. 2486 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(10): 2486 —2490

CHTES R I E W R PIFE AT

AR AR L% A

EF, A FHR HARANE SR ARESARE SHARED., BEAHSEA

B YRR, MmN FEMR R TR BACRET S R AR AERERNFES LR, A
A2 B A A AL A, XA R A 2 89 R M FE, A A BT Fe i

Vo R 5L R B A 606 ., BB 20043 £ E L, P RIGGENE LT G T HA TR IR, —F
A Y TA S OEEGRBENGRS I BREARGHGR S L T E AR EL, BEWERB LT

A HAF K Taylor 3F 48 ZRAL 5 89 S5 4R, IAFF 50 A& 09 38 AT 5 oA TF 45, 5

HAHN TR FHTR, hIEEBE

B A RIS R R, R TR S R s iR BT L 3 R BAR R T ot BRI AR 0 5 AN B

%, Bm A 3 T 2474 DHFR 69 W 209 B g, )72 00 B AR A % 1B

B REE L (ALRAE)) AL 5 RIT

DOI:10.16438/1.0513-4870.2016-1202

LE & IR ENRYIE =

MR E R A AR AU L R 0 Rk
CEED)

HhZE i 4

MR

(F B R 2R 22 g S AR BT B AT B2 27 B 25 FE BT, AE 5T 100050)

1 x5S
20 42 50 AR L RS (1, aminopterin) FTH 2
HERS (2, methotrexate) F 17677 JL 2 2 PRI B2 3 L,
FRUE T AR E U R AL 220897 . 60 2 4 3K iR 4k
J7 BRI 73 FIR9T A T ERKRE, B4 )
TEIG RN o FHZ IS 1 9 R (3, folic acid) HIHTAR
W, & = A R IA R i (DHFR) 4014 771, DHER 1k
M BRI R U S R (4, THF), J5 & 1E N iiRE 7T
?HEIE@EF'EKJ T e A R B RS B AR Y, 2 5 79 B R
B B AR E M de novo £ AL VA K 2 R - H AR
ME%QOMMﬁﬁﬁ%%%ﬁﬁﬁ@mmmﬁﬁ
Fh ZEM L.
THF 15 AR 2238 A, 78 NS (A1) N'O J5 -1 b i
T ARV S TR 1 3 e 1% — i 6k [, T A )% X 11
WG, 25 RRIEAEFE RS —BcE: H 1) & B AR R B,
1 —ARH ) THF 55§ 51 F Bt
EH T G0 4 %o e 8 4 ) i PRV AC 22, I IR B
IR R A M (191 G % /0N i 280 AR - 4 55 A K HE A ) 4

N)\/\ COOH
9 10
r R2

1: R=NH,, R=H; 2: R,=NH,, R,=CH; 3: R,=OH, R,=H

H2N

o COOH

o NJ\ACOOH
NS 10 H
s A
NTSNTN
H

20, NS TR M RO R e S rEE A, 2
HR R AT 252 B AT HLAG 22 K Taylor (0T FU 4 M A
B 2R IR AEN T, BRI T 85 56 b €

2 510-(X% (HE) HERMTS &K

2.1 GEMIPNERD 3 MARSME RO & WS
PE: — 2 A I 3R I — S M R34 IR A (DHFR)
I E LS I IC,,, VR AL A 0% DHFR 24715 19 11 H

Ctls cHo 0 @—rzﬁ% O N@‘N?é

g ey ”If Y X
N N S

HJ/\H j/\ i k\N H N H

5-CH;-THF 5-CHO-THF

10-CHO-THF

5,10-CH,-THF 5,10-CH-THF

Figure 1  Structure of co-enzyme tetrahydrofolic acid with one-carbon group (The clipped part is the same)
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5 NH, 4.3x10® 9.2x10°
6 NH, 7.1x10% 9.2x10°
7 OH 4.9x107 7.7x10
8 OH 5.6x10* >1x1073
2 Methotrexate 1.7x107 1.9x10*

1B W S 0 6 52 H5 I R B DY 2 IR 1) 4- 2 ik 46 i
S %E, Xf DHFR 2o/~ A mid o, mxs TS JofEH, 718
o3 5 o il A AL A AR B R I R B DY A TR
NS FHNT0 %05 7 48 BSOS (1) ] 52 B 42 o .
/IS BSR4 P R SRS R A AL (FPGS) P ix
A& WX FPGS 45 & 71 K, ¢ 5 FPGS IR 4
H PteGlubuuttix, LRG| TR 2, SRR, XS,

TERMNEWH S FPGS &4, i iR R ALK 6 A1 8
thﬁ%’f&ﬁﬁsiméﬁéfﬁﬁﬁﬁio 4-FAR B TR 8 T
4-FIEAL BV S 6 TG TR . 8 TS ML RARIED
H,PteGlu fJ35 M .

/INBRE IR L-1210 48 f A AL PEAR A5 7 5~8 1
] 3 PE BT 2R 3. RO G 5.6 A1 8 X B 44 L-
1210 [ 1L 55 40 A 20 v %) 400 ) % A o 32 T P 2 A L-
1210 41 ffL 1¥ BDF1 /) BB R, G s 33 S 1k 59 5 0 6,
o 5 RS A A A T 4 9 P (R 4) (Taylor
EC, Harrington PJ, Fletcher SR, et al. Synthesis of the

Table 2 The binding action of N°, N'’-denitrogen-tetrahydrofolic

acids and folic acid polyglutamic acid synthetase

Apparent K| Relative Relative
Compd. -
pmol-L™! Relative value Vax Vo Ko
PteGlu 234 1.0 1.0 1.0
5 200 0.86 0.35 0.40
6 47 0.23 1.61 7.10
7 157 0.68 0.90 1.33
8 9.7 0.05 1.24 27.1
1 17.6 0.21 1.50 12.4
H,PteGlu 7.1 (K) 0.051 1.31 30.0

Table 3  The inhibition of compounds on the growth of L-1210

cells
Compd, L-1210, Compd. L-1210,
IC,,/mol-L"! IC,,/mol-L"!
5 1.7x108 5.9x10°%
6 3.3x107 1 2.1x10%
7 >10" 2 1..0x10*

Table 4 The inhibition of compounds on the mice inoculated
with L-1210 cells

Compd. Optimal dose/mg kg™ Number of survivals
5 4 4/21
6 1 5/22
2 4 0/10
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Table 5 Comparison of inhibition activities on human various species of cancer cells between compound 8 and methotrexate (2). Inhibi-

tion: +++: 95%—-100%; ++: 80%~95%; +: 60%—80%; —: <60%

Compd. LX-1 lung cancer CX-1 colon cancer

MX-1 breast cancer

HC-1 colon cancer  GC-3 colon cancer VRC-5 colon cancer
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2 — — —
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Table 6 The activity of denitrogen-tetrahydrofolic acid and its
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/umol-L! /umol-L"!
9 H 0.010 8A Epimer A 0.005
10 CHO 0.050 8B Epimer B 0.008
11 COCH, 0.600 9A Epimer A 0.006
12 CH, 0.040 9B Epimer B 0.006
8 DDATHF 0.020

0 9 X /1N B TR SR A3 =R 5 B (FPGS) &5
FHK RTS8, VLU R4 IRy, — 0k
REHOEN G855, R THE T A9 [F] 8.1
QAN H W X FPGS IS 8. L& 9 X/ R B A8
P 2L e TR 28 PR R Y A0 ) 50 R B s B R 4R
N AT PG UMIRAE A (Taylor EC, Hamby JM, Shih
C, et al. Synthesis and antitumor activity of 5-deaza-5,6,
7,8-tetrahydrofolic acid and its N'%-substituted analogues.
J Med Chem, 1989, 32: 1517-1522).

Table 7 The binding activity of compound 9 to FPGS

Compd. Apparent K| Vo k
Folic acid (3) 140 1.0 1.0
MTX (1) 21 1.59 10.1
5-DATHF (9) 2 1.30 170
DDATHF (8) 5 1.26 32
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Table 8 The inhibitory activity of compounds with de-C5-open-
ing ring on the growth of L-1210 leukemia cells

O  COOH
OR1 N/\/\COOH
COOH
N/
| N/\/\COOH
HZN)\\ N
Ry
N/ I
HZN)\\ NN
N
Compd. n R, R, IC,,/pg mL"!
15 0 H H 0.9
16 1 H H 2.3
17 0 CH, H >20
18 1 H CHO >20
19 - CH, H >20
20 - H CHO 17.4
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Scheme 1 The synthetic route of pemetrexed



