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Modify a Fragment of Arctigenin with Pyrimidine Derivatives
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Abstract In order to enhance the anti-tumor activity of the arctigenin and reduce the side effects of pyrimidine, arctigenin
was modified with pyrimidine derivatives having biological activities. In this research, some halogenated pyrimidines were
linked to the phenolic hydroxyl group of the arctigenin to gain eleven new compounds, and the structures of them were identi-
fied by LC-MS and 'H NMR. So, the number of the anti-tumor compound libraries of compounds based on arctigenin was
increased, and these compounds were prepared for the in-vitro activity screening in the near future. By our work, when en-

hance the alkalinity and increase the water content in DMF, the etherification reaction is promoted, to a certain extent.
Keywords arctigenin; structural modification; pyrimidine derivatives; nonidentical twin drug
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35 T AR VAT E RS, TR T2
A, TR 5 T MR 0 I
W 15 A L

1 ZR5WE

EPEA GRS IR, FIH Schemes 1, 2 Pras 77k
g — B RN, AR 9 MEEEATAEY); it
Sandmeyer VA4 IEIE A b (1) 28 FEIREACAT 2] 9a F1 9b
(Eq. 1). SRT, i3k 1 R, 9a 1 9b (17~ 2 JEHAK, &5
BARSLEG LW, WENE . MEWRSE AR RS P )
H Sandmeyer [ IV (1) 45 A 3E LUBCIF M4 A 1l S B L.
KA MBI I ) 5 SRR 9T IR AR AT .

N._ _ClI N. R N
| S Pock, 80°C | S Naocl, HCl; HC | S
Br _N R N N
2b 1

a~1b 2a
1a:R=SH,R"=H
1b:R =OH,R'=Br

Cl

Scheme 1

HO R?
ﬁ‘)\/ 3a:R'=Me, R?=H

N.__N 3b: R'=H, R?=Me

. pl= 2 _
OH 3c: R'=0OMe, R“=H

. pl_p2_
3a~3q J4R'=R*=H
1
POCls R
reflux, 5 h . ) H\/R
Zn, acetic acid, H,O ||
N.__N
reflux, 2 h Y
Cl
5a~ 5¢
1
R 2 R
CIW)\VR o =2
N\ N CH30ONa, CH;0H N
reflux, 4 h N N
cl e
4a~ 4d Cl
6a ~ 6¢
HoN
X
ammonium hydroxide m
r.t., overnight W%
Cl
7d
Scheme 2
R2 R3 R%/\(R3
NN Hol, NaNOy, H,0,0°C, 20 ]
N._N NN (1)
he CuCl, HCl, 75 °C, 30 min h
NH, Cl
9a ~ 9b

8a~8b
8a: R?=CF3, R¥=H
8b: R?= R%= OMe
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Table 1 Synthesis of the pyrimidine derivatives

Entry Substrate R R R*> R® Product Yield/%

1 la SH H H H 2a 70.0

2 1b OH Br H H 2b 62.0
3 3a OH Me H OH Sa 60.7
4 3a OH Me H OH 6a 57.8
5 3b OH H Me OH 5b 39.2
6 3b OH H Me OH 6b 63.3
7 3c OH OMe H OH Sc 574
8 3c OH OMe H OH 6¢c 60.8
9 3d OH H H OH 7d 50.0
10 8a NH, H CF; H 9a 18.4
11 8b NH, H OMe OMe 9b 20.0

© 2012 Chinese Chemical Society & SIOC, CAS
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SR, FERMNATIIN 1 7K, RN T
(TLC ), AR AT HEAL A K IR I 1 e Ak 2 o
TR P PR A SSE, N IT S A AR TRl P 00 5, i B2 o N ) i
7. AR, RAEVIFTHER K KM BET X 3
r i vk, B EUE, BARAD BRI GENE 5
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Table 2  Synthesis of the pyrimidine-derivatives-arctigenin

ether

Entry Substrate R R? R®  Product Yield/%
1 2a H H H 11a 62.0
2 2b Br H H 11b 56.0
3 5a Me H H 11c 60.0
4 6a Me H OMe 11d 60.3
5 5b H Me H 11e 48.0
6 6b H Me OMe 11f 67.8
7 Sc OMe H H 11g 50.0
8 6¢c OMe H OMe 11h 58.9
9 7d H H NH, 11i 40.0
10 9a H CF; H 11j 75.0
11 9b H OMe OMe 11k 66.3

Frigmne? s XM, AU b TARRAE
ZREEXF S5 T H TS MBI RN, X DMF Aok &
X WA S I (K 5 Wi AR — 2D RIS

2 Zi
BT B R RE AT AR - B T O R AL A

1A, ¥R TP uBMIIE, A AR T
A5 S A T S 2%

3 XEIHN

3.1 UESIKF

BT ICRIE T T B2 K E L T
2GR 5 TR EE TS = S T F A AR 4
I B 2R R A IRA R, - Hral; wE RN
FERAR S B EifE E RSO AT A F]) GF254.

PG 201 3 EAES A B - AVANCE 500
MHz B RESEARAL, Agilent 6100 7 LC-MS, UV-1700 %
RANA] WA FE (i), et 28 R AU(RE-52AA, L
B ZRAAAERT ).

32 XWAHE
3.2.1 2a,2b A= 7d #94%,

IR SCER[2]4 AL A1) 2a 71 2b, S HESCER[3]4 K
& 7d.

3.2.2 VA 5b A H)E % Sa~5c

¥ 2,4- 3 5E-6- FIEWERE (3, 50.0 g, 0.4 mol)ZZ &
%] POCI;(200.0 g, 1.3 mol)H, i fidfiist, ke,
WL 5 he RNVEERIG, BEA i, JlH R 2O
POCls, FRENEIANVKAR G250 g K, 250 mL
AO)H, B RN NaHCO; [BA 2 /K 1, R4
BRAS UK, LR CWRIE KB IREE T4, IR IK
B OAR, CROBE-—AMEE(V © V=11 10)E4;
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bn, 19 58 g P44 4b, 772 90%.

¥ 4b (58.0 g, 0.36 mol)E T~ 1 L =30k, InAIK
(200 mL)FIVKEER(20mL), HiidHiRS), HAMME 65
C, rHEIIANEER(35.0 g, 0.54 mol, 1.5 equiv.)IIEE, ff
W 4 he JRNGE R OV IR A H AR S, fhE,
JEWR T 2.8 ZEEAHL(200 mL X 3), &AM, L
KBB4, Hhog, VEWIREZET, AR B,
LR BEESE S S 20.0 g FIEAE A Sb, 773K 44%.

3.2.3 VA 6b K #Em 6a~—6¢

kA E 4R 4b (10.0 g, 0.06 mol) 5 HIEE#N(3.2 g,
0.06 mol)7E FEE(100 mL)HiHERA 4 h, AEI2 %,
HHOE, WERR L HEE, I LR M5 100 mL, A HUAHK
VeJa K BBR BT, HhiE, JEWREZET146.0 gk
Ak 6b, 17 63.5%.

3.2.4 VA 9b H#)4E % 9a~9b

# 8b (0.68 g, 4.6 mmol)i%T- HCI (38%, 3.0 mL), ¥K
WHEEE 0.5 h. Z2ME3 N 2.5 mol/L MV AHFER N KV H(2.0
mL, 5.1 mmol, 1.1 equiv.). #IN5EEe, K E %R W
InE| A HHAF 75 ‘CHI CuCl (0.54 g, 5.5 mmol, 1.2
equiv.)[¥] HCI (38%, 3 mL)FI i+, KMV 30 min 5
HZEE, F 8 mol/L NaOH /K pH £ 10, &
LRI =R (10 mL X 3), ALK R vE
— K, KVE—IK, TAKBRREE TG, WRERYE, fE
FEEHT A B A V(LR 4T8) - V(A ES)=1 1 5~1 !
1. #40.19 g A4 9b, 725 20.0%. '"H NMR (CDCl,,
500 MHz) J: 5.98 (s, 1H), 3.97 (s, 6H).

2- G -4- = F R R (9a): TG BB W AR, 7R
18.4%. '"H NMR (CDCl;, 500 MHz) 6: 8.94 (d, J=4.5 Hz,
1H), 7.65 (d, J=4.5 Hz, 6H).

3.2.5 VA 1lc A HE mALE4 11a~11k

T 25 mL BELHE T, WIKIMAA3EFH000.2 g,
0.54 mmol), 2-5(-5-H FEWERE(0.08 g, 0.65 mmol, 1.2
equiv.), FXIRHF(0.08 g, 0.58 mmol, 1.1 equiv.), DMF
(8mL), Zliyd /K 13, Wi 150 Chndud . ERANE
A A 20 mL K, S HE(G0 mL X 4)A%
0, A AN, MBI KBTIk, A
B JC/K I B TJ5 J 4t 8, DBV 25T, R
WAk, AR L) @ ViR =1 1], 13
0.15 g REA O MR Y (3R,AR)-3-[3- F 4 Hk-4-(2-0-5- 1
IR I ) - Y ]-4-(3,4- — AR SRR F - T N g
(11¢), /*3% 60%. '"H NMR (CDCls, 500 MHz) J: 8.32 (s ,
2H), 7.09 (d, J=8.0 Hz, 1H), 6.80 (d, J=1.8 Hz, 1H),
6.78~6.72 (m, 1H), 6.55 (dd, J=8.1, 1.9 Hz, 2H), 6.51 (d,
J=1.8 Hz, 1H), 4.19 (dd, J=9.1, 7.0 Hz, 1H), 3.91 (dd,
J=9.1,7.4 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.68 (s, 3H),
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3.04 (dd, J=14.1, 5.3 Hz, 1H), 2.97 (dd, J=14.1, 6.8 Hz,
2H), 2.71~2.49 (m, 4H, 7, 8 & 8'), 2.2 (s, 3H); ESI-MS
m/z: 465 [M+1]".

(3R,4R)-3-[3- 1 %A H& -4-(2-O- W% g K )~ 2K F 3 ]-
4-(3,4- HAEIE-RHIL)-T WHE(11a): RNV S 1le,
{HJEAELRINN 20 mL /K, A A EE AT, g, &
DI SR . ArEkpess, FARLAMT R 1, 15
0.15 g FIEE, 7% 62%. '"H NMR (CDCls, 500 MHz)
J: 8.51 (d, J=4.8 Hz, 2H, 4" & 6"), 7.11 (d, J=8.0 Hz,
1H, 6", 7.00 (t, J=4.8 Hz, 1H), 6.81 (d, J=1.5 Hz, 1H),
6.76 (d, J=8.1 Hz, 2H), 6.57~6.53 (m, 1H), 6.52 (s, 1H),
4.19 (dd, J=8.9, 7.1 Hz, 1H), 3.94~3.89 (m, 1H), 3.85 (s,
3H), 3.82 (s, 3H), 3.69 (s, 3H), 3.05 (dd, J=14.1, 5.3 Hz,
1H), 3.01~2.96 (m, 1H), 2.70~2.52 (m, 4H); ESI-MS
m/z: 451 [M+1]".

(3R,AR)-3-[4-(2-O-5- I — W& W JE)-3- F 4 Je - 2K
FE]-4-(3,4- AR L) - T W BE(1Ib): 0.18 g BT
AR, 723 56%. 'TH NMR (CDCl;, 500 MHz) : 8.51 (s,
2H), 7.08 (d, J=8.0 Hz, 1H), 6.80 (d, J=1.5 Hz, 1H), 6.75
(dd, J=10.8, 4.8 Hz, 2H), 6.57~6.53 (m, 1H), 6.51 (d,
J=1.6 Hz, 1H), 4.19 (dd, J=9.0, 7.3 Hz, 1H), 3.95~3.88
(m, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.69 (s, 3H), 3.03 (dd,
J=14.0, 5.5 Hz), 2.98 (t, J=7.1 Hz, 1H), 2.69~2.48 (m,
4H); ESI-MS m/z: 529 [M+1]".

(3R,4R)-3-[3- F 58 F:-4-(2-0-4- H F— 1 1 F5 )~ 2K H
HE]-4-(3.4- AR AL - T N lR(1Le): 0.12 g £REL
OIRAR, 772 48%. '"H NMR (CDCls, 500 MHz) ¢: 7.39
(s, 1H), 7.05 (d, J=8.0 Hz, 1H), 6.99 (s, 1H), 6.80 (d, J=
1.6 Hz, 1H), 6.78~6.72 (m, 2H), 6.57 (dd, J=8.1, 1.7 Hz,
1H), 6.51 (d, J=1.7 Hz, 1H), 4.18 (dd, J=9.0, 7.4 Hz,
1H), 3.90 (dd, J=15.4, 6.6 Hz, 1H), 3.85 (s, 3H), 3.82 (s,
3H), 3.72 (s, 3H), 3.05~2.93 (m, 1H), 2.72~2.48 (m,
1H), 1.99(s, 3H); ESI-MS m/z: 465 [M+1]".

(3R,4R)-3-[3- Fl 48 Fk-4-(2-0-4- F 48 Fk-5- A - e
)R A ]-4-3,4- — AR -R G- T N R (114):
0.16 g LOIEWIWAA, 775 60.3%, 'H NMR (CDCl; 500
MHz) 6: 8.27 (d, J=5.0 Hz, 1H), 7.09 (d, J=8.0 Hz, 1H),
6.85 (d, J=5.0 Hz, 1H), 6.80 (d, J=1.7 Hz, 1H), 6.77~
6.72 (m, 1H), 6.56~6.52 (m, 1H), 6.51 (d, J=1.7 Hz,
1H), 5.29 (s, 3H), 4.19 (dd, J=9.0, 7.0 Hz), 3.91 (dd, J=
9.1, 7.4 Hz), 3.84 (s, 3H), 3.81 (s, 3H), 3.69 (s, 3H), 3.01
(dd, J=14.1, 6.1 Hz, 2H), 2.70~2.52 (m, 4H), 2.46 (s,
3H, 5"-CHs); ESI-MS m/z: 495 [M+1]".

(3R,4R)-3-[3- H 48 Jk-4-(2-0-4- F 48 Fik-6- T -
)~ A B ]-4-(3,4- — AR - W R )T A R (11):

Chin. J. Org. Chem. 2012, 32, 1894~1898
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0.18 g RHFH KR, 7% 67.8%. 'H NMR (CDCls, 500
MHz) 6: 7.10 (d, J=8.0 Hz, 1H), 6.82 (d, J=1.5 Hz, 1H),
6.76 (d, J=8.1 Hz, 2H), 6.56~6.53 (m, 1H), 6.51 (s, 1H),
5.78 (s, 1H) 4.19 (dd, J=8.9, 7.1 Hz, 1H), 3.94~3.89 (m,
1H), 3.84 (s, 3H), 3.83 (s, 3H), 3.69 (s, 3H), 3.08~2.95
(m, 2H), 3.04 (s, 3H), 2.84 (s, 3H), 2.70~2.52 (m, 4H);
ESI-MS m/z: 495 [M+1]".

(3R,AR)-3-[3- T 48 L -4-(2-0-5- FF 48 e — I I -
FHJE]-4-(3,4- — AR ) -T W BR(11g): 0.13 g 15
HEHPIRAL, 72% 50%. 'TH NMR (CDCls, 500 MHz) o:
8.16 (s, 2H), 7.08 (d, J=8.0 Hz, 1H), 6.79 (d, J=2.0 Hz,
1H), 6.76~6.72 (m, 2H), 6.55~6.50 (m, 4H), 3.90 (dd,
J=9.0, 16.5 Hz, 1H), 3.84 (s, 6H), 3.81 (s, 3H), 3.68 (s,
3H), 3.64 (t, J=6.5 Hz, 1H), 3.05~2.94 (m, 2H), 2.67~
2.51 (m, 4H); ESI-MS m/z: 481 [M+1]".

(3R,AR)-3-[3- 4 H-4-(2-0-4,5- — F AR F— s g ) -
IR IE]-4-(3,4- VAR R H ) - T A EE(1Th): 0.16 ¢
RO E A, 7% 58.9%. 'H NMR (CDCl;, 500 MHz) 6:
8.16 (s, 1H), 7.08 (d, J=8.0 Hz, 1H), 6.79 (d, J=2.0 Hz,
1H,), 6.76~6.72 (m, 2H), 6.55~6.50 (m, 4H), 3.90 (dd,
J=9.0, 16.5 Hz, 1H), 3.84 (s, 6H), 3.81 (s, 3H), 3.68 (s,
3H), 3.68 (s, 3H), 3.64 (t, J=6.5 Hz, 1H), 3.05~2.94 (m,
2H), 2.67~2.51 (m, 4H); ESI-MS m/z: 511 [M+1]".

(BR,AR)-3-[3- T 4 Fk-4-(2-0-4-Z Fk— g g HE )~ 2K F
FE1-4-(3 4- TR IR - T WE(LL): 0.1 g #H (A
WA, 7% 40%. '"H NMR (DMSO, 500 MHz) §: 7.75 (d,
J=6.0 Hz, 1H), 6.96 (d, J=8.0 Hz, 1H), 6.89 (d, J=2.0
Hz, 1H), 6.82 (d, J=8.0 Hz, 2H), 6.75 (dd, J=8.0, 10.0
Hz, 1H), 6.68 (d, J=1.5 Hz, 1H), 6.62 (dd, J=8.0, 9.5 Hz,
1H), 4.13 (dd, J=9.0, 16.5 Hz, 1H), 3.91 (dd, J=8.5, 17.0
Hz, 1H), 3.69 (d, J=1.5 Hz, 6H), 3.64 (s, 3H), 2.93~2.88
(m, 2H), 2.84~2.75 (m, 4H); ESI-MS m/z: 466 [M+1]".

(BR,AR)-3-[3- F 48 H -4-(2-O-4- = 55 F1 JE— g I Jk )~
ARHIE]-4-(3,4- AR - T N Bs(11j): 0.2 g ¥k
FEEOHPIRBAR, 77 75%. "H NMR (CDCls, 500 MHz) o:
8.71 (d, J=5.0 Hz, 1H), 7.33 (d, J=4.5 Hz, 1H), 7.11 (d,
J=8.0 Hz, 1H), 6.81 (d, J=2.0 Hz, 1H), 6.77~6.73 (m,
2H), 6.56~6.54 (m, 1H), 6.52 (d, J=2.0 Hz, 1H), 4.19
(dd, J=9.5, 16.5 Hz, 1H), 3.91 (dd, J=9.0, 17.0 Hz, 1H),
3.85 (s, 3H), 3.82 (s, 3H), 3.68 (s, 3H), 3.06~2.96 (m,
2H), 2.69~2.51 (m, 4H); ESI-MS m/z: 519 [M+1]".

(3R,4R)-3-[3- FI4H J-4-(2-0-4,6- — F S8 I8 1E 3 )~
IR HIE]-4-(3,4- VAR ER H ) - T N EE(11K): 0.18 ¢
AR AR, 775 66.3%. "H NMR (CDCl;, 500 MHz) 6:
7.07 (d, J=8.0 Hz, 1H), 6.80 (d, J=2.0 Hz, 1H), 6.75~

http://sioc-journal.cn/ 1897
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6.73 (m, 2H), 6.53~6.50 (m, 4H), 5.73 (s, 1H), 4.10 (dd,
J=9.5,16.5 Hz, 1H), 3.87 (dd, J=9.0, 17.0 Hz, 1H), 3.84
(s, 3H), 3.82 (s, 3H), 3.73 (s, 3H), 3.72 (s, 6H), 2.96~2.92
(m, 2H), 2.63~2.44 (m, 4H); ESI-MS m/z: 511 [M+1]".
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