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(54) QUY TRINH TONG HGP LINEZOLID

(57) Giai phap hiru ich d& cip dén quy trinh téng hop linezolid, trong d6 cai tién & ba budc
(budc (ii), budce (iii) va budce (v)) voi sy thay d6i cac tac nhan phan Gmg thich hop trong
quy trinh bay budc dat hiéu sut toan phan 1a 37%, cac budc con lai duoc thuc hién twong
tu cac quy trinh d3 biét. Uu diém cta quy trinh nay 13 cac budc cai tién dugc thuc hién don
gian, thoi gian thuc hién phan tmg dugc rat ngin, tic nhan sir dung hop 1y khong du thira
va tiét kiém nang luong, do d6 c6 kha niang nang cao hiéu qua kinh té va than thién voi moi
truong hon so véi cac quy trinh di biét.
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Linh vue ky thuit dwoc dé cip

Gidi phap hitu ich d& cip dén quy trinh téng hop linezolid (S)-N-((3-(3-flo-4-
morpholinophenyl)-2-oxooxazolidin-5-yl)metyl)axetamit (1) dung dé san xuét thudc khang
sinh, trong d6 mot sb bude duoce cai tién dé nang cao hiéu suét va mirc dd than thién véi
mdi trudng cla quy trinh.

Tinh trang ky thuat cia giai phap hiru ich

Hop chat linezolid (1) 13 hop chét ding dé san xuét thudc khang sinh tong hop toan
phan, thuéc nhém oxazolidinon méi nhit hién nay. Hop chit nay da duoc nghién ctru va
phat trién boi cong ty Pharmacia & Upjohn (nay thugc Pfizer) tir nam 1990 va duoc FDA
phé chuan st dung vao nam 2000." Thude duoc sir dung dé diéu tri cac trudong hop nhiém
khudn ning giy ra boi cac vi khudn Gram (+) nhu nhiém tring nang ¢ da, viém mé mém
va viém phdi (ca viém phdi mic phai ¢ bénh vién), nhiém khuin huyét, viém mang trong
tim, diic biét cac bénh nhiém khuin da khang cac ho khang sinh khac, vi du nhu nhiém
khuin Enterococci khang vancomycin  (VRE) hay Staphylococcus aureus khang
methicillin (MRSA) (Brickner, S. J. Curr. Pharm. Des., 1996, 2, 175-94; Herrmann et al.,
Expert Rev Anti Infect Ther (2008), 6, 825-848).

Cong thure phan tr cda linezolid: C4H,,FN;0,

Cong thirc cau tao cua linezolid 1a:

Linezolid c6 tén khoa hoc 1a (S)-N-((3-(3-flo-4-morpholinophenyl)-2-oxooxazolidin-
5-ylmetyl)axetamit (1), phan tir gom vong morpholin C, vong thom B va vong
oxazolidinon A 1ién két v&i nhau qua di t6 nito, mot mach nhanh metylaxetamit tai C-5 cia
vong A.

Céc quy trinh tong hop linezolid da duoc cong bd déu tap trung vao phat trién céc
lién két giita cac phan trong phan tu:
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(i) Quy trinh cua Pharmacia & Upjohn (Brickner et al., J. Med. Chem. 1996, 39, 673-
679) v6i so dd phan ting nhu duge thé hién trong Hinh 1 dudi day 1a mot trong nhitng quy
trinh phd bién nhat dé tdng hop nhan oxazolidinon:
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Hinh 1. So db tong hop linezolid theo quy trinh cua Pharmacia & Upjohn

Trong d6, tir cac chit sin co thuong mai, morpholin (2) va 3,4-diflo- nitrobenzen (3)
v6i su c6 mit cla trietylamin, chét trung gian 3-flo-4-morpholinyl-nitrobenzen (4) dugc
téng hop. Tiép theo hop chét nitro 4 dwoc hydro héa bing xtic téc 1a Pd/C dé tao ra anilin 5
va amin nay phan tng v&i cloformat 6 tao ra carbamat 7. Carbamat 7 dugc chuyén sang
dang anion bing butyllithi sau d6 anion nay dugc phén tng v6i (R)-glycidyl butyrat (8) dé
dong vong tao thanh chit trung gian chia khoa oxazolidinon 9. Tiép theo 13 phan ung
chuyén hoéa nhom hydroxy ctia 9 sang nhém amin qua mét sé buée bao gdm phéan ung cua
hop chat 9 véi metylsufonyl clorua tao ra hgp chit mesylat 10. Phan g thé S\2 nhém
mesylat cua 10 v6i NaN; dé thu duge azit 11. Khir héa azit 11 véi xtc tac 1a Pd/C dé tao ra
amin 12. Cudi cuing phan tmg axetyl hoa hop cht 12 dé thu duoc linezolid (1). Nhuoc
diém cta quy trinh phan Gmg nay 1a phan tmg gilta carbamat 7 va (R)-glycidyl butyrat (8)
str dung tac nhén butyllithi d& chay nd va can dién ra & nhiét do thép (-78°C) nén khong
pht hop cho viée san xuét linezolid véi lwong l6n.

(ii) Quy trinh ciia Li (Li et al., Chinese Chemical Letters (2013), 24, 230-232) véi so dd
phan tmg nhu dugc thé hién trong Hinh 2 dué6i day:
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Hinh 2. So d6 tong hop linezolid theo quy trinh cta Li

Trong quy trinh ndy, hop chit chia khoéa di vong oxazolidinon (R)-5-
(clometyl)oxazolidin-2-on (14) duoc tong hop bang phan ung truc tiép gitta (R)-
epiclohydrin (13) véi natri xyanat trong dung mdi nuée & nhiét do 60°C. Chét trung gian
nay phan tng véi kali phtalimit dé tao ra hop chit (S)-2-((2-oxooxazolidin-5-
yDmetyl)isoindolin-1,3-dion (15). Phan tng Goldberg gitta 15 va 4-(4-bromo-2-
flophenyl)-morpholin (16) v6i Cul 1a xtc tac tao ra hop chéit 17. Hop chét nay s& phan ung
v6i  hydrazin  hydrat dé  thu  dugc  (S)-5-(aminometyl)-3-(3-flo-4-
morpholinophenyl)oxazolidin-2-on (12). Cudi cing phan ng axetyl héa hop chat 12 dé
thu duogc linezolid (1). Uu diém cua quy trinh nay la it buéc phan tmg hon so vGi quy trinh
ctia Pharmacia & Upjohn, tuy nhién phan tng tong hop vong (S)-5-(clometyl)oxazolidin-
2-on (14) dung natri xyanat cho hiéu suét thip va phan tmg Goldberg tong hop 17 st dung
xtc tdc Cul cling chi dat dugc hidu suét trung binh.

(iii) Quy trinh cua Xu (Xu et al., Heteroat. Chem, 2008, 19, 316-319) véi so dd phan ung
nhu dugc thé hién trong Hinh 3 dudi day:
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Hinh 3. So d6 téng hop linezolid theo quy trinh cua Xu
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Trong quy trinh nay, chét trung gian chia khoéa oxazolidinon 9 dugc tdng hop qua hai
buée phan tng chinh la phan Gng amin héa khu anilin § véi (S)-glyxeraldehyt axetonit
(18) d& tao ra hop chit N-[4(R)-(2,2-dimetyl-1,3-dioxolan-4-yl)metyl]-3-flo-4-
morpholinylanilin (19). Sau khi thiy phan dioxolan 19 nay bing dung dich axit HCI trong
metanol, phan mg déng vong cta chit trung gian nay vdi triphdtgen véi su ¢ mit cua
K,CO5 d tao ra 9. Sau d6 1 s& dwoc téng hop tir 9 véi cac bude phan tng gidng nhu quy
trinh ctia Pharmacia & Upjohn. Uu diém cua quy trinh nay 1a dung hop chit ban dau (S)-
glyxeraldehyt axetonit (18) c¢6 thé tong hop dwoc tir Vitamin C nén gia thanh nguyén li€u
dau vao s& ré hon so véi dung (R)-glycidyl butyrat (8) va (R)-epiclohydrin (13) theo cac
quy trinh téng hop & cac so dd hinh 2 va hinh 3 & trén. Tuy nhién, phan ung dong vong tao
oxazolidinon 9 phai ding triphosgene 14 mot chit doc hai, hon nita hiéu suit phan ung nay
cling thap nén s& khong phi hop vé6i viée san xuit linezolid.

(iv) Quy trinh cia Lee Pharma Limited (Alla et al., US 20130324719A1) véi so dd phan
tmg dugc thé hién trong hinh 4 dudi day:
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Hinh 4. So d6 tong hop linezolid theo quy trinh cta Lee Pharma Limited

Trong quy trinh ndy, (R)-epiclohydrin (13) duge dung phan tmg truc tiép véi anilin 5
tao thanh dan xuét 20. Phan tng carbonylation ctia 20 vdi carbonyl diimidazol (CDI) tao ra



2479

dan xuat di vong (SR)-5-(clometyl)-3-(3-flo-4-morpholinophenyl)-oxazolidin-2-on (21).
Tiép theo, phan ting axetyl hoa oxazolidinon 21 bing natri axetat tao thanh 22. Thiy phan
hop chét nay bang natri -butoxit tao thanh ruou 9. Phan ing mesylat hoa rugu nay tao
thanh din xut 10, chit nay phan tng vé6i kali phtalimit cho hop chit 23. Cac budc tiép
theo 12 phan ung khtr 23 bing hydrazin hydrat thu dugc amin 12 sau d6 axetyl hoa véi
axetic anhydrit dé tao thanh linezolid (1). Nhin chung viéc tong hop cac chat trung gian
dén san pham linezolid trong quy trinh ndy cho hi¢u suit turong dbi cao trong mdi budc
phan tng. Tuy nhién, quy trinh nay gdm nhiéu budc phan tmg nén s& lam giam hiéu suét
toan phan cla quy trinh.

Ban chét ky thuit cia giai phap hiru ich

Muc dich ctia giai phap hitu ich 1a nham khic phuc cac nhuge diém cia cac quy trinh
tdng hop linezolid da biét néu trén.

Dé dat duoc muc dich nay, giai phap hitu ich d& xuét quy trinh tong hop linezolid bao
gdm 7 budc, trong do bude 2 , bude 3 va bude S duge cai tién dé phu hop véi diéu kién &
Viét Nam va nhidm ting hiéu suat ctia quy trinh.

Bu6e 1 1a tdng hop 3-flo-4-morpholinyl nitrobenzen (4) tir morpholin va 3,4-
diflonitrobenzen (3), budc nay dugc thuc hién theo céach thiurc twong tu hodc giéng nhu
trong cac quy trinh da dugc cong b6.

Budc 2 1a phan Umg khtir nhom NO, cta hop chit 4 (3-flo-4-morpholinyl nitrobenzen)
thanh hop chét anilin 5 (3-flo-4-morpholinyl anilin). Buéc nay da dwgc cai tién bang cach
str dung hé tac nhan Zn/CH;COOH trong dung mdi EtOH dé thay thé cho cac quy trinh sir
dung Hy/xtc tac Niken-Rany ¢ ap suét 4 kg/cm2 hay xuc tac Pd/C hodc hé Fe/HCL

Budc 3 1a phan tmg két hop hop chét anilin 5 véi (R)-epiclohydrin 13 dé tong hop N-
[3-clo-2-(R)-hydroxypropyl]-3-flo-4-morpholinyl anilin (20), trong d6 dugc cai tién bing
cach bo qua bude tinh ché ma sir dung toan b san pham thé tao thanh cho budc tiép theo
sau khi xir Iy hon hop phén tng.

Buéc 4 la phan tng dong vong hop chit hydroxy anilin 20 st dung carbonyl
diimidazol dé tong hop (5R)-5-(clometyl)-3-(3-flo-4-morpholinophenyl)-oxazolidin-2-on
(21).
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Bud6e 5 1a phan tng Gabriel tong hop (8)-3-(3-flo-4-morpholinophenyl)-2-o0x0-5-
oxazolidinyl metyl phtalimit (23) da dugc cai tién bing cach su dung cac tac nhan
phtalimit va KOH gi4 thanh thap hon thay thé cho kali phtalimit va xtc tac KI, nho d6 [am
giam thoi gian va nhiét d6 phan img tir 150 °C xuéng 60 °C va hiéu xuit phan tmg cao hon
tir 85% 1€n 90%.

Bude 6 1a phan tng khit hop chat phtalimit 23 dé tdng hop hop chit (S)-3-(3-flo-4-
morpholinophenyl)-2-oxo-5-oxazolidinyl metyl amin (12) bang céch sir dung hydrazin
hydrat duoc tién hanh theo cac quy trinh da cong bé.

Budc 7 la phan Gng axetyl hoa amin 12 dé téng hop chit cubi (8)-3-(3-flo-4-
morpholinophenyl)-2-o0xo0-5-oxazolidinyl metyl axetamit (1) nhd st dung axetyl clorua
duoc tién hanh theo cac quy trinh da cong bd.

M3 ta chi tiét giai phap hiru ich
Quy trinh tong hop linezolid theo giai phap hitu ich bao gom 07 buéc phan ung nhu
dugc thé hién mot cach khai quét trong so d0 phan tmg & Hinh 5 duéi day:
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Hinh 5. So d6 téng hop linezolid ctia GPHI
Vi du thwe hién giai phap hiru ich

Tiép theo, quy trinh téng hop linezolid theo giai phap hiru ich s& duoc thé hién mot
cach cu thé hon béng cach md ta lan lugt chi tiét tung budce thuc hién nhu sau:

Buéc 1: Téng hop 3-flo-4-morpholinyl nitrobenzen (4)
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Hon hop dung dich cta 3,4- diflonitrobenzen (1,59 g; 10 mmol), morpholin (1,09 g;
12 mmol) va trietyl amin (1,01 g, 10 mmol) trong axetonitril (100 mL) duoc khudy va dun
hdi lwu (¢ 80°C) khoang 6 gio thi dimg phan tng (kiém tra phan @ng két thic bang sic ky
16p méng (SKLM)). Hn hop phan tng duoc dé ngudi dén nhiét do phong rdi thém dan
nude (600 mL) vao. Két tia mau vang chanh xuat hién, tiép tuc khudy thém 1 gio nira thi
dimg. Két tia dugc loc, rira bang nude dén pH trung tinh, chat ran duoc két tinh lai bang
hé axeton/nude (3/2, thé tich/thé tich, 10 ml) thu duoc 2,08 g hop chét 4 c6 dang tinh thé
mau vang voi hiéu suét 92%.

Hop chit 4: '"H NMR (500 MHz, CDCls,): 7,99 (1H, ddd, J = 8,5, 2,5, 1,5 Hz; H-6);
791 (1H, dd, J = 3,5, 2,5 Hz, H-2); 6,92 (1H, t, J = 8,5 Hz, H-5); 3,88 (4H, m; 2H-3¢, 2H-
5¢, CH,-O-CH.,); 3,29 (4H, m; 2H-2¢, 2H-6°, CH,-N- CH>). >C NMR (125 MHz, CDCl5):
153,13 (CF-3; d, J = 247,5 Hz); 145,47 (C-4; d, J= 7,5 Hz); 140,83 (C-1: d, J = 8,75 Hz);
120,98 (C-6; d, J = 2,5 Hz); 116,89 (C-5; d, J= 3,75 Hz); 112,59 (C-2; d, J = 26,25 Hz);
66,58 (C-3¢, C-5¢, CH,-O-CH,); 49,93;49,89 (C-2°, C-6°, CH,-N-CH,). ESI-MS m/z 227
[M +H]".

Buée 2: Tong hop 3-flo-4-morpholinylanilin (5)

Trong mdt binh 3 ¢6 da nap day khi N,, hdn hop phan tng gém 3-flo-4-morpholinyl
nitrobenzen (4) (2,26 g, 10 mmol), Zn (6,53g; 50 mmol), CH;COOH: 6 mL (100 mmol) va
etanol (50 mL) dugc lan lugt cho vao véi khudy & nhiét d6 phong trong 4 gid. Sau khi
phan tmg két thic (Kiém tra bang SKLM), phan ting dugc ct loai etanol rdi khudy chiét
v6i CH,Cl, (5 x 25 mL). Dich chiét CH,Cl, dugc két hop lai, duoc rira v6i dung dich mudi
bio hoa (3 x 25 mL) va lam khan bang Na,SO, rdi loai bot dung méi bing ¢d quay chan
khong thu duogc chit rin tréng. Chét rén thu dugc dugce két tinh lai trong etanol thu duoc
1,82 g chit 5 véi hiéu suat 93%.

Hop chat 5: '"H-NMR (500 MHz, CDCls,): 6,78 (1H, dang t, J = 8,5 Hz, H-5); 6,42-
6,37 (2H, m, H-2, H-6); 3,83 (4H, dang t, J = 4,5 Hz, 2 H-3¢, 2H-5°, CH,-O-CH,); 3,59
(2H, br s, NH,); 2,95 (4H, dang t, J = 4,5 Hz, 2H-2¢, 2H-6°, CH,-N- CH,). °C NMR (125
MHz, CDCLy): 156,79 (CF-3; d, J = 243,75 Hz); 143,30 (C-1; d, J = 10 Hz); 131,64 (C-4;
d, J=10 Hz); 120,31 (C-5; d, J = 3,75 Hz); 110,62 (C-6; d, J = 2,5 Hz); 103,85 (C-2; d, J
= 14,88 Hz); 67,14 (C-3¢, C-5°, CH,-O-CH,); 51,78; 51,77 (C-2¢, C-6°, CH,-N-CH,). ESI-
MS: m/z =197 [M + H]".

Buée 3: Tong hop N-[3-clo-2-(R)-hydroxypropyl]-3 “flo-4 ‘“morpholinyl anilin (20)
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Trong mdt binh 3 cd lép sinh han hdi luu, phéu nhé giot, di duoc nap dﬁy khi nito,
hon hop dung dich cta 3-flo-4-morpholinylanilin (1,96 g, 10 mmol) va R-epiclohydrin (15
mmol, 1,79 g, 1,52 mL) trong fertz.-butanol (10 mL) da duoc dun hdi luu trong 16 gio.
Phan tng két thuc (Kiém tra SKLM), dung méi da duge cat loai thu dugc can 1a chét ran
(2,88 g), chét ran nay duoc dem di phan ing ngay ma khong can tinh ché thém. [Chat 20
sach duoc tinh ché tir hdn hop san phdm thd cua phan Gmg qua sic ky cot trén silicagel st
dung hé dung maéi tach la n-hexan/EtOAc (3/1, thé tich/thé tich)].

Hop chit 20: 'H-NMR (500 MHz, CDC,): 6,82 (1H, t, J = 9 Hz, H-5); 6,41-6,35
(2H, m, H-2%, 6°); 4,11 (1H, m, H-2); 3,83 (4H, m, 2H-3, 2H-5¢, -CH,-O-CH,-); 3,65-3,56
(2H, m, H,-3; -CH,-C1); 3,38 (1 H, br s, NH); 3,30 (1H, dd, J = 4, 13 Hz, Ha-1, CH,-N);
3,13 (1H, dd, J = 7,5, 13 Hz, Hb-1, CH,-N); 2,95 (4H, m, 2H-2°, 2H-6*, -CH,-N-CH-).
13C NMR (125 MHz, CDCly): 156,80 (CF-3¢, d, J = 242.5 Hz); 144,58 (C-1, d, J= 10 Hz);
130,91 (C-4%, t, J = 8,75 Hz); 120,26 (C-5°, d, J = 5 Hz); 108,66 (C-6°, d, J = 2,5 Hz);
101,84 (C*-2, d, J = 23,75 Hz); 69,63 (C-2); 66,97 (C-3*, C-5%, -CH,-O-CH,-); 51,61;
51,60 (C-2%, C-6%, -CH,-N-CH,-); 47,28 (C-1; 3). ESI-MS: m/z = 289 [M + HJ".

Budée 4: Tong hop (SR)-5-(clometyl)-3-(3-flo-4-morpholinophenyl)-oxazolidin-2-on (21)

Trong mdt binh cdu 3 ¢b 1ip sinh han hdi luu, da duge nap diy khi nito, hdn hop
dung dich cta N-[3-clo-2-(R)-hydroxypropyl]-3-flo-4-morpholinyl anilin (20-san pham
tho, 2,88 g, ~ 10 mmol) trong CH,Cl, khan (30 mL) dugc thém carbonyl diimidazol (CDI,
15,75 mmol, 2,6 g) roi khudy tiép & nhiét d6 phong thém khoang 24 gid. Sau khi phan ng
két thuc (Kiém tra SKLM), hdn hop phan tng dugc rira véi nude (3 x 15 ml) lam kho
bﬁng Na,SO,, cét loai dung moéi thu dugc 3,1 g chét ran. San phém thd duge két tinh lai
trong n-butyl axetat cho 2,47 g chét 21. Hiéu suét qua 2 budc tong hop ~ 65%).

Hop chét 21: 1 chit rén tring. Tnc 117,3-118,3°C; 'H-NMR (500 MHz, CDCp,):
7,43 (1H, dd, J = 2,5, 14,5 Hz, H-29); 7,12 (1H, dd, J = 1,5, 9,0 Hz, H-6°); 6,93 (1H, t, J =
9,0 Hz, H-5%); 4,89-4,84 (1H, m, H-5); 4,12 (1H, t, J = 9 Hz, Ha-4, CH,-N); 3,90 (1H, dd,
J = 6; 9 Hz, Hb-4, CH,-N); 3,86 (4H, m, 2H-3%, 2H-5°, -CH,-O-CH-); 3,77 (2H, m,
CH,Cl); 3,05 (4 H, m, 2H-2¢, 2H-6°, -CH,-N-CH,-).

13C NMR (125 MHz, CDCly): 155,50 (CF-3, d, J = 245 Hz); 153,81 (2-CO); 136,60
(C-4¢, d, J= 8,75 Hz); 132,85 (C-1¢, d, J= 10 Hz); 118,88 (C-5%, d, J = 5 Hz); 114,03 (C-
6%, d, J = 3,75 Hz); 107,58 (C-2°, d, J = 26,25 Hz); 70,84 (C-5); 66,94 (C-3*, C-5%, -CH,-
0-CH,-); 51,00; 50,98 (C-2%, C-6%, -CH,-N-CH,-); 48,19 (C-4, -CH,-N); 44,61 (CH,-Cl).
ESI-MS: 315 [M + HJ". [a]p”—19,99 (CH;CI, c= 2).
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Budc 5: Tong hop (S)-3-(3-flo-4-morpholinophenyl)-2-oxo-5-oxazol idinyl metyl phtalimit
(23)

Trong mdt binh cau 3 ¢6 lap sinh han hdi lwu, da duoc nap day khi nito, hén hop cla
(5R)-5-(clometyl)-3-(3-flo-4-morpholinophenyl)-oxazolidin-2-on (21, 3,15 g; 10 mmol) va
phtalimit (1,47 g, 10 mmol) trong DMF (25 mL) di dugc thém dan KOH (0,62 g, 11
mmol) va KI (1,66 g, 10 mmol). Hon hop phan tmg duogce khudy & 60 °C trong khoang 5
gi0, kiém tra SKLM, phan Ung x4y ra hoan toan. Hon hop phan tmg dd dwge lam lanh
xubng 0 °C va dugc trung hoa bing HCI IN (0,1 mL) dén pH ~ 7. Hén hop thu duoc duoc
thém H,O (50 ml) véi khudy trong 30 phut rdi dugce chiét bing etyl axetat (3 x 15 mL).
Dung dich chiét duoc két hop lai, rira v6i nude va lam khan qua Na,SO, khan, sau d6 dugc
quay cét loai dung méi thu dwoc chét rén, chit rin duge hoa tan trong CH,Cl, (20 mL) va
két tha lai bang n-hexan (10 mL) thu dugc 3,8 g chit 23 véi hidu suit 90%.

Hop chét 23: '"H-NMR (500 MHz, CDCly): o(ppm) 7,88 (2H, dd, J = 3,0, 5,5 Hz
phtalimit); 7,76 (2H, dd, J = 3,0, 5,5 Hz, phtalimit); 7,42 (1H, dd, J = 2,0, 14,5 Hz, H-2°);
7,11 (1H, dd, J = 2,0, 9,0 Hz, H-6); 6,31 (1H, t,J= 9,0 Hz), 5,0-4,95 (1H, m, H-5), 4,14
(1H, dd, J= 6,5, 14,0 Hz, Ha-CH,-N-Phtalimit); 4,09 (1H, t, J= 8,8 Hz, Ha-4); 3,97 (1H,
dd, J = 58, 14,0 Hz, Hb-CH,-N-Phtalimit), 3,8-3,85 (5H, m, Hb-4, O(CH,),-
morphorline); 3,05 (4H, t, J = 4,5, N(CH,),-morpholin).

3C NMR (125 MHz, CDCls): 6 (ppm) 162,66 (2 x CO-Phtalimit); 150,21 (d, J =
246,25 Hz, CF-3°); 148,49 (2-CO-oxazolidinon ring); 132,0 (d, J = 10 Hz, C-4), 129,13 (2
x CH-Phtalimit); 127,82 (d, J = 11,25 Hz, C-1°); 126,41 (2 x C-Phtalimit); 118,39 (2 x
CH-Phtalimit); 108,81 (d, J = 3,75 Hz, C-6°); 102,37 (d, J = 26,25 Hz, C-2°); 64,31 (C-5);
61,62 (O-(CH,),-morpholin); 45,75 va 45,73 (N-(CH,),- morpholin); 43,23(CH,-4); 35,48
(CH,-N-Phtalimit). ESI-MS m/z = 426 [M+H]"

Buéc 6: Tong hop (S)-5-(aminometyl)-3-(3-flo-4-morpholinophenyl) oxazolidin-2-on (12)

Trong binh cdu 2 ¢6 ¢6 lap sinh han va phéu nhé giot, dung dich ciia 2-(((S)-3-(3-flo-
4-morpholinophenyl)-2-oxooxazolidin-5-yl)metyl isoindolin-1,3- dion (23, 4,25g, 10
mmol) va hydrazin hydrat 80% (3,34 mL, 55 mmol) trong MeOH (20 mL) dwgc dun hoi
luu trong 2 git. Kiém tra SKLM, khi phan tung két thuc, dung méi duge cit loai b6t dudi
4p suat giam. Phan dung dich nuée con lai (5 mL) dd duge lam lanh xudng 0°C sau do6
H,O (20 mL) da dugc thém vao. Hon hop dung dich duge chiét voi CH,Cl, (3 x 10 mL),
dich chiét dugc két hop lai, lam khan qua Na,SO, khan, dugc cé quay loai dung méi thu
duge chit ran. Chét rin dugce két tinh lai trong hé n-hexan/ CH,Cl, (1/4, thé tich/thé tich,
10 mL) thu dwge 2,68 g hop chit 12 vé6i hiéu suét 91%.

-10-



2479

Hop chit 12: '"H-NMR (500 MHz, CDCp): o (ppm) 7,45 (1H, dd, J = 2.5, 14,5 Hz,
H-29); 7,14 (1H, ddd, J = 1,0, 2,5, 9,0 Hz, H-6°), 6,93 (1H, t, J = 9,0 Hz, H-5%); 4,68-4,63
(IH, m, H-5); 4,00 (1H, t, J = 8,5 Hz, Ha4), 3,86 (4H, t, J = 4,5 Hz, O(CH,),-
morpholin); 3,82 (1H, dd, J = 6,5, 8,5 Hz, Hb-4), 3,11 (1H, dd, J = 4,0, 13,5 Hz, Ha-CH,-
NH,-mach nhanh); 3,05 (4H, t, J = 4,5 Hz, N(CH,),-morpholin); 2,97 (1H, dd, J = 5.5,
13,5 Hz, Hb-CH,-NH,-mach nhanh). °C NMR (125 MHz, CDCly): ¢ (ppm) 155,39 (d, J
= 4 Hz, CF-3%); 154,51 (CO-2); 136,13 (d, J = 10 Hz, C-4%); 133,38 (d, J = 11,25 Hz, C-
14); 118,73 (d, J= 5 Hz, C-5%,); 113,68 (d, J = 2,5 Hz, C-6°); 107,24 (d, J = 26,25 Hz, C-
29); 73,76 (C-5); 66,83 (O-(CH,),-morpholin); 50,93 va 50,91 (N-(CH,),-morpholin);
47,56 (CH,-4); 44,0 (CH,-NH,- mach nhanh). ESI-MS m/z= 296 [M+H]".

Buéc 7: Tong hop (S)-3-(3-flo-4-morpholinophenyl)-2-oxo-5-oxazolidinyl metyl axetamit
(1)

Trong 1 binh cau 3 cb c6 lap phdu nho giot sinh han hdi luu va nhiét ké, duge hit
chan khoéng va nap diy Kkhi nito, dung dich cua (S5)-5-(aminometyl)-3-(3-flo-4-
morpholinophenyl) oxazolidin-2-on (12, 2,95 g, 10 mmol) trong CH,Cl, (30 mL), dugc
thém trietyl amin (2,78 ml, 20 mmol) va dugc 1am lanh xuéng 0°C, axetyl clorua (0,78 mL,
11 mmol) da dwoc nho giot vao & 0°C. Phan tng duoc thuc hién & didu kién khudy & 0°C
trong khoang 4,5 gid. Sau d6, hdn hop phan tng duoc ria véi dung dich NaCl 10% (3 x
10 mL), dugc lam khan qua Na,SO, va duoc c6 quay loai dung méi. Etyl axetat (15 ml) da
dugc thém vao, huyén phu dugc khudy trong 15 phut rdi duoc loc rira véi EA. Tua tring
sach dugc lam kho trong chan khéong thu dwoc 2,73 chat 1 (linezolid) & hiéu sudt 81%.

Hop chét 1: '"H-NMR (500 MHz, CDCj3): 6 (ppm) 7,42 (1H, dd, J = 2,3, 14,5 Hz,
H-2%); 7,31 (1H, dd, J = 2,3, 8,8 Hz, H-6°); 6,91 (1H, t, J= 8.8 Hz, H-5°); 6,63 (1H, t, J =
5,5 Hz, NH); 4,79-4,75 (1H, m, H-5); 4,02 (1H, t, J=9 Hz, Ha-4), 3,86 (4H, t, J = 4,5
Hz, O(CH3),-morpholin); 3,77 (1H, dd, J = 7,0, 9,0 Hz, Hb-4); 3,66-3,63 (1H, m, Ha-CH,-
NHCOCHj3); 3,04 (4H, t, J = 4,5 Hz, N(CH,),-morpholin); 2,02 (3H, s, -NHCOCHj). Bc
NMR (125 MHz, CDCL): ¢ (ppm) 171,28 (NHCOCH,); 155,46 (d, J = 247,5 Hz, CF-3°);
154,47 (CO-2); 136,57 (d, J = 8,75 Hz, C-4°); 132,44 (d, J = 10,00 Hz, C-1°); 118,85 (d, J
= 3,75 Hz, C-5); 114,00 (d, J = 3,75 Hz, C-6°); 107,57 (d, J = 26,25 Hz, C-29); 72,02 (C-
5); 66,93 (O-(CH,),-morpholin); 50,99 va 50,97 (N-(CH,),-morpholin); 47,67 (CH,-4);,
41,92 (CH,-NH,-mach nhéanh); 23,01 (NHCOCH;). ESI-MS m/z= 338 [M+H]".

Hiéu qua dat dwgc cia giai phap hiru ich

Quy trinh téng hop linezolid dwoc cai tién theo giai phap hitu ich da cho phép nang
cao hiéu suit phan tmg, rat ngn thoi gian phan Gng, tiét kiém ning lugng, han ché lugng
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hoa chét doc hai st dung, nho d6 than thién v6i moi trudng va nang cao hiéu qua kinh te.

Cu thé 14, quy trinh tong hop linezolid cai tién theo giai phap hiru ich & Bude 2 Ia
phan tng khir nhom NO, ctia hop chét niotro 4 (3-flo-4-morpholinyl nitrobenzen) thanh
anilin S (3-flo-4-morpholinyl anilin) sir dung hé tac nhan khir Zn/CH;COOH trong EtOH.
Phan tmg duogc thyc hién ¢ nhiét do phong va ap suit thuong dat hiéu suit dén 93% cao
hon cac quy trinh khir khac da duge cong bd. Quy trinh Lee Pharma Limited sit dung
Hy/xtc tac Niken-Rany & ap suit 4 kg/cm?® khé thuc hién & trong phong thi nghiém cua
Viét Nam va nguy hiém khi trién khai lugng 16n; Quy trinh sir dung hé Fe/HCI ciing dugc
khao sat cho hiéu suét thap (51%); phan 16n céc quy trinh da cong b sir dung xc tac Pd/C
(Quy trinh cua Xu, Quy trinh Pharmacia & Upjohn.), gia thanh cao cta xuc tac Pd/C s&
lam tdng gia thanh san pham, hon nita, hiéu suét cta cac quy trinh nay (cao nhit dat 85%)
ciing thap hon hiéu suét quy trinh cai tién (93%). O Buée 3 da bo qua khau tinh ché, san
phidm thé ctia phan g thu dugc tir xtt Iy hdn hop phan ing duoc st dung ngay cho budc
tiép theo ciing da g6p phan lam gian tién céc thao tac trong quy trinh tong hop linezolid
chung. G Buéc 5, phan ing Gabriel dd dugc cai tién sir dung phtalimit + KOH thay thé
cho kali phtalimit lam giam gi4 thanh san phdm, hon nita viéc st dung xtc tac KI lam
giam nhiét d phan Gng tiét kiém ning lugng va ting hiéu suat phan Gng dén 90%.

Nhu vdy, cac giai phap hitu ich da 1am giam sy dau tu va nang cao hiéu qua kinh té
clia quy trinh téng hop linezolid.
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YEU CAU BAO HO

1. Quy trinh téng hop linezolid bao g6m cac budce sau:

buéc 1: téng hop 3-flo-4-morpholinyl nitrobenzen (4) tr morpholin va 3,4-
diflonitrobenzen (3) bao gdm viéc thuc hién phan tng giita cac tdc nhan phan Ung & nhiét
do tir 70-80°C trong dung mdi va xtic tac hitu co, véi ty 1é cac tac nhan va xuc tac l1a 3,4-
diflonitrobenzen/morpholin/trietyl amin 14 1/1,2/1 (mol/mol/mol), thoi gian phan ting trong
khodng 6 gio, kiém tra phan tmg bing sic ky 16p méng truée khi cho két thiic phan ung,
dé nguoi hdn hop phan Gng dén nhiét do phong rdi thém dan nuée vao, két tia mau vang
chanh xuit hién, tiép tuc khudy thém 1 gio nita thi dimg khudy, loc rira két tua thu duoc
bang nudc dén pH trung tinh va két tinh lai bing hé dung méi axeton/nudc (3/2, thé
tich/thé tich) dé thu dwoc hop chit 4 & dang tinh thé mau vang;

budc 2: tdng hop chit 3-flo-4-morpholinyl anilin (5) tir 3-flo-4-morpholinyl
nitrobenzen (4) nho st dung hé tac nhin Zn/CH;COOH trong dung mdi dwoc chon tir
nhém bao gdm metanol (MeOH), etanol (EtOH), tetrahydrofuran (THF), axetonitril, tot
nhét 12 etanol, duogc thyc hién ¢ nhiét do phong, trong diéu kién khuéy trong vai gio, vdi ty
1€ cta céc tdc nhan phan img 3-flo-4-morpholinyl nitrobenzen (4)/Zn/CH;COOH 14 1/5/10
(mol/mol/mol) trong etanol véi ty 1& 1 mol chit 4 can 5 L EtOH, kiém tra bang sic ky 16p
mong trude khi cho phan tng két thiic, cit loai etanol rdi khudy chiét v6i CH,Cl, nhidu
lan, dich chiét CH,Cl, dugc két hop lai, rita v6i dung dich mudi bao hoa va lam khan bing
Na,SO,, rdi loai bét dung méi bang c6 quay chén khong dé thu duoc chét rén tring ma tiép
tuc dugc két tinh lai trong etanol dé thu duoc hop chét 5;

bude 3: téng hop N-[3-clo-2-(R)-hydroxypropyl]-3-flo-4-morpholinyl anilin (20) tir
hop chat 5 v6i R-epiclohydrin 13 bao g6m viéc thyuc hién phan tng trong dung moéi hitu co
duoc chon tir nhém bao g6n1 tert.-butanol, toluen, THF, DMF, axetonitril, tt nhét 13 fert.-
butanol, v6i ty 1€ cdc tic nhan 3-flo-4-morpholinyl anilin/R-epiclohydrin 1a 1/1,5
(mol/mol), v6i thoi gian hdi luu cia phan tng tir 10-20 gio, tot nhét 1 trong 16 gid, sau
khi phan ung két thuc, dung moi di duge cét loai thu duoc cin 13 chit rén 1a hop chét
hydroxy anilin (20);
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budc 4: tong hop (5R)-5-(clometyl)-3-(3-tlo-4-morpholinophenyl)-oxazolidin-2-on
(21) tir hop chit hydroxy anilin 20 nho st dung tac nhén carbonyl diimidazol bao gdm viéc
thuc hién phan tng trong dung moéi hitu co duge chon tir nhdm bao gém toluen, THF,
CH,Cl,, t6t nhat 1a CH,Cl,, véi ty 1& mol ctia cic tac nhan N-[3-clo-2-(R)-hydroxypropyl]-
3-flo-4-morpholinyl anilin (tinh theo san phim thé)/carbonyl diimidazol 1a 1/1,5
(mol/mol), & diéu kién hdn hop phan tmg dugc khudy & nhiét do phong trong khoang thai
gian tr 20-30 gid, tot nhat 1a khoang 24 gidy, sau d6 hon hop phan tGng dwge rira véi nudce
va lam kho béng Na,SO,, cit loai dung moi dé thu duoc chét rdn ma duoc két tinh lai trong
n-butyl axetat dé thu duoc hop chit 21;

buéc 5: tdng hop (8)-3-(3-flo-4-morpholinophenyl)-2-0x0-5-oxazolidinyl metyl
phtalimit (23) bang cach st dung tac nhan phtalimit, KOH va xuc tac KI, bao gdm viéc
thuc hi€n phan ung gifta cac tadc nhan trong dung mdi phi proton dwoc chon tir nhém bao
gdm dimetyl formamit (DMF), dimetyl sulphoxit (DMSO), va dimetyl axetamit
(DMAc), t6t nhit 1a DMF véi ty 1& cac tac nhan va xic tac (5R)-5-(clometyl)-3-(3-flo-4-
morpholinophenyl)-oxazolidin-2-on (21)/phtalimit/KOH/KI la 1/1/1,1/1
(mol/mol/mol/mol), & diéu kién nhiét d6 phan tmg c6 thé tir 50-150 °C, tbt nhat 1a & 60 °C
trong khoang 3-10 gio, t6t nhit 1a trong 5 gid, sau khi két thic phéan tng, hdn hop phan
ing da dugc 1am lanh xudng 0°C va duoc trung hoa bing HCI IN dén pH ~ 7, sau d6 thém
H,0 vao hén hop phan tng véi khudy trong 30 phiit rdi chiét bang etyl axetat (EtOAc),
dung dich chiét duoc két hop lai, rira véi nude va lam khan qua Na,SO, khan, sau d6 duge
quay cét loai dung méi thu duogc chit rin, chit rén dugc hoa tan trong CH,Cl, va két taa lai
béng n-hexan dé thu dugc hop chét 23;

bude 6: tong hop (8)-3-(3-flo-4-morpholinophenyl)-2-0x0-5-oxazolidiny]l metyl amin
(12) tur (S)-3-(3-flo-4-morpholinophenyl)-2-oxo0-5-oxazolidinyl metyl phtalimit (23) bing
cach sir dung hydrazin hydrat, bao gom viéc thuc hién phan ung gifta cac tac nhan trong
dung méi proton nhu MeOH, EtOH, véi ty 1€ mol ctia hop chét (23)/hydrazin hydrat 80%
14 1/5 (mol/mol), & diéu kién nhiét do tir 50-100°C, thoi gian phan Gng tr 1-3 gid, tét nhit
la trong 2 gid, sau khi phan ung két thac, dung méi duge cét loai bét dudi ap suét giam,
phén dung dich nudce con lai dugce lam lanh Xuéng 0°C sau d6 H,O dugc thém vao, va chiét
hon hop dung dich v6i CH,Cl,, dich chiét dugc két hop lai, Iam khan qua Na,SO, khan,
dugc c6 quay loai dung méi thu dwgc chét rin ma dugc két tinh lai trong h¢ n-
hexan/CH,Cl, (1/4, thé tich/thé tich) dé thu dugc hop chét 12; va

budc 7: tong hop  (8)-3-(3-flo-4-morpholinophenyl)-2-oxo-5-oxazolidinyl metyl
axetamit (1) tir hop chét (12) bing cach st dung axetyl clorua va trietyl amin (TEA), bao
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gbém viéc thyuc hién phan tng trong dung méi hitu co khan dugc chon tir nhém bao gdm
toluen, THF, CH,Cl,, t6t nhat 1a CH,Cl,, v6i ty 1& mol cia céc tac nhan hgp chét
(12)/axetyl clorua/TEA 1a 1/1,1/2 (mol/mol/mol), & nhiét dd phan tmg tir -5 °C dén nhiét do
phong, tot nhét 13 & 0°C trong thoi gian phan tng tir 3-10 gi¢ phu thudc vao lugng chét
phan Gng, sau d6, hon hgp phan ung sau khi két thuc phan ung dugce rira voi dung dich
NaCl 10%, dugc lam khan qua Na,SO, va duge ¢d quay loai dung méi, tiép do etyl axetat
(EtOAc) dugce thém vao, huyén phi duge khudy trong 15 phit rdi duge loc rira voi EtOAc,
va cudi cing két tia tring sach duoc lam kho trong chan khéng dé thu dwogc hop chét
linezolid.
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