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Abstract 

The fluoroquinolones are one of the most useful types of synthetic antibacterial agents due to their broad spectrum 
of activity against gram-positive and gram-negative bacteria and mycoplasma pneumoniae. Moxifloxacin with fewer 
side effects and extended half life, is a novel fourth-generation fluoroquinolone antibiotic developed by Bayer AG. 
Moxifloxacin is prescribed for the treatment of bacterial infections, including respiratory, soft tissue, urinary tract, and 
joint infections. We have synthesized the fluoroquinoline core and the side chain amine. In this paper, we report the 
synthesis of moxifloxacin using difluoroboron complex method. 
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1. MO DAU 

Khang sinh floroquinolon lit mgt nhdm khang 
sinh tdng hgp dugc sii dung phd bien do cd phd dieu 
trj rgng chdng vi khuan gay benh gram (+), gram (-). 
Moxifloxacin (hinh 1) la khang sinh quinolon the he 
mdi do hang dugc pham Bayer nghien ciru phat trien 
vdi uu diem la it tac dyng phy va thdi gian ban thai 
dai [1-3]. Moxifloxacin dugc sii dung de dieu trj cho 
cac nhiem khuan dudng hd hap, viem phdi cgng 
ddng, nhiem triing tiet nieu va khdp. Them vao dd, 
moxifloxacin dang dugc nghien ciru tren lam sang 
dl sti dung cho diiu trj lao da khang thudc [4]. 

$ 

Moxifloxacin 
Hmh I: Ciu frtic hda hgc cita moxifloxacin va 

ehe pham Avelox® 

Chiing tdi da nghien ctiu tdng hgp thanh cdng 
nhan khang sinh quinolone va amin mach nhanh [5, 
6]. Khang sinh Moxifloxacin cd thi dugc tdng hgp 
bing each ket hgp nhan khang sinh vdi amin mach 
nhanh theo cac phuong phap va diiu kien khac nhau 
[3, 7-10]. Trong khudn khd bai bao nay, chung tdi 
thdng bao ket qua nghien ciru quy trinh tdng hgp 

khang sinh moxifloxacin sir dung phuong phap phiic 
chat difloroboron. Phan irng tgo thanh san pham 
Moxifloxacin vdi do chgn Igc cao va vdi hieu suat 
kha tdt. 

2. THU'C NGHIEM 

2.1. Thilt bi, hoa chit 

s ic ki Idp mdng (SKLM) thyc hien tren ban 
mdng silica gel 6OF254 (Merck) va quan sat dudi den 
UV, budc sdng 254 nm. Phd cgng hudng tCr hgt nhan 
dugc ghi fren may Bruker Avance 500 MHz vdi 
TMS lam chit ndi chuan, do dich chuyen hda hgc 
dugc bao cao theo sd lieu ppm. Hda chat va dung 
mdi dugc mua tir nhiing nha cung cap nhu cdng ty 
hda chit Aldrich, Merck hay Acros va sir dung 
khdng qua tinh ehe. 

2.2. Thi nghiem 

2.2.1. Tdng hgp phuc difloroboron sir dung tdc nhdn 
HBF, 

Hon hgp phan irng gdm nhan khang sinh 1 (1 g, 
3,1 mmol) va dung djch HBF4 trong nudc 50 % (5 
ml; 31,4 mmol, 10 equiv) cho vao mdt binh cau 10 
ml. Dun ndng hdi luu cd khuay trdn d nhiet do 100 
"C, theo ddi phan ting bang sac ky lop mdng. Sau 20 
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gia phan img ket thuc. Them 10 ml nircrc cdt vao hon 
hgp, r6i lam lanh phan umg ve 0-5 °C, sau 2 gia dem 
loc thu I3y kk tiia va rira tiia bing nuac cat cho tai 
khi pH trung tinh. San phim 2 dem siy kho a 40-
50 °C tdi khoi lirgng khong d6i. Kh6i lugng thu 
dugc 0,97 g, hieu suit la 91,3 %. 

2.2.2. Tong hop phuc difluoroboron sir dung tdc 
nhdn BF3.EI26 

Hoa tan nhan khang sinh 1 (10 g, 30,9 mmol) 
trong 30 mL THF, sau do cho them tac nhan boron 
triflorid BFj.Et20 (40 mL, 318 mmol), h6n hgp 
dugc dun hoi liru cr nhiet do 70-75 °C. Kiem tra tien 
do phan UTig bang sac ky lop mong. Phan img ket 
thuc sau 48 gia, dua hon hgp ve nhiet do phong vii 
de san phim k6t tinh g nhiet do thap. Lgc, rira bang 
dietyl ete thu dugc san phSm 2 vai khoi lugng 9,27 
g, hieu suit 87,5%. 

Bgt kSt tinh mau tring; t° nc: 270-272°C; ' H -
NMR (500MHz, CDCI3) 5 (ppm): 9,04 (s, IH, H-2); 
7,98 (m, IH, H-5); 4,35 (m, IH, CH-N); 4,10 (s, 3H, 
OCH3); 1,29-1,27 (m, 2H, Qi-cyclopropyl); 1,21 
(m, 2H, Cib-cyclopropyl). 

2.2.3. Quy trinh chung tdng hop moxifloxacin (5) tit 
phuc difloroi)oron (2) 

Hoa tan phtrc difloroboron 2 (1 g, 2,91 mmol) 

Le Nguyen Thanh va cong s^ 

trong dung mSi phan ung (MeCN, MeOH hay 
EtOH) (8 mL), sau do cho trietylamin (0,61 mL, 4,4 
mmol), va amin 3 (405 mg, 3,21 mmol). Phan tag 
dirge khuay trgn a nhiet d0 phong hay dun n6ng 4 
nhiet dg xic dinh. Kiem tra tign trinh phan img bang 
sic ky lap mong. 

K6t thiic phan iimg, loai bo dung moi dufti ap 
suat giam de thu dugc san phim tho 4 la chit bpt 
mau vang. Hoa tan lai trong MeOH (5 ml), cho thgm 
ti8p trietylamin (0,28 mL, 2 mmol) va h6n hgp dirge 
dun nong a nhi?t dg 70-80 °C trong 5 gia. B6c hoi 
dung moi duoi ap suat giam, cho them nu-gc va chiet 
lay san pham bang diclometan. Dich hiru eg dirge 
lam kho qua natri sulfat, lgc va cat loai dirgi ap suit 
giam. 

San pham 5 thu dugc co dang bgt mau vang 
nhat; t° nc: 206-208 °C; ik (cm''): 3478^ 3168, 2942, 
1709, 1623, 1521, 1454, 1318, 1186. 'H-NMR 

(500MHz, DMSO-rfS) 6 (ppm): 8,62 (s, IH, H-2); 
7,60 (d,y= 14,5 Hz, IH, H-5); 4,12-4,10 (m, 1H,H-
13); 3,98-3,94 (m, IH); 3,88-3,86 (m, IH); 3,54 (s, 
3H, H-12); 3,37-3,23 (m, 3H); 2,88-2,86 (m, IH); 
2,54-2,51(m, IH); 2,24 (m, IH); 1,73-1,59 (m, 3H); 
1,41 (m, IH); 1,21-1,17 (m, IH); 1,13-1,08 (m, IH); 
1,02-0,96 (m, IH); 0,89-0,84 (m, IH). "C-NMR 
(125MHz, DMS0-rf6) 5 (ppm): 175,8; 165,9; 153,7; 
149,9; 140,2; 137,3; 134,5; 116,4; 106,3; 106,1; 
61,1; 58,5; 56,0; 52,1; 44,4; 40,6; 36,3; 22,9; 21,5; 
9,6; 8,1. ESI-MS m/z [M-H]: 400. 

T S ' ™'̂  
MeOH iiydroclorid 6 

Sa do 1: Quy trinh tong hgp moxifloxacin su dung phiirc difloroboron 

2.2.4. Tao muoi Moxifloxacin iiydroclorid 6 gii 

Lay 5 g moxifloxacin 5 hoa tan trong h6n hgp 
dung moi methanol va diclometan (25 mL: 5 mL). 
Them vao do dung dich HCI 3,5 N trong metanol 
den khi pH axil, kit tiia moxifloxacin hydroclorid 
dugc tao thanh. Di lanh dung djch trong vong 3-4 

gia va lgc de thu dugc mu6i moxifloxacin 
hydroclorid vol hieu suit 90,3 %. 

San pham moxifloxacin hydroclorid 6 thu ducfc 
CO dang bgt mau nga; t°nc: 240-243 °C; ' H - NMR 
(500MH2, D2O) 6 (ppm): 8,57 (s, IH, H-2); 6,86 (d, 
J= 13,5 Hz, IH, H-5); 4,08 (s, IH); 4,04 (m, IH); 
3,94 (s, IH); 3,78-3,65 (m, 3H); 3,52 (s, 3H, H-12); 
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3,35 (m, IH); 3,06 (m, IH); 2,77 (s, IH); 1,87- 1,81 
(m, 4H); 1,23 (m, IH); 1,10 (m, IH); 1,01 (m, IH); 
0,91 (m, IH). '^C-NMR (125 MHz, D^O) 5 (ppm): 
175,0; 169,0, 152,4; 150,1; 141,2; 137,2; 134,4; 
116,7; 106,0; 104,9; 61,7; 55,3; 53,8; 51,8; 42,6; 
41,3; 34,4; 20,5; 17,5; 9,4; 8,3. 

3. KET QUA VA THAO LUAN 

Chung tdi ti6n hanh nghien ciru tdng hgp 
Moxifloxacin tir nguyen lieu dau la nhan khang sinh 
floroquinolon 1 va amin mach nhanh 2 thdng qua 
phirc difloroboron,. Cac ket qua nghien ciru trudc 
day ket hgp true tiep nhan khang sinh va amin mach 
nhanh trong dung mdi DMSO ddi hdi sii dung lugng 
amin dit tien Idn, phan iing tao san phSm phu la 
ddng phan vi tri, khd tach loai khdi Moxifloxacin 
[3]. Tdng hgp Moxifloxacin qua phiic chdt boran cd 
uu diem la phan ting se chgn lgc vao vi tri F sd 7 va 
chi can sir dung lugng amin la ddng lugng vdi nhan 
moxifloxacin. 

Trudc tien, chiing tdi khao sat su tao phirc 
difloroboron cita hgp chat nhan khang sinh (1) vdi 
tac nhan HBF4 va boron trifloride [11, 12]. Ket qua 
cho thay phirc chat difloroboron dugc tao thanh vdi 
hieu suat tuong iing la 91,3 % va 87,5 %. Viec sii 
dung dung dich HBFj 50 % cho hieu suat cao hon 
nhung tac nhan la dSt ti6n va qua trinh phan iing tao 
ra HF gay an mdn binh phan iing thiiy tinh [12]. Do 
vay chiing tdi lira chgn boron triflorid lam tac nhan 
tao phirc tren quy md Idn. Tren phd cgng hudng tu 
hat nhan proton cita san pham, cd cac pic proton H-2 
tai 9,04 ppm, pic hydro cita vdng benzen tai 7,98 
ppm, va pic ciia nhdm OMe tai 4,10 ppm. Vdng 
xyclopropyl cd cac pic 1 hydro d 4,35 ppm va 4 
hydro d khoang 1,29 den 1,21 ppm. Tren phd proton 
thay mat di pic ctia nhdm etyl ester cua hgp chat 
nhan floroquinolon. Cac tin hieu phd thu dugc la 
phit hgp vol tai lieu tham khao, cho phep xac dinh 
cau true mong mudn [11]. 

Tiep theo, chiing tdi tien hanh nghien ciiu phan 
ling gan nhdm amin 3 vao nhan thom. Phan irng cd 
tinh chgn lgc vj tri do bleu irng phan bd lai dien tu 
ctia phirc chat difluoroboron, va kha nang phan iing 
manh hon ciia nhdm amin trong vdng pyrrolidin, 
amin 3 tan cdng chon loc vao vj C-7 cua phan 
til 2 [2]. • 

Chiing tdi da ti£n h^nh phan iing trong cac dieu 
kien dung mdi kliac nhau lan lugt la acetonitril, 
metanol, etanol va toluen, phan ting dugc dun ndng 
d nhiet dg 80 °C. Cac ket qua thu dugc cho thay vdi 
dung mdi acetonitril cho hieu suat cao nhat la 60,5 
%, thdi gian pban irng ngan. Cac dung moi metanol 
va etanol cho phan hieu suat kha tuong duong nhau 
dSu xap xi 56 %. Phan ting sti dung toluen cho hieu 

Nghien ciru long hgp khdng sinh... 

suit thap 41,7% (bang 1) 

Bdng 1: KSt qua khao sat phan iing sii dung 
dung mdi va nhiet dd kliac nhau 

TT 

1 

2 

3 

4 

5 

6 

Dung 
moi 

MeCN 

MeOH 

EtOH 

Toluen 

MeCN 

MeCN 

Nhiet 
do, °C 

80 

80 

80 

80 

50 

25 

Thdi 
gian, gia 

2 

5 

7 

12 

4 

6 

Hieu 
suit, % 

60,5 

56,1 

56,6 

.41,7 

63,7 

67,8 

Ti^p dd chiing tdi sir dung dung mdi axetonitril 
va khao sat nhiet do phan iing. O nhiet dd thap, thdi 
gian phan iing dai bon, tuy nhien hieu suat phan irng 
tang len. Chung tdi thu dugc san pham moxifloxacin 
vdi hieu suat cao nhat la 67,8 % 0 nhiet do thudng. 

Cau triic cita san pham dugc xac dinh bang cac 
phuong phap phd hdng ngoai, cdng hudng tir va phd 
khoi. Tren phd hdng ngoai chung tdi thay cd xuat 
hien pic cita nhdm N-H d 3478 cm'', nhdm xeton va 
axit tai 1709 cm"' va 1623 cm"'. Tren phd cgng hudng 
tir hat nhan proton ben Canh cac tin hieu ciia nhan 
floquinolon cd xuat hien them cac pic cua amin mach 
nhanh vdi d cac vi tri tir 1,41-3,96, Tren phd cgng 
hudng tir cacbon xuat hien cac pic cua nhdm xeton d 
175,8 ppm, pic ciia nhdm axit 165,9 ppm. 8 pic cua 
nhan quinolon xuat hien d khoang 106 1-153,7 ppm. 
Pic nhdm metoxy d vi tri 61,1 ppm trong khi 10 pic 
ciia mach nhanh amin va vdng xyclopropan d vi tri 
tir 8,1 den 58,6 ppm. Phd khdi cd pic ion phan tir 
[M-H]' m/z = 400 nen pic khdi lugng phan tir la 401, 
tuong ling vdi cdng thirc phan tir C2|H24FN304. Cac 
dir lieu phd tren cho phep khang djnh cau true ciia 
san pham thu dugc lit moxifloxacin. Tiep dd, chiing 
tdi tien hanh tao mudi moxifloxacin hydroclorid 
bang each phan iing vdi dung dich HCI trong 
metanol. San pham moxifloxacin hydroclorid 6 thu 
dugc vdi hieu suat 90,3 % cd dir lieu phd phii hgp 
vdi tai lieu tham khao [ 13] (bang 2). 

4. KET LUAN 

Chiing tdi da nghien ctiu thanh cdng tdng hgp 
khang sinh moxifloxacin bang phuong phap tao 
phirc difloboron. Phan ting tao moxifloxacin cd hieu 
suat tdt, cd tinh chgn lgc vi tri, khdng tao san pham 
phu. Phan iing tao phirc sir dung BF3Et20 la hda 
chat thdng dung cho hieu suat cao, cd kha nang sii 
dung d quy md Idn. O phan iing gan amin tao 
Moxifloxacin, chiing tdi da khao sal cac dieu kien 
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dung moi va nhiet do ciia phan iing. Sir dung dung 
mdi acetonitril cho hieu suat cao nhat d nhiet dp 
phdng. Moxifloxacin dugc tdng hgp vdi hieu suat 
hieu suSt tdng cdng la 60 %. Dang dugc dyng 
Moxifloxacin hydroclorid thu dugc tir Moxifloxacin 

^ ̂ g sinh 

lifloxacin 
vdi higu suat 90,3 %. Tong hgp 
floquinolon nhu Moxifloxacin hay 
bang cac phuong phdp cd hi$u qua c.io dang dugc 
chiing tdi nghien cuu va bao cao t rong nhiing bai 
bao tiep sau. 

Bang 2: So lieu 

Vi tri C 

C-4 
C-11 
C-2 
C-S 
C-12 
C-13 
C-9' 
C-7' 
C-3' 

C-r 
C-6' 
C-4' 
C-5' 
C-15 
C-14 

pho 'H va '̂ C ciia san phim 5, Moxifloxacin hydroclorid va chit tham khao (MoxLHCl") 

'H-NMR (5) 
Moxi 5 

8,62 (s) 
7,61 (d) 
3,54 (s) 

2,24-4,12 
(ra) 

1,41-1,73 
(m) 

0,84-1,25 
(m) 

Moxi.HCI 6 

8,57 (s) 
6,86 (d) 
3,52 (s) 

2,77-4,08 
(m) 

1,81-1,95 (m) 

0,9-1,3 (m) 

Moxi.HCr 

8,8 (s) 
7,2 (d) 
3,6(8) 

2,8-4,4 
(m) 

1,8-2,0 (m) 

0,9-1,4 (m) 

"C-NMR (S) 
Moxi 5 
175,8 
165,9 
153,7 
106,1 
61,1 
58,5 
56,0 
52,1 
44,4 
40,6 
36,3 • 
22,9 
21,5 
9,6 
8,1 

Moxi.HCI 6 
175,0 
169,0 
152,4 
104,9 
61,7 
55,3 
53,8 
51,9 
42,6 
41,3 
34,4 
20,5 
17,5 
9,4 
8,3 

Moxi.HCI" 
178,5 
172,3 
153,4 
103,4 
64,7 
58,5 
57,0 
54,5 
45,6 
44,3 
37,4 
23,5 
20,4 
12,4 
11,2 

' Do ph6 trong DjO, ' H ; 200 MHz, '^C; 50 MHz. 

Ld i cam on . Cdng trinh ndy dugc thuc hien trong 
khudn khd di tdi "Nghien ciru qui trinh cong ngh? 
tdng hgp thudc khdng sinh fluoroquinolon thi he 
mdi Moxifloxacin " thudc chuong trinh "Nghien ciru 
khoa hgc cdng nghe trgng diem qudc gia phdt trien 
cdng nghiep hda dugc den ndm 2020" do Bd cdng 
thirang cdp kinh phi, md sd di tdi CNHD.BT. 
038/12-14. 
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