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HEHE  REFEC

EEE -

g

56K

CTNERZEAEVG2 228 i 610041)
CHEI Y KR R H B W E AL S AT 610041)

WE  UFRWEREGE SR, R LIOH b ML/ R 2% el o T B AN I B, 19 7R 4% WA gy S ) 0 2 /K A
Y1 N-[(2R)-3-[[3-Fi-4-(4-"H IR HL) AR I | B HE |- 2-FE AR N AR |- LI (2) M1 58 42 KA 2% T (28)- 1 -3 HE-3- [ [ 3- FhL-4-(4- My bk 2%
FLYAIE]-2- NI (4), YR I29910 78.3%A11 86.6%; SR AL 4 I A S 2 AU T S8R AL R Y, 28 N,O-X LBtk e
FAR/EER O- LB, HAEAM G SRR R A T A BRI ORI, 13 N-[(28)-3-Z L -2-FR K VK ]-N-[3- 96

A-(4-M IR IR I - 2 IR (3) £ IR 46,

ToL BICR 62.3%.
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Synthesis of Major Degradation Products of the Injection of
Linezolid

Huang, Zhixiong" Sang, Zhipei*

Cao, Haiyan“

Chao, Ruobing” Deng, Yong**’

(“ Department of Medicinal Chemistry, West China School of Pharmacy, Sichuan University, Chengdu 610041)
(® Key Laboratory of Drug Targeting and Drug Delivery System, Chengdu 610041)

Abstract The ester bond and amide bond of linezolid were selectively hydrolyzed by using LiOH to afford N-[(2R)-3-
[[3-fluoro-4-(4-morpholino)phenyl]amino]-2-hydroxypropyl] acetamide (2) and (2S5)-1-amino-3-[[3-fluoro-4-(4-morpholino)-
phenyl]-amino]-2-propanol (4) with 78.3% and 86.6% yields respectively, which were the partially hydrolyzed impurity and
fully hydrolyzed impurity of the injection of linezolid. The terminal amino group of compound 4 was then protected with
tert-butyloxycarbonyl and subjected to N,O-diacetylation. Subsequently, N-[(2S)-3-amino-2-hydroxypropyl]-N-[3-fluoro-4-
(4-morpholino)phenyl]acetamide (3) hydrochloride was synthesized by removal of O-acetyl with ammonia/methanol and then
deprotection fert-butoxycarbonyl using saturated solution of hydrogen chloride in ether with 62.3% overall yield.

Keywords oxazolidinone antibacterial; linezolid; injection; degradation product; impurity; synthesis

FI) 25 M i (linezolid, 1), k2% 44 4 (S)-5-( £ W% F
H5)-3-[(3- Gl -4- 5 bk KL ) A% B -1,3- W s r -2- I, 2
Pharmacia & Upjohn A & (3L Pfizer 2 =))W 56—/
WERR e S T 1R 24, 2000 4F 4 H B RAE 2 E BT, B
% Zyvox®, FT-1HY7 HHii A48 P AR S 3 BR 1R (MRS A) 5 |
DI 98 RN ERA5 1k B IR B 4 LA B eh i 5 vl 85 25 W BR
(VREF) 5 fiif 5 2 2% i 98 4% 3k B (PRSP) 5 | /&2 ¥ B 1M %
262000 AERUAELE P E BT RYE. VEHINURIRE TR0,
AT 5406 508 AL S 1) 30S WAL &, il
BHLIE 70S WI4H AW Bt A3 AWAEH, B FAER
TN B A U AR B, A S e bR 2
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TAZ XA Zitt, EAARSMBA 57 T A B 2 v = AR,
HA U 5 IT KT 5

T X6 ) 2% MR B AR RO Sl R R IR, 2 SR
TE it R AN 0 o R A S P A B AR R I, X A
AR TR = A 3 SO 2% M ey SRV 2 IR, AN T 5 10 1%
UG RASE e ARV R, Rk, 70 ) 2% e
TESTBOEAT P, TS A o 7 R Al
JEAE A RO FE S EbR v . H R, SCRRHRE 1 )
25 T J A B IR ) P AR R IR A LR 4 RRBL D
N-[(2R)-3-[[3- T -4-(4-PEh WK I ) R 1 s HE - 2- KR 2k ]
WM (2) N-[(28)-3-28 5E-2-F2 5L P HE]-N-[3- 96 -4-(4-15
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WD) A HE |- ZEIZ (3) s (25)-1-%8 k-3 [3- i -4-(4- T bk
BRI B - 2- TN I (4) F1(58)-5-(2 TP i )-3-[ 3-8 -4-(4-
e R ) A - 2- W R e I (5), - G e A e A A e A 0 )
2= 2Ry Scheme 1 BT, JoHr, )50 S by il 6 1) 25w
Jige JR L 2 (1) G b TR A, LA T A R R SRR
WS JYR 2 A A SCEkIRE, (HP R L, oK
7S X F4%00 3 R 4, SCHRIBOE R A -l % HPLC M
R 2% WA e S 9 o T 4 B9 29 3010, R R 2 AR S i
RS, 528 2 ) (R AR B B Tl i, Tl )2
M7 Rk ol B () o — 2 TR, 2% i
3 4lfEA R 91%, ANREi R VE RAT W Font B it sk vtk

o N N\)\/HC

\”{ﬂ%\ﬂ(ﬁ@

4
I\ QH ™Moy N\
0 N N N. _CHy =——= O N
\_/ \/k/\n/S
F 2 (e}

R EESR. i, ASCRERGE — B S N A PRI 34
A KRG SR AR5 2, 3 A1 4 IS 1T,

1 HR5E

DA 2% e e (1) b B2 4 DU, FE I 45 A8 Tl
TR, ATERIFER 2 /KA F= ) 2; 03 S el RN J)
FURN AT, o TR 25 Mo e 45 A v 110 G B R I e e s 4
KA, BIRTA3E] 4, DALY 4 050k}, Gl BT A BRI
(Boeo) R4 Kt i ik Ji L BEAL, FHIEER Boc R4 3%, Rin]
1330 3, HA N Scheme 2 k.

y F 5
ft7kﬁﬁl

Y
F o) %_ S\ H QH
Linezolid 0 N@N\/K/NHZ

F 4
TK A

T Ac
|  OH
N\/K/NH2
3

Scheme 1

F
\ HoOH
O\ /N N\/k/N\n/CHS
O
F 2
/~\ H OH

F
4
O/—\N y OH H o/—\N | OAc H
B —
A \“/OBu t 2 \“/OBu t
F o F (¢}
6 7

F

Ac Ac
e /\ [~ OH ) |~ OH
£ .d N‘QN\/'\/N\H/OBUA‘—»O N N L NH,
F o -2HCI
8

3

Reagents and conditions: (a) 2.0 equiv. LIiOH, MeOH/H,0, reflux, 2 h, 78.3%; (b) 5.0 equiv. LiOH, MeOH/H,0, reflux, 8 h, 86.6%; (c) Boc,0O,
NaHCO;, MeOH/H,0, r.t., 2 h, 96.0%; (d) 2.2 equiv. CH;COCI, Et;N, CH.Cl,, r.t., 3 h, 95.0%; (e) NH3/H,O, MeOH, r.t., 12 h, 85.0%; (f)

HCI/Et;0, 0 'C, 2 h, 92.7%.

Scheme 2
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PR T ) 2% M fl 4 - &5 A b A7 A R R R I frc e,
LiOH 7K figf Hof m 28 gk 472 o) L FH 0 760 s 7 s [ 38 38 P e
K AR ERBEEIRT H ), WECR B, KA 1.2 15 equiv.f?)
LiOH £ /K IR A3 IR B Y. 2 h, BALE 2 4 &
B, AR 2 20%F) 25 M AN RE K i, Ak SEREK %
], SEAKIRF= a4 4 W] S, 46
2.0 equiv.[¥] LiOH [RI/KA#E 2 h, FIZMEEIEAN K, H
&Y 4 HEART 10%, SAF 2N /I nT 43 2 4l
99.56% 159 2.

XAV 4 AR, RIS S 11# LiOH (5.0
equiv.) KK R 2 Mefie, mIfS 2R —p=Y), & Ll AS
fn RT3 BN 40RE 4 99.8% KL 54 4.

ARG 3 WAk, BT OB TR 1
MRREEIR T, NRE &Y 4 HE OS2, Ak,
AR Boc R MELAY 4 K%, Btk e
5 WA R MY, nR R AR T LA, TRATRIR,
1.2 F11.5 equiv. ¥ SBEEUR NI, SN 372414 N-
LA A 8, AHAAAE— & B 1) O- ZIALFT N,O-
W EEALEI =1, 3 B aidh R, gk, AT L5
RIS 2.2 equiv., [FbE 6 KE N,O-W L1k,
BH—AEY 7, AT EERT RPN, Btk
G 7, RHTEIIEZEM, Bk O-2WkE, #iay)
8, MR M & LA S IR R Boe fR473E, 194K
EY 3 ERERE, 40N 98.6%. S K IL, a3 1)
ERIRERACORNE S TS EHEV LAY 2, TEROV N
Eq. 1 fizR, Rk, $l4A5 2004k &4 3 75 LR M Uk
17

/N /?C OH Et;N, MeOH, reflux, 3 h
5N, MeOH, reflux,
OQN‘Q?N\A/NHZ
F

- oHal 90.5%
3
I\ H O OH
0 N—Q—N\A/N CHs
) O]
F o}
2
2 &g

DUF)Z3 M (1) A e JsUokl, R LiOH & F8 1 /K iR
TRI) 2% WA e 45 ey 1 TR B PR M, ) 7 R 245 A fr e S VAR
R KR T 2 FASEA KA 4, WO 5N
78.3%FM1 86.6%; AR5 LIALE 4 4 A )ikl il Boc fRF
HARuEHE, & NO-X LAk 5 /KRR 0-&
B3, HA MR &S LB IS Boe IR, 15
EY 3 MR, TP RIKCRL 62.3%(LAFIAS M
), WU, G 3 MERIR E e 41 T ik )
HEMAR G 2. R & AR B bR AR 454 'H
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NMR, "*C NMR Fl ESI-MS #ilF, 3454 HPLC W5z

3 RS
3.1 XE5RH

TYR-3 4 miA¥, WEETFARZ K IE; Varian INOVA-
400 BRI FI A D,0, CDCly 5, DMSO-ds, WK
TMS); Agilent-6210 TOF LC/MS & 73 HR TGN, )23 e
Jie JsURE o Tk S (A1 99.9%, ee by 99.9%), FT FHH ek
I S TS S M sl sl b 22 2, JF AR 38 75 Z AT RO A
. HPLC ZiEdse 4cF: (iFh Gemini C18 (150
mmX4.6 mm, 5 um); AN A = AR AR (10%
ZHESR 10 mL A 1000 mL ZAEH); WA 1.0
mL/min; FEIPE KA 254 nm.

3.2 N-(2R)-3-[[3-F-4-4-MBM R )FE RS &]-2-B &
A E]- CEER(2) B &

B3 12 (10.12 g, 0.03 mol). FIEE(75 mL). 255
T7K30 mLYFIE A (2.6 g, 0.06 mol)IIA S NI,
FHEBIGEHEFE RN 2 b, [N 4R )G, Tk ZZBRE R, b
KU A TEE(T5 mL)w i, X255 77K(30 mL)
KA NaCl /K30 mL)PER, fHLZZ LK NaySO,
TG, DR ZEBRIE R, TR )G ik AT JE B Al Ak [ R i
W VR L V() =30 : 1], 4 7.3 g AR,
WE 78.3%, 4lifE 99.56% (HPLC JH—1kik). m.p.
124.5~125.7 C; [a]y —0.9 (¢ 1.0, CH;0H); '"H NMR
(DMSO-d, 400 MHz) 6: 7.86 (t, J=4.8 Hz, 1H, NHCO),
6.82 (t, J=9.6 Hz, 1H, ArH), 6.41 (dd, J=2.4, 15.2 Hz,
1H, ArH), 6.33 (dd, J=2.4, 8.4 Hz, 1H, ArH), 5.47 (t, J=
5.6 Hz, 1H, ArNH), 4.97 (d, J=5.2 Hz, 1H, OH), 3.69 (t,
J=4.8 Hz, 4H, 2X CH,0), 3.65~3.60 (m, 1H, CHOH),
3.18~3.12 (m, 1H, CH,NHCO), 3.07~3.00 (m, 1H,
CH,NHCO), 3.00~2.96 (m, 1H, CH,NHAr), 2.89~2.85
(m, 1H, CH,NHAr), 2.82 (t, J=4.8 Hz, 4H, 2XCH,N),
1.82 (s, 3H, COCH;); *C NMR (DMSO-d,, 100 MHz) o:
169.8, 156.7 (d, J=240.7 Hz), 146.1 (d, J=10.5 Hz),
129.2 (d, J=9.8 Hz), 120.7 (d, J=4.5 Hz), 108.0 (d, J=
2.3 Hz), 100.5 (d, J=24.2 Hz), 68.2, 66.6, 51.8, 47.7, 43 4,
22.8; HRMS (ESI) caled for C;sH»FN;O; [M+H]®
312.1723, found 312.1716.

3.3 (2S)-1-E £-3-[[3-F-4-(4-MLME) FH T H]-2-K
% (4) By &

FH) 25 Me2(10.12 g, 0.03 mol). FI%(75 mL). 5
T/K(30 mL)FIESEALA(6.3 g, 0.15 mol) A S NI,
THE IR 8 h, RNV AEHG, BRI, 5%
RV ZETEE(75 mL)%H#, KR 285 7K(30 mL)

http://sioc-journal.cn/ 991



BHLLE

R E R

RN NaCl /K # (30 mL)PE%k, fAHLZZE/K NaySO,
T, WURZEBRIER, HRME CREELE, 197.0¢ A
tafE g, KK 86.6%, 21)% 99.8% (HPLC JH—1kik). m.p.
99.5~100.5 C; [a]y +1.4 (¢ 1.0, CH;0H); 'H NMR
(DMSO-d,, 400 MHz) d: 6.81 (t, J=9.6 Hz, 1H, ArH),
6.41 (dd, J=2.4, 15.2 Hz, 1H, ArH), 6.34 (dd, J=2.4, 8.8
Hz, 1H, ArH), 5.46 (t, J=5.2 Hz, 1H, ArNH), 4.72 (brs,
1H, OH), 3.69 (t, J=4.8 Hz, 4H, 2X CH,0), 3.51~3.47
(m, 1H, CHOH), 3.06~3.00 (m, 1H, CH,NHAr), 2.87~
2.82 (m, 1H, CH,NHAr), 2.81 (t, J=4.8 Hz, 4H,
2X CH,N), 2.59 (dd, J=4.8, 12.8 Hz, 1H, CH,NH,), 2.47
(dd, J=4.8, 12.8 Hz, 1H, CH,NH,), 1.55 (brs, 2H, NH,);
BC NMR (DMSO-ds, 100 MHz) d: 156.7 (d, J=240.7
Hz), 146.3 (d, J=10.6 Hz), 129.0 (d, J=9.8 Hz), 120.7,
107.9, 100.4 (d, J=24.5 Hz), 70.7, 66.6, 51.8, 47.7, 46.1;
HRMS (ESI) caled for Ci3H, FN3O, [M+H]" 270.1618,
found 270.1610.

34 (2R)-N-R T &E#HE-1-8E-3-[[3-F-4-(4-MBME)
FE)EE]-2- " (6)HH &

10N IO R4 4 (5.39 g, 0.02 mol).
(60 mL). 258 F/K(30 mL)FITREEMN (2.1 g 0.025
mol), FHHEIIEI)E, A Boc,O (5.46 g, 0.025 mol), %
BRI 2.0 h, RNVEEWE, T 2SRRI, R
M =& HE(75 mL)HE R, AHLUEHKIRE 281 7K30
mL) A7 AT NaCl K (30 mL)VESS, 4T5/K Na,SO, T
TG IR R, 15 7.1 g iRy, R 96.0%.
[a]y +4.4 (c 1.0, CH;OH); 'H NMR (CDCl;, 400 MHz)
J: 6.85 (t, J=8.8 Hz, 1H, ArH), 6.45~6.38 (m, 2H, ArH),
4.95 (brs, 1H, NHCO), 3.95~3.91 (m, 1H, CHOH), 3.87
(t, J=44 Hz, 4H, 2XCH,0), 3.35~3.24 (m, 4H,
CH,NHAr+ CH,NHCO), 3.23 (brs, 2H, OH+NH), 2.99
(t, J=4.8 Hz, 4H, 2X CH,N), 1.46 (s, 9H, CH;); HRMS
(ESI) caled for CsH,FN;O, [M+H]" 370.2142, found
370.2139.

3.5 (2S)-N-RT & #HE-1-5E-3-[[3-F-4-(4-1D M)
FE|CEHRE]-2- W CERES(7)RIH &

BrhiaA 6 (5.54 g, 0.015 mol). & 4860 mL)
= ZJ%(5.6 mL, 0.04 mol) JI A S NI, HEFE A,
BIKBHAE 0~5 C, WMinsms (2.4 mL, 0.033
mol), #HIR NI EAKE 10 C, W, FiBek RN
3 h, MWK K NaHCO; K (30 mL) I F1 NaCl
KEH(30 mL)VEE, AHUELTEK NaySO, T, Itk
BRI, 19 6.46 g WRHEMIRY), WEE 95.0%. [alp
—3.1 (¢ 1.0, CH;0H); '"H NMR (CDCl;, 400 MHz) ¢:
6.94~6.91 (m, 3H, ArH), 5.36 (brs, 1H, NHCO), 4.92~

992 http://sioc-journal.cn/
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4.89 (m, 1H, CHOH), 3.95 (dd, J=5.6, 14.4 Hz, 1H,
CH,NAr), 3.88 (t, J=4.4 Hz, 4H, 2XCH,0), 3.83 (dd,
J=5.6, 144 Hz, 1H, CH,NAr), 3.46~3.41 (m, 1H,
CH,NHCO), 3.27~3.22 (m, 1H, CH,NHCO), 3.11 (t, J=
4.8 Hz, 4H, 2X CH,N), 1.93 (s, 3H, CH;CO), 1.87 (s, 3H,
CH;CO), 1.44 (s, 9H, CH;); HRMS (ESI) caled for
CxH33FN;Og [M+H]" 454.2353, found 454.2358.

3.6 (2S)-N-R T EERE-1-RE-3-[[3-F-4-(4-T5 M)
FE| B E]-2-FEE(8)HIH &

W a4 7 (5.44 g, 0.012 mol). FE(60 mL) IR
K30 mL)IIA NI, SRR Y 12 h, W 45H
Ji, WORZEBRIEA, Ry T & HE60 mL)H,
HIF NaCl K#EW (30 mL)PEE, HHUEL /K NaySO,
o, W AR BRI, RS RE AR 2 T 24k [
W VA © V(SR GEE)=10 © 1], 1§ 42 g %It
WY, WK 85.0%. [aly —15.8 (¢ 1.0, CH;0H); 'H
NMR (CDCls, 400 MHz) 6: 6.94~6.91 (m, 3H, ArH), 5.23
(brs, 1H, NHCO), 3.89 (t, J=4.4 Hz, 4H, 2XCH,0),
3.86~3.83 (m, 2H, CHOH~+ CH,NAr), 3.60~3.57 (m,
1H, CH,NAr), 3.39~3.30 (m, 1H, CH,NHCO), 3.12 (t,
J =48 Hz, 4H, 2XCH,N), 3.08 ~ 3.04 (m, 1H,
CH,NHCO), 1.89 (s, 3H, CH;), 1.43 (s, 9H, CHs); °C
NMR (CDCls, 100 MHz) & 172.8, 156.8, 154.5 (d, J=
248.1 Hz), 139.9 (d, J=8.3 Hz), 137.1 (d, J=9.1 Hz),
123.9 (d, J=3.1 Hz), 118.9 (d, J=4.1 Hz), 115.7 (d, J=
21.5 Hz), 79.4, 69.9, 66.7, 53.5, 50.5, 44.1, 28.3, 22.5;
HRMS (ESI) caled for CooHy FN;Os [M+H]" 412.2248,
found 412.2250.

3.7 N-[(2S)-3-RE-2- 5 EHE]-N-[3-F-4-(4-1G M)
K- OB RR BB EE (3) 89 &=

S 8 (4.10 g, 0.01 mo)FITE/K Z
k(20 mL), HEFEB2 G, Bk AHIE—10 C, N
MNEAEA A LR (20 mL), 0 CLREAEFE Y 2 h,
BN EER T, T ERT H ) L E A IR 2D B ToK LK
Uk, JTARIEDTE POs TR P ILE T4, 15 3.5 g At
AR A, W 92.7%, 4lE 98.6% (HPLC JH—1Lik).
m.p. 136.5~138.1 C; [a] +8.5 (¢ 1.0, CH;0H); 'H
NMR (D,0, 400 MHz) 6: 7.52 (t, J=8.8 Hz, 1H, ArH),
739 (d, J=12.8 Hz, 1H, ArH), 7.34 (d, J=8.8 Hz, 1H,
ArH), 4.17 ~4.14 (m, 1H, CHOH), 4.07 (brs, 4H,
2XCH,0), 3.94 (dd, J=4.4, 14.4 Hz, 1H, CH,NAr), 3.77
(dd, J=18.0, 144 Hz, 1H, CH,NAr), 3.45 (brs, 4H,
2XCH,N), 3.22 (d, J=12.8 Hz, 1H, CH,NH,), 2.99 (dd,
J=9.6, 13.2 Hz, 1H, CH,NH,), 1.97 (s, 1H, CH;); “*C
NMR (D,0, 100 MHz) §: 176.7, 157.4 (d, J=251.2 Hz),

Chin. J. Org. Chem. 2014, 34, 989~993
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146.7 (d, J=9.4 Hz), 131.8, 128.1, 125.6, 120.0 (d, J=
31.2 Hz), 68.1, 66.9, 56.2, 54.9, 4.7, 24.4; HRMS (ESI)
caled for CsH,3FN;O3 [M+H—2HCI]" 312.1723, found
312.1710.

3.8 N-[(2R)-3-[[3-F-4-(4-MO Mk E) KX R | FH]-2- 2 &
AE]-CERR(2)RY 6l &

&Y 3 (2.0 g, 5.2 mmol). = ZJ%(2.2 mL, 15.6
mmol)F1 T EE(20 mL) A SN, Tk =] 45 4 B
3 h, RVEERJG, WRZERRER, P H ST
(25 mL)# i, MK 252 77/K(20 mL), 11 NaCl /K#%
(R0 mL)PEYk, AHNZZLTK NapSO, T4, il ZKBR
BRI, RRAE CIFEL G, 15 1.81 g AMFEE, mp.
124.6~125.5 C, $* 90.5%.
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