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Abstract

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 drugs. 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 stercoselective reaction of 3-hydroxy-piperidine
N-acyliminium ions with the nucleophiles. In this study, we synthesized febrifugine hydrochloride (13) from
L-glutamic acid (1) base on the asymmetric BF;.Et,0 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 1a mot ancaloit dugc Koepfli va cac
cong su phan 1ap 1an diu tién vao nam 1946 tir ré
cdy Dichroa febrifuga véi ham luong thap, cho dén
nam 1953 thi nguoi ta moi phat hién ra hoat tinh
chéng sbt rét cua hop chét nay [1-3]. Febrifugine c6
hoat tinh chéng sbt rét rat manh, woc tinh manh
khoang hon 100 1an so v&i quinine dbi voi ching ky
sinh trung sét rét Plasmodium lophurae [3-5]. Viéc
liy ré cay dé phan 1ap hoat chét febrifugine lam ton
hai dén hé sinh thai, mdt khac ham luong cia hoat
chat nay trong cay rat thap, do vy viéc tong hop
toan phan da dwoc nhidu nha nghién ctru quan tam.
Trén thé gidi, da c6 mot sd cong trinh cong bd vé
viéc tong hop toan phan cua febrifugine va cac dan
xudt, két qua cho thdy mot s6 dan xuit ciia hop chat
nay co hoat tinh chng st rét va chdng ung thu rat
dang quan tdm [6-9]. V&i kinh nghiém tong hop cac
biét duoc chéng sOt rét, chung t61 dinh hudéng cho
viéc tong hop Febrifugine va cac dan xuit nham tim
kiém céc hop chit c6 hoat tinh cao hon va wu viét
hon. Trude day, ching t6i da cong bd quy trinh tong
hop hop chét trung gian 8 tir L-glutamic [10]. Trong
khuén kho bai bao nay, chung toi trinh bay quy trinh

tong hop hop chat febrifugine hydrochloride tir axit
L-glutamic (1).

2. THUC NGHIEM

Thiét bi: Pho NMR duoc ghi trén may Bruker
Avance 500 MHz v&i TMS lam chét chudn noi. Pho
khéi luong dugc do trén may do phd khdi luong
LC/MSD Agilent series 1100.

Hoa chat: Hop ghét axit L-glutamic (1) va cac
hoa chat dung cho tong hgp hltu co mua cua hang
Aldrich va Merck.

Téng hop axit
pentanoic (2)
Cho 20 g axit L-glutamic (13,6 mmol) va ancol
benzyl (21 ml; 20,4 mmol) vao trong binh cau chta
20 ml toluene. Hon hop phan tmg dugc khudy va
dun néng & 45 °C, sau khi nhiét @6 dat 45 °C thi cho
thém axit metan sulfonic (10,6 ml; 16,32 mmol) vao
dung dich phan tng. Sau 3 gio, hdén hgp phan ting
dugc dua vé 30 °C va khudy tiép trong 4 gio. Ding
phan tng, cho thém 40 ml nudc vao dung dich phan
g, phéan 16p va loai bé pha dung méi hiru co, loc
14y phan nudc rdi cho thém 40 ml etanol sau d6 nho

(S)-2-amino-5-benzyloxy-5-0x0
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tir tir dung dich ammoniac 20 % (20 ml) cho dén khi
pH = 6 thu duogc chét két taa. Loc chit két tua va rira
v6i ethanol lanh (30 ml x 2) sau do rira bang nudc
(30 ml x 2), lam kho6 dudi chan khong ¢ 50 °C thu
duoc san pham axit L-benzyl glutamic (2) dudi dang
chét rin v6 dinh hinh mau tring (19,7 g, hiéu suét 61
%). Hop chit dugc so sanh trén ban méng TLC voi
chat axit L-benzyl glutamic ctia Aldrich.

Téng hop (S)-5-benzyl-1-metyl-2-hydroxy
pentanedioat (3)

1,7 g axit L-benzyl glutamic (2) (7,1 mmol)
dugc hoa tan trong binh cau chira hdn hop dung moi
AcOH/H,O (1/4; 40 mL) va lam lanh xubng 0 °C.
Dung dich NaNO, (980 mg; 14,2 mmol) trong 15 ml
nudc duge nho tir tir vao phan tng ¢ 0 °C (khoang
15 phiit). Hon hop phan tng dugc khudy & nhiét do
phong trong 3 gid. Thém nudc rdi chiét bing
EtOAc, léy pha hitu co, lam kho vadi Na,SO, loai
dung méi dudi ap sudt giam thu duge san pham va
dugc st dung ngay cho phan tng tiép theo.

Cho 50 ml DMF vao binh cdu chtra san pham
thu dugc 6 trén, sau d6 cho thém 1,19 g NaHCO;
(14,2 mmol) va Mel (0,88 ml; 14,2 mmol) vao dung
dich phan tng. Hon hop phan tng dugc khudy trong
20 gio ¢ nhiét d6 phong. Sau d6 hdon hop phan ung
dugc chiét phan bd bang EtOAc/H,0, lay pha hitu
co, 1am kho bang Na,SOs, rdi loai dung méi dudi ap
suét giam thu dugc can chit. Can chat duoc tinh ché
trén cot sic ky silica gel v6i hé dung moi
n-hexan/EtOAc ty 1& 70/30 thu dugc san pham 3
dudi dang chat ddu mau vang nhat (1,27 g, hiéu suit
téng hai phan tmg 70,2 %).

'H NMR (500 MHz, CDC13) & (ppm): 1,97 (m,
1H, H-3a); 2,19 (m, 1H, H-3b); 2,54 (m, 2H, H-4a
va H-4b); 2,88 (d, J= 5,5 Hz, 1H, OH); 3,78 (s, 3H,
OCH;); 4,25 (m, 1H, H-2); 5,12 (s, 2H, CH,-Ph);
7,33-7,36 (m, 5H, Ph).

Tong hop (S)-5-benzyl-1-metyl-2-axetoxy
pentanedioat (4)

Hoa tan 3,2 g (12,6 mmol) chit 3 trong 3 ml
pyridin, sau d6 thém (3 ml, 37,8 mmol) Ac,O vao
binh phan tmg. Hon hop phan ung duoc dun ¢ 60
°C trong lh, roi dimg phan tng, thém nude va chiét
voi etyl axetat (4 x 500 mL). Pha hitu co dugc lam
kho bang Na,SO,, loai dung méi dudi ap suat giam
thu duoc can chat. Can chat duge tinh ché trén cot
sdc ky silica gel voi hé dung méi n-hexan/EtOAc ty
1€ 8/2 thu duoc 3,353 g san phém 4 dudi dang chat
dau mau trang. Hiéu suat phan tmg 90 %.

'H NMR (500 MHz, CDC13) & (ppm): 2,10 (3H,
s, OAc); 2,11-2,25 (2H, m, CH,-3); 2,46 (2H, m,
CH,-4); 3,72 (3H, s, OCH;); 5,04 (1H, m, H-2);
5,11 (2H, s, CH,-Ph); 7,30-7,36 (5H, m, Ph).

Doan Thi Mai Huong va cong su

Téng hop axit (5)-4-axetoxy-5-metoxy-5-0xo
pentanoic (5)

Cho 3,24 g chét 4 (10,88 mmol) va 0,129 g (4 %)
Pd/C vao trong binh phan tmg 2 ¢6 chira 5 mL
metanol roi hut chan khong, sau d6 suc khi hydro &
nhiét d6 phong trong 3 gi¢. Dung dich phan tng duoc
loc bo chat xuc tac, r6i loai dung mdi dudi ap suat
giam thu duogc can chit. Can chit dugc tinh ché trén
cot sic ky silica gel v6i hé dung méi n-hexan/EtOAc
= 50/50 thu dugc 2,2 g chit 5 dudi dang chét dau
mau tring. Hiéu suit phan tng dat 91 %.

'H NMR (500 MHz, CDCl3) & (ppm): 2,11 (3H,
s, OAc); 2,07-2,24 (2H, m, CH,-3); 2,47 (2H, m,
CH,-4); 3,73 (3H, s, OCH3); 5,04 (1H, dd, J = 4,5;
8,0 Hz, H-2).

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

Dung dich phan tng gdm hop chit 5 (2,2 g,
10,78 mmol) trong binh cau chira 3 ml THF khan
duogc lam lanh xubng 0 °C sau d6 nhé tir tir (1,8 ml;
16,7 mmol) dung dich BH;.SMe, vao hén hop phan
tmg va khudy & nhiét do phong trong 3 gid. Sau khi
két thic, phan tng duoc thuy phan bing dung dich
NaHCO; 10 % trong 15 phut, sau d6 chiét phan b
voi etyl axetat. Pha hitu co dugc lam kho qua
Na,SO,, loai dung méi dudi ap sudt giam thu dugc
can chit. Can chét duogc tinh ché trén cot silica gel
v6i hé dung moi n-hexan/EtOAc = 70/30 thu dugc
san pham 6 dudi dang chat dau mau trang (1,45 g,
hiéu suit 71 %).

'H NMR (500 MHz, CDCl3) & (ppm): 1,63 (2H,
m, CH-4); 1,83-1,97 (2H, m, CH,-3); 2,10 (3H, s,
OAc); 3,63 (2H, t, J = 6,0 Hz, CH,-5); 3,71 (3H, s,
OCH;); 5,00 (1H, dd, J=5,0; 8,0 Hz, H-2).

Téng hop (S)-metyl-2-axetoxy-5-(tosyloxy)
pentanoat (7)

Hon hop phan tmg gdm 1,4 g hop chét 6 (7,36
mmol), 2,8 ml EtN (22,08 mmol) va 359 mg
4-DMAP (2,94 mmol) duoc cho vao binh cu 100 ml,
sau d6 cho tir tir 1,82 g TsCl (11,04 mmol) vao binh
phéan tmg. Hon hop phan tng duoc khudy & nhiét do
phong trong vong 4 gid, qua trinh phan tmg dugc theo
ddi bang sac ky ban mong. Sau khi phan tng két thuc
hén hgp phan tmg dugc cho thém NaHCO; 5 %, sau
d6 chiét v6i dung mdéi CH,Cl,. San pham phan (g
duoc tinh ché bang sic ky cot voi hé dung moi
n-hexan/EtOAc ty 18 75/25 thu dwoc san phim 7 duéi
dang chit diu mau tréng (1,72 g, hiéu suét 70 %).

'H NMR (500 MHz, CDCl5) & (ppm): 1,79 (2H,
m, CH,-4); 1,91 (2H, m, CH,-3); 2,11 (3H, s, OAc);
2,46 (3H, s, CH3); 3,73 (3H, s, OCHs;); 4,05 (2H, m,
CH,-5); 4,95 (1H, m, H-2), 7,36 (2H, d, J = 8,0 Hz,
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H-2’ va H-6"); 7,78 (2H, d, /= 8,0 Hz, H-3’ va H-5").

Téng hop (S)-2-oxopiperidin-3-yl axetat (8)

Cho chat 7 (1,32 g; 3,83 mmol) va 5 ml DMF
vao binh phan tng, khudy déu bang khudy tur, tiép
tuc cho thém 746 mg chat NaN; (11,49 mmol) vao
binh phan Gng. Phan tmg dugc dun ¢ nhiét do 60 °C
trong 3 gid. Qu4 trinh phan tmg dugc theo dbi bang
sdc ky ban mong. Sau khi phan tmg két thic, hoa tan
san phdm bang nudc cit va chiét voi etyl axetat. Pha
hiru co duge lam khé bang Na,SO, rdi loai dung moi
dudi ap suét giam thu duoc can chit. Can chét duoc
tinh ché nhanh trén cot sic ky silica gel véi hé dung
mdi n-hexan/EtOAc ty 1& 8/2 thu duoc san pham
trung gian (701 mg) va duoc st dung ngay cho phan
{mg tiép theo.

Hoa tan 701 mg (3,25 mmol) chit trung gian thu
duogc tir phan tng trén vao trong binh phan trng chira
2 ml MeOH, lam lanh phan tmg xudng 0 °C, sau d6
thém 28 mg Pd/C 4 %, hut chan khong va suc khi
H,. Sau 1h phan tmg két thuc. Loc hat thu dugc 697
mg cin chat. Tinh ché san pham trén cot silica gel
voi hé dung moi etyl axetat/MeOH ty 1€ 95/5 thu
dugc 443 mg san pham 8. Hiéu suat tong qua 2 phan
ung 74 %.

[a]®p = -19° (¢ 0,67, CH;0H); 'H-NMR (500
MHz, CDCl;): 6 (ppm) 1,77-1,92 (3H, m, CH,-4 va
H-5a); 2,09 (3H, s, OAc); 2,12 (1H, m, H-5b); 3,26
(2H, m, CH,-6); 5,16 (1H, dd, J = 6,0; 9,0 Hz, H-3),
7,24 (1H, br s, NH). "C-NMR (125 MHz, CDCl;): &
(ppm) 20,2 (OCOCHs;); 20,8 (CHp); 26,9 (CH,);
41,7 CH,); 68,6 (CH); 169,3 (C=0); 170,1 (C=0).

Téng hop fert-butyl 3-axetoxy-2-oxopiperidine-1-
cacboxylat (9)

Hoa tan 383 mg (2,44 mmol) chit 8 trong 0,2
ml CH;CN sau d6 thém 89 mg DMAP ( 0,73 mmol)
vao hdn hop phan ng va khudy 10 phut ¢ nhiét do
phong, r6i thém 0,84 ml Boc,O (3,66 mmol). Hon
hop phan tng duoc khudy & nhiét d6 phong trong 3
gio. Sau khi phan tmg két thiic, hdn hop phan tng
duoc cho thém NaHCO; 5 %, sau d6 chiét voi dung
mdi etyl acetat (3 1an x 50 ml). San phdm phan tng
dugc tinh ché bang sic ky cot voi hé dung moi
n-hexan/EtOAc ty 18 8/2 thu dugc 451 mg san phdm
9. Hiéu suét phan tng 72 %.

'H-NMR (500 MHz, CDCl5): & (ppm) 1,51 (9H,
s, 3 x CH;); 1,87-1,98 (3H, m, CH,-4 va H-5a);
2,15(3H, s, OAc); 2,21 (1H, m, H-5b); 3,62 (1H, m,
H-6a); 3,78 (1H, m, H-6b); 5,29 (1H, dd, J = 7.5;
10,5 Hz, H-3). C-NMR (125 MHz, CDCL): &
(ppm) 20,3 (OCOCH;); 20,8 (CH,); 26,9 (CHy);
27,9 (3 x CH;); 44,8 CHp); 69,9 (CH); 83,5 (C);
152,5 (C=0); 167,9 (C=0); 170,0 (C=0).

Nghién ciru quy trinh tong hop...

Téng hop (25)-tert-butyl-3-axetoxy-2-allyl
piperidin-1-cacboxylat (10)

Cho 451 mg chat 9 (1,75 mmol) va 0,8 ml
MeOH vio trong binh cau rdi lam lanh & 0 °C bang
da mudi. Sau d6 thém tir tir (110 mg, 2,62) NaBH,
vao hén hop phan tng. Sau 3h ding phan tmg, thém
NaHCO; 5 % va chiét véi CH,Cl, (3 14n). Tinh ché
san pham thu duoc 385 mg san pham. San pham nay
duogce sir dung ludn cho phan tng tiép theo.

Cho 0,5 ml CH,Cl, vao trong binh cau chira 385
mg san pham (1,48 mmol) thu dugc & trén roi lam
lanh & 0 °C. Sau d6 cho lan luot 0,68 ml TEA (4,44
mmol), 90 mg DMAP (0,74 mmol) va 0,22 ml Ac,O
(2,96 mmol) vao hén hop phan ung. Hon hop phan
tmg dugc khudy & 0 °C trong 3 gid, roi thém dung
dich NaHCO; 5 %, chiét voi CH,Cl, (3 lan) thu
duoc 346 mg chat.

Hoa tan 346 mg (1,14 mmol) hop chét thu dugc
& trén trong 1ml CH,Cl,, roi 1am lanh & -78 °C, sau
do thém tur tur 0,25 ml (1,71 mmol) allytrimetyl silan
va 0,05 ml BF;.Et,0 (0,57 mmol). Hon hop phan
ung duogc duy tri ¢ -78 °C trong 2 gid. Thém 20 ml
dung dich NaHCOs 5 %, chiét voi CH,Cl, (3 1an).
Tinh ché san pham trén cot silica gel voi hé dung
moi n-hexan/etyl axetat ty 1€ 9/1 cho 112 mg san
pham 10. Hiéu suét téng qua 3 phan tmg 31,5 %.

'H-NMR (500 MHz, CDCl5): & (ppm) 1,43 (9H,
s, 3 x CH3); 1,50-1,86 (4H, m, CH,-4 va CH,-5);
2,05 (3H, s, OAc); 2,29 (1H, m, H-1"a); 2,39 (1H,
m, H-1’b); 2,68 (1H, m, H-6a); 3,96 (1H, m, H-6b);
4,48 (1H, m, H-2); 4,84 (1H, m, H-3); 5,00 (1H, br
d, J= 17,0 Hz, H-3’a); 5,06 (1H, dd, J = 17,0; 10,0
Hz, H-3’b); 5,72 (1H, m, H-2’); "C-NMR (125
MHz, CDCl;): & (ppm) 21,2 (OCOCH3;); 23,9 (CHy);
24,6 (CH,); 28,4 (3 x CH3); 29,3 (CHy); 37,0 (CHy);
53,4 (CH); 70,9 (CH); 79,8 (C); 116,9 (CH,); 134,7
(CH); 154,9 (C=0); 170,0 (C=0).

Téng hop (25,3R)-tert-butyl 3-axetoxy-2-(oxiran-
2-ylmetyl)piperidin-1-cacboxylat (11)

Cho 476 mg (1,99 mmol) chat 10 va 3 ml CHCl,
vao trong binh cau, roi cho thém 440 mg mCPBA
(2,59 mmol) vao binh phan ung. Hon hgp phan ting
duoc khudy trong 10 gid. Sau khi phan img két thuc,
chiét phan ting voi NaHCOj; 10 %, chiét véi CH,Cl,
(3 lan). Tinh ché san phim trén cot silica gel voi hé
dung modi n-hexan/etyl axetat ty 1€ 75/25, thu duoc
221 mg chat 11. Hiéu suat phan tmg 70,5 %.

'H-NMR (500 MHz, CDCL;): & (ppm) 1,45 (9H,
s, 3 x CH;); 1,49-1,90 (6H, m, CH,-4, CH,-5 va
CH,-17); 2,05 (3H, s, OAc); 2,47 (1H, m, H-3a);
2,75 (1H, m, H-3’b); 2,94 (1H, m, H-2"); 4,01 (2H,
m, CH,-6); 4,54 (1H, m, H-2); 4,76 (1H, m, H-3);
BC-NMR (125 MHz, CDCls): & (ppm) 19,5 (CH,);
20,9 (OCOCHs); 23,6 (CHyp); 23,7 (CH,); 28,2 (3 x
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CH;); 31,8 (CH,); 46,2 (CH,); 49,6 (CH); 49,7
(CH); 69,7 (CH); 79,6 (C); 155,1 (C=0); 170,2
(C=0).

Téng hop (25,3R)-tert-butyl 3-axetoxy-2-(2-oxo-
3-(4-oxoquinazolin-3(4H)-yl)propyl)piperidin-1-
cacboxylat (12)

Nhoé 1,5 ml EtOH vao binh phan tmg chira chit
11 (60 mg; 0,2 mmol) va 4-hydroxyquinazolin (73
mg; 0,5 mmol), sau d6 thém tiép 0,15 ml TEA (0,48
mmol) vao hon hop phan tmg. Phan tmg dugc dun &
60°C trong 12h. Hon hop sau phan tng duoc xu 1y
bang cach tinh ché trén cot sephadex thu 47 mg san
pham.

47 mg san pham cta phan tng trén duoc hoa tan
trong CHCl; sau d6 cho thém vao hon hop phan ung
127 mg DMP, phan tmg két thic sau 6 gio. Hon hop
phan tng dugc tinh ché trén cot silica gel véi hé
dung moéi CH,CIly/EtOAc thu dugc 22 mg hop chét
12. Hi¢u suat tong qua 2 phan ung dat 25 %.

'H-NMR (500 MHz, CDCl;): & (ppm) 1,45 (9H,
s, 3 x CH3); 1,49-1,85 (4H, m, CH,-4’’va CH,-5"’);
2,07 (3H, s, OAc); 2,82 (2H, m, CH,-3"); 2,93 (1H,
m, H-6""a); 3,71 (1H, m, H-2"’); 3,95 (1H, m, H-
6’b); 4,86 (2H, s, CH,-1°); 4,95 (1H, m, H-3");
7,49 (1H, t, J = 7,5 Hz, H-6); 7,74 (2H, m, H-7 va
H-8); 7,98 (1H, s, H-2); 8,27 (d, J=7,5; 0,5 Hz, H-
5); "C-NMR (125 MHz, CDCl;): & (ppm) 19,5
(CHyp); 21,1 (OCOCHj;); 23,8 (CHy); 28,4 (3 x
CH;); 40,7 (CHy); 50,9 (CH); 53,6 (CHy); 694
(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 hop febrifugine hydrochlorid (13)

Hop chét 12 (22 mg, 0,05 mmol) dugc hoa tan
trong 1 ml MeOH va 0,2 ml H,O, roi cho thém 16
mg Na,COs (0,15 mmol). Hon hop phan tmg duoc
khudy trong 1 gio, sau d6 quay kho dé loai bo
MeOH va cho thém nudc, chiét véi CH,Cl, thu dugc
18 mg san phdm dudi dang chat rdn mau tring.

Cho 1 ml CHCI; vao trong binh ciu chira san
pham thu dugc tir phan ng trén (18 mg) lam lanh
xudng 0 °C va thém vao d6 0,02 ml TFA. Hon hop
phan tng duoc khudy ¢ 0 °C trong 10 phut, sau d6
dua 1én nhiét d6 phong, trong 3 gid. Hon hop phan
g sau d6 duogc trung hoa bang NaHCO; va chiét
v6i CH,Cl, (5 14n), ¢6 kho va tinh ché trén cot silica
voi hé dung moéi CH,Cl,/MeOH = 9/1 thu duoc 13
mg san pham febrifugine.

Cho 13 mg chét febrifugine thu dwoc & trén hoa
tan trong 1 ml CHCI;, 1am lanh xuéng 0 °C, sau do
cho vao hdn hgp phan tng 0,1 ml HCl,. Hon hop
phan tng dugc khudy trong 4 gid. Ding phan tng,

Doan Thi Mai Huong va cong su

¢6 kho san pham thu duoc 16 mg chat 13. Hiéu sut
téng qua 3 phan tmg dat 85 %.

[a]’p = +5,7° (¢ 0,65, CH;0H); ESI-MS [M-
2HCI+H]" m/z 302; "H-NMR (500 MHz, CD;0D): &
(ppm) 1,64 (1H, m, H-4a’’); 1,84 (1H, m, H-5a");
2,03 (1H, m, H-5b""); 2,14 (1H, m, H-4’’b); 3,05 (1H,
dt, J = 13,0; 3,0 Hz, H-6""a); 3,19 (1H, dd, J = 17,0;
6,5 Hz, H-3’a); 3,37 (1H, m, H-6"’b); 3,48 (1H, dd, J
=17,0; 4,5 Hz, H-3’b); 3,53 (1H, m, H-2"); 3,74 (1H,
dt, J=9,5; 4,0 Hz, H-3""); 5,34 (2H, s, CH,-1"); 7,80
(1H, t, J = 8,0 Hz, H-6); 7,86 (1H, d, J = 8,0 Hz, H-
8); 8,08 (1H, dt, J = 8,0; 0,5 Hz, H-5); 8,35 (1H, dd, J
=8,0; 0,5 Hz, H-7); 9,27 (1H, s, H-2); *C-NMR (125
MHz, CD;0D): 6 (ppm) 21,5 (C-5"); 31,7 (C-4”);
40,2 (C-3%); 44,9 (C-6"); 56,4 (C-1"); 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) duoc
chung t6i tong hop tir axit L-glutamic qua 19 budc.
Pau tién cho chit 1 tic dung véi benzyl ancol véi su
c¢6 mat cua axit metansulfonic thu duogc axit L-
benzyl glutamic (2) v6i hiéu suét 1a 61 %. Nhom
NH, clia chit 2 dwoc chuyén héa thanh nhom OH
bang phan ung voi NaNO, trong hdn hop
AcOH/H,0O va nhom OH cua axit cacboxylic dugc
metyl hoa chon loc nhom béng Mel véi su ¢6 mat
ctia NaHCO; cho chat 3, voi hiéu suit tong hai phan
ung dat 70,2%. Cho chét 3 tac dung voi Ac,0 véi su
c6 mat cua pyridin thu duoc chat 4 voi hidu suat 1a
90 %. Khir hoa loai nhém benzyl hop chit 4 bang
phan tng hydro hoa véi xuc tac Pd/C trong MeOH
cho chit 5 véi hiéu sudt 1a 91 %. Nhom axit
cacboxylic cua chét 5 duoc khir hoa br?mg BH;.SMe,
cho ancol 6 véi hiéu suat ctia phan ung dat 71 %.
Cho chét 6 tac dung vo6i TsCl voi sy ¢6 mat cua Et;N
thu duge chdt 7 voi hidu suat 1a 70 %. Thuc hién
phan g azit hod chit 7 v6i NaNs tao chat azit rdi
hydro hoa tao vong lactam bang tac nhan khir hoa
Pd/C cho chét 8 voi hiéu suat tong qua 2 phan tng la
74 %. Bao vé nhom NH bang tac nhan Boc, cho san
pham 9 véi hiéu suét 1a 72 %. San pham allyl 10 thu
duoc tir chat 9 qua 3 bude, dau tién 1a khir hoa nhom
cacbonyl bing tdc nhan NaBH,, sau d6 axetyl hoa
bang tac nhan Ac,0, rdi cho tac dung v6i tac nhan
allytrimetyl Silan v6i sy ¢c6 médt cua axit Lewis cho
san phdm 10 voi hiéu suit tong qua 3 phan tng 1a
31,5 %. Oxi hoa nhom anken bang 1,3 dwong lugng
tac nhan mCPBA cho san phdm epoxy 11 véi hiéu
sudt cua phan tng 1a 70,5 %. Hop chit 12 thu dugc
tir epoxy 11 qua 2 budc, dau tién 1 phan mg cong
hop v6i 4-hydroxyquinazolin, sau d6 oxi hoa bang
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tac nhan Dess-Martin periodinane, véi hiéu suat tong
qua 2 phan ung 1a 25 %. Loai nhom bao vé axetat
bang Na,CO; va nhom Boc bang axit TFA r6i tao

Nghién ciru quy trinh tong hop...

mudi voi axit HCl ddc cho san phdm febrifugine
hydrochloride (13) qua 3 phan trng 1a 85 %.

0 o} 0 O 1.NaNO,(2eq), ACOHH,0 0 0
Toluen, BnOH (1,5 eq) 0°C, 3h
HO OH BnO OH > BnO OMe
NH, MeSO;H (1,2 eq), NH;OH NH, 2. DMF, Mel (1,5 eq), NaHCO; OH

. . 45°C, Th, 61%
axit L-glutamic 1

rt, 20h, 70,2% 3

pyridin, Ac,0 (3 eq)
60°C, 1h,90%

O (0] (6] . 0 o
BH;.SMe;, 1,5 eq Ha, 4% Pd/C
HO OMe HO OMe <—————— BnO OMe
OAc THF, 0°C, 3h, 71% OAc MeOH, tt, 3h, 91% OAc
6 5 4
EtsN (3 eq),
hah | T5CI(1,5 eq)
° | DMAP (0,4 eq)
0 Ohe OAc OAc
" Na'\é%((%eg%’ DMF Bocy (I 1.NaBH, (1,5 eq),MeOH, 0°C, 3h O/
70 OMe ‘ N0 CHACN. DMAP N™ 7072 Ac0 (15eq, TEA(3eq), N N
OAc 2. PdIC 4%, H, H 3 Boc DMAP (0,5 eq), 0°C, 3h Boc
7 . 4% 8 9 3 AlMesSi(15 eq), BFsELO (05eq) 10
-7&°C, 2h
31%
mCPBA (1,3 eq)

1. Na,COj3 (2 eq), MeOH
2. TFA (15 eq), CHCI3

93

3. HCI (3 eq), CHCl3
85% Boc

Hinh I: Quy trinh téng hop

Céc hop chét thu duoc trong qué trinh phan tmg
duoc xac dinh céu tric bang phuong phap phd khdi
luong, pho cong huong tr hat nhén 1 va 2 chiéu
(xem chi tiét trong phan thuc nghiém). Cu hinh cia
cac hop chit trung gian dugc xac dinh bang cac
phuong phap phd va so sanh [a]p voi tai liéu tham
khao. Hop chat 13 thu dwoc dudi dang chat rin mau
trang [a]”’p = +5,7°. Phd C-NMR cua 13 cho tin
hi€u ctia 16 nguyén ti cacbon trong d6 c6 2 nhém
cacbonyl ¢ o¢ 201,1 (C-2’), 159,9 (C-4), 1 nhém
metin gén v6i oxi ¢ &¢ 68,3 (C-3), 5 nhom metin spz,
5 nhém metylen, 1 nhém metin sp> va 2 cacbon bac
4. Trén phd 'H-NMR, & phia truong thip thdy xut
hién tin hi¢u cia 4 proton vong thom tuwong tac dang
ortho-disubstituted cua vong benzen ¢ oy 7,80 (1H,
t, J = 8,0 Hz, H-6), 7,86 (1H, d, J = 8,0 Hz, H-8),
8,08 (1H, dt, J = 8,0; 0,5 Hz, H-5), 8,35 (1H, dd, J =

CHCly, 1t, 10h, 70%

OAc
OAC 1. 4-hydroxyquinazoline (2 eq) o
TEA (2,4 eq), 60°C, 12h
9. "'//Q
2. Dess-martin periodinane 1
(3 eq), CH,Cl,, 1t, 6h Boc
25% 1

chat febrifugine hydrochloride (13)

8,0; 0,5 Hz, H-7). Tin hiéu cia 1 nhom metin va 1
nhom metylen lién két v6i nito vé phia truong thap ¢
9,27 (1H, s, H-2), 5,34 (2H, s, CH,-1’) va tin hiéu
ciia 1 nhom metin gan voi oxy ¢ 3,74 (I1H, dt, J =
9.5;4,0 Hz, H-3"") cung dugc quan sat thiy trén phod
1H-NMR Trén ph6 'H-NMR ciing cho tin hiéu cia 8
proton nam trong khoang &y 1,60-3,63. Phdé HSQC
cho phép xac dinh dugc 8 proton nay thudc vé 4
nhom metylen. Két hop cac dir liéu phé 'H-NMR,
BC-NMR, COSY, HSQC, HMBC, MS cho phép xac
dinh chat 13 1a febrifugine hydroclorid.

Loi cam on: Cong trinh nay dwoc thuc hién trong
khuén khé Nghi dinh thw cdp Nha nuéc voi Cong
hoa Phap do Bo KH&CN cdp kinh phi “Nghién ciru
umg dung cdc chdt long ion bat doi ximg dé tong
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hop febrifugine va cdc dan xudt. Khdo sdt hoat tinh
sinh hoc cua chung”.
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