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Abstract: Non-nucleoside reverse transcriptase inhibitors (NNRTIs) play an important role in AIDS treatment.
Diarylpyrimidine derivatives (DAPYs) represent one of the most important classes of NNRTIs. The previously
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reported ZK-4a showed high cytotoxicity (CC,, = 5.98 pmol-L™"), significantly limiting its therapeutic potential. To

resolve this issue, we adopted a two-pronged strategy: replacing the NH fragment with an O atom and modifying

the C-5 position of the pyrimidine core. These modifications enabled the design and synthesis of 27 novel deuterated-
biphenyl-DAPY analogues. Fortunately, all deuterated-biphenyl-DAPYs exhibited broad and highly efficient
antiviral activity, as well as obviously decreased cytotoxicity (CC,, = 18.02— > 297.27 pumol-L"). Among them,

compound 8s achieved an EC,, value of 8.88 nmol-L"' while showing negligible cytotoxicity (CC,, > 287.68 pmol-L").

Compound 8s also displayed exceptional resistance profiles with EC, values of 7.54 nmol-L" (L1001), 8.57 nmol-L"
(K103N), 24.28 nmol-L" (Y181C), 62.71 nmol-L" (Y188L) and 14.38 nmol-L" (E138K). Additionally, the target of
deuterated-biphenyl-DAPY's was verified by reverse transcriptase enzyme inhibition assays.

Key words: acquired immunodeficiency syndrome; human immunodeficiency virus-1; antiviral; non-

nucleoside reverse transcriptase inhibitor; deuterated-biphenyl-DAPY
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Figure 1

Research background and design concepts of deuterated-biphenyl-DAPYs. A: The structures of RPV, ZK-4a and 2; B: The

docking result of ZK-4a with RT (PDB: 2ZD1, Software: Schrodinger 12.8); C: The design of target compounds
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Table 1  Anti-HIV-1 WT activity and cytotoxicity of target
compounds in MT-4 cells. EC,: Concentration of compound
required to achieve 50% protection of MT-4 cell cultures against
HIV-1-induced cytopathicity, as determined using the MTT
method; CC,;: Concentration required to reduce the viability of
mock-infected cell cultures by 50%, as determined using the MTT

method; NVP: Nevirapine; EFV: Efavirenz; ETR: Etravirine

CN
SR
Il
DsC ‘ Ry
(o) N NH
[T
R _N
2

Compd. R, R, EC,/nmol-L"  CC,/umol-L"

6a CDh, H 6.38 £0.00 >295.15

7a CD, CI 35.69+0.03  41.29+595
7b CD, Br 20.62+0.01  34.73+7.46
Tc CD, I 70.73+£0.02 127.47+5.77
8a CD, 4-Pyridyl 17.69+0.01  49.79 +3.94
8b CD, 3-Pyridyl 19.61 £ 0.02 >249.70

8c CD, 5-Pyrimidyl 23.77+0.02 128.01 £2.65
8d CD, 3-Furyl 37.99 +0.01 51.24 +7.08
8e CD, 2-Furyl 62.36+0.02 198.18+12.46
8f CD, 2-Thienyl 67.41+0.01 178.66 +9.98
8g CD, 3-Pyrazolyl 10.94+0.00  38.64+7.75
8h CD, 4-Pyrazolyl 2226+0.03 121.45+11.26
8i CD, 5-Hydroxymethyl- ~ 30.72+0.02  149.40 + 14.02

2-thienyl

6b CH, H 13.18 £0.01 >297.27

7d CH, ClI 13.35+0.00 26.88+8.71
Te CH, Br 27.43 +0.03 18.02 +£4.59
7f CH, I 42.57+0.03  44.47+4.50
8j CH, 4-Pyridyl 9.88+£0.00 62.61+5.26
8k CH, 3-Pyridyl 35.29+0.03 >251.22

8l CH, 5-Pyrimidyl 33.04+£0.02 118.09+7.45
8m  CH, 3-Furyl 39.55+0.03 229.04 +7.62
8n CH, 2-Furyl 68.91 +0.05 >256.91

80 CH, 3-Thienyl 256.35+0.17 200.79 + 2.60
8p CH, 2-Thienyl 66.11 +0.01 >248.70

8q CH, 3-Pyrazolyl 1291+ 0.01 48.41 £22.30
8r CH, 4-Pyrazolyl 25.57+£0.03  66.67+31.92
8s CH, S5-Hydroxymethyl- 8.88 +0.00 > 287.68

2-thienyl

NVP 237.5+0.18 >15.021
EFV 4.58 +0.002 >6.336
ETR 4.23 +£0.002 >4.595
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IR -DAPYs X RASK A T2 A & dlgE v . H
i, X L1001 AT E138K 58 48 #F 1 01 1] 15 14 38 5 R B 4%
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8s K I H A R H1 5 A B Bt 24 7, % L1001 K 103N,
Y181C.Y188L Fl E138K RALHk ] EC, fH KK 7.54.
8.57.24.28.62.71 A1 14.38 nmol-L". #tJ&, AWF 788 it
RT B i 30 B0 0 1 7 AR- Bk R -DAPY s I AF H #E 5,
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Table 2 Antiviral activity of target compounds toward HIV-1 mutants

ECSO/nmol‘L'I

Compd.

L1001 K103N Y181C Y188L E138K
6a 9.27 +0.00 5.96 +0.00 29.04 +£0.01 2065.25+0.81 24.56 +0.01
7a 38.60 +0.02 30.41 +0.02 65.13 +0.01 242.66 + 0.05 59.56 +0.02
7b 21.35+0.01 20.00 +0.01 39.51+£0.01 79.37+0.02 46.18 £0.01
Te 30.94 +0.01 28.80 +0.02 67.94 +0.02 197.35+0.16 53.01 +£0.01
8a 37.36 £ 0.01 11.24 +0.00 61.98 +0.02 93.44 +0.06 42.55+0.01
8b 16.58 £0.01 13.08 £ 0.01 44,50 +0.02 60.23 +0.01 31.36 £ 0.01
8c 31.90 +£0.02 26.22 +0.02 83.09 +0.04 125.65 +0.07 44.61+0.01
8d 25.18+£0.01 25.84 +0.00 86.20 +0.03 169.79 +0.03 41.87+0.01
8e 62.04 +0.02 56.94 +0.01 290.00 + 0.05 295.21 +0.06 279.38 +0.09
8f 51.22+0.01 50.83 +0.01 172.90 +0.07 303.68 +0.08 93.70 +0.03
8g 21.29+0.01 18.69 +0.01 45.91 +0.00 46.62 +£0.01 32.27 +0.01
8h 11.54 +0.00 16.85+0.01 40.55+0.02 36.21 +£0.02 26.76 £ 0.01
8i 20.12+0.01 32.58 +0.02 52.46 +0.02 59.55+0.01 35.33+0.01
6b 19.56 +0.02 8.80 + 0.00 63.26 +0.01 1014.35+0.52 68.97 +£0.01
7d 17.04 +0.00 19.45 +0.02 60.72 +0.02 204.26 +0.11 51.66 +0.04
Te 12.52 £ 0.01 29.19+0.02 55.07 +£0.01 211.46 +0.07 54.42 +0.02
7f 31.30 £ 0.01 32.07 £ 0.01 42.92+£0.01 101.39 +0.05 47.49 +£0.03
8j 14.97 £ 0.00 13.62 +0.00 41.95+0.01 64.66 +0.03 20.00 + 0.00
8k 76.12 +0.05 36.28 +0.01 161.53 +0.06 162.19 +0.07 147.26 £ 0.11
81 61.88 +0.01 44.33 £0.03 187.29 +0.05 254.03 +0.04 71.51+0.03
8m 39.36 +0.03 31.55+0.01 94.49 +£0.01 180.92 +0.05 49.79 £ 0.01
8n 94.75 £ 0.02 73.32+£0.05 187.13 £ 0.05 599.01 +0.34 144.23 £ 0.04
80 273.77 £ 0.06 179.71 £ 0.05 655.38 £0.20 1268.93 +0.33 352.61 +£0.05
8p 33.13+0.01 36.41+0.01 127.04 +0.04 248.90 +0.07 134.00 + 0.09
8q 28.05+0.01 25.90+0.01 50.77 £0.01 51.23 +£0.01 56.78 +0.00
8r 22.97+0.01 16.44 +0.00 42.60 +0.01 53.80 +0.02 62.43 +0.02
8s 7.54 +0.00 8.57 +0.00 24.28 +£0.01 62.71 £0.02 14.38 £ 0.00

NVP 1560.33 +1.56 3740.14 +£2.93 5007.71 £2.09 752492 +£3.25 172.87 +0.12
EFV 28.53+£0.01 63.96 +0.02 5.83+£0.002 289.86 +0.12 5.97 +0.003
ETR 5.94 +0.002 2.95+0.001 12.92 +0.01 19.9 +£0.01 8.68 +0.01

Table 3 Inhibitory activity of target compounds toward WT HIV-1 RT. IC,: Inhibitory concentration of test compound required to inhibit

biotin deoxyuridine triphosphate incorporation into WT HIV-1 RT by 50%

Compd. IC,/umol-L" Compd. IC,/umol-L" Compd. IC,/umol-L"
6a 0.057 £ 0.007 8g 0.091 £0.013 8m 0.061 £0.001
Ta 0.062 +0.005 8h 0.045 £ 0.006 8n 0.086 +£0.012
7b 0.066 + 0.008 8i 0.093 £0.016 80 0.144 £0.013
Te 0.049 £+ 0.005 6b 0.043 +£0.003 8p 0.081 +0.007
8a 0.109 +0.007 7d 0.059 £ 0.006 8q 0.082 +0.000
8b 0.100 = 0.008 Te 0.057 £0.007 8r 0.074 £ 0.012
8c 0.110 £ 0.008 7t 0.096 = 0.001 8s 0.052 +0.002
8d 0.092 +0.020 8j 0.106 = 0.004 NVP 0.602 = 0.066
8e 0.086 +0.029 8k 0.085+0.018 EFV 0.014 +0.003
8f 0.080+0.013 81 0.078 £0.011 ETR 0.029 £+ 0.005

LI ER Sy 1 HEEK
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25 mL A TE . BEJS, K 6 mL ) A N
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12 ho TLC AN S M HERE o S5 HE i, A5 1k 4,
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FriR /AR ZIRE, B RPEEIA S0 mL K+, HZ
R 2. T8 (50 mL x 3) RHL 3 k. REEUEEE, &I N,
MR ER/K e, ToKBRBR AT, 198 . W u8 ks
J&, R o AR E AT 4 B, B R (R4 4a.4b .
111 4-32 -3 5-W (B E-d)-[1,1-BE K] -4-FF (4a)
&K, 772 31.6%. m.p.: 157.1~159.7 °C. HRMS
(ESI) m/z: Caled. for C,;H.D,NO [M-H]™ 228.130 1,
found 228.130 9,
1.1.2 4B E-3-BHE-5-(BE-d)-[1,1"-BE K] -4-FF
4b) HEFEE, P23 37.0%. m.p.: 155.7~156.5 °C.
HRMS (ESI) m/z: Caled. for C,;H,,D,NO [M - H] "
225.111 3, found 225.112 1.
1.2 £A¥6a.6b AR

¥ 8] 44 4a.4b (1.0 mmol, 1.0 equiv.)~ 1 [a] {4 5
(1.2 mmol, 1.2 equiv.) A B HH (1.5 mmol, 1.5 equiv.)
WM F 25 mL B A, BEJS I S mL N,N-—
KL HH Bt i (DMIF). B J B A & % 22 80 °C 1N i #4
12 h, TLC AR W5 Jse B3R A2 o I B 58 R A, 458 1k A,
Rk 2V HI 2 IR, ¥ REIN 50 mLKH, &
i 2,15 (50 mL x 3) XL 3 k. FESEHE, & AP,
TR A B K PEd, T KR RREA T8, 198 . I8k 46
S, R doE AR E AT B, BIAS AL E ) 6a.6b .
121 4'-(Q-(4-BEXE)TE)EE-4-F)F E)-3',5"-
(B E-d)-[1,1-BE ] -4-FF (6a) [ il fhk, 7= K.
50.2%. m.p.: 265.6~268.3 °C. 'H NMR (400 MHz,
DMSO-d,) d,: 10.16 (s, 1H), 8.49 (d, J = 5.7 Hz, 1H),
7.96 (s, 4H), 7.64 (d, J= 4.5 Hz, 4H), 7.44 (d, J= 8.6 Hz,
2H), 6.67 (d, J = 5.6 Hz, 1H); "C NMR (101 MHz,
DMSO-d,) d.: 168.91, 160.80, 159.68, 150.66, 145.04,
144.51, 136.14, 133.33, 133.02, 131.63, 128.00, 127.90,
119.80, 119.35, 118.74, 110.43, 102.90, 99.43, 15.89 (t,
J =19.6 Hz); HRMS (ESI) m/z: Calcd. for C,;H,;D,N,O
[M+H]" 424.203 9, found 424.203 4.
122 4-(Q-(4-BEFE)TE)BIE-4-F)H £)-3'-
RE-5-(RE-d)-[1,1-BLK]-4-B5 (6b) A [k, =
#:57.5%. m.p.: 269.0~270.7°C. 'HNMR (400 MHz,
DMSO0-d,) §,: 10.15 (s, 1H), 8.48 (d, J = 5.7 Hz, 1H),
7.95 (s, 4H), 7.64 (d, J = 3.0 Hz, 2H), 7.62 (s, 2H), 7.42
(d, J=8.7 Hz, 2H), 6.66 (d, J = 5.6 Hz, 1H), 2.16 (s, 3H);
“C NMR (101 MHz, DMSO-d,) d.: 168.91, 160.81,
159.68, 150.62, 145.04, 144.51, 136.14, 133.33, 133.02,
131.74, 131.65, 128.00, 127.98, 127.90, 119.80, 119.35,
118.75, 110.44, 102.91, 99.44, 16.66; HRMS (ESI) m/z:
Caled. for C,H,D,N,O [M+H] " 421.185 1, found
421.184 0.

1.3 &% Ta~TfHA R

¥ 1L & ¥ 6a. 6b (1.0 mmol, 1.0 equiv.) 1 NXS
(1.05 mmol, 1.05 equiv.) JI A F 25 mL () S, Bl
JEIIN 6 mL ¥ LG MR ERHFEIRE T, I
M= O MATEEE, EiR 4 h, TLC AR U5
LR . RN E R R, N R S A A TR
KRR WG, ¥ R E N 50 mL K1, H 28 2
fig (50 mL x 3) ZH 3 k. FEH5EHE, &I FE UM,
A K PRk, TTKBRIR AN T8, i I8 . B U8R 45
Jo, R sl A S A B, B S Ta~ 71,
131 4-(5-8-2-(4-BEFEH)TH)FIE4-E)F
£)-3",5"- (P E-d,)-[1,1"-BEFK]-4-FF (7a) A, =
K 82.1%. m.p.: 274.1~276.3 °C. "H NMR (400 MHz,
DMSO-d,) d,: 10.29 (s, 1H), 8.62 (s, 1H), 7.96 (s, 4H),
7.67 (s, 2H), 7.51 (d, J= 8.5 Hz, 2H), 7.38 (d, /= 8.5 Hz,
2H); "C NMR (101 MHz, DMSO-d,) é.: 163.37, 158.74,
157.62, 150.59, 144.58, 144.39, 136.47, 133.35, 132.98,
131.46, 128.05, 127.93, 119.66, 119.32, 118.76, 110.53,
106.43, 103.30, 15.74; HRMS (ESI) m/z: Calced. for
C,H,,D,N,OCI [M+Na]" 480.146 9, found 480.148 3.
132 4-(5-R2-(U-BEFH)EH)FE4-E)S
£)-3,5-W(HE-d)-[1,1"-BEK]-4-F5 (Tb) [ (i
&, 7 % 84.7%. m.p.: 291.8~2932 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.28 (s, 1H), 8.67 (s, 1H),
7.96 (s, 4H), 7.66 (s, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.37
(d, J = 8.5 Hz, 2H); °C NMR (101 MHz, DMSO-d,) 4.
164.24, 161.22, 158.22, 150.77, 144.55, 144.40, 136.43,
133.35, 132.97, 131.43, 128.02, 127.92, 119.66, 119.33,
118.82, 110.51, 103.30, 94.24, 16.00~15.18 (m); HRMS
(ESI) m/z: Calcd. for C,.;H ,D,N,OBr [M+H]" 502.114 4,
found 502.113 8.
133 4'-(Q-(4-BEXKE)TE)-5-HMIHIE-4-5) T E)-
3,5-W(FAE-d,)-[1,1-BLK]-4-FF (7c) H b, ™~
%:96.3%. m.p.: 284.2~286.1 °C. 'HNMR (400 MHz,
DMSO-d,) d,: 10.24 (s, 1H), 8.74 (s, 1H), 7.96 (s, 4H),
7.66 (s, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.36 (d, /= 8.5 Hz,
2H); "C NMR (101 MHz, DMSO-d,) d,: 166.66, 166.43,
151.17, 144.60, 144.43, 136.30, 134.87, 133.35, 132.95,
131.40, 127.97, 127.91, 123.89, 119.68, 119.34, 118.86,
110.48, 103.18, 16.11~15.48 (m); HRMS (ESI) m/z:
Caled. for C,H,,DN.OI [M+H] " 550.100 6, found
550.101 9.
134 4-(5-8-2-(4-BEFXEH)TE)EE-4-FE)F
E)-3-FE-S-(FRE-d)-[1L1-BK]-4-55 (7d) A
&, 7% % 94.4%. m.p.: 279.6~281.4 °C. 'H NMR
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(400 MHz, DMSO-d,) 6,: 10.28 (s, 1H), 8.62 (s, 1H),
7.96 (s, 4H), 7.67 (s, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.38
(d, J = 8.5 Hz, 2H), 2.17 (s, 3H); “C NMR (101 MHz,
DMSO-d,) 6.: 163.36, 158.75, 157.63, 150.55, 144.58,
144.39, 136.48, 133.35, 132.98, 131.56, 131.47, 128.05,
127.93, 119.66, 119.32, 118.77, 110.53, 106.43, 103.31,
16.51; HRMS (ESI) m/z: Calcd. for C,H,.D,N,OCI [M+
H]" 455.146 1, found 455.144 6.
135 4'-(5-R2-(-8EFXH)RTE)FIF4-K)
FE)-3-BAE-5-(AE-d)-[1,1-BLE-4-55 (Te) H@
[E A, 77 % 65.9%. m.p.: 301.0~303.4 °C. 'H NMR
(400 MHz, DMSO-d,,) J,: 10.28 (s, 1H), 8.68 (s, 1H),
7.96 (s, 4H), 7.66 (s, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.37
(d, J = 8.5 Hz, 2H), 2.16 (s, 3H); "C NMR (101 MHz,
DMSO-d,) 6.: 164.23, 161.22, 158.23, 150.73, 144.56,
144.39, 136.43, 133.35, 132.97, 131.53, 131.44, 128.02,
127.92, 119.65, 119.32, 118.82, 110.52, 103.30, 94.24,
16.52; HRMS (ESI) m/z: Caled. for C,iH,;D,N,OBr [M+
Na]" 521.077 5, found 521.075 3.
1.3.6 4'-(2-(4-BEFKE)T H)-5- 1% IE 4- &)
)3 -FE-5-(BE-d)-[1,1-BEFK]-4-F5 (7 A
[ A, 77 % 93.4%. m.p.: 304.0~305.0 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.23 (s, 1H), 8.75 (s, 1H),
7.97 (s, 4H), 7.68 (s, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.37
(d, J = 8.4 Hz, 2H), 2.15 (s, 3H); °C NMR (101 MHz,
DMSO-d,) 6.: 166.66, 166.45, 158.98, 151.14, 144.60,
144.44, 136.31, 133.37, 132.96, 131.51, 131.42, 127.98,
127.93, 119.68, 119.35, 118.87, 110.49, 103.18, 16.56;
HRMS (ESI) m/z: Caled. for C,;H D,N,OI [M+H]":
547.081 7, found 547.080 3.
1.4 £E8a~8sHIERK

15 W) 8a~8s 1) G B 7 1 KA T [E] 44 4a~4b
(14 R, K v (1 PA(dppf)CL AL 742 1% PA(PPh,),
141 4'«(Q-(4-BEFXKE)FE)-5-(MIE-4-5) I E-4-
)G HE)-3",5-W(BE-d)-[1,1-BcFK]-4-F5 8a) H
[ 44, 7= % 59.2%. m.p.: 254.5~256.7 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.41 (s, 1H), 8.82 (s, 1H),
8.73~8.63 (m, 2H), 7.98 (s, 4H), 7.87~7.81 (m, 2H),
7.69 (s, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.4 Hz,
2H); "C NMR (101 MHz, DMSO-d,) 6.: 165.56, 160.29,
159.09, 150.90, 150.46, 144.61, 144.46, 141.01, 136.24,
133.39, 132.95, 131.58, 128.02, 127.91, 123.24, 119.64,
119.36, 118.91, 110.48, 110.05, 103.31; HRMS (ESI)
m/z: Caled. for C, H,,D,N,O [M+H]" 501.230 5, found
501.230 6.

142 4'~(2-(4-BEFE)FE)-5-(MEIE-3-5)1HE-4-
E)EH)-3",5"- (R E-d)-[1,1-BL K ]-4-F5 8b) H
A, 773 73.2%. m.p.: 250.4~252.8 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.33 (s, 1H), 8.98 (s, 1H),
8.72 (s, 1H), 8.61 (d, J= 4.8 Hz, 1H), 8.20 (d, J = 8.0 Hz,
1H), 7.96 (s, 4H), 7.67 (s, 2H), 7.55 (dt, J= 9.7, 5.1 Hz,
3H), 7.34 (d, J = 8.4 Hz, 2H); "C NMR (101 MHz,
DMSO-d,) d.: 165.54, 159.94, 158.82, 150.90, 149.41,
149.01, 144.78, 144.47, 136.48, 136.18, 133.37, 132.95,
131.59, 129.46, 127.99, 127.89, 124.16, 119.69, 119.35,
118.78, 110.46, 109.94, 103.10; HRMS (ESI) m/z: Calcd.
for C,,H,.D,N,O [M+H]" 501.230 5, found 501.229 4.
143 4'-(Q-(4-BEFXE)FE)-[5,5-ZMIE]-4-5)
FHE)-3",5- W (A E-d,)-[1,1"-BEK]|-4-BE 8c) A
A, 77 % 58.9%. m.p.: 298.2~299.6 °C . 'H NMR
(400 MHz, DMSO-d,) 6,: 10.41 (s, 1H), 9.23 (s, 3H), 8.82
(s, 1H), 7.97 (s, 4H), 7.67 (s, 2H), 7.54 (d, J = 8.4 Hz, 2H),
7.36 (d, J = 8.4 Hz, 2H); *C NMR (101 MHz, DMSO-
d) o 165.57, 160.11, 159.26, 157.63, 156.44, 150.73,
144.61, 144.45, 136.30, 133.37, 132.98, 131.63, 128.01,
127.91, 127.86, 119.65, 119.34, 118.94, 110.48, 106.75,
103.34; HRMS (ESI) m/z: Caled. for C,;H,,D,N,O [M+
H]" 502.225 7, found 502.223 6.

144 4'-(Q-(4-BEFE)TE)-5-(KME-3-5)1EE-4-
B)S5)-3",5- W (B E-a)-[1,1-BL K |-4-F5 (8d) KO
il 4, P2 % 22.0%. m.p.: 216.4~217.0 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.23 (s, 1H), 8.91 (s, 1H),
8.30~8.27 (m, 1H), 8.02~7.94 (m, 4H), 7.86 (t, J =
1.8 Hz, 1H), 7.69 (s, 2H), 7.54 (dd, J = 9.0, 3.3 Hz, 2H),
7.34 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 1.9 Hz, 1H);
“C NMR (101 MHz, DMSO-d,) J.: 164.64, 157.69,
157.58, 151.17, 144.96, 144.55, 144.29, 141.22, 136.16,
133.36, 132.91, 131.66, 127.92, 127.89, 119.77, 119.36,
118.50, 117.82, 110.44, 108.92, 105.15, 102.72; HRMS
(ESI) m/z: Caled. for C, H,,D,N,O, [M+H]" 490.214 5,
found 490.215 0,

145 4'-(2-(4-BEFEE)TE)-5-(TkMg-2-5) I 1E-4-
H)EH)-3,5-W(EE-d)-[1,1"-BEE]-4-FE Be) HI
[ A, 77 3R 45.8%. m.p.: 255.8~256.9 °C. 'H NMR
(400 MHz, DMSO-d,) 6,: 10.33 (s, 1H), 8.88 (s, 1H), 7.99
(d, J = 1.9 Hz, 4H), 7.86 (d, J = 1.8 Hz, 1H), 7.70 (s,
2H), 7.54 (dd, J = 8.6, 5.9 Hz, 2H), 7.36 (d, J = 8.5 Hz,
2H), 6.99 (d, J = 3.4 Hz, 1H), 6.69 (dd, J = 3.4, 1.9 Hz,
1H); "C NMR (101 MHz, DMSO-d,) J.: 163.36, 157.54,
155.55, 150.99, 146.42, 144.72, 144.51, 143.16, 136.26,
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134.82, 133.37, 132.96, 131.61, 127.98, 127.91, 124.17,
118.69, 112.65, 110.47, 109.76, 104.59, 103.02; HRMS
(ESI) m/z: Caled. for C,H, ,D,N,O, [M+H]" 490.214 5,
found 490.214 8.

1.4.6 4'-(2-(4-FEFE)TE)-5-(FEW-2-5)IH1E-4-
B)EE)-3",5- (B E-d)-[1,1"-BLF]4-F5 8 HE
[ A, 77 3 47.5%. m.p.: 278.0~280.7 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.33 (s, 1H), 8.98 (s, 1H),
7.99 (d, J = 1.7 Hz, 4H), 7.78 (dd, J = 3.7, 1.2 Hz, 1H),
7.70 (s, 2H), 7.66 (dd, J = 5.1, 1.1 Hz, 1H), 7.54 (d, J =
8.4 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.23 (dd, J = 5.1,
3.7 Hz, 1H); "C NMR (101 MHz, DMSO-d,) J.: 163.60,
157.79, 157.68, 150.90, 144.77, 144.50, 136.28, 134.36,
133.37, 132.95, 131.60, 128.06, 128.02, 127.92, 126.83,
125.22, 119.73, 119.35, 118.66, 110.48, 107.47, 102.98;
HRMS (ESI) m/z: Caled. for C,H,,D,N,OS [M+H] "
506.191 6, found 506.190 8.

1.47 4'-(Q-(4-BEFE)TE)-5-(1H-MEmE-3-F) 1
IE-4-£5) & £)-3",5"- W (B &-d))-[1,1-BL K] -4- B (82)
A, 723K 42.0%. m.p.:275.6~277.4°C. 'HNMR
(400 MHz, DMSO-d,) d,: 13.13 (s, 1H), 10.27 (s, 1H),
9.03 (s, 1H), 8.02~7.94 (m, 4H), 7.87 (d, J = 9.1 Hz,
1H), 7.69 (s, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.34 (d, J =
8.5 Hz, 2H), 6.86 (d,J=2.2 Hz, 1H); "C NMR (101 MHz,
DMSO-d,) d.: 158.02, 157.75, 151.23, 144.90, 144.56,
136.09, 133.36, 132.92, 131.69, 130.02, 127.93, 127.89,
119.75, 119.36, 118.57, 110.44, 105.23, 102.82; HRMS
(ESI) m/z: Caled. for C,,H,,D,N,O [M+H]" 490.225 7,
found 490.223 9,

1.48 4'-(2-(4-FEFXE)TE)-5-(1H-MEmE-4-F) 0
IE-4-£5) & E)-3",5- W (P E-d,)-[1,1"-BL K] -4- 55 (8h)
A, P23 26.6%. m.p.: 263.7~265.6°C. 'HNMR
(400 MHz, DMSO-d,) d,: 13.12 (s, 1H), 10.14 (s, 1H),
8.91 (s, 1H), 8.30 (s, 1H), 8.17 (s, 1H), 8.02~7.91 (m,
4H), 7.68 (s, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.32 (d, J =
8.8 Hz, 2H); "C NMR (101 MHz, DMSO-d,) J.: 164.09,
157.12, 157.08, 151.31, 145.12, 144.58, 136.06, 133.36,
132.90, 131.71, 127.88, 119.82, 119.36, 118.33, 112.76,
110.43, 106.19, 102.47; HRMS (ESI) m/z: Calcd. for
C,,H,,D,N,O [M+H]" 490.225 7, found 490.224 4.

149 4'-(Q-(4-BEFE)FE)-5-G-(EHRE)EY-2-
BB E-4- ) R E)-3,5- W (R E-d,)-[1,1-BE K] -4-FF
@8i) HEEE, P2 F: 37.5%. m.p.: 255.0~256.7 °C.
'H NMR (400 MHz, DMSO-d,) d,;: 10.29 (s, 1H), 8.92
(s, 1H), 8.01~7.92 (m, 4H), 7.69 (s, 2H), 7.59 (d, J =

3.7 Hz, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.35 (d, J= 8.5 Hz,
2H), 7.03 (d, J = 3.7 Hz, 1H), 5.53 (t, J = 5.7 Hz, 1H),
4.69 (d, J = 3.9 Hz, 2H); "C NMR (101 MHz, DMSO-
d) d.: 163.56, 157.58, 157.51, 150.91, 147.13, 144.79,
144.50, 136.26, 133.36, 133.12, 132.94, 131.58, 128.00,
127.91, 124.91, 124.81, 119.73, 119.35, 118.65, 110.48,
107.73, 102.96, 58.84; HRMS (ESI) m/z: Calcd. for
C,H,,D,N,0,S [M+H]" 536.202 2, found 536.200 3.
1.4.10  4'-(2- (-8 & K £) T E)-5- (U IE -4- F) 1
UE-4- ) £)-3-FH E-5- (B E-d)-[1,1-B K] 4-F5
8j) A, 7% 83.3%. m.p.: 281.2~282.5 °C.
'H NMR (400 MHz, DMSO-d,) d,: 10.41 (s, 1H), 8.82
(s, 1H), 8.72~8.67 (m, 2H), 7.97 (d, J = 1.5 Hz, 4H),
7.88~7.81 (m, 2H), 7.68 (s, 2H), 7.53 (d, J = 8.5 Hz,
2H), 7.34 (d, J = 8.4 Hz, 2H), 2.17 (s, 3H); "C NMR
(101 MHz, DMSO-d,) 6.: 165.55, 160.27, 159.09, 150.86,
150.45, 144.60, 144.44, 141.01, 136.24, 133.36, 132.93,
131.67, 131.58, 127.99, 127.89, 123.23, 119.48 (d, J =
30.2 Hz), 118.91, 110.49, 110.05, 103.32, 16.80; HRMS
(ESI) m/z: Caled. for C,H,,D,N,O [M+H]" 498.211 6,
found 498.212 1.

L4.11  4-(Q-(¢-BE X E) T E)-5- (ML IE-3-F) 1
IE -4- £5) & £)-3'-F £ -5"- (A £ -d,)-[1,1"- B K| 4-FF
Bk) FAEEA, 7% 87.6%. m.p.: 290.5~291.7 °C.
'H NMR (400 MHz, DMSO-d,) d,: 10.33 (s, 1H), 8.98 (d,
J=2.4 Hz, 1H), 8.73 (s, 1H), 8.62 (dd, J = 4.9, 1.6 Hz,
1H), 8.20 (dt, J = 8.0, 2.0 Hz, 1H), 7.97 (s, 4H), 7.67 (s,
2H), 7.60~7.50 (m, 3H), 7.35 (d, J = 8.5 Hz, 2H), 2.17
(s, 3H); "C NMR (101 MHz, DMSO-d,) .. 165.53,
159.94, 158.82, 150.86, 149.42, 149.01, 144.78, 144.46,
136.47, 136.18, 133.37, 132.95, 131.69, 131.60, 129.46,
127.98, 127.89, 124.16, 119.52 (d, J = 34.8 Hz), 118.78,
110.47, 109.94, 103.10, 16.82; HRMS (ESI) m/z: Calcd.
for C,,H,,D,N,O [M+H] 498.211 6, found 498.210 5.
1.4.12  4'-(Q-(@-FEFKE)TH)-[5,5-ZMLIE]-4-5)
SE)-3-BE-S-(FE-q)-[1,I-BEEX4-F @) At
[ 44, 72 2 74.5%. m.p.: 303.4~305.0 °C. 'H NMR
(400 MHz, DMSO-d,) d,: 10.41 (s, 1H), 9.23 (s, 2H),
9.23 (s, 1H), 8.83 (s, 1H), 7.97 (s, 4H), 7.67 (s, 2H), 7.55
(d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 2.17 (s,
3H); *C NMR (101 MHz, DMSO-d,) d.: 165.56, 160.11,
159.26, 157.63, 156.44, 150.69, 144.61, 144.44, 136.30,
133.37, 132.97, 131.72, 131.64, 128.00, 127.90, 127.86,
119.49 (d, J = 30.9 Hz), 118.93, 110.49, 106.74, 103.34,
16.82; HRMS (ESI) m/z: Caled. for C,;HD,N.,O [M+
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H]" 499.206 9, found 499.204 8.

1413 4-(Q-(¢-FEFE)T E)-5-(HkIE-3-5) 1%
NE-4-E)F H)-3- B E-5-(F &E-d)-[1,1"-BE K] -4-F
8m) HEFE A, P=F: 59.5%. m.p.: 284.6~286.6 °C,
HPLC purity: 95.12%; 'H NMR (400 MHz, DMSO-d,)
8,:10.22 (s, 1H), 8.90 (s, 1H), 8.29~8.25 (m, 1H), 8.01~
7.93 (m, 4H), 7.84 (t, J = 1.8 Hz, 1H), 7.68 (s, 2H), 7.52
(d, J= 8.5 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.23 (d, J =
2.1 Hz, 1H), 2.15 (s, 3H); *C NMR (101 MHz, DMSO-
d) d.: 164.63, 157.69, 157.58, 151.13, 144.96, 144.55,
144.29, 141.22, 136.16, 133.36, 132.91, 131.77, 131.68,
127.92, 127.89, 119.56 (d, J = 41.7 Hz), 118.51, 117.82,
110.45, 108.92, 105.16, 102.73, 16.66; HRMS (ESI)
m/z: Caled. for C,H,;D,;N,O, [M+H]" 487.195 7, found
487.197 1.

1.4.14 4'-(Q-(4-FE XK E)FE)-5- (kg -2- 5) 1%
IE-4-E)FH)-3-FE-5-(FE-d)-[1,1"-BEFK|4-F
8n) HEEE, 7% 80.9%. m.p.: 287.0~288.7 °C.
'H NMR (400 MHz, DMSO-d,) d,: 10.32 (s, 1H), 8.88
(s, 1H), 8.02~7.94 (m, 4H), 7.86 (dd, J = 1.9, 0.8 Hz,
1H), 7.69 (s, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.35 (d, J =
8.5 Hz, 2H), 6.98 (dd, J = 3.4, 0.8 Hz, 1H), 6.68 (dd,
J=13.4,1.9 Hz, 1H), 2.16 (s, 3H); °C NMR (101 MHz,
DMSO-d,) d.: 163.35, 157.53, 155.56, 150.95, 146.41,
144.71, 144.50, 143.16, 136.26, 133.38, 132.96, 131.72,
131.63, 127.98, 127.92, 119.54 (d, J = 36.6 Hz), 118.69,
112.66, 110.47, 109.77, 104.59, 103.03, 16.61; HRMS
(ESI) m/z: Caled. for C,,H D,N,O, [M+H]" 487.195 7,
found 487.193 9,

1415 4-(Q-(4-BEFE) T H)-5-(BM-3-F) 1%
ME-4- ) F £)-3-F E-5'-(F £-d)-[1,1'-BL K] 4-FF
80) MK, 77 42.8%. m.p.: 296.6~298.4 °C.
'H NMR (400 MHz, DMSO-d,) 6,: 10.24 (s, 1H), 8.91
(s, 1H), 8.06 (t, J = 1.9 Hz, 1H), 8.02~7.94 (m, 4H),
7.79~7.70 (m, 2H), 7.69 (s, 2H), 7.51 (d, J = 8.5 Hz,
2H), 7.32 (d, J = 8.4 Hz, 2H), 2.17 (s, 3H); "C NMR
(101 MHz, DMSO-d,) 6, 164.79, 158.88, 157.67, 151.16,
14491, 144.52, 136.11, 133.37, 133.09, 132.91, 131.75,
131.66, 127.95, 127.89, 127.35, 127.00, 123.55, 119.55
(d, J = 38.6 Hz), 118.54, 110.44, 108.52, 102.79, 16.76;
HRMS (ESI) m/z: Caled. for C,H,;D,N,OS [M+H]"
503.172 8, found 503.173 5.

14.16 4-(Q-(4-FEFXE)FH)-5-(E WM -2-F) 1
I -4- 55) & 55) -3 - R B -5/ (R £ -d) - [1,1"-BX K] 4- B
8p) HEGMEME, 77%: 68.5%. m.p.: 297.6~299.1 °C.

'H NMR (400 MHz, DMSO-d,) d,: 10.32 (s, 1H), 8.97
(s, 1H), 8.01~7.92 (m, 4H), 7.77 (dd, J = 3.7, 1.2 Hz,
1H), 7.68 (s, 2H), 7.64 (dd, J= 5.1, 1.2 Hz, 1H), 7.54 (d,
J = 8.5 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.22 (dd, J =
5.1, 3.7 Hz, 1H), 2.17 (s, 3H); “C NMR (101 MHz,
DMSO-d,) 6.: 163.60, 157.79, 157.68, 150.87, 144.77,
144.50, 136.29, 134.37, 133.36, 132.94, 131.71, 131.62,
128.06, 128.00, 127.91, 126.81, 125.22, 119.53 (d, J =
38.1 Hz), 118.67, 110.49, 107.47, 103.00, 16.70; HRMS
(ESI) m/z: Calcd. for C,H,,D,N,OS [M+H]" 503.172 8,
found 503.171 4.,

1.4.17 4'-(2-(4-FEFXE)TE)-5-(1H-MEme-3-55)0
NE-4-5) & &)-3- B E-5- (B &E-d)-[1,1"-BE K] -4-FF
Bq) HEFEA, P23 48.3%. m.p.: 310.7~312.6 °C.
'H NMR (400 MHz, DMSO-d,) 6,: 13.31~13.01 (m,
1H), 10.28 (s, 1H), 9.03 (s, 1H), 8.05~7.93 (m, 4H),
7.90~7.78 (m, 1H), 7.70 (s, 2H), 7.53 (d, J = 8.4 Hz,
2H), 7.34 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 2.2 Hz, 1H),
2.18 (s, 3H); "C NMR (101 MHz, DMSO-d,) J.
158.01, 157.74, 151.18, 144.90, 144.55, 136.09, 133.36,
132.92, 131.79, 131.70, 127.92, 127.89, 119.75, 119.36,
118.56, 110.44, 105.22, 102.81, 16.69; HRMS (ESI)
m/z: Caled. for C,,H,,D,N.O [M+H]" 487.206 9, found
487.205 3.,

1.4.18 4'-(2-(4-FEFE)TE)-5-(1H-Lmk-4- £
UE-4-5) & £)-3-FHE-5- (B E-d)-[1,1- B K] 4-FF
8r) B, 7% 35.9%. m.p.: 292.4~294.4 °C.
'H NMR (400 MHz, DMSO-d,) J,;: 13.13 (s, 1H), 10.15
(s, 1H), 8.91 (s, 1H), 8.31 (s, 1H), 8.17 (s, 1H), 8.03~
7.92 (m, 4H), 7.68 (s, 2H), 7.52 (d, J = 8.5 Hz, 2H),
7.36~7.28 (m, 2H), 2.16 (s, 3H); “C NMR (101 MHz,
DMSO-d,) 6.: 164.08, 157.12, 157.08, 151.28, 145.12,
144.58, 136.07, 133.36, 132.90, 131.82, 131.73, 127.91,
127.88, 119.83, 119.36, 118.33, 112.77, 110.43, 106.18,
102.46, 16.71; HRMS (ESI) m/z: Caled. for C,,H D;N.O
[M+H]' 487.206 9, found 487.206 0.

1419 4-(Q-(-FEZEFXEH)RH)-S-S-(FHE)E
W -2-F5) I NE-4-F) S 5 )-3'-FA £ -5'- (A £ -d)-[1,1"-Bk
K]-4-B& (8s) H [ 4A, =% 66.1%. m.p.: 258.9~
261.0 °C; '"H NMR (400 MHz, DMSO-d,) 6,: 10.31 (s,
1H), 8.93 (s, 1H), 8.03~7.94 (m, 4H), 7.70 (s, 2H), 7.59
(d, J=3.7 Hz, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.35 (d, J =
8.4 Hz, 2H), 7.04 (d, J= 3.7 Hz, 1H), 5.55 (t, J = 5.7 Hz,
1H), 4.69 (d, J = 5.7 Hz, 2H), 2.18 (s, 3H); "C NMR
(101 MHz, DMSO-d,) d.: 163.54, 157.57, 157.52, 150.87,
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147.14, 144.79, 144.49, 136.26, 133.38, 133.12, 132.95,
131.69, 131.60, 128.00, 127.92, 124.92, 124.80, 119.56
(d, J =38.6 Hz), 118.64, 110.48, 107.72, 102.94, 58.84,
16.70; HRMS (ESI) m/z: Calcd. for C, H,,D,N,O,S [M+
H]" 533.183 4, found 533.181 9.
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