSBltl^-3-S) -4- (8-ft-3-ft^if[3.2.1]^-3-S) 
Pl»[2, 2, 4]# = R§-6-TO (23b) 
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23a 23bo \>X 250 mg 22b 

(0.45 mmol)^23bo g @ft( 102 mg, 51.9%) „m.p. 284-285 

°Co *H NMR (300 MHz, DMSO-d6): 5 12.44(brs, IH), 8.36 (s, IH), 8.11 (s, 

IH), 7.30 (s, IH), 6.82 (s, 3H), 4.47 (br s, 2H), 4.42 (br s, 2H), 3.32 (brs, 

2H), 1.87- 1.84 (m, 2H), 1.75 - 1.68 (m, 2H)o LC-MS: 435 (M+l)„ 

(5) -2- (4-HM¥S-6-MSnltl^-3-S) -4- HbfcB^[2, 
1-/][!, 2, 4]# = n§-6-¥^ (23c) 

^^fj23affi^M^^fi^^fj23co \>X 1.8 g 22c (3.46 

mmol) 23co (1.33 g, 91.2%)o m.p. > 300°Co 

*H NMR (400 MHz, DMSO-d6): 8 12.76 (s, IH), 8.36 (s, IH), 8.11 (d, J = 

1.3 Hz, IH), 7.30 (s, IH), 6.85 (s, 2H), 6.82 (s, IH), 4.89 (br, IH), 4.52 

(br, IH), 3.97 (d, .7=8.2 Hz, IH), 3.76-3. 63(m, 2H), 3.51 (t, J= 10.7 Hz, 

2H),1.36(s, 3H)o LC-MS: 423(M+l)o 

28, 24 

24 12 

[2- (4-HM¥S-6-Msmt^-3-s) -4-nwsm«[2, i-y][i' 2, 4]#= 
Rf-6-S) ] (4-¥Ji®fc®M-l-X) M (24a) 
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/—\ 0 

Me02S-N N 

NH2 

\>X 220 mg 23a(0.54 24a0 Sfe@ft(253 
mg, 84.7%)o m.p. 197-198°Co lR NMR (300 MHz, DMSO-d6): 5 8.36 (s, IH), 

8.04 (s, IH), 7.18 (s, IH), 6.83 (s, 3H), 4.04-3.92 (m, 4H), 3.73 (brs, 
8H), 3.20-3.11 (m, 4H), 2.91 (s, 3H)o MS (EI) m/e (%): 554 (68, M+)o 

[2- (4- = M¥S-6-i@R[t®-3-S) - 4- (8-ft-3-ft^if[3.2.1]^-3-
S) Pbtn#[2, 2, 4]# = n§-6-S) ] (4-¥Ji®MM-l-X) M (24b) 

Me02S-N/ \l 

NH2 

\>X 90mg4t^tJ 23b (0.21 mmol) 24bc Sfe@ft(113 
mg, 93.8% )o m.p. 175°Co !H NMR (300 MHz, CDC13): 5 8.52 (s, IH), 7.77 

(d, .7=1.7 Hz, IH), 6.96 (d, .7= 1.7 Hz, IH), 6.81 (s, IH), 4.86 (s, 2H), 

4.49 (brs, 4H), 3.91 (t, .7= 4.6 Hz, 4H), 3.55 (brs, 2H), 3.28 (t, .7= 4.6 Hz, 
4H), 2.81 (s, 3H), 2.04 - 1.95 (m, 2H), 1.89- 1.79 (m, 2H)o LC-MS: 581 

(M+1) o 

(5) .[2- (4-=M¥S-6-i@R[t®-3-S) -4- (3-?SW) M[2, 
1-/][!, 2, 4]# = R§-6-S) ] (4-¥#t®M«-l-S) M (24c) 
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/—\ ° 
MeQ2S-N N 

NH2 

til 2.42 g 23c (4.86 mmol) % 24c0 

(3 g, 92.2%)o m.p. 200-202°Co lR NMR (300 MHz, CDC13): 5 8.52 (s, 
IH), 7.78 (d, J = 1.7 Hz, IH), 6.97 (d, .7= 1.7 Hz, IH), 6.81 (s, IH), 4.90 
(s, 3H), 4.81 - 4.40 (m, IH), 4.03 (d, J=7.4Hz, IH), 3.91 (t, .7=4.8 Hz, 
4H), 3.83 - 3.72 (m, 2H), 3.66 -3.56 (m, 2H), 3.28 (t, .7= 4.8 Hz, 4H), 
2.81 (s, 3H), 1.48 (d, J=6.2Hz, 3H)o LC-MS: 569 (M+1 )„ 

29, 2- (4-HM¥S-6-MSBltl^-3-S) - 6-[ (4-¥#tSftS) OM-l-X] 
¥X^-nWXflltnfr[2, \-f\[\, 2, 4]# = R§ (1-27) 

NH2 

\iX 200 mg^fJ24a (0.36 mmol) 
: ¥11 =20 : l)o8$Jt£@ft(43mg, 

22.0% )o m.p. 122-123°Co !H NMR (300 MHz, CDC13): 58.51 (s, IH), 7.59 

(s, IH), 6.80 (s, IH), 6.67 (s, IH), 4.89 (s, 2H), 4.04(t, .7= 4.4 Hz, 4H), 
3.82(t, J = 4.4 Hz, 4H), 3.64 (s, 2H), 3.27 (brs, 4H), 2.78 (s, 3H), 2.62 (br 
s, 4H)o MS (EI) m/e (%): 540 (M+, 5)„ 

30, l-Xfil¥S-3-{5-{6-[ (4-¥Ji®fc®M-l-X) ¥X]-4-HWSflltnfr 
[2, 2, 4]# = Ri-2-S}-4-=il¥«t;®-2-S}J®c (1-28) 



WO 2013/177983 57 PCT/CN2013/074559 

Me02S-N, 

F 

U 30 mg 1-27 (0.055 mmol) ^$4^ 1-28, I-l 
(^ft¥^ : ¥11 =10 : 1)0 (7mg, 18.6%)o m.p. 

204-205°C o *H NMR (300 MHz, CDC13): 8 11.38 (s, IH), 9.37 (s, IH), 8.75 
(s, IH), 7.62 (s, IH), 7.57 (dd, .7=8.5, 4.4 Hz, 2H), 7.33 (s, IH), 7.06 (t, 
J = 8.5 Hz, 2H), 6.72 (s, IH), 4.10-4.01 (m, 4H), 3.89-3.81 (m, 4H), 
3.67 (s, 2H), 3.30 (brs, 4H), 2.79 (s, 3H), 2.64 (br s, 4H)o ESI-MS: 678 
(M+1) o 

31, 2- (4-HM¥S-6-MSBltl^-3-S) - 6-[ (4-¥#t®«) «-l-S] 
¥S-4-(8-ft-3-ft^if[3.2.1]^-3-S) R»[2, 2, 4]# = R§(I-29) 

Me02S-N 

\>X 100 mg^#J24b (0.17 mmol) ^$4^ 1-29, 
#J13 (^ft¥^ : ¥11 =20 : l)o (17 mg, 
17.4%)o m.p. 138°Co !HNMR(300 MHz, CDC13): 5 8.50 (s, IH), 7.57 (d, 
J= 1.2 Hz, IH), 6.79 (s, IH), 6.63 (d, .7= 1.2 Hz, IH), 4.92 (s, 2H), 4.48 
(brs, 4H), 3.61 (s, 2H), 3.52 (brs, IH), 3.47 (br s, IH), 3.26 (t, .7= 4.8 Hz, 
4H), 2.77 (s, 3H), 2.60 (t, .7= 4.8 Hz, 4H), 2.00- 1.96 (m, 2H), 1.89-1.79 
(m, 2H)o MS (EI) m/e (%): 566 (M+, 5)„ 



WO 2013/177983 58 PCT/CN2013/074559 

32, l-Zi3S-3-{5-{6-[ ¥S]-4-^nttSBtl:P^[2, 
1-/][1, 2, 4]# = Ri-2-S}-4- = il¥«t;®-2-S}J®c (1-30) 

I H 

T o 

ft 1-27 (110 mg, 0.2 mmol) ^P 1, [5A.0]~\ -l-'M (DBU, 183 
mg, 1.2 mmol) Eft—Ht ¥^^#^pl=riP (85 mg, 1.2 mmol), 

ZsMM^n 74 mg (60.5%)o m.p. 208°C 

*H NMR (300 MHz, DMSO-d6): 5 9.99 (brs, IH), 8.62 (s, IH), 8.18 
(s, IH), 7.78 (brs, IH), 7.73 (s, IH), 6.95 (s, IH), 3.98 (brs, 4H), 3.73 
(brs, 4H), 3.59 (s, 2H), 3.33 (brs, 2H), 3.16 (q, .7=7.5 Hz, 2H), 3.11 (br 
s, 4H), 2.86 (s, 3H), 1.62 (brs, 2H), 1.09 (t, .7= 7.5 Hz, 3H)o LC-MS: 

612 (M+l)o 

33, ^fj(I-31-1-33) 

ft 1-27 (54 mg, 0.1 mmol) ^PHZiJUc (101 mg, 1 mmol) 
(0.3 mmol), flrtJffi 

nft ¥^¥11 do : l) o 
{5-{6-[ (4-¥Jt®fc®M-l-X) ¥X]-4-W»l;nfr[2, 1-/][1, 2, 4]# 

= Ri-2-S}-4-=il¥«t;®-2-S}®@¥^?@B (1-31) 
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MeOoS-N 

O 

37.1%o m.p. 108-110°Co lR NMR (300 MHz, 
DMSCMJ): 5 11.42 (S, IH), 8.79 (S, IH), 8.27 (S, IH), 7.76 (S, IH), 7.49 
- 7.44 (m, 2H), 7.32- 7.27 (m, 3H), 6.98 (s, IH), 3.99 (brs, 4H), 3.74 (br 
s, 4H), 3.60 (s, 2H), 3.31 (brs, 4H), 3.12 (brs, 4H), 2.87 (s, 3H)o LC-MS: 
661 (M+l)o 

{5-{6-[ (4-¥Jt®fc®M-l-X) ¥S]-4-^#«l:P^[2, 1-/][1, 2, 4]# 
= Ri-2-S}-4-=il¥«t;®-2-S}®@¥^ZJB (1-32) 

50.7%o m.p. 211-213°Co lR NMR (300 MHz, CDC13): 
5 8.71 (s, IH), 8.41 (s, IH), 7. 92(s, IH), 7.60 (s, IH), 6.67 (s, IH), 4.30 
(q, J= 7.2 Hz, 2H), 4.05 (t, .7=4.5 Hz, 4H), 3.83 (t, .7= 4.5 Hz, 4H), 3.63 
(s, 2H), 3.26 (brs, 4H), 2.78 (s, 3H), 2.61 (brs, 4H), 1.36 (t, .7= 7.2 Hz, 
3H)o LC-MS: 613(M+l)o 

{5-{6-[ (4-¥Jt®fc®M-l-X) ¥S]-4-^#«l:P^[2, 1-/][1, 2, 4]# 
= m-2-m} •-4-=u ¥ XBtb ® •-2-M} MS ¥ m ¥ @0 (1-33) 

o 
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HN T o 

(43.4%) o m.p. 212-214°Co NMR (300 MHz, CDC13): 5 8.70 
(s, IH), 8.40 (s, IH), 7.60 (d, .7=1.5 Hz, IH), 6.67 (s, IH), 4.05 (t, J = 
4.5 Hz, 4H), 3.85 (s, 3H), 3.83 (t, .7= 4.5 Hz, 4H), 3.63 (s, 2H), 3.27 (br 
s, 4H), 2.78 (s, 3H), 2.61 (brs, 4H)o LC-MS: 599 (M+1) „ 

34, (S) -2- (4-HM¥S-6-MSBltl^-3-S) - 6-[ (4-¥#t®tt) QM-1-
S]¥S-4- (3-¥S^#l) M[2, 1-/][1, 2, 4= m (1-34) 

-40°CT, J 24c (1.8 g, 3.17 mmol) ift 50 mL 
iP 1M 80 mLo 0.5 />0fjH, 2 />0f, 

S?jn, pH X] 8 1&n, 
(40: o 

itc (56.9%)o m.p. 262°Co !HNMR(300 MHz, DMSO-dtf): 5 8.34 

(s, IH), 7.68 (s, IH), 6.88 (s, IH), 6.82 (s, IH), 6.77 (s, 2H), 4.87 (brs, 
IH), 4.47 (brs, IH), 3.96 (brs, IH), 3.77-3.41 (m, 8H), 3.11 (s, 6H), 2.87 
(s, 3H), 1.32 (s, 3H)o LC-MS: 555 (M+l)„ 

®^£PM0°CI^T, 100mL, 0iirLl/>0tc 
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35, (S>{5-{6-[ ¥S]-4- (341*) M 
[2, 2, 4]^HIt-2-S}-4-HM¥Sllltl^-2-S}MS¥M¥l0 (1-35) 

-40°CT> ft 1-34 (880 mg, 1.44 mmol) ^P^.ZiJUc (1.5 g, 14.4 mmol) 
(28.85 mmol), 2o flrfj 

il¥^/¥II (60 : 1) (44.2%)o m.p. 150-152°Co 
1HNMR(400MHz, CDCls): 5 8.70 (s, IH), 8.41 (s, IH), 8.22 (s, IH), 7.60 
(s, IH), 6.67 (s, IH), 4.92 (brs, IH), 4.56 (brs, IH), 4.03 (d, .7=7.9 Hz, 
IH), 4.00-3.52 (m, 9H), 3.27 (s, 4H), 2.78 (s, 3H), 2.62 (s, 4H), 1.47 (d, 
J = 6.6 Hz, 3H)o LC-MS: 613 (M+l)„ 

36. (S)-l-Z,S-3-{5-{4-(3-¥S^#)-6-[(4-(¥«S)^Ri-l-S)¥S]B[:l: 
P^[2,l-y][l,2,4]^ = Rf-2-S}-4- = il¥SB[:l:PS-2-S}IM (1-36) 

1-30 1-36o !H NMR (300 
MHz, CDCI3) 5 9.45 (s, IH), 9.01 (br s, IH), 8.63 (s, IH), 7.59 (s, IH), 7.30 (s, 
IH), 6.67 (s, IH), 4.93 (br s, IH), 4.56 (br s, IH), 4.03 (d, J= 7.5 Hz, IH), 3.89 -
3.69 (m, 2H), 3.64 (s, 2H), 3.44 (q, J= 6.9 Hz, 2H), 3.39 - 3.11 (m, 6H), 2.78 (s, 

o 

ft N 
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3H), 2.62 (s, 4H), 1.47 (d,J= 6.7 Hz, 3H), 1.26 (t, J= 7.2 Hz, 3H). 

37, l-Zi3S-3-{5-{6-[ (4-¥Ji®MM-i-X) ¥S]-4-^nttSBtl:P^[2, 
1-/][1, 2, 4]# = Ri-2-S}-4- = i4«l;®-2-S}IIc¥#t^k 

ft 1-30 (220 mg, 0.36 mmol) ift 10 mL 
0a^BSM6OO|iL (0.47 mmol), 1 jlii#Mnanc 

(99.0%) m.p. 220°C^o !H NMR (300 MHz, DMSO-dtf): 5 9.83 
(brs, IH), 9.63 (s, IH), 8.63 (s, IH), 8.12 (s, IH), 7.94 (s, IH), 7.37 (s, 
IH), 7.17 (s, IH), 4.43 (s, 2H), 4.01 (s, 4H), 3.75 (s, 6H), 3.50 (s, 2H), 
3.28-3.01 (m, 6H), 3.0 (s, 3H), 2.32 (s, 3H), 1.08 (t, .7=7.2 Hz, 3H)o 13C 
NMR (126 MHz, DMSO) 5 155.03 , 154.57, 153.91, 153.00, 150.65, 136.78 (q, J 
= 32.1 Hz, CF3C), 123.24 (q, J =274.8 Hz, CF3), 123.51, 121.78, 113.99, 113.09, 
108.30 (q, J= 5.2 Hz, CF3CC70, 107.81, 66.37, 52.23, 50.49, 46.00, 42.93, 35.55, 
34.45, 15.67.15.67. 

38, {5-{6-[ (4-¥#t®M«-l-S) ¥S]-4-ffiin!®Ritn&[2, l-/][l, 2, 
4]#=n§-2-S}-4-=ii¥S«-2-S}®@¥^¥@B¥#t^k 

O /—^ 
—S-N N 

o N—/ 

o 
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ft 1-33 (300 mg, 0.50 mmol) ift 15 mL 5%¥^H 
978 |iL(0.77mmol), 5 />0f, 
jlii#Mnanc (100%) m.p.240°C^o *HNMR 

(300 MHz, DMSO-dtf): 5 10.94 (s, 1 H), 9.82 (s, 1 H), 8.74 (s, 1 H), 8.32 
(s, 1 H), 7.99 (s, IH), 7.19 (s, 1 H), 4.46 (s, 2H), 4.03 (t, .7=4.8 Hz, 4 
H), 3.78 (t, .7=4.8 Hz, 4H), 3.75 (s, 3 H), 3.67- 3.43 (m, 4H), 3.27-3.05 
(m, 4 H), 3.02 (s, 3 H), 2.33 (s, 3 H)o 13C NMR (126 MHz, DMSO-dtf): 5 
154.58, 154.16, 153.88, 152.90, 151.07, 137.029 (q, .7= 31 Hz, CF3C), 
125.19, 123.23 ((q, J = 274.9 Hz, CF3), 121.84, 113.99, 113.07, 108.60 (q, 
J = 5 Hz, CF3CH), 107.88, 66.35, 52.78, 52.22, 50.49, 46.03, 42.95, 35.57, 
25.59c 

39, (S>{5-{6-[ (4-¥#tS®Rtn§-l-S) ¥S]-4- (341*) M 
[2, 2, 4]# = n§-2-S}-4-=i4«t;®-2-S}®@¥^¥@B¥#t^ 

ft 1-35 (231 mg, 0.38 mmol) ift 15 mL 5%¥^H 
589 |iL (0.46mmol), 

(ft, 
tJf ttl, jlii#Mnanc efe©^@ft(80.72%)om.p.210°C^o lH NMR (300 
MHz, DMSO-J6): 5 10.91 (s, IH), 9.86 (s, IH), 8.73 (s, IH), 8.31 (s, IH), 
7.98 (s, IH), 7.17 (s, IH), 4.90 (br s, IH), 4.45 (br s, 3H), 4.00 (d, J =1.9 
Hz, IH), 3.88-3.61 (m, 7H), 3.53 (s, 4H), 3.15 (brs, 4H), 3.01 (s, 3H), 
2.41-2.26 (m,3H), 1.39 (br s,3H)o 13CNMR(126 MHz, DMSO-d(5): 5 154.60, 
154.15, 153.68, 152.96, 151.09, 136.91 (q, J= 32.5 Hz, CF3C), 125.26, 
123.24 (q, J= 274.9 Hz, CF3) 121.89, 114.05, 113.09, 108.60 (q, .7= 5.5 Hz, 

o 
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CF3CH), 107.95, 70.51, 66.46, 52.78, 52.20, 50.48, 42.93, 35.58, 31.17, 
13.19c 

M PDKa 

Kinase-Glo® Plus ATP 
384 ?L0fe (Greiner) 

^mr, WLflPA 1 |iL M DMSO m 5 |IL &$^M[10 mM 
Tris-HCl pH 7.5, 50mMNaCl, 3 mM MgCl2, 1 mMDnpIif®), 0.05% 
CHAPS(3-[(3-Cholamidopropyl)dimethylammonio]-l-propanesulfonate, 3-(3-IJJI 

JSMS)-¥M-l-M#tSO, 12 |iM J& tJ 
D-wvo-Phosphatidylinositol-4, 5-bisphosphate(4,5- - fi'/| Ft§fi'/| |"inJJJLl'i'/ )>f I I 2 JIM 
ATP(=f|^I|l=g:)o ^JgflpA 4 |iL 62.5 nM PI3Ka 

IflxBS, 1 ^BfiniPA 10 |iL Kinase Glo-Plus PI3Ka 
#3 ̂  PI 1 EnVision2104 0J%ibBlteft (Perkinelmer) 

o 

2) 7 PI3Ka 
PI-103 1-22(9.59 nM), 1-27(8.37 nM), 1-28(9.30 nM), 
1-30 (8.19 nM), 1-32 (7.15 nM), 1-33 (2.84 nM), I-35(5.67nM)o 

^2. R»[2, 2, 4]# = R§^^M PI3a |ft IC50 

VLiZ 
M x Ri R2 R3 R4 

IC50 
(nM) 

PI-103 9.79 

1-22 C Me02S-N NT- H • 1 N 
H H 

P ~I~N p 9.59 

1-27 N 

1-28 N 

Me02S-N N-p 

Me02S-N N-p 

CF3 NH2 

CF3 4-FPhNHCONH 

-f-N^o 

-f-N^o 

8.37 

9.30 
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1-30 N Meo2s-iMif CF3 EtNHCONH "^N0° 8-19 

1-32 N Meo2s-iMif CF3 EtOCONH -J-t/j3 7.15 

1-33 N Meo2s-NfAf CF3 MeOCONH 2.84 

1-35 N Meo2s-N Nf CF3 MeOCONH 1 VJ3 5.67 

Mxmmmm Rh3o 
ft 96 3000 Rh30 MfM, #MRAM 

10, 3, 1, 0.3, 0.1 nM 72 iPA 
=f-m, ipxB m&, ^ \%tm 

^F'M, = 560 nm 

n - JXf Rh30 IfflJMWlftif W 1-24, 1-25, 1-28 ift IC 50 

3. R»[2, 1-/][1, 2, 4= Xf Rh30 

1-4 1-5 1-6 1-9 1-14 1-22 1-24 1-25 1-26 

IC50 (nM) 0.4 1.24 1.36 0.99 0.5 0.54 0.074 0.039 0.24 

ik-nWl 1-27 1-28 1-29 1-30 1-31 1-33 1-34 1-35 

IC50 (nM) 0.73 0.074 3.42 0.82 5.06 2.52 0.53 0.47 

1-33 X* AtfUWlMJi Rh30 U87MG PDK # 
-SMAW"* 

Rh30 ^P U87MG 2xl05«/?L#A 12 ?Lfe, Aff 
24 />0t, 1-33 1 

/Ht, IGF-1 mm 10 Jt, iPA 4XSDS ±#MM[200 mM 
Tris.Cl (pH 6.8), 400 mM DTT\ 8% SDS(+—0.4% 
40%im]Ml^§=£$ 10 
ft Tris-flittitti (25 mM Tris, 250 mM 0.1% SDS) 4^ 
80-100 v 2 - 2.5 ® ititMlo 
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JM», 20 mM Tris-HCl(pH 7.2-7.4), 
150mMNaCl, 0.1%(v/v) Tween20]^®i^liijm^f 2 $^jn, iPA#^ 

4°C^^jl^o MtfcWL [20 mM Tris-HCl(pH 7.2-7.4), 150mMNaCl, 
0.1%(v/v) Tween20]^M#fc3 15 #$»/#: „ iP 
tri, 1 SuperSignal West Dura 
Chemiluminescent Substrate (Pierce Inc, Rochford, IL) Mil?, 

AE|^, IMO 

(® i) M 1-33 Rh3o mmmA# 
U87MG PI3K o 

1-30 m 1-33 
1-30 ft 1-33 w xmm m 

^ 4.1-30 >fll 1-33 n 

GDC0941 1-33 1-30 

(|iM) (|iM) (|iM) 

B-BT474 0.256 0.062 0.032 

B-MCF-7 0.519 2.51 

C-HCT-116 8.1 10 9.7 

C-LOVO 0.517 1.33 0.493 

E-RL95-2 2.2 5.3 2 

G-MKN-45 1.67 3.4 1.55 

L-BEL-7402 3.2 4.9 3.2 

LG-NCI-H23 1.2 0.73 0.89 

LG-NCI-H460 1.66 1.52 0.66 

O-SKOV-3 0.316 0.277 0.046 

P-PC-3 0.636 1.58 0.601 

S-RH30 0.478 0.486 0.256 
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4 1-30 $\ 1-33 
C-HCT-116, C-LOVCK E-RL95-2, 
G-MKN-45, JJFflMflft L-BEL-7402, S-RH30 ±^PBf4X4M 
GDC0941(»g^±^^##l4W^^W], ft-

<ift B-BT474 
MAW&mmm u8?mG 

mm3£i, ft^n&#T, 
/Mt^fijit^To mm 

100-200 mm3 1-33 (ft P j$ 50 mg/kg il 
^P 25 mg/kg M; 1-30 lft¥JiM£fe$PJt 50 mg/kg M; GDC0941 
P|| 50 mg/kg il; ^#^ijX4Mii^pSMM, PIx^n 1?^ A—> 3$^H. 
J^o ^2}^IIitfI|$, IM 
ftfjR(tumor volume, TV)lfti~fJ¥TV = l/2xaxb2, a, b 

%o (relative tumor volume, RTV), 
i+J¥^A: RTV = Vt/V0o (BP d0) 
3R, VtA^— 
^ T/C(%), if : T/C(%) = (TRTV/ CRTV)xl00 %, TRTV: RTV; 
CRTV: PJfWMMRTVo 

$&£& 
5 L^A® 2 Bf/^o 1-33 ¥M£i&^APflli^nl§ 50 mg/kg 

20 mg/kg, — Mljp I1^^^§PW^MMIi> I5HMI jp 
U87mGlI/MtJiT#ll^P^^^:( S 2),H 21 AP^J T/C 25.65% 
^P 32.61%, ^$iM£^P<J^ffi^GDC0941 50 mg/kg 1-30 ffil 
£k 50 mg/kg M 21 AM# T/C 37.26 
%, M GDC0941 50 mg/kg MB 21 AM# T/C 51.40%o 

5. U87-MG II/> i^MPtjOTIWif 

an T/C (%) 
alTJ'J 

dO d3 d7 dlO dl4 dl 7 d21 

GDC0941 50 mg/kg 100.00 75.12 79.34 74.75 56.86 53.57 51.40 

I-30(¥«S) 100.00 67.89 54.35 60.45 42.46 41.64 37.26 
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50 mg/kg 
I-33(¥«S) 
50 mg/kg 
I-33(¥«S) 
20 mg/kg 

100.00 82.76 59.61 54.74 36.93 29.89 25.65 

100.00 84.69 65.90 55.24 37.48 31.92 32.61 
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U ffl g ^ 

K ItoN|ftl«[2, 1-/][1, 2, 4]# = R§^^fj, 

R3 ^-NH2, -NHC(0)NHR„, -NHC(0)0RH, -NHC(0)RH, -CH2OH, 
-CH2S(0)2Ri2^-CH2NHS(0)2Ri2; 

R4^H SSC# CF3; 
Rs^n C1-C4 

5-8 jnWP^if, Bff^^ftS^-S(0)2Ri2; 
R7. R8. R9^ Rio#S^Jt^ H m C1-C3 sic# Rv^ RsM R9 

^ Rio 

if; 
R„^ C1-C4 ')%m, C3-C6 

C1-C3 ^ 
Cl-C3^ftS, -CF3, -C(0)0RI2, -C(0)NRi2Ri5^ 

syy^±nlg:3£lft&, J, 
R. 

R-

X = CH SE#N; 

Ri ^-NRsRe; 

R2^ 
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EEL 
Jt 

R12^P C1-C3 
2, llftW 1 2, 4]# = R§^^fK ^ 

R1^V Rr 

rk -R2 < > 

3, ftllxlll 1 i^2 JAm^t^[2, l-f[l, 2, 4]# = R§^^fK 

R7\^°\/R8 

Rg-^N R10 

R2^ I ; 

R5 ^ R6 

& , Bfj£^(f^S;^-S(C))2Ri2o 

4, llftW 3 ffi&mm[2, 1-/][1' 2, 4]# = R§^^fK ^ 

Ri^j — ¥ISi l-
H3C 

) \ 

EEL 
Jt 

r~v~ 
, —N O —N O „—N O 

R2^J W , W gjc 

Rn^¥S. £S> MS. if MS. ^TS. UTS. 4-MTS. ^MiX 
EEL 

Mm, s!c#^ftsSc$—£>T&^ftSj£gM. 
ft. =M¥S. ¥S. ¥fiS. Z,«S. -¥MSi*S. 4-¥S«-i-i* 
S. ^PS-1-^S^P4-^¥MS^P$-1-^SO 
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o 
Y= NH^O 

Ri. R2. RH^PRII^MJ^ 1 
Rie^RntmrnXH, C1-C4^S, Sic# Risffl Rn-^ft 
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r^O 
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Me02C Me02C Meo2C 

V~^ NH2CI M.M&M V~^ 
N/^C02Et m, «DMF N>"C02Et " ^M^CONH, 
H H N ' H'N H2N 

——^ N^NH m#PC1 mmx Nv 

xlj 4 xjr x 

Ha 1J lib lie 
n Rn 

13 
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Ri3^ffiS^-CH2OAc; R14^MS^-CH2OH; 
1) i N,N-^¥S¥®«4^ 

mummy i-, 
2) ^ 2 3; 

Ha; 
4) Ha lib; 
5) lib ^ R2-H He; 
6) He Wu^%\%\^% He 

M He WiBSffltf7KM&M-, 
7) lid H Ri-H 3-8 

He, ffimXiX^-S(0)2Rn-, 

9) R„NCO H Rn0C(0)Cl 
R„C(0)0H m Rnc(0)ci 

Ri2s(o)2ci i 
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8, 
pm i) 

80-150 °C; 

PM 4) N,N 
- —¥S¥J®SSc# 4-—¥MSnltl^; 

PMl) *#T&J©fc¥J©SiG¥«XM; 
PM 8) ¥Mo 

9, 
PM 3) —7K^0t!M|> 

^yKMi^M^yKn-Mi^; ¥MP,S!C#N,N-—¥S¥®fe®» 
N,N-r^ii|Io 

10, tiiftiii i ffi&mm[2, i-/][i, 2,4]^=Ri^^tjftfi^ 

iu 10 pmmmmmm 


