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Synthesis and Anti-Toxoplasma Activity of
Novel Tetrahydropyrido| 4,3-d |pyrimidine Derivatives
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Abstract To develop highly effective and highly selective anti-Toxoplasma drugs, twenty novel tetrahydropyridines
[4, 3-d] pyrimidine derivatives were designed and synthesized via the principle of pharmacochemical molecular
combination. Ethyl 1-benzyl-4-oxo-3-piperidinecarboxylate hydrochloride as starting material, the target compounds
7a—Tt were obtained by seven step reaction. All target compounds were characterized via nuclear magnetic resonance
spectroscopy ('H NMR, ""C NMR) , mass spectrometry and elemental analysis. Methyl thiazolyl tetrazolium (MTT)
method was used to investigate the anti-Toxoplasm activity in vitro, and the compound with the best activity was
selected to further quantify the inhibitory activity against Toxoplasm dihydrofolate reductase (TgDHFR). The results
showed that ten compounds had higher anti-Toxoplasma activity compared with the positive control drugs pyrimeth-
amine and sulfadiazine. Compound 7p exhibited the most potent anti-Toxoplasma activity and commendable selectivi-

ty between TgDHFR and human dihydrofolate reductase (hRDHFR) with half maximal inhibitory concentration (1Cy,)
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value of 15 nmol/L against TgDHFR and 1460 nmol/L against ADHFR. Molecular docking experiments showed that
compound 7p could be strongly bound to TgDHFR through five hydrogen bonds, which could be deeply studied to
develop new anti-Toxoplasma drugs.

Keywords Toxoplasma; Dihydrofolate reductase ; Tetrahydropyrido[ 4, 3-d Jpyrimidine

5% B (Toxoplasma ) /& —FP N & e BAL YL B0 , 1 55 T8 HUBL 5 [ I S8 M 75 T8 HUpe X 22 101
PfE I E, AT EOL ™ | SERR KOG L LR R A AE SR, s i N S R 4
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R, 38 V)T 2ETF & BT S T B 2 .

BT R R O RN A 25 B RR IR A2 . SR, ZESE LB R IR, 28 E Y R
PR AEYTEE i T E = B R AR, A5 0E LU )5 SR RIS i e A Tk i .
T EAE PIRVE AR 25 4L, il S5 DR S B BRSBTS TR b B Y, JREEN TR
AR S TR 2R T ERAR Ry = Hodr, 5B R T A RIS 5 (TgDHFR) 2T R H1 5
JE 2P — A FRAHBEAR . ToDHEFR S5 AT 40 5 T8 Hu i B2 -4 s 2% 1 s me HLAE 608, HAl
CAH Z Wi &, TgDHFR 5500 0 8 2 0l = 0% du s s .

FEAZ O ATGE 19 /N3 F TeDHFR S50, DOk BE 3[4, 3-d [ s e S5k & 4 HAT BRI H bRiE
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Scheme 1 Structural design of target compounds
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WA A RAF ; OB N N-—SFNIEONE _%Eﬁkm\ FEE . $hiR . AALEh . JoKm RN . Z A b
HI . CIEME s, srdrat, B 258 A 22800 A BR A 7 5 EMREE (MTT) | BG4 13 (FBS) | 4%
FRF(DMEM) ., —H LA (DMSO) . hDHFR . ﬂ-yw%m% FACHER | BRERZE vhEL | MAIE e AR IS A
FREFR (NADPH, 4% 97%) . — A MR (41E=>90% ) . Oy IUEHE AN ) K (4l 80% ) , F2 [ Merck 23 H] .

SGW X-4B 7 B i s A, B R A AR A B F] 5 BSA124S UL 7 KA, f8[E Sartorius
Nl DF-I RS ARE SmBERE a8, H M o S A PR A ] 5 RE-52 BUIEfE 28 & 4, LI EoR
AAAERT s WFH-203B ! = H %63\19?13( YRS RS AT PR B 5 SHZ-D BUAEER K B2 5, LY
PAECRATIF A 75 1100 BRI FR AL (LC-MS) . 0 Agilent 27l 5 ARX-600 1 HeAR 1%
Y (NMR), 1% E Bruker 22 7] ; Vario EL JCR MY, 75 [E Elementar 22 5 ; ELx800 f#Fr{Y , 25 [E BioTex
NGB
1.2 BiFEHEWHER

HFRL A4 BBk 4R 5 k23454 I, Scheme 2, S50k 17, 18 1 7 W4 BU T Al 45 1~4.

0 21
HCL
_HuPAC ¢ _DIPEA _ 0 N"0
N 0 NH + )L
T EOH o c “Dem 0
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3
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1 o\\ 0 !
H,H;-H.O )J\N/N H, l/ ~R; )J\N/N\S/RZ
EtOH 7o
Sa—sf 6a—6f Ta—Tt

5a, 6a: Ri=3-Br, 4-F; 5b, 6b: R,=4-CF;; Sc, 6¢: Ri=3-Br; 5d, 6d: R,=4-NO.; 5e, 6e: R=4-CH;; 5f, 6f: Ri=4-OCH
7a: Ri=3-Br, 4-F, R,= }&J@/; 7b: Ri=3-Br, 4-F, R;= 2{Q/NOZ; 7c: R1=3-Br, 4-F, R= k@ . 7d: Ri=3-Br, 4-F, R= ?(A ;
Te: R=3-Br 4, R (7% 1 70 R=4-CF., R~ JOI 1 78 Red-CFy, R= [0 Thi R=4-CEs, Rm o A\
T R4-CFs, R () O™, 7 R—4-CE,, R N0 7k Re=4-CP, Re=—CFs: 71 Ri=3-Br, Re= (1Y :
Tm: R=3-Br, Re= ,[J: T Re4NOs, Re= [0 5 0 R=4NO, Re= (7 NO% 7p:R=4NO:, R (T

N
7q: Ri=4-CHy, R= () 7r: Ry=4-OCH;, Ro=, () : 7s: R/=4-OCH;, Ro= [J: 7t: Ri=4-OCH;, Ro= ([T 0:

Scheme 2  Synthetic route of the target compounds

121 HwEEIH L ST, ¥ 20.0 g(0.077 mol) 1-7 3 -3- 2 5% E -4- WK g B 55 B2 3h 18 T
200 mL 95% ({KF 50 2B, W 183 FINA 8. 0 g (050 10%)Pd/C, &/ E#, THEZE 40 CIL
Ni7 he RN SEEE, REARZRE A, SRR LIS, WURZRIEBR LA, TS 15 20 a4 1 r 6 [ {4
13.9 g, W% N 99. 4%, #55 (m. p. ) 167.5~168. 6 °C, 53CHR[ 19 e AR .

122 wWER2MEH A LRI, ¥ 13.9 g(0. 067 mol) FP a4 1 F121. 6 g(0. 168 mol) N’ ,N-—
SR E AT 150 mL S Fberh, FREH8% N 12. 4 g(0. 080 mol )G H FRZE RS , TN s¢ ¥ e T3 iR
L h. i 5eke, ¥ BB A KT, &2, AR IR (15 mLx3) FIAR FI S AL B i)
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(15 mLx3) ¥k, ZT07K Na,SO, T4, 1208, JRZE IR 2500, TR 380 b m iR 2 Pk 19. 5 ¢
123 FEE3IWHEE FET, $19.5¢(0.067 mol) FhaE]{& 2, 8. 1 g(0. 080 mol ) EER FF kA1 14. 3 ¢
(0. 268 mol) H FE4M%5 T 200 mL oK HHEEH, F70 ‘CRV. 6 h. A SE5E, BlRZERBR 2250, i AGE
K, F NaOH KBRS pH 22912, F 5 mL F2RZEBCE ALA T, B 40K 2 W ERRRJH Y pH=4, ¥r
PR, g, TSR PR3 A 10. 9 g
124 SERAH % FIRT, $3.0g(0.011 mol) FAMA 3 IAE] 5. 0 mL =& A+, THEAE,
F100 C/I 10 min. N TE5E, ¥ WA HI 2SR, SR EAOKT, A LEAER(20 mLx3),
HIAHUZ, FTEK Na,SO, T4, 138, IR ZEIRR Z5A5, A3 ik 4 k2 @ik =4 3. 1 g
125 HEKSa~50 e # & ST, K 1.0 g(0. 346 mmol) Hal1A 415 T 10 mL ZJEH, A 0. 346
mmol 75 A AR UCEE R REFN 0. 04 ¢(0. 017 mmol ) S ALEL , FHELE 85 “CLe i 3 h, e il F oy i
AR, N SEEE, WA, FhiE, TS5 8] A Sa~SE R R R .
12.6 WAk 6a~6f H # &  ZIRT, #42. 58 mmol F A Sa~5%5 T 10 mL To/K ZEEH, T H0 10 mL 1K
IKE BT 5350 80% ) , F 80 “CRNE2 h, it BRAT P ANT H . Niseke, &), #huk, TIE
FEF A AA 6a~6f [0 [ 14s .
127 ERMAED Ta~Tith# % T, % 0.3 mmol A4 6a~6f I A 10 mL S H kerf, FinA
6 mmol AR BURREBES, ks T4, S0 F SN 3 he SR A ih S IR s s e, =22 )5 A A
Mrit . SONPSERE, Ve, dhik; DEUEH CHEVEAR, £20. 45 wm LRI I8 5 BB A £ R RO
GIEAL, DL CI8 (At M [ e A1, WA A ZE-7K , Rl o8 254 nm, P 509%~70% ((RF53 50 B 2.
KRS TR VR, B 1R 30 min; FeZA5 G ER B G IR G Ta~Tt

1.3 {KIMASHHILE

OGO A= K i HeLa 400, LASEFL 3%10° cell 4270 F 96 FLM N , I8 T 37 ‘CIK 5% (AEFL43%0)
CO,YEFRA P45 5% 24 h, DIARISSAANAR)Z . BBRIH YRS IR, K 5 T8 A ARTR AR E 15 2% (R0 FBS
B DMEM 5538304, A5 2 U5 1 (RH AR, HeLa 4045 : 5 du il 7 4=1:5) , kLT 13546
Kige24a hia, BERIHMESRM . FEIS, InAS R EE (1, 10, 50, 100, 200, 500 F11000 wmol/L) 3z ik
25911 2% FBS-DMEM 5559, DA e g i 2 Jrig i e Ay P 0T B, B NV R 34 A 4L, IS 1
A, 024 hIEBRE BT, BOEEE, SAUIMAS MTT ARG IR, T 37 CIRE 4 h. BrZEH3E
W, HALIMADMSO, B FHEK FAREYR 10 min, 492 nm BEEFR U E & FLIOEEEE . SEAT0k T
3 YRS I R 4 HT

TEA RS2 56 254 Tl it HEA T 323 2 W01 X HeLa 40 M OPTHS AR 5256, X ANAE T 3R 15 P2 40 i s
KIATHIE R Y , FoEBRAER -, D S FLA IR REE , 3 T A 2 A0 i 25 1 1 2 B A i st vk
FE (CC)MEL LA ST 5 T HIE P2 3 e BE (TG ) MEL, dE IR AS 259 BBk 8 0 (ST).
1.4 FEEHDEE NS K18

o R B A AL AR A TeDHFR-TS, 28R b 3R 18 WK 345 hDHFR. KERRNAL A4 B i 5 8 4
ANTRIHE BE ) DMSO I # (1, 10, 50, 100, 200, 500, 1000 15000 nmol/L) , FJ5EHIAE] &A1 we/mL 4l
L5 H) TgDHFR-TS 8, ADHFR I, (i 2 B 77 T84T 2 bl (11. 2 g S4BT | 0. 98 g B-3i ik £ BEVA
T 40. 0 mmol/L pH=7. 4 R EL 2% v i) 1 96 FLAR 1, 7E25 CTFIEE 15 minJ5, DA Bl ZE b i
FI, RN A S 1. 6 wmol/L ) NADPH F1 10 wmol/L 1 &M . AR5, T25 CHME L h)G,
AN A IR E A 10 U/mL (9.0 UL G 5 umol/L 7] K7 . T 25 “CHFHF 10 min J5 #7986 , M
PR IR DB E T AR B 1C, (8 . PATHEAT 3 RS2 56 HACE 43 4T .
1.5 HFX X

i1 Chem 3D 20. 0 FR A F R FLAAZER , BJS XA Molegro Virtual Docker # {45 {6445 TgDHFR-
TS % 11 (PDB %i*5 : 6N1S) $EAT 43 F X 4% . SZ AR (X H2 00 5 1 A6 5 Ry (X: 17. 68, V: 68.86, Z:
—54.76) , Y42 1. 5 nm, SRR 125 G BB IO X 245 A0 225, 08 Discovery Studio 2020
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2 HRSHR

21 BirLAMHERSRIE

DA 33 £ SRR I -4- DR BE A ER PR R AR IR J5URE, 72 PA/C AL T &A= SR RN, T 257 3 A il e
)& 1. DL DIEPAfERZERA], ik 1 55 FRREETE 0 "CRI R WA T SO 2B b a4 2. rhji) {4 2
R DA M A O R A P LA 3, L = SR SR & A SRR R A R
Eﬂ12|i4. B, HPTEIA 455 6 FiAS [R]ERUR 0 24 il ok 3 A AR S 1 A o P T4 Sa~5F, 22T SRAE KA HEY

VAP RT3 AR P IRIA 6a~6f. fR)i, DA S BEVEVE R, HPRIAA 6a~6f 15 AN [A] B Ao ik Pk S S 1
@ﬂz%?% Ta~Tr. A 41 280k 185 TR A5 VAR (il A 740 s alifls

F S T R K B AR e &Y BAEEE | T O R 2250 T HEMEA YRR

ARV TEH R

Table 1 Melting point, yield, mass spectra and elemental analysis data of compounds

Found(caled.) , %

Compd. m. p./C Yield(%)  MS(ESI), m/z Formala
C H N
2 144.7—146.6 99.9 [M+H]*292.10 CysH,,NO, 61.85(61.77)  5.88(5.86) 4.81(4.85)
3 250.1—251.2 59.7 [M-H]"270.60 C,,H,,N;0, 61.99(61.96)  4.83(4.82)  15.49(15.56)
4 Oilness 96.9 [M+H J* 290.40 C,H,,CIN,0, 58.04(57.99)  4.18(4.20)  14.50(14.46)
5a 210.4—212.2 75.1 [M-H]™ 441.63 CyoH,(BrFN,0, 54.19(54.26)  3.64(3.60)  12.64(12.55)
5h 239.8—240.9 75.4 [M+H]" 415.25 C,,H,,F;N,0, 60.87(60.66)  4.14(4.12)  13.52(13.58)
Sc 222.4—224.3 79.6 [M+H]" 425.16 CyoH,,BrN,0, 56.48(56.40)  4.03(4.04)  13.17(13.22)
5d 256.6—257.1 83.2 [M-H]"390.37 CyH NSO, 61.38(61.40)  4.38(4.36)  17.89(17.96)
Se 250.1—252.0 85.6 [M+H]" 361.30 CyHyoN,0, 69.98(70.01)  5.59(5.62)  15.55(15.50)
sf 251.2—252.3 82.3 [M+H]" 377.10 Cy,H,,N,0, 67.01(67.07)  5.36(5.35)  14.88(14.92)
6a 243.2—244.7 82.0 [M-H]" 379.40 C,,H,,BrFNO 44.11(44.10)  3.70(3.66)  22.05(22.12)
6b 248.6—249.9 75.5 [M+H]*353.10 CysH,F N0 51.14(51.17)  4.29(4.27)  23.85(23.88)
6c 253.7—255.0 77.9 [M+H]" 363.39 C,,H,BrN,0 46.30(46.39)  4.16(4.14)  23.14(23.17)
6d 267.9—269.0 80.1 [M-H]" 328.58 €, H,5N,0, 51.06(51.11)  4.59(4.60)  29.77(29.81)
6e 256.4—256.8 84.7 [M+H]"299.18 C,sH N0 60.39(60.41)  6.08(6.07)  28.17(28.18)
6f 259.9—260.8 83.1 [M+H]* 315.25 C,sH4NO, 57.31(57.26)  5.77(5.80)  26.74(26.75)
7a 146.3—147.2 75.9 [M+H]* 535.77 Gy HyBIFN,O,S  47.07(47.11)  3.78(3.77)  15.69(15.70)
7h 222.1—223.0 68.4 [M+Na]*589.09  C,H,,BrFN,0,S  42.42(42.41)  3.01(3.03)  17.38(17.31)
7c 186.5—186.9 57.1 [M+H]* 521.49 CooHBIFN,O,S  46.05(46.07)  3.46(348)  16.10(16.12)
7d 171.2—173.0 66.4 [M+Na]*507.75  C,H,BrFN,0,S  42.05(42.07)  3.72(3.74)  17.36(17.32)
Te 126.3—126.9 68.1 [M-H ] 587.68 C,H,BiF,NOS  42.75(42.80)  2.95(291)  14.26(14.26)
7t 157.4—158.0 75.5 [M-H]"505.74 C,,H, FiN,0,S 5225(52.17)  4.19(4.18)  16.46(16.59)
Tg 194.1—194.5 68.4 [M-H] 491.56 C,y,H,,F;N,0,S 51.27(51.22)  3.88(3.89)  17.10(17.07)
7h 163.0—163.3 51.9 [M-H]" 455.58 CgH,FiN,0.S 4727(47.37)  4.22(4.20)  18.40(18.41)
7i 140.9—141.6 58.4 [M-H]~559.71 Cp,H  F NS 47.17(47.15)  3.22(3.24)  14.87(14.99)
7i 255.2—256.0 58.4 [M-H]" 536.73 C, H,F.N.0.S 47.00(46.93)  3.36(3.38)  18.36(18.24)
7k 171.2—173.0 59.5 [M+Na]*453.90  C,H,.F,N,0,S 44.56(44.65)  3.97(3.98)  19.60(19.53)
71 223.4—223.8 65.5 [M+Na]*539.03  C,H,BNO,S 48.68(48.75)  4.12(4.09)  16.20(16.24)
Tm 234.5—234.9 58.4 [M+Na]*525.01  C,H,,BrN,0,S 47.69(47.72)  3.81(3.80)  16.70(16.70)
7n 240.5—240.9 62.1 [M+Nal*492.06  C,H,N,0.8 51.18(51.17)  4.10(4.08)  20.87(20.88)
7o 220.4—222.3 58.3 [M+H]*515.15 CyoH 4N,0,8 46.68(46.69)  3.56(3.53)  21.86(21.78)
7p 189.8—190.3 52.7 [M+H J* 488.00 CyoH  FN,0.S 49.24(49.28)  3.71(3.72)  20.10(20.11)
7q 250.3—250.7 63.3 [M+H]* 439.15 C,,H,,N, 0,8 57.55(57.52)  5.05(5.06)  19.18(19.17)
Tr 218.4—219.2 73.3 [M+H ]* 469.26 C,,H,,N,0,8 56.45(56.40)  5.15(5.16)  17.96(17.94)
7s 253.0—253.7 63.5 [M+H]* 455.20 C,,H,,N,0,8 55.50(55.50)  4.89(4.88)  18.50(18.49)
Tt 233.4—234.2 61.9 [M+H]* 500.15 C,,HyN,0,8 50.39(50.50)  4.27(4.24)  19.69(19.63)
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Table 2 NMR data of target compounds

Compd.

'H NMR, 8(DMSO-d,, 600 MHz)

C NMR, 8(DMSO-d,, 150 MHz)

Ta

7b

Tc

7d

Te

7t

Tg

7h

7i

7j

7k

71

9.15(d, J=2.1 Hz, 1H), 9.12—9.01(m, 1H), 8.57(s, 1H), 8.44
(s, 1H), 8.05(dd, J=6.4, 2.7 Hz, 1H), 7.70(ddd, J=9.1, 4.4,
2.7 Hz, 1H), 7.64(d, J=8.0 Hz, 2H), 7.34(t, J=8.8 Hz, 1H),
7.22(d, J=7.9 Hz, 2H), 4.28(s, 2H), 3.56(t, J=5.8 Hz, 2H) ,
2.65(t, J=5.9 Hz, 2H), 2.30(s, 3H)

10.20(s, 1H), 9.93(d, J=1.7 Hz, 1H), 9.43—9.32(m, 1H), 8.81
(s, 1H), 8.40—8.31(m, 2H), 8.24—8.13(m, 1H), 7.93(dd, J=
6.3, 2.6 Hz, 1H), 7.87—7.74 (m, 1H), 7.60 (ddd, J=9.0, 4.5,
2.6 Hz, 1H), 7.45(t, J=8.7 Hz, 1H), 4.36(s, 2H), 3.62(t, J=5.8
Hz, 2H), 2.86(t, J=6.0 Hz, 2H)

9.29(d, J=1.7 Hz, 1H), 9.12—9.06(m, 1H), 8.58(s, 1H), 8.44
(s, 1H), 8.05(dd, Jj=6.4, 2.6 Hz, 1H), 7.78(d, J=7.3 Hz, 2H),
7.70(ddd, J=9.0, 4.3, 2.7 Hz, 1H), 7.58(t, J=7.4 Hz, 1H), 7.47
(t, J=7.7 Hz, 2H), 7.34(1, J=8.8 Hz, 1H), 4.29(s, 2H), 3.56(1,
J=5.7Hz, 2H), 2.67(t, J=5.4 Hz, 2H)

9.08(s, 1H), 8.93(s, 1H), 8.66(s, 1H), 8.45(s, 1H), 8.09(dd,
J=6.4, 2.6 Hz, 1H), 7.73(ddd, J=8.9, 4.3, 2.7 Hz, 1H), 7.35(1,
J=8.8 Hz, 1H), 4.50(s, 2H), 3.70(1, J=5.8 Hz, 2H), 2.75(t, J=
5.8 Hz, 2H), 0.93—0.87(m, 4H)

9.62(s, 1H), 9.22(s, 1H), 8.60(s, 1H), 8.44(s, 1H), 8.05(dd,
J=6.4, 2.6 Hz, 1H), 7.98(d, J=8.2 Hz, 2H), 7.83(d, J=8.4 Hz,
2H), 7.69 (ddd, J=8.9, 4.3, 2.7 Hz, 1H), 7.34 (1, J=8.8 Hz,
1H), 4.29(s, 2H), 3.58(t, J=5.7 Hz, 2H), 2.68 (1, J=5.4 Hz,

2H)
9.16(s, 1H), 9.09(s, 1H), 8.77(s, 1H), 8.50(s, 1H), 7.93(d,

J=8.6 Hz, 2H), 7.66(dd, J=17.0, 8.5 Hz, 4H) , 7.22(d, J=8.1
Hz, 2H), 4.34(s, 2H), 3.57 (1, J=5.7 Hz, 2H), 2.67 (1, J=5.4
Hz, 2H), 2.30(s, 3H)

9.31(d, J=2.1 Hz, 1H), 9.11(d, J=2.3 Hz, 1H), 8.84(s, 1H),
8.50(s, 1H), 7.92(d, J=8.4 Hz, 3H), 7.78(d, J=7.2 Hz, 2H),
7.68(d, J=8.4 Hz, 2H), 7.57(d, J=7.4 Hz, 1H), 7.47(s, 1H),
4.35(s, 2H), 3.58(t, J=5.9 Hz, 2H), 2.69(t, J=5.8 Hz, 2H)
9.09(s, 1H), 8.93(s, 1H), 8.84(s, 1H), 8.50(s, 1H), 7.96(d,
J=8.5 Hz, 2H), 7.68(d, J=8.5 Hz, 2H), 4.56(s, 2H), 3.72(1,
J=5.8 Hz, 2H), 2.78(t, J=5.8 Hz, 2H), 0.90(s, 4H)

9.24(s, 1H), 8.85(s, 1H), 8.49(s, 1H), 8.07(s, 1H), 7.96(dd,
J=14.0, 8.3 Hz, 4H), 7.83(d, J=8.4 Hz, 2H), 7.67(d, J=8.6 Hz,
2H) , 4.38(s, 2H), 3.58 (t, J=5.8 Hz, 2H), 2.70(t, J=5.6 Hz,
2H)

10.32(s, 1H), 9.94(s, 1H), 9.41(s, 1H), 8.84(s, 1H), 8.36(d,
J=8.9 Hz, 2H), 8.08(d, J=8.9 Hz, 2H), 7.85(d, J=8.7 Hz, 2H),
7.79(d, J=8.8 Hz, 2H), 4.45(s, 2H), 3.64(t, J=5.5 Hz, 2H),
2.91(t, J=5.1 Hz, 2H)

9.15(s, 1H), 8.98(s, 1H), 8.84(s, 1H), 8.50(s, 1H), 7.97(d,
J=8.4 Hz, 2H), 7.68(d, J=8.7 Hz, 2H) , 4.57 (s, 2H), 3.72(t,
J=5.7Hz, 2H), 2.93(s, 3H), 2.77(t, J=5.7 Hz, 2H)

9.87(s, 1H), 9.26(s, 1H), 9.18(s, 1H), 8.77(s, 1H), 7.87(s,
1H), 7.67(d, J=8.0 Hz, 2H), 7.62(d, J=7.9 Hz, 1H), 7.40(dt,
J=15.8, 7.7 Hz, 2H), 7.28(d, J=7.8 Hz, 2H), 4.36(s, 2H), 3.60
(s, 2H), 2.80(s, 2H), 2.33(s, 3H)

160.95, 156.79, 156.54, 155.39, 154.47(J,_,=239.0 Hz),
143.37, 13745, 136.05, 129.42 (2C) , 128.22 (2C) ,
126.28 123.08 (J._,=9.0 Hz) , 116.60 (J._.=23.0 Hz) ,
111.93, 107.49 (], ,=22.0 Hz) , 41.26, 41.06, 31.08,
21.40

158.46, 156.59, 153.55(J. =248.0 Hz) , 150.75, 150.20,
14535, 129.83 (2C) , 129.38, 127.39, 126.05 (J._=7.0
Hz) , 12445 (2C) , 123.82, 117.12 (J,_,=23.0 Hz) ,
112.61, 108.00(J,_,=22.0 Hz), 40.92, 40.83, 27.10

160.94, 156.80, 156.62, 155.42, 154.70(J, ,=242.0 Hz) ,
139.21, 137.49, 133.18, 129.05 (2C) , 128.13 (2C) ,
126.40, 123.23(J._,=9.0 Hz) , 116.75, 116.52(J,._,=22.0
Hz), 111.89, 41.26, 40.98, 31.26

160.99, 157.47, 156.67, 156.40 (J,_,=240.0) , 155.49,
137.51, 130.03 (J_,=9.2 Hz) , 12635, 123.16, 116.66
(J._=24.0 Hz), 111.96, 41.38, 40.97, 31.41, 29.32, 5.42
(20)

160.89, 156.73, 156.61, 155.45, 153.90(J. ,=246.0 Hz),
143.40, 137.49, 132.50 (J. ,=32.5 Hz) , 129.12 (2C) ,
126.37 (2C) , 126.20, 125.90 (J,_,=267.9 Hz) , 123.13,
116.65 (J,_,=33.0 Hz) , 111.91, 107.48 (J._,=33.0 Hz) ,

41.33, 41.08, 31.16
161.52, 156.84, 156.55, 155.39, 143.87, 143.42, 136.10,

129.45(2C), 128.26(2C), 126.10(J._,=3.8 Hz), 126.00,
125.10 (J,_,=31.3 Hz) , 123.61 (J._,=267.0 Hz) , 121.50
(20, 112.70, 41.42, 41.06, 31.16, 21.44

161.08, 156.79, 156.65, 155.18, 143.73, 139.20, 133.18,
129.96, 129.05 (2C) , 128.13 (2C) , 127.85 (J._,=264.0
Hz), 126.00, 122.17, 121.70(2C), 112.65, 41.34, 41.02,
31.10

161.50, 157.48, 156.63, 155.45, 143.88, 127.00 (2C) ,
126.05, 126.01 (J,_,=262.0 Hz) , 121.53 (2C) , 112.68,
41.47, 40.96, 31.47, 29.34, 5.43(2C)

156.75, 155.44, 150.82, 150.34, 147.15, 143.94, 136.81,
134.06 (J. ,=268.0 Hz) , 129.14 (2C) , 126.22, 126.02
(Jo_=3.0 Hz, 2C), 122.72(J._,=30.0 Hz) , 121.78(J._,=
268.0 Hz), 121.47(3C), 112.65, 41.58, 41.01, 29.52
158.41, 156.61, 153.11, 150.78, 150.19, 145.39, 141.41,
129.82(2C), 126.26(J,._,=3.0 Hz, 2C), 125.85(J._,=30.0
Hz), 123.33(J,_,=268.0 Hz), 124.59(2C), 124.45(2C),
113.13, 41.13, 40.77, 27.31

161.44, 157.27, 156.62, 155.45, 143.89, 130.11, 126.04,
126.01 (J._,=264.0 Hz) , 125.09, 121.52(2C), 112.50,
41.42, 40.79, 31.52, 29.48

158.12, 156.78, 151.47, 143.47, 139.53, 136.24, 131.01,

129.52 (2C) , 128.50, 128.27 (2C) , 126.58, 125.94,
123.03, 121.57, 112.81, 41.08, 40.53, 27.57, 21.48
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Compd. '"H NMR, 8(DMSO-d,, 600 MHz) BC NMR, §(DMSO-d,, 150 MHz)

7m  10.09(s, 1H), 9.39(s, 1H), 9.23(s, 1H), 8.80(s, 1H), 7.89— 158.37, 156.75, 152.75, 150.75, 139.29, 133.22, 131.02,
7.77(m, 3H), 7.61(t, J=8.8 Hz, 2H), 7.51 (1, J=7.6 Hz, 2H), 129.12 (2C) , 128.79, 128.70, 128.15 (2C) , 126.94,
7.44(d, J=8.1 Hz, 1H), 7.39(t, J=8.0 Hz, 1H), 4.38(s, 2H), 123.39, 121.56, 112.84, 41.07, 40.22, 27.13
3.61(t, J=5.5Hz, 2H), 2.84(t, J=4.9 Hz, 2H)

7n  10.34(s, 1H), 9.39(s, 1H), 9.26(s, 1H), 8.87(s, 1H), 8.30(d, 158.14, 156.75, 153.80, 151.01, 144.32, 144.06, 139.29,
J=9.2 Hz, 2H), 7.97(d, J=9.2 Hz, 2H), 7.81(d, J=7.3 Hz, 2H), 133.22, 129.11(2C), 128.15(2C), 124.81(3C), 123.75
7.60 (t, J=7.4 Hz, 1H), 7.51(t, J=7.6 Hz, 2H), 447 (s, 2H), (2C), 113.93, 41.27, 40.88, 27.55
3.62(1, J=5.4 Hz, 2H), 2.88(s, 2H)

7o 9.97(s, 1H), 9.92(d, J=1.6 Hz, 1H), 9.32(s, 1H), 8.84 (s, 157.80, 156.53, 154.77, 150.17, 147.69, 145.28, 129.77,
1H), 8.29(d, J=9.1 Hz, 2H), 8.19(d, J=8.5 Hz, 2H), 7.91(d, J= 127.36 (2C) , 124.87 (2C), 124.39 (2C) , 123.77 (2C) ,
9.1 Hz, 2H), 7.83(d, J=8.6 Hz, 2H), 4.39(s, 2H), 3.62(t, J= 123.37, 113.69, 40.95, 40.52, 39.57
5.8 Hz, 2H), 2.83(t, J=5.8 Hz, 2H)

7p  9.39(s, 1H), 9.18(d, J=12.8 Hz, 2H), 8.58(s, 1H), 8.22(d, J= 161.98(J._,=208.4 Hz), 156.72, 156.23, 155.28, 146.85,
9.1 Hz, 3H), 8.02(d, J=9.2 Hz, 2H), 7.83(dd, J=8.5, 5.3 Hz, 141.83, 135.51, 131.22(J._,=9.0 Hz) , 126.00 (J._,=9.0
2H), 7.30(t, J=8.7 Hz, 2H) , 4.41(s, 2H), 3.59(1, J=5.6 Hz, Hz), 124.97(2C), 120.88, 120.65(2C), 116.23 (J._,=
2H), 2.72(t, J=5.3 Hz, 2H) 22.5 Hz), 113.51, 113.49(J. ,=22.5 Hz) , 45.92, 41.45,

31.24

7q  9.97(s, 1H), 9.39(s, 1H), 9.20(s, 1H), 8.70(s, 1H), 7.80(d, 162.76, 158.43, 156.75, 150.60, 139.24, 135.77, 134.79,
J=7.3 Hz, 2H), 7.60(1, J=6.9 Hz, 1H), 7.51(t, J=7.7 Hz, 2H), 13323, 129.57(2C), 129.11(2C), 128.16(2C), 124.79
7.40(d, J=8.1 Hz, 2H), 7.23(d, J=8.0 Hz, 2H), 4.34(s, 2H), (2C), 112.20, 40.98, 36.25, 31.24, 26.29
3.60(s, 3H), 2.79(s, 2H), 2.32(s, 3H)

7r  10.08(s, 1H), 9.27(d, J=2.1 Hz, 1H), 9.20(d, J=2.2 Hz, 1H), 158.49, 157.86, 156.81, 150.88, 150.20, 143.49, 136.23,
8.72(s, 1H), 7.68(d, J=8.0 Hz, 2H), 7.42(d, J=8.8 Hz, 2H), 129.92, 129.52(2C), 128.29(2C), 126.48(2C), 11435
7.29(d, J=8.0 Hz, 2H), 6.99(d, J=8.9 Hz, 2H), 4.34(s, 2H), (2C), 112.11, 55.80, 41.03, 40.53, 26.45, 21.48
3.78(s, 3H), 3.60 (1, J=5.8 Hz, 2H), 2.80(1, J=5.8 Hz, 2H) ,

2.34(s, 3H)

7s  10.09(s, 1H), 9.39(d, J=2.0 Hz, 1H), 9.23(d, J=2.1 Hz, 1H), 158.49, 157.86, 156.77, 150.16, 139.24, 133.22, 129.91,
8.70(s, 1H), 7.84—7.78(m, 2H), 7.60(t, J=7.4 Hz, 1H), 7.51 129.11 (2C) , 128.16 (2C), 126.50 (2C) , 114.34 (3C) ,
(t, J=7.7 Hz, 2H), 7.42(d, J=8.8 Hz, 2H), 6.99(d, J=8.8 Hz, 112.06, 55.80, 41.01, 40.53, 26.52
2H), 4.34(s, 2H), 3.78(s, 3H), 3.60(t, J=5.8 Hz, 2H), 2.81(1,

J=5.8 Hz, 2H)

7t 9.95(d, J=18.8 Hz, 2H), 9.38(s, 1H), 8.68(s, 1H), 8.35(d, J= 158.37, 157.75, 156.60, 150.48, 150.14, 145.34, 130.03,
8.7 Hz, 2H), 8.07(d, J=8.7 Hz, 2H), 7.41(d, J=8.8 Hz, 2H), 129.79 (2C), 126.35(2C) , 124.39 (2C), 114.30 (3C) ,
6.98(d, J=8.9 Hz, 2H), 4.34(s, 2H), 3.77(s, 3H), 3.62(t, J= 111.89, 55.79, 40.99, 40.52, 26.88
5.4 Hz, 2H), 2.83(s, 2H)

22 B EUHNEIMISEREERENXR
FH CC (e it H ARk G455 32 HeLa ML O3S FE I BE T, I 1C, (M i B ARk &3 = 8 |
TEAE EAME G FERE JT . SI=CC/1Cs, P LA ELWIEM AL G P RS = T8 BUE RS KN, B R
HPEAR . HARME AP RSN B IS HNNAES R E 3 PN . 38 11 MEA PRI H FE X IR Z 2,
i s i B iR AR SN S T BUPE AT, o, 5 10 ME B b S }F/Exﬁ P [ G T O A X 24 i e
BE . BRI A Y T, FERTA LAY i e, HESTE R 2. 40, 0 B2 Rl i s e Ko 2 eI 1) 2. 8
52,745 P MRROC R BN, R R DR BRI AR, [, ZEmi s b4
FIRRT, ZRIR E OB CIERT IS PERRAR . BEAh, XFF C A ZRFR E B CIE A R 2345 T5 M AU 4 4-NO >
3-Br,4-F>4-CF,>3-Br>4-0CH >4-CH,, L] UL, 75 C AR IR AR 5] A HL - FEXHE A F)
2.3 &% 7p Xt TgDHFR % hDHFR g3 #1iE 1
5 RAE R —2E R AE 2, H DHFR 752 5 BT R & Bl (TS ) =3k i W el (DHFR-TS ) >k & £
A IRE, M E Y R A RNIATEZ . ST G Tp HA i 28 i de 5 T8 s, e
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Table 3 In vitro anti-Toxoplasma activity of compounds

B FMPDF

R

CCy,in HeLa ICsyin T. CCy,in HeLa ICyyin T.
Compd. SI Compd.
cells/(pmol - 17")  gondii/(pmol - L") cells/(wmol - 1™")  gondii/(wmol - 1.7")
Ta 197.6£2.0 152.1£1.2 1.30 71 429.6x1.5 387.0+4.1 1.11
7b 132.8+1.8 96.9+0.8 1.37 7m 174.6+3.0 335.9+1.8 0.52
Tc 110.5+0.5 157.9+1.5 0.70 Tn 361.7+4.1 441.1+6.7 0.82
7d 165.2+1.6 122.4+0.4 1.35 7o 162.8+1.2 92.2+1.1 1.77
Te >1000 >1000 — Tp 186.5+1.4 77.6+0.5 2.40
i 247.2+1.9 204.3+2.2 1.21 Tq 190.5+1.5 389.0+3.1 0.49
7g 335.4+5.5 609.8+3.5 0.55 Tr 434.6+3.7 452.7+5.0 0.96
7h >1000 >1000 — 7s 275.2+3.7 550.6+5.7 0.50
7i 250.4+3.2 210.4+2.6 1.19 Tt 440.1£2.4 402.6+2.3 1.09
7] 200.2+2.2 156.6x1.5 1.28 Sulfadiazine 466.2+2.8 549.0+£3.5 0.85
7k 907.1£5.5 >1000 — Pyrimethamine 749.0+1.7 832.2+2.1 0.90

FOoRZE 4 H bR LS WX TgDHFR-TS X% hDHFR AYIMH1G M S bBetk . ge8eC By TeDHFR 157
CIEWEVENE A IR I 2Y , S 2 Rk 4 o, A& W) Tp $1XF TgDHFR-TS 19 1C, fHAL 15 nmol/L,
1 L E Y 24 % . [FIES, b5 W Tp B X TgDHFR K& ADHFR 935 £ 48 B AR FLAR, w538
97.3, LN LREWENER) 14475 . FIRSCIRE SRR, MG Tp AT I BGE PR/ HIFLRR  TgDHFR-
TS, I HAE TgDHFR 5 hDHFR 2 ] B A R & Al e
Table4 TgDHFR and ZDHFR inhibitory activity of compound 7p and Pyrimethamine

Compd. TgDHFR ICSO/(nmol LY hDHFR ICSO/(nmol LY ST
p 15+1.6 1460+35 97.3
Pyrimethamine 360+9.1 2510+57 6.97

# SI = hDHFR 1C,;/TgDHFR IC,,.

24 HEWMTpHIDTFIIES

R ARG Tp 5 TeDHFR M EARIERT L 20, #4635 TgDHFR-TS #F47 43+ X% 5 . N 4k K
(B DR LB, (AW Tp 5 TeDHFR-TS E I S A B oCH TR 2. it —4EE (K2) &3, 1k
EY Tp BIEAZIR A1 C AL A S 2R 3L A BE 25 356 17 (1) 0 2 R R 3 A S SE SRR T B
UANEEE, [FIE, C 075 A R, X AL AU ol Ve R 2 R S 8 1 A BE 50 355 (i f
It R R SE S SR TR AN 1 AU . Ak, CofS R kI v B b il ok e Ik AU LA B A ke B Ui
FRI A4 B R S S AR B A, 43 501 5 TeDHFR-TS 25 11 A 575 312 ARG 218 LA . 45 329 fif K4
RIR IR IR 2 A . TR, RIS U AT R S S A2 R 337 7 KA s B AR
TIE RS . R b, CA S Co RN ATl 3 Z 8 2 [0 FH O L e AAR-Z (AR BAE L 7 —
FEFRRE RIS i B R4 BRI R S5 A s ik
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Fig. 2 3D computer modelling of compound 7p binding to TgDHFR
3 &% i

BTA BT 2048 B DU S iE 5 [ 4, 3-d JWERE R AR 01 2 42 T Hpr 5 T8 s v . RSN 5 8 UG
PEMRRZE R B, 10 A YR BE B T B X IR 25 i e wis e Ko 2L e . Ak 59 Tp Tt , 2
Fi 5 I BUVE F#EFR ) TeDHFR, 3 HAE TgDHFR 5 hDHFR 2 [8] HAT AR &5 e 8, D0 T 2 emsng . 43
FXHETIZE /R, A5 Tp vl L 54~ A 5531 5 TgDHFR-TS 25 119 Arg312, Asp329, Asn337,
Cys355 Fll Thr356 5% 55 1 45 6ok R AT TR AR .
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