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Abstract

Aim: To design and synthesize new proline hydroxylase domain inhibitors. Methods: JTZ-951 is
concerned as lead compound. Via Ullmann reaction, triazopyrazole compounds which can com-
pete with endogenous 2-ketoglutarate molecules thereby inhibiting activity of proline hydrox-
ylase are synthesized. Studies on methods of key synthetic steps are also rendered in this paper by
means of control variable. Results and conclusion: 5 Target compounds were synthesized. Their
structure was identified by 1H NMR, MS and elemental analysis. The literature method is greatly
improved, and the synthetic route of these compounds is obtained.
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1. 3]

iK% 2K ¥ (hypoxia-inducible factor, HIF) 24t o AR 3 A0 & 5 AR s AR 0 0 25 1) SRR P 2 s TR
TIA] - W RS TT HIF (il & R ik Pro402 5 Pro564 5 % il & % ¥ AL B (proline hydroxylase domain, PHD)
BIA G AT RIREER. PHD £ Fe™ . o-Bil % BRI SUINERE, K451~ PHD Bis kg,
HIF 73 Afa e RIA[2]. HIF W 00 I 7 (2 2040 i A4 5% 1 (erythropoietin, EPO). I N B2 A4 K Rl T
(vascular endothelial growth factor, VEGF)%[3] [4] [5], # HIF [fa € R iAE (e L g i 5 M A= e .
AT G A E A H0H] PHD S PERIAER, ZEImPR X T30, SAE PRI &R SOBE . Fa st
B0 S 0 (VAT B K E o TR IR PHD AL S B Zi I Al 4§, CQ)RBEA 5 a fifl
BAFRSE SRR HIF R A Fe® RA AR, C(B)#3ES PHD 1) Arg383 Hk5Eid ik #h 1 A1 [6]
(LI 1) 0 ARSCHRBETHA B = 2 e SRS T 5 R N 1) 2-B 8 R o T T BG4 AT 00 il A 2
FRFR A (& 1 o LT B H AR A4 DL H AR B =] = M Rk iE 2 PHD #i57) JTZ-951 5k S
ALK 2), A0 PHD 1) 1Cs {54 100 nm/L, 7 Hep3B A H11¥] ECso {H 4.9 um/L [7]. ZHED
AT ol MRS PHD 45Ma & REER, IS THIINT RGN o-Bi K R ITER
e, DASRAE R B0 M8k 251 BB e 70 () TR B 38 AR 6 T AR AL B I Bk o AR S50 BT B id s i H
P A et , S INAR I 2% T 8 H , TA B Dh e dk H 2 FEAG I BGE o T EK Y S E R I B ), DA
BIERECE A S ek & 1 5 253 ) Ve it B ARk &4

2. SEIGER4y
2.1, (U5
W PR R B TR RY-1 5 A R (L R IE); TH-NMR SR F A L Tk Gt

][l
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Figure 1. Structure of 2-ketoglutaric acid and its mechanism
1. 2Bk —BR A R ELAE A M IR

JTZ-951

Figure 2. Structural formula of lead compound and the target compound
Ii~ls

& 2. %eSEaY ITZ-951 (£)S5BHRLED 1~ BN

INM-ECA-400 # S i LRI (DMSO-d6 IEF, TMS AN AR)IE: JFiEEH Agilent 1100 YA AH
Ll R R P AN . A (i I REAZ (100~200 H, 154~71 pm) N [ 254 b 2R 1A IR A 7 4272, TLC JHkE
I GF254 B St BOIRRE R A=

22. GRFE

DA 1(& S BESCEROTVE[T] [Bl) Ml ihJskte: 5 B B HARL &4, A& LA 3, Hix
A 11~1s F5256 500 1 At Wk 1.

2.2.1. HEE 2a~2e ARRIEE, U 7-FEE-5-Q4-ZEBESE)[1,24=MEH[1,5-4]
At -8- FRER AL T g A 5l
7£ 50 mL = A, BN 1.00 g 7- 43k -5-f-[1,2,4] =M IF[1,5-a] itk e -8- F R AL T g, KK 0.75
g BRERET, 0.13 g EALIE4, 0.07 g MEnE-2-FHER, 0.45924- &Ky, 4kimhnA 5mL ZIEEA. InHdk
REB0°C Hifk 8 he MAERFIMAN 10 mL LR ZFe, ANEPSERRZ, BRI NikgE, HARyi@nt
EEAEENT 0 B, B VRN A i B 2R 2016 (30/1~8/1), 73wk K A talElfA 0.81 g, 7*3 87.5%, mp
135°C~137°C.

2.2.2. EHF 3a~3e ARRIEE, WA 7-FEE-5-24-ZREFE)-[1,2 4] =MH[1,5-a] AL IE-8-FREL F {5l

7E 50 mL = i, I 0.81 g 7-"F 4 5E-5-(2,4- — SRS HE)-[1,2,4] =M I [1,5-a]mbme-8- H R BT g
T 0 DY SRR R /60% = 38 £ FR = UIL(PRFRLL)IR &k 4 mL, $5i4E 5 he MR RN 10 mL PUSEPEIR S,
I 20 mL OKAIR G KA @R AR =X, &GP, USRS —Ik, TG
IKUR RN TR FE ik i, AR DR k4, 19K A ufflf4 0.53 g, F=# 76.1%, mp 166°C~168°C.

2.2.3. HiEfk da~4e ERRIETE, W 2-(7T-FRE-5-24-ZHEEE)-[1,2 4| =MH (1 5-a]LiE-0- A EE &)
Z g Z BRI

£ 50 mL =IO HANAN 0.53 g 7- W4 IE-5-(2,4- S EEIE)-[1,2,4] =M I[1,5-a] ML nE-8-FR 1R, A

0.61 g HZ MR LR ERIR #5, W 0 2 mL N, N- F 28 FR R Jc I8 A o R0 v HH i i 0.89 g = 2k 55 1.40 g HOBT,
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Figure 3. Synthesis routine of target compounds I,~15

& 3. Bfrib &4 1~1s BIA AR Bg &

Table 1. Experiment and spectral data of target compound Iy~15

= 1. B a1~ L 5EHE

@ mwxﬁ

_
25°C ,5h
©/ %NQkOA
a~4e
NaOH(eq) ©/
25 C,3h OH
I1“‘I5
F

Compd Yield/% mp/°C

245~247 398.1

P 68.8 277~279 397.9

I3 53.5 248~251 357.0

232~234 357.2

Is 69.5 214~216 365.1

MS m/z [M + H]*

'H-NMR (400 MHz, DMSO-d6) &

14.52 (s, 1H, —OH), 12.99 (s, 1H, -COCH),

9.70 (s, 1H, —NH), 8.56 (s, 1H,triazole H),
7.83(d,J=25Hz 1H, -ArH), 7.77 (d, J = 8.9 Hz, 1H,
—ArH), 7.44 (dd, J = 8.9, 2.8 Hz, 1H, —ArH),

6.24 (s, 1H, pyridine H), 4.17 (d, J =5.5 Hz, 2H, —CH;,).

14.13 (s, 1H, —OH), 12.79 (s, 1H, —COOH),
9.76 (s, 1H, —NH), 8.51 (s, 1H, triazole H),
7.91 (s, 1H, —ArH), 7.56 (s, 2H, —ArH),

5.73 (s, 1H, pyridine H), 4.08 (d, J = 3.2 Hz, 2H, —CH;,).

14.51 (s, 1H, —OH), 12.87 (s, 1H, ~COCH),
9.68 (s, 1H, —NH), 8.56 (s, 1H, triazole H),
7.30 (d, J=7.5Hz, 1H, —-ArH), 7.12 (d, J = 8.0 Hz, 2H,
—ArH), 5.61 (s, 1H, pyridine H), 4.15 (d, J = 5.3 Hz, 2H,
—CH; ), 2.28 (s, 3H, —CHj), 2.11 (s, 3H, —CHy).

14.49 (s, 1H, —OH), 9.66 (s, 1H, ~COOH),
8.59 (s, 1H, -NH), 7.23 (d, J = 6.7 Hz, 3H, —ArH),
7.18 (s, 1H, triazole H), 5.56 (s, 1H, pyridine H), 4.17 (d, J =
5.1Hz,2H, —cH,), 2.30 (s, 3H, —CHs), 2.05 (s, 3H, —CH).

14.13 (s, 1H, —OH), 12.11 (s, 1H, —COOH),
9.87 (s, 1H, —NH), 8.27 (s, 1H, triazole H),
7.32 (dd, J=18.1, 8.9 Hz, 1H, —ArH), 7.17 (d, J = 9.5 Hz, 1H,
—ArH), 7.05 (d, J = 7.5 Hz, 1H, —ArH),

5.86 (s, 1H, pyridine H), 4.36 (d, J = 5.6 Hz, 2H, —CH;).
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FI N 3 he AR ZRFIIN 10 mL K, KAHUL 2R Z BB =0k, & 35 A FLA DA RN &b aiA i
Ve — Uk, IMNTCKBREREN T 155 1 38, JEMRAEUE T ik4s, ATfS 5k S i mE A E A i 4, BT ok
it 7 b Ag Dy — S0 Joe/ F I (300/1~100/1),  #5 sE# talil £ 0.56 g, 7% 85.4%, mp 139°C~141°C,

2.2.4. Wk 5a~5e B RRIETE, KA 2-(7-82E&-5-(24-—EERE)- [1,24] =M H[1,5-a]0iL0E-8- Bt E &)
ZERZ B Al
7£ 50 mL =0, I 0.56 g 2-(7-"F 48 Jk-5-(2,4- SR IE)-[1,2,4] =M I [1,5-a] i i -8- Y ik 4 Jik)
LR CBE, N 3 mL =5 LIREM, ik RZIn#E 60°C #idk 2 he MR RFIIAIK 10 mL, 7KAH L =&
HBEASI =0k, A5 1A HAH A AN e — IR IMNTC/KBR RN T8 5 i 8, JEVRTE Dk
TSR, BB EEE0.31g, 5% 69.4%, mp 158°C~160°C.

225 BRRUEY 1~ ERIEE, U 2-(7-BE-5-24- 8 FFE)-[1,.2,4 =M FH[1,5-a]itiE-8- Bt &)
ZE AP
7650 mL =N 0.31 g 2-(7-583-5-(2,4- SR EIE)-[1,2,4] =M [1,5-a] L me-8- F BR & 2k) 2
B2 B, 0 1.5 mL PSRRI, 0 2 mol/L S A LA /KW 2 mL, =IEHHE 3 he KA RE TR
JEFWAs, FPEFR A AT 2 mol/L #hFE % pH < 5. #rimy A GE ks g5, BT RE
ik, BaifamiE R 0.19 g, 773 66.4%, mp241°C~242°C.

3. BRE5VE

3.1 7-FEE-5-24-“EEFE)-[1,2,4] =M H[1,5-a]ME-8- BRI T A 2a) M & Bk P & L4
ENNGFEEEE

SHOCERTTVEB], VL= e = Z AT, MG ML IE 4.

JERHL)~(4) R BER LG 9 1:1:1.8:0.15, IR EN 25°C, [MiS[] 5 h, SERrERfE e th AR
BEARKRS RN, JaRH 51— X772 [9] [10]9F R 1% 07 k5Ll EakAT 1 SSodt (e S SR 77 72 R A b Jsokk
S5 7 IBL), g SCHRDT % P AL IR SO EAC ISR R, R T BCAARmEnE-2- /1R, T 80°C T/
B2 2 h, RS Ve A, NI 5.

CI @ @

m C|‘QOH Et3N N-/‘N /©/
25°C 3h q\/

Figure 4. Reaction formula in literature method

4. XERFEER MR

)
cl 3) @

\Qin/ Cl OH Cu20 K2C03/©/ %
\{/ COOH 50°C, 8h \{/
Figure 5. The reaction of the improved method
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1% J SAE B WDR F A JE RN 5 BB 491 (2):(2):(3):(4):(5) = 1:1.5:0.1:1:0.25 FF=3 A 45.6%, TLikiLF|—
ANHARMEALE, MU AN E S B Cu,0 5 KCO#HT T — R AR, I HAEANUEEHT T
SPATRES, SR UCPAT R~ R 0P ME, 3Pl R L 2,

B b2 AT 0 2 AR R Y B AR 0.3 BT, BRIREF I M= AE 1.0 FITI, %R PLAF] [ KT8 %
86.6%, RIS ER T EN 87.5% . AREEAI RSN N B AR E T B IR E R, DL R —2EK
il S LR = D AL

3.2. HjElA 3a~3e A AT, MT EEKBHTEFER

2R SCHR VA1), AR E S EALTRITE 80°C FREATRUT B IKME, =28 'H-NMR %5,
Wi R =, AT HEIFRIN 2, AR ANE AL R RTINSO . Il B2 D A SR, K
BURUT ZEBRIK AR T A8 5 R RK AR, 75 ZAERR IR 261 T EEAT[12] . S A2 rh Wb 1 58 IR v
MR, LM, =L N T MERERKFRIEZM, BAT T 8 RIRERERE:, SN IREREAT
—UCPAT RS, SRIASAT LR AR AP, B T RIS, IR 3.

Table 2. The yield of the reaction at different reactant equivalents

2 TRRNMEE TR~ R

F i (D:(2):(3):4):(5) (N) ol HEECO) S ) ) 1477 55 (%)
1 1:1.5:0.1:1:0.25 45.6
2 1:1.5:0.2:1:0.25 68.3
3 1:1.5:0.3:1:0.25 86.6
4 1:1.5:0.4:1:0.25 2 80 2 66.7
5 1:1.5:0.5:1:0.25 61.4
6 1:1.5:0.3:0.25:0.25 58.9
7 1:1.5:0.3:0.5:0.25 63.7
8 1:1.5:0.3:0.75:0.25 78.4
9 1:1.5:0.3:1:0.25 86.6
10 1:1.5:0.3:1.25:0.25 80.6

Table 3. The yield of the reaction under different acid and solvent

3. PRIBRSEFIFN T R~

Fre T 5 R E il (V) EE(°C) S i A (h) SEE 2 (%)
1 10%:#h R DU S W= 1:1 55.7
2 30064h BR: VU Sk R = 1:1 58.9
3 5000k BR: VU SR = 1:1 RGE)
4 20% 1% DU SR = 1:1 64.4
5 40% £ 1% DY kR = 1:1 64.0
6 60% Z R PUZk R = 1:1 56.1
7 80% Z IR PUEk = 1:1 25 2 68.3
8 4l 1R DY = 1:1 72.6
9 20% =4 L BR: DU SR = 1:1 63.1
10 40% = Fi 2 IR VU A RIR = 1:1 70.8
11 60% = I £ R PU A= 1:1 76.1
12 80% = I £ R PU A= 1:1 66.3
13 4l = LR DU AR IR = 1:1 65.6
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HPTHERN 60% =T LR PIEPKIE= 1.1 FHAR] 7 BT R 75.0%, UK MR H7- RN

76.1%,
4, 4Eip

AXAFHMSERIF: 1) ART 5 DZEMIEMRKM Y, REHHZIL 'H-NMR, MS 4.

2) AHELRIOE A0 S R B S NI Cu,0 St -2- I ERIEIC , H 4 AL A B i 24 &2 0.3,
BRERER AN M 0N 1.0 I, BTSRRI~ 20N 86.6%, LU SN IR 77 %N 87.5%. 3) #UT 2K
fiff I I e BEAE R MR 2 N HEAT , B00&E B IR TE AN Voo sV wawen= L1, IE B T 55 K P17 % 75.0%,
B SE B i 7 RN 76.1%

E&WE
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