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Febrifugine, a quinazoline alkaloid, isolated from Dichroa febrifuga roots, shows powerful antimalarial activity 
against Plasmodium falciparum. Strong liver toxicity has precluded febrifugine as a potential clinical drug. However, 
the potent antimalarial activity of febrifugine has stimulated medicinal chemists to pursue compounds derived from 
febrifugine, which may be valuable leads for novel dmgs. Total synthesis and structural modification of febrifugine 
have been made. Among the reported asymmetric approaches to febrifugine, one of the most straight forward 
approaches to construct the 2-substituted 3-hydroxy piperidine is the stereoselective reaction of 3-hydroxy-piperidine 
N-acyliminium ions with the nucleophiles. In this study, we synthesized febrifugine hydrochloride (13) from 
L-giutamic acid (1) base on the asymmeUic BF3.Et20 catalyzed nucleophilic reactions. The precursor 12 was formed by 
open epoxy ring using triethylamine and then oxidation with Dess-Martin periodinane. Their structures were established 
by MS and NMR spectroscopies. 
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1. MO DAU 

Febrifugine la mgt ancaloit dugc Koepfli va cac 
cpng sy phan lap Ian dau tidn vao nam 1946 tir re 
cay Dichroa febrifuga vdi ham lugng thap, cho dan 
nam 1953 thi ngudi ta mdi phat hien ra boat tinh 
chong sot ret ciia hgp chat nay [1-3]. Febrifugine cd 
hoat tinh chdng sdt ret rat manh, udc tinh manh 
khoang hon 100 lan so vdi quinine doi vdi chiing ky 
sinh triing sdt ret Plasmodium lophurae [3-5]. Viec 
lay re cay de phan lap boat chat febrifugine lam ton 
hai den he sinh thai, mat khac ham lugng ciia ho^t 
chit nay trong cay rat thap, do vay viec tdng hgp 
toan phan da dugc nhieu nha nghian cuu quan tam. 
Tren the gidi, da cd mgt sd cdng trinh cdng bd vl 
vifc tdng hgp toan phan ciia febrifugine va cac dan 
xuit, kat qua cho thay mgt sd din xuat cua hgp chat 
nay cd boat tinh chdng sot ret va chdng ung thu rit 
dang quan tam [6-9]. Vdi kinh nghiem tdng hgp cac 
bigt dugc chdng sdt ret, chung tdi djnh hudng cho 
vi?c tong hgp Febrifugine va cac dan xuat nham tim 
kiem cac hgp chat cd boat tinh cao ban va uu viet 
ban. Trudc day, chiing tdi da cong bd quy trinh tdng 
hgp hgp chat trung gian 8 tir L-glutamic [10]. Trong 
khudn khd bai bao nay, chung tdi trinh bay quy trinh 

tdng hgp hgp chat febrifiigine hydrochloride tir axit 
L-glutamic (1). 

2. THUC NGHIEM 

Thiet bj: Phd NMR dugc ghi tren may Bruker 
Avance 500 MHz vdi TMS Iam chit chuin ngi. Phi 
khdi lugng dugc do tren may do pho khdi lugng 
LC/MSD Agilent series 1100. 

Hoa chat: Hop chat axit L-glutamic (1) va cac 
hoa chat diing cho tdng hgp bCru co mua cua hang 
Aldrich va Merck. 

Tdng hgrp axit (5)-2-amino-5-benzyloxy-5-oxo 
pentanoic (2) 

Cho 20 g axit L-glutamic (13,6 mmol) va ancol 
benzyl (21 ml; 20,4 mmol) vao trong binh ciu chiita 
20 ml toluene. Hdn hgp phan ung dugc khuay va 
dun ndng d 45 "C, sau khi nhi$t dg dat 45 "C thi cho 
them axit metan sulfonic (10,6 ml; 16,32 mmol) vao 
dung dich î ban img. Sau 3 gid, hdn hgp phan iing 
dugc dua v6 30 °C va khuiy tilp trong 4 gid. Dimg 
phan ling, cho them 40 ml nudc vao dung djch ph^ 
ung, phan Idp va logi bd pha dung mdi hiiu co, lgc 
lay phan nudc rdi cho them 40 ml etanol sau dd nhd 
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tu tCr dung djch ammoniac 20 % (20 ml) cbo den khi 
pH = 6 thu dugc chat ket tua. Lgc chat ket tiia va rua 
vdi ethanol Ignh (30 ml x 2) sau dd riJra bSng nudc 
(30 ml X 2), lam khd dudi chan khdng d 50 "C thu 
dugc san pham axit L-benzyl glutamic (2) dudi dang 
chat r4n vd djnh hinh mau tr4ng (19,7 g, hieu suit 61 
%). Hgp chit dugc so sanh tren ban mdng TLC vdi 
chat axit L-benzyl glutamic cua Aldrich. 

ToDg hyp (5)-5-benzyl-l-metyl-2-hydroxy 
pentanedioat (3) 

1,7 g axit L-benzyl glutamic (2) (7,1 mmol) 
dugc hda tan trong binh ciu chiia hdn hgp dung moi 
AcOH/HiO (1/4; 40 mL) va lam lanh xudng 0 °C. 
Dung djch NaN02 (980 mg; 14,2 mmol) trong 15 ml 
nudc dugc nhd tir tir vao phan iing d 0 "C (khoang 
15 phut). Hdn hgp phan ung dugc khuay d nhiet do 
phdng trong 3 gid. Them nudc rdi chiet bang 
EtOAc, lay pha bftu ca, lam khd vdi Na2S04 loai 
dung mdi dudi ap suat giam thu dugc san pham va 
dugc sii dyng ngay cho phan ung tiep theo. 

Cho 50 ml DMP vao blnh cau chira san pham 
thu dugc d tran, sau do cho them 1,19 g NaHC03 
(14,2 mmol) va Mel (0,88 ml; 14,2 mmol) vao dung 
djch phan iing. Hdn hgp phan img dugc khuay trong 
20 gid d nhi?t dg phdng. Sau dd bdn hgp phan img 
dugc chiet phan bo bang EtOAc/H20, lay pha hiru 
CO, lam khd bingNa2S04, rdi loai dung mdi dudi ap 
suit giam thu dugc cgn chit. Cgn chat dugc tinh che 
tren cgt sic ky silica gel vdi h? dung mdi 
«-hexan/EtOAc ^ lg 70/30 thu dugc san pham 3 
dudi dgng chat dau mau vang nhgt (1,27 g, hi?u suat 
tong hai phan ling 70,2 %). 

'H NMR (500 MHz, CDCI3) 6 (ppm): 1,97 (m, 
IH,H-3a); 2,19 (m, IH, H-3b); 2,54 (m, 2H, H-4a 
va H-4b); 2,88 (d, J = 5,5 Hz, IH, OH); 3,78 (s, 3H, 
OCH3); 4,25 (m, IH, H-2); 5,12 (s,2H, CHj-Ph); 
7,33-7,36(m, 5H, Ph). 

Tong hpp (5)-5-benzyl-l-metyi-2-axetoxy 
pentanedioat (4) 

Hda tan 3,2 g (12,6 mmol) chit 3 yong 3 ml 
pyridin, sau dd tham (3 ml, 37,8 mmol) AC2O vao 
binh phan un^. Hdn hgp phan iing dugc dun d 60 
°C trong Ih, rdi dimg phan img, them nudc va chiet 
vdi etyl axetat (4 x 500 mL). Pha hihi ca dugc lam 
khd bang Na2S04, logi dung mdi dudi ap suat giam 
thu dugc c$n chit. C§n chat dugc tinh chl tren cgt 
sic ky silica gel vdi h? dung mdi n-hexan/EtOAc ty 
I? 8/2 thu dugc 3,353 g san pham 4 dudi dgng chat 
diu miu tring. Hi?u suat phan img 90 %. 

'H NMR (500 MHz, CDCI3) 5 (ppm): 2,10 (3H, 
s, OAc); 2,11-2,25 (2H, m, CH2-3); 2,46 (2H, m, 
CH2-4); 3,72 (3H, s, OCH3); 5,04 (IH. m, H-2); 
5,11 (2H, s, CH2-Ph); 7,30-7,36 (5H, m, Ph). 

Dodn Thi Mai Hucmg vd cgng su 

Tdng hgfp axit (5)-4-axetoxy-5-metoxy-S-oxo 
pentanoic (5) 

Cho 3,24 g chit 4 (10,88 mmol) va 0,129 g (4 %) 
Pd/C vao trong binh phan irng 2 cd chua 5 mL 
metanol rdi hiit chan khdng, sau dd sue khi hydro d 
nhiet dg phdng trong 3 gid. Dung djch phan iing dugc 
lgc bd chat xiic tac, rdi loai dung mdi dudi ap suat 
giam thu dugc can chat. Cgn chat dugc tinh chl tran 
cgt sac ky silica gel vdi h^ dung mdi n-hexan/EtOAc 
= 50/50 thu dugc 2,2 g chat 5 dudi dang chit dau 
mau trang. Hieu suat phan iing dat 91 %. 

' H NMR (500 MHz, CDCI3) 6 (ppm): 2,11 (3H, 
s, OAc); 2,07-2,24 (2H, m, CHj-S); 2,47 (2H, m, 
CH2-4); 3,73 (3H. s, OCH3); 5,04 (IH, dd, y = 4,5; 
8,0 Hz, H-2). 

Tong hgp (5)-metyl 2-axetoxy-S-
hydroxypentanoat(6) 

Dung dich phan ung gdm hgp chat 5 (2,2 g, 
10,78 mmol) trong binh ciu chiia 3 ml THF khan 
dugc Iam lanh xudng 0 °C sau dd nhd tir tir (1,8 ml; 
16,7 mmol) dung dich BH3.SMe2 vao hdn hgp phan 
ihig va khuay d nhiet dg phdng trong 3 gid. Sau khi 
kit thuc, phan img dugc thiiy phan bing dung djch 
NaHCOj 10 % trong 15 phut, sau dd chiit phan bo 
vdi etyl axetat. Pba hiru ca dugc lam khd qua 
Na2S04, loai dung mdi dudi ap suat giam thu dugc 
cgn chit. Can chat dugc tinh che tren cgt silica gel 
vdi h? dung mdi n-hexan/EtOAc = 70/30 thu dugc 
san phim 6 dudi dgng chit diu mau tring (1,45 g, 
hiau suit 71 %). 

' H NMR (500 MHz, CDCI3} 5 (ppm): 1,63 (2H, 
m, CH2-4); 1,83-1,97 (2H, m, CH2-3); 2,10 (3H, s, 
OAc); 3,63 (2H, t, y = 6,0 Hz, CH2-5); 3,71 (3H, s, 
OCH3); 5,00 (IH, dd, y= 5,0; 8,0 Hz, H-2). 

Tong hgp (5)-metyl-2-axetoxy-5-(tosyloxy) 
pentaaoat(7) 

Hdn hgp phan img gdm 1,4 g hgp chat 6 (7,36 
mmol), 2,8 ml EtjN (22,08 mmol) va 359 mg 
4-DMAP (2,94 mmol) dugc cho vao binh cau 100 ml, 
sau dd cho tir tir 1,82 g TsCl (11,04 mmol) vao binb 
phan irng. Hdn hgp phan img dugc khuay d nhiat dg 
phdng trong vdng 4 gid, qua trinh phan img dugc theo 
doi bang sac ky ban mdng. Sau khi phan img kat thiic 
hdn hgp phan img dugc cho them NaHCOs 5 %, sau 
do chiat vdi dung mdi CH2CI2. San pham phan ung 
dugc tinh che bing sac ky cgt vdi h? dung mdi 
rt-hexan/EtOAc ty 1? 75/25 thu dugc san pham 7 dudi 
dgng chit diu mau trang (1,72 g, hi^u suat 70 %). 

'H NMR (500 MHz, CDCI3) 6 (ppm): 1,79 (2H, 
m, CH2-4); 1,91 (2H, m, CH2-3); 2,11 (311, s, OAc); 
2,46 (3H, s, CH3); 3,73 (3H, s, OCH3); 4,05 (2H, m, 
CH2-5); 4,95 (IH, m, H-2), 7,36 (2H, d, J = 8,0 Hz, 
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H-2' va H-6'); 7,78 (2H, d, J= 8,0 Hz, H-3' va H-5'). 

Tong hffp (5)-2-oxopiperidin-3-yl axetat (8) 
Cho'chit 7 (1,32 g; 3,83 mmol) va 5 ml DMF 

vao binh phan img, khuiy deu bang khuay tu, tiep 
tuc cho them 746 mg chit NaNs (11,49 mmol) vao 
binh phan ung. Phan ling dugc dun d nhiet do 60 "C 
trong 3 gid. Qua trinh phan irng dugc theo doi bang 
sac ky ban mdng. Sau khi phan iing ket thiic, bda tan 
san phim bing nudc cat va chiit vdi etyl axetat. Pha 
hiru ca dugc lam khd bang Na2S04 rdi Ioai dung mdi 
dudi ap suat giam thu duoc can chat. Can chat dugc 
tinh chl nhanh tren cgt sic ky silica gel vdi he dung 
mdi «-hexan/EtOAc ty Ie 8/2 thu dugc san pham 
trung gian (701 mg) va dugc su dung ngay cho phan 
ling tiep theo. 

Hda tan 701 mg (3,25 mmol) chat trung gian thu 
dugc tir phan irng tren vao trong binh phan irng chira 
2 ml MeOH, lam lanh phan img xudng 0 "C, sau dd 
them 28 mg Pd/C 4 %, hiit chan khdng va sue khi 
H2. Sau Ih phan irng ket thuc. Lgc hiit thu dugc 697 
mg can chat. Tinh che san pham tren cgt silica gel 
vdi he dung mdi etyl axetat/MeOH ty \% 95/5 thu 
dugc 443 mg san pham 8. Hi?u suat tdng qua 2 phan 
irng 74 %. 

[a] '̂D = -19° (c 0,67, CH3OH); 'H-NMR (500 
MHz, CDCI3): 5 (ppm) 1,77-1,92 (3H, m, CH2-4 va 
H-5a); 2,09 (3H, s, OAc); 2,12 (IH, m, H-5b); 3,26 
(2H, m, CH2-6); 5,16 (IH, dd, J= 6,0; 9,0 Hz, H-3), 
7,24 (IH, br s, NH). '^C-NMR (125 MHz, CDCI3): 5 
(ppm) 20,2 (OCOCH3); 20,8 (CH2); 26,9 (CH2); 
41,7 CH2); 68,6 (CH); 169,3 (C=0); 170,1 (C=0). 

Tong hgp /erZ-butyl 3-axetoxy-2-oxopiperidlDe-l-
cacboxylat (9) 

Hda tan 383 mg (2,44 mmol) chit 8 trong 0,2 
ml CH3CN sau dd them 89 mg DMAP ( 0,73 mmol) 
vao hon hgp phan irng va khuay 10 phiit d nhiat dg 
phdng, rdi them 0,84 ml B0C2O (3,66 mmol). Hdn 
hgp phan ung dugc khuay d nhi?t do phdng trong 3 
gid. Sau khi phan irng ket thuc, hdn hgp phan irng 
dugc cho them NaHCOs 5 %, sau dd chiet vdi dung 
mdi etyl acetat (3 lan x 50 ml). San pham phan irng 
dugc tinh che bing sic ky cgt vdi he dung mdi 
n-hexan/EtOAc ty I? 8/2 thu dugc 451 mg san phim 
9. Hi?u suat phan iing 72 %. 

'H-NMR (500 MHz, CDCI3): 5 (ppm) 1,51 (9H, 
s, 3 X CH3); 1,87-1,98 (3H, m, CH2-4 va H-5a); 
2,15(3H, s, OAc); 2,21 (IH, m, H-5b); 3,62 (IH, m, 
H-6a); 3,78 (IH, m, H-6b); 5,29 (IH, dd, y = 7,5; 
10,5 Hz, H-3). '^C-NMR (125 MHz, CDCI3): 5 
(ppm) 20,3 (OCOCH3); 20,8 (CHj); 26,9 (CH2); 
27,9 (3 X CH3); 44,8 CH2); 69,9 (CH); 83,5 (C); 
152,5(0=0); 167,9 (C=0); 170,0 (C=0). 

Nghien cuu quy trinh tong hgp... 

Tdng hop (25)-tert-butyl-3-axetoxy-2-alIyl 
piperidln-1-cacboxylat (10) 

Cbo 451 mg chit 9 (1,75 mmol) va 0,8 ml 
MeOH vao trong binb cau rdi Iam lanh d 0 °C bing 
da mudi. Sau dd them tir bJr (I ID mg, 2,62) NaBH4 
vao hdn hgp phan iing. Sau 3h dimg phan ung, them 
NaHCOj 5 % va chiit vdi CH2CI2 (3 lin). Tinh chl 
san phim thu dugc 385 mg san pham. San pham nay 
dugc sir dung ludn cho phan iirng tiep theo. 

Cho 0,5 ml CH2CI2 vao trong binh ciu chua 385 
mg san pham (1,48 mmol) thu dugc d tren rdi lam 
Ignh d 0 °C. Sau dd cho lin lugt 0,68 ml TEA (4,44 
mmol), 90 mg DMAP (0,74 mmol) va 0^22 ml AcjO 
(2,96 mmol) vao hdn hgp phan iirng. Hdn hgp phan 
ling dugc khuay d 0 "C trong 3 gid, roi tham dung 
djch NaHC03 5 %, chiit vdi CHjCl; (3 lin) thu 
dugc 346 mg chat. 

Hda tan 346 mg (1,14 mmol) hgp chit thu dugc 
d tren trong Imi CH2CI2, rdi lam lanh d -78 °C, sau 
do them tir tir 0,25 ml (1,71 mmol) allytrimetyl silan 
va 0,05 ml BFj.EtiO (0,57 mmol). Hdn hgp phan 
ling dugc duy tri d -78 °C trong 2 gid. Them 20 ml 
dung djch NaHCOa 5 %, chiit vdi CH2CI2 (3 lin). 
Tinh che san pham tren cgt silica gel vdi he dung 
mdi «-hexan/etyl axetat ty I? 9/1 cho 112 mg san 
pham 10. Hieu suat tdng qua 3 phan irng 31,5 %. 

'H-NMR (500 MHz, CDCI3): 5 (ppm) 1,43 (9H, 
s, 3 X CH3); 1,50-1,86 (4H, m, CH2-4 va CH2-5); 
2,05 (3H, s, OAc); 2,29 (IH, m, H-l'a); 2,39 (IH, 
m, H-I'b); 2,68 (IH, m, H-6a); 3,96 (IH, m, H-6b); 
4,48 (IH, m, H-2); 4,84 (IH, m, H-3); 5,00 (IH, br 
d , y = 17,0 Hz, H-3'a); 5,06 (IH, dd ,y= 17,0; 10,0 
Hz, H-3'b); 5,72 (IH, m, H-2'); '^C-NMR (125 
MHz, CDCI3): 6 (ppm) 21,2 (OCOCH3); 23,9 (CH2); 
24,6 (CH;); 28,4 (3 x CH3); 29,3 (CH2); 37,0 (CHj); 
53,4 (CH); 70,9 (CH); 79,8 (C); 116,9 (CH2); 134,7 
(CH); 154,9 (C=0); 170,0 (C=0). 

Tong hop (25,3fi)-tert-butyl 3-axetoxy-2-(oxiran-
2-yImetyl)piperidln-l-cacboxylat (11) 

Cho 476 mg (1,99 mmol) chit 10 va 3 mi CHCI3 
vao trong binh ciu, rdi cho tham 440 mg mCPBA 
(2,59 mmol) vao binh phan iing. Hdn hgp phan ung 
dugc khuiy trong 10 gid. Sau khi phan umg kit thfic, 
chiit phan ung vdi NaHCOs 10 %, chiit vdi CH2CI2 
(3 lan). Tinh chl san phim tren cgt silica gel vdi h§ 
dung mdi n-hexan/etyl axetat ty I? 75/25, thu dupc 
221 mg chit 11. Higu suit phan img 70,5 %. 

' H - N M R (500 MHz, CDCI3): 5 (ppm) 1,45 (9H, 

s, 3 X CH3); 1,49-1,90 (6H, m, CH2-4, CHj-S vii 
CH2-r); 2,05 (3H, s, OAc); 2,47 (IH, m, H-3'a); 
2,75 (IH, m, H-3'b); 2,94 (IH, m, H-2'); 4,01 (2H, 
m, CH2-6); 4,54 (IH, m, H-2); 4,76 (IH, m, H-3); 
'^C-NMR (125 MHz, CDCI3): S (ppm) 19,5 (CH:); 
20,9 (OCOCH3); 23,6 (CH2); 23,7 (CHj); 28,2 (3 x 

454 
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CHl); 31,8 (CHj); 46,2 (CHj); 49,6 (CH); 49,7 
(CH); 69,7 (CH); 79,6 (C); 155,1 (C=0); 170,2 
(C=0). 

Tong hyp (2S3/?)-tert-butyl 3-axetoxy-2-(2-oxo-
3-(4-oxoquiDazoliD-3(4H)-y])propyl)plperidiD-l-
cacboxylat (12) 

Nhd 1,5 ml EtOH vao binh phan iing chua chit 
11 (60 mg; 0,2 mmol) va 4-hydroxyquinazolin (73 
mg; 0,5 mmol), sau dd them tilp 0,15 ml TEA (0,48 
mmol) vao hdn hgp phan ung. Phan ung dugc dun d 
eÔ C trong I2h. Hdn hgp sau phan iing dugc xu ly 
bang each tinh che tran cgt sephadex thu 47 mg san 
phim. 

47 mg san phim ciia phan ung tran dugc hda tan 
trong CHCI3 sau dd cho them vao hdn hgp phan img 
127 mg DMP, phan dng kit thiic sau 6 gid. Hdn hgp 
phan iing dugc tinh che tren cgt silica gel vdi h? 
dung mdi CH2Cl2/EtOAc thu dugc 22 mg hgp chit 
12. Hi?u suit tdng qua 2 phan img dgt 25 %. 

'H-NMR (500 MHz, CDCI3): 6 (ppm) 1,45 (9H, 
s, 3 X CH3); 1,49-1,85 (4H, m, CH2-4"va CH2-5"); 
2,07 (3H, s, OAc); 2,82 (2H, m, CH2-3'); 2,93 (IH, 
m, H-6"a); 3,71 (IH, m, H-2"); 3,95 (IH, m, H-
6"b); 4,86 (2H, s, CHj-l'); 4,95 (IH, m, H-3"); 
7,49 (IH, t, y = 7,5 Hz, H-6); 7,74 (2H, m, H-7 va 
H-8); 7,98 (IH, s, H-2); 8,27 (d ,y= 7,5; 0,5 Hz, H-
5); '̂ C-NMR (125 MHz, CDCI3): 6 (ppm) 19,5 
(CH2); 21,1 (OCOCH3); 23,8 (CH2); 28,4 (3 x 
CH3); 40,7 (CH2); 50,9 (CH); 53,6 (CH2); 69,4 
(CH); 121,9 (C); 126,7 (CH); 127,2 (CH); 127,6 
(CH); 134,3 (CH); 148,3 (CH); 160,9 (C=0); 170,4 
(C=0); 199,3 (C=0). 

Tong hgp febrifugine hydrochlorid (13) 
Hgp chat 12 (22 mg, 0,05 mmol) dugc hda tan 

trong 1 ml MeOH va 0,2 ml H2O, rdi cho tham 16 
mg Na2C03 (0,15 mmol). Hdn hgp phan irng dugc 
khuay trong I gid, sau dd quay khd da logi bd 
MeOH vii cho tham nudc, chiet vdi CH2CI2 thu dugc 
18 mg san pham dudi dgng chat ran mau trang. 

Cho 1 ml CHCI3 vao trong binh cau chua san 
phim thu dugc tir phan img tren (18 mg) lam lanh 
xuong 0 "C va tham vao dd 0,02 ml TFA. Hdn hgp 
phan img dugc khuiy d 0 °C trong 10 phiit, sau dd 
dua len nhigt dg phdng, trong 3 gid. Hdn hgp phan 
img sau dd dugc trung hda bang NaHCOs va chiet 
vdi CH2C12 (5 lin), cd khd va tinh chl tren cgt silica 
vdi h? dung mdi CHzCb/MeOH = 9/1 thu dugc 13 
mg sin phim febrifugine. 

Cho 13 mg chat febrifugine thu dugc d tren hda 
tan trong 1 ml CHCb, lam Ignh xudng 0 °C,_sau dd 
cho vko hdn hgp phan iing 0,1 ml HClj. Hdn hgp 
phan ung dugc khuiy trong 4 gid. Dimg phan irng, 

Dodn Thf Mai Huang vd cgng sir 

CO khd san phim thu dugc 16 mg chat 13. Hieu suit 
tdng qua 3 phan ung dgt 85 %. 

[afu = +5, r (c 0,65, CH3OH); ESI-MS [M-
2HCI+H]* m/z 302; ' H - N M R (500 MHz, CD3OD): 5 
(ppm) 1,64 (IH, m, H-4a"); 1,84 (IH, m, H-5a"); 
2,03 (IH, m, H-5b"); 2,14 (IH, m, H-4"b); 3,05 (IH, 
dt, y = 13,0; 3,0 Hz, H-6"a); 3,19 (IH, dd, J= 17,0; 
6,5 Hz, H-3'a); 3,37 (IH, m, H-6"b); 3,48 (IH, dd, J 
= 17,0; 4,5 Hz, H-3'b); 3,53 (IH, m, H-2"); 3,74 (IH, 
dt, y = 9,5; 4,0 Hz, H-3"); 5,34 (2H, s, CH2-r); 7,80 
(IH, t , y = 8,0 Hz, H-6); 7,86 (IH, d, J= 8,0 Hz, H-
8); 8,08 (IH, dt, y = 8,0; 0,5 Hz, H-5); 8,35 (IH, dd, J 
= 8,0; 0,5 Hz, H-7); 9,27 (IH, s, H-2); '^C-NMR (125 
MHz, CD3OD): 5 (ppm) 21,5 (C-5"); 31,7 (C-4"); 

40.2 (C-3'); 44,9 (C-6"); 56,4 (C-l'); 58,1 (C-2"); 
68.3 (C-3"); 121,5 (C-4a); 123,1 (C-8); 128,6 (C-7); 
130,7 (C-6); 137,6 (C-5); 141,4 (C-8a); 151,9 (C-2); 
159,9 (C-4); 201,1 (C-2'). 

3. KET QUA vA THAO LUAN 

San pham febrifugine hydrochlorid (13) dugc 
chiing tdi tdng hgp tir axit i-glutamic qua 19 budc. 
Dau tian cho chat 1 tac dyng vdi benzyl ancol vdi sy 
cd mat ciia axit metansulfonic thu dugc axit L-
benzyl glutamic (2) vdi bi^u suit la 61 %. Nhdm 
NH2 ciia chit 2 dugc chuyen hda thanh nhdm OH 
bing phan img vdi NaN02 trong hdn hgp 
ACOH/H2O va nhdm OH ciia axit cacboxylic dugc 
metyl hda chgn lgc nhdm bang Mel vdi sy cd mat 
ciia NaHC03 cho chat 3, vai hi?u suat tdng hai phan 
irng dgt 70,2%. Cho chat 3 tac dyng vdi AC2O vdi sy 
cd mat Clia pyridin thu dugc chat 4 vdi hi?u suat la 
90 %. Khu hda Ioai nhdm benzyl hgp chit 4 bing 
phan img hydro boa vdi xuc tac Pd/C trong MeOH 
cho chit 5 vdi hi?u suit la 91 %. Nhdm axit 
cacboxylic ciia chat 5 dugc khir hda bang BH3.SMe2 
cho ancol 6 vdi hi^u suat ciia phan iing dat 71 %. 
Cho chat 6 tac dyng vdi TsCl vdi sy cd mgt ciia Et3N 
thu dugc chit 7 vdi hi?u sual la 70 %. Thyc hign 
phan ling azit boa chal 7 vdi NaNs tgo chat azit rdi 
hydro boa tao vdng lactam bing lac nhan khii hoa 
Pd/C cho chit 8 vdi hi?u suit ldng qua 2 phan img la 
74 %. Bao ve nhdm NH bang tac nhan B0C2 cho san 
pham 9 vdi hi?u suat la 72 %. San pham allyl 10 thu 
dugc tii chat 9 qua 3 budc, dau lien la khu hda nhdm 
cacbonyl bang tac nhan NaBHi, sau do axetyl hoa 
bang tac nhan AC2O, rdi cho tac dyng vdi tac nhan 
allytrimetyl Silan vdi sy co mgt ciia axit Lewis cho 
san pham 10 vdi hi?u suat tdng qua 3 phan ung la 
31,5 %. Oxi hoa nhdm anken bang 1,3 duang lugng 
tac nhan mCPBA cho san pham epoxy 11 vdi higu 
suat ciia phan img la 70,5 %. Hgp chat 12 thu dugc 
tir epoxy 11 qua 2 budc, dau tien la phan irng cgng 
hgp vdi 4-hydroxyquinazolin, sau do oxi hoa bing 
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tac nhan Dess-Martin periodinane, vdi hi?u suit t6ng mudi vdi axit HCl d$c cho san phim febrifugine 

qua 2 phan img la 25 %. Loai nhdm bao ve axetat hydrochloride (13) qua 3 phan ung la 85 /o. 

bing NazCOj va nhdm Boc bing axit TFA rdi tao 

NH2 

axit L-glutamic 1 

TolueaBnOH{1,5eq) 

H " 
MeS03H(1,2eq),NH40H 

45°C,7h, 61% 

THF, 0°C, 3 ^ 7 1 % 

1. NaN0j(2eq). AcOHft tp 
0 ^ , 3 h 

-OH BnO' 

NH2 2, DMF, Mel (1,5 eq), NaHCOj 

i"''^'^lA)Me 

rt, 20h, 70,2% 

pyndir\ fiCzO (3 eq) 

60'C, 1h,90% 

MeOH, rt,3h, 91% 

EtjNOeq), 
TsCI(1,5eq) 
DMAP (0,4 eq) 

:CCLri 

[ L Bocz 
3 ^ 

^ CH3CN, DMAP Boc 

^ ' - ^ ^ O A C 

[ f 1. NaBH^ (1,5 eq),MeOH, D°C, 3li 

N 0 2.At^O(1,5eq),TEA(3eq), 

Boc DMAP (0-5 eq). CPC, 3h 

_ a AllMejSi (1,5 eq), BF3.EI2O {0,5eq) 1 0 
' -7£PC, 2h 

3 1 % 

mCPBA(1,3eq) 

CH2Cl2,rt, 10h,70% 

1.Na2C03(2eq), MeOH^ 
2TFA(1.5eq).CHa; 

3 HCI{3eq), CHCb | 

1, 4-hydrDxyquinazoline {2 eq) 
TEA(2,4eq),60°C, 12h 

2 Dess-martJn perkxjinane 
(3eq),CH2a2,rt,6h 

25% 

aOAc 

Hinh 1: Quy trinh tong hgp chat febrifugine hydrochloride (13) 

Cac hgp chat thu dugc trong qua trinh phan irng 

dugc xac dinh cau true bang p h u a n g phap phd khdi 

lugng, phd cgng hudng tir hgt nhan 1 va 2 chieu 

(xem chi t i l t trong ph in thyc nghigm). Cau blnh ciia 

cac hgp chat trung gian dugc xac dinh bang cac 

phuong phap phd va so sanh [ajo vdi tai li?u tham 

khao. Hgp chat 13 thu dugc dudi dang ch i t r in mau 

t r ing [afa = +5,7°. Phd '^C-NMR cua 13 cho tin 

hifu cua 16 nguyen tu cacbon trong dd cd 2 nhdm 

cacbonyl d 5c 201,1 (C-2 ' ) , 159,9 (C-4), 1 nhdm 

metin g in vdi oxi d 5c 68,3 (C-3), 5 nhdm metin sp^, 

5 nhdm metylen, 1 nhdm metin sp^ va 2 cacbon bgc 

4. Tren phd ' H - N M R , d phia t rudng t h i p t h i y x u i t 

hi?n tin higu ciia 4 proton vdng t h a m t u a n g tac dgng 

or//io-disubstituted ciia vong benzen d 6H 7,80 ( I H , 

t, y = 8,0 Hz, H-6), 7,86 ( I H , d, y = 8,0 Hz, H-8), 

8,08 ( I H , dt, y = 8,0; 0,5 Hz, H-5), 8,35 ( I H , dd, y = 

8,0; 0,5 Hz , H-7) . Tin higu ciia I nhdm metin va 1 

nhdm metylen lien ket vd i n i to ve phia trudng thap d 

9,27 ( I H , s, H-2) , 5,34 (2H, s, CH2-I ' ) va tin hi?u 

ciia I nhdm metin gan vdi oxy d 3,74 ( I H , dt, y = 

9,5; 4,0 Hz, H - 3 " ) cung d u g c quan sat th iy tren pho 

'H-NMR. Tren pho ' H - N M R cung cho tin hi?u cua 8 

proton nam trong khoang 5 H 1,60-3,63. Pho HSQC 

cho phep xac djnh d u g c 8 proton nay thugc ve 4 

nhdm metylen. Ket hgp cac dir li?u pho ' H - N M R , 

'^C-NMR, C O S Y , H S Q C , H M B C , M S cho ph6p xSc 

djnh chat 13 la febrifugine hydroclorid. 

L o i c a m o n : Cong trinh ndy du<?c thitc hi^n trong 

khuon kho Nghf dfnh thu cdp Nhd nudc vdi Cgng 

hod Phdp do Bg KH&CN cdp kinh phi "Nghien cuu 

ung dung cdc chdt long ion bdt ddi xung de long 



TCHH, T. 52(4), 2014 

hgp febrifugine vd cdc ddn xudt. Khdo sdt hogt tinh 
sinh hoc cm chung ". 
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