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This process technology has several advantages such as cheap material and high yield in the industrial production.

Avoiding the use of PBrz-Br,, -
the yield was 58% (2 steps). | The yield was 69% (2 steps). |
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B . total yield: 29.2% (from 2)
F 110°C,8h 65°C, 20h 55.3% (from 8)
8 9 81% %’/0 11 purity: 99.4% (HPLC)

Avoiding the use of CHl, The intermediates were purified by recrystallization
the yield was 74% (2 steps). instead of column chromatography.
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A new synthetic route of trifluoromide was reported, and the total yield was 63.9%.
It provided a better choice for industrial production.
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Chemical Structures of the Related Substances of Fondaparinux Sodium
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The inhibition zone was displayed after the assay plates was placed for0d,3d, 7d, 10dand 14d in4C.
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Structure Identification and Mechanism Analysis of
Photodegradation Impurities from Brivudine

WU Xufeng"?, QIAN Xiuping'™, LIU Luo®

« 1329 «

(1. Shanghai Jiao Tong University, Shanghai 200240; 2. Zhejiang Medicine Co., Ltd., Xinchang Pharmaceutical Factory, Xinchang 312500)

ABSTRACT: To provide reference impurities for drug quality study, two impurities from brivudine (1) were
obtained by photoreaction and isolated by means of macroporous absorbent resin. The structures of the impurities were
elucidated based on the analysis of MS and NMR. Impurity 2 was a cis-isomer of 1, and impurity 3 was a dimer of 1.
According to the mechanism analysis, the spatial configuration of impurity 3 was determination, and the two impurities
were produced respectively by photoisomerization of cis-trans and photo-[2+2] cycloaddition reaction. This study
provides data support for the selection of APl packaging material and ensures the quality stability of 1 during storage.

Key Words: brivudine; degradation impurity; structure identification; photoreaction; dimer
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Bl RRZE (1) fMFEFE 2. 3 %M
Fig. 1 Structures of Brivudine (1) and Impurities 2, 3

20111121-1) » 2R AR (SR 2 &, 99% ) ; fh3=4l
DMF. 4 #rali e, 27 aimiie — S0 (2580 gk
SRFIAF ) 5 difkok (Edil) 5 Amberlite XAD1600N A fL
WL R A (ST .

1.2 RiE4ifk

1(1.00 g, 3.0 mmol) 5 5] & 7 — Z H
(0.55 g, 3.0 mmol) &Y FHATEARTEE 15 min V27,
PEITE SRR R b, EOuE RBNACR =R A
400 W s ok AT RESRE 72 h, BERE 12 h #4 1 7. 7
L, K FEAR AN 250 ml B+, A
DMF 10.0 ml, #iPEEM. S2iehnAgfifksK 90.0 ml
ke, M Bt R F IR A . s, R AR
BT T9i2k& 50 ml AL B HEAE S5, FH 25 % H R Bk
Jiito 3 HIUACEE & 2% 5 2 A1 3 AVE T, 50 CUl Rk
GEET, RS RIA5 2 A 3 R4l 100 mg. 50 mg.
R, SAERINE RN, 1156 C, 445 2
143 °C, #3137 C.

1.3 Z&J5i i HPLC Al

¢ % 4% Capcellpak C,; MG Il #F (4.6 mmx
250 mm, 5pum) ; JzhAE 0.5% MR —AANE TR - H
fiz (65 : 35) ; A£#& 30 C ; ik 1.0 ml/min ; #&m)
% % 252 nm.

SR 2. 3 idE, HMUVLshHEM, M
FERRZ) 0.1 mo/ml W, #21, IIFEARFN 10 ul.
MAF28 5T 2 3 B4l B2 4 708 90.7% . 96.4% .
L FEIE R, HRBIEEEIERRE, SRRk
i 2. 3R G, TENBAREIE, stk K,
4% 2+ 3 1 1 [ HPLC 43 &5 it L] 2.,
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mAU
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2 1F%R 2. 3RARA HPLC EliE
Fig.2 HPLC Spectrum of 1 and Impurities 2, 3
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ARt 24 3 AT 4 HE MS i, A
— R IE 2% T 1) 45 R SR M SCHE . MS s
([&3) AT%n, 24 2 () m/z 9 330.994 1[M-H] .
368.968 7[M+Cl] ™. 412,918 7[M+Br]", [Ffi&E T
W FERE AN 1.3 04 0101 21,
FWHTHELIMNRETF. HE2H0TES1—
;& LRSS AR, PR E A4 2 5y TR
CyuHBIrN,O, ; %)% 3 1 m/z 2y 664.992 4[M-H] .
700.969 0[M+CI] . 746.916 8[M+Br] , [EfrZ 5
FUERERE SN 22 01,8307 15 1,
1:3:3:1, RASTFHE2NEET. F03
1oy B8R LI 248, YIRPHEN N 10 54k,
S F N CpHypsBrN,O e

it — AR T 3 RN ZRAR I S5k,
BN R T (1 4) o MRIE T4 e A
BTy, HENASRIZ0 3 %A n] RE 45
FrBnER 1. @i IX Be g5 4 Fr By, ] DUB € 2% 7 3
et 2 71 LB REHEEIM Rk, HRER
B A ARTEERE IR b, B SRR o I S R R R
2.2 IR HHE (NMR)
221 Z&J5 2

DL 1 (1) e M A pr 25 SO R, FRATTN 2% 2 3
TN, — 31 "H NMR (DMSO-d;, 400 MHz) .
BC NMR (100 MHz) J — 4 k(55 W3k 2. %%
GO AT 2 M1 R s, B, A4
A I A—3, HMBC fil 'H-'H COSY i % ]
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664.992 4 [M+CIT
8 [M+H]”
6
4 746.916 8
2 [M+Br]
0
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m/z
3 ZFE2, 3HFEE
Fig.3 Mass Spectrum of Impurities 2, 3
1 ZR3 M TRFRILEHIE
Tab.1 MS-MS Data of Impurity 3
5 m/z 4R B AT ST T Z/10°°
1 139.036 3 Br @510 [M+Na]” 139.036 6 22
0 - 3)
2 374.969 4 HN o RF3-D-0-0 [M+Na]* 374.969 9 13
3 491.015 1 ° ;NEH ’ ‘NK‘O F3-OH@-G) [M+Na]" 491.017 3 4.5
4 572.938 0 (| o ;JOH HIF3-DH@ [M+Nal* 572.941 4 5.9
5 688.985 1 OH 2173 [M+Na]* 688.988 7 52
10" 2 (FBE R Ay Z- AL SCRARE P, 1 e S
, 8 XUEE A T o8 R S A, HE— 2B ESE T Rk
o : N N N Za3 ’
B 8 ik, WTLAHEAR 2 4 (Z2)-5-(2- W OJRHE ) -2'-
3 . N BREURTE, s5HmE 1 iR,
2 3 . 2.2.2 &) 3
™ < o
. 8 5 8 Z4J5 3 1) 'H NMR 1 §,,6.49 (1H, d, J=14.0 Hz)
. & < 15, 6.81 (1H, d, J=14.0 Hz) A4 J& JgMlkE sk
100 200 300 400 500 600 700 800 900 B H7 F1H8, L1 & AR, LLxX 2 MEONEF

m/z

4 ZfR 3 W ZRRIEE
Fig.4 MS-MS Spectrum of Impurity 3
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FHMZEF NI HT 5 H8 IR & H % (J=8.0 Hz)
1(3=13.6 Hz) /v, RYEHE G HOWAL AT AIE 2% i

TEAL B ARG — et (B 5) AR S5 5%
TR, EeT MR EI—A LA, A
— R S5 IAE WK 3. INHT, H8 A&
TR 7- SRR BT E- AL X EE A 1)
SER R BORT L RS R, ORI H4. C4. C5 1k
SRR M A ke s, H HA %5 s 16k d
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e, HEM 4- 70U CIn ORI . *H-"H COSY
Wt H15 5 H4, H14 /2%, HMBC i+ C4, C5
5 H14, H15mfEM ¢, Cl4 5 H4, H7, H15:4E
FEAH5C, NOESY i v H4 5 H14 %5 A #H ¢, 4%
7~ C5. C4, C15. C14 4K WK i# i — A~ I JC 3£
HMBC i, C15 5 §,7.78 (1H, s, H17) k%, §¢
140.0(C17) 5 §,6.18 (1H, t, J=6.9 Hz, H21) X,
I 17- AL 21- L2 1Hk . EfE5 055 1 45
4- (AT 9- SrAHAL. AT LA 1 ISR AR, LA 17-
REFA 21 A7 RS, 300 3 A% s — A W e e R R K
SATIAE, AR A2 - AR TS, 1%
4if) 5 C15. CLA K Rk H A — 1 L IEH,
TR LR, 2400 3 TRTE IR A
BEVEHAJE, 2 4EnE b 1A 915 5 A B EIE
GERAERE . AR 3 AFRA 7- 1R -6-[ (E) -2- IR 0%
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5t 1-8-[1-(2- % -B-D- A R BE AL ) -2,4- 4K -
(1H,3H) - mamg -5- & 1-2- (2- Jii %A -B-D- 73\ - WRHR
BEIE ) -2,4- Z5( 3 [4.2.0.] k% -3,5- —f, EH
AN P R L ILARIE, e R ARE R A
3 FEEHIIE

FeJ 2 17 A I R R T B 6 R - R
SRR 1O IRIOR JF TR T BB RS
S1, B =HHAS T, %4 C=CHBIHIEIZFNIAT
s S LT R ——ae E rh e & ), kA RS
LIRS IRIT MR RS SO(K 6) . —KIGHM T, H
FRRIE FEE PR — Bk A ST AL SO 2 JA],
FHorp ST X%F R T M SO H i = R HiE (HOMO)
FIRAGR EHIE (LUMO) IERIT .,

5 3 T AL E Tk S [2+2] K
N RYERTRPUE S, ERBE&MHT 1o TiR

T2 ZRET2 M1 B HARBIEXTEE

Tab.2 NMR Data of

Impurity 2 and Brivudine 1

No. JRJ52 1
5C SH HMBC COosy 5C SH HMBC COosy
1 / 11.63, 1H, s / / / 11.58, 1H, s / /
2 149.9 / H4, H9 / 149.7 / H4, H9 /
3 / / / / / / / /
4 138.8 8.53,1H, s H7, H8, H9 / 139.9 8.08, 1H, s H7, H9 /
5 109.1 / H1, H4, H8 / 110.1 / H1, H4, H8 /
6 162.5 / H4, H7 / 162.2 / H4, H7 /
7 123.7 6.95, 1H, d, J=8.0 Hz H4, H8 H8 130.4 6.85,1H,d, J=13.6 Hz H4, H8 H8
8 107.7 6.65, 1H, d, J=8.0 Hz H7 H7 107.0 7.25,1H,d, J=13.6 Hz H7 H7
9 85.0 6.22,1H,t, J=6.2 Hz H4, H10 H10 85.0 6.13,1H,t,J=6.2 Hz  H4, H10, H11, H12 H10
10 39.6 2.14,2H, m / H9, H11 40.3 2.14,2H, m H12 H9, H11
11 71.2 4.25,1H, m H9, H10, H12, H13  H10, H14, H12 70.4 4.25,1H, m H9, H10, H12, H13  H10, H14, H12
12 88.1 3.83,1H, m H10, H13 H11, H13 88.0 3.79,1H, m H9, H10, H13 H11, H13
13 62.1 3.55,2H, m / H12, H15 61.5 3.60, 2H, m H11, H12 H12, H15
14 / 5.29,1H, s / H11 / 5.26, 1H, s / H11
15 / 4.94,1H, s / H13 / 5.10, 1H, s / H13
] 0 | °
v @ ® L 2 - co- 50 ' o s g, m 50 ¢ 1 A a® 2
* 9 -
0% c,d?g . ' la .. 49: v e . L . ‘@ 4
IR T 3 L 100 - Cee e 00 o ﬂ .
88’ ‘ . e 150 PRI 150 st
8 S ee r 8
8 7654321 §76654321 12 10 8 6 4 2 8 765 4 3 2 1
1H-1H COSY HSQC HMBC NOESY

5 &
Fig.5 2D NMR

SH_HEIEER
Spectra of Impurity 3
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3 B 3 MR IR B
Tab.3 NMR Data of Impurity 3

HSQC
No. HMBC COSsY NOESY
5C SH

1 / 10.62, 1H, s / / /

2 150.4 / H4, H9 / /

3 / / / /

4 54.0 491, 1H, d, J=8.4 Hz H7, H9, H14, H15 H15 H9, H14
5 50.5 / H1, H4, H8, H14, H15 / /

6 168.4 / H1, H4, H7, H14 / /

7 135.2 6.49, 1H, d, J=14.0 Hz H4, H8, H14 H8 /

8 110.9 6.81, 1H, d, J=14.0 Hz H7 H7 /

9 87.9 5.38, 1H, t, J=6.7 Hz H4, H12 H10 H4, H10

2.13, 1H, m, overlaj
10 38.9 179, 1H, m P / H9, H11 H9, H11
11 70.8 4.11,1H, s H10, H12, H13 H10, H12, H26 H10
12 87.6 3.57,1H,s H13 H11, H13 /
3.49, 1H, m

13 62.1 344, 1H. m / H12, H27 /

14 51.5 5.44, 1H, d, J=8.4 Hz H4, H7, H15 H15 H4
15 48.6 3.85, 1H, t, J=8.4 Hz H14, H17 H4, H14 H17
16 108.3 / H4, H14, H15, H17, H19 / /

17 140.0 7.78,1H, s H15, H21 / H15, H22
18 150.3 / H17, H21 / /

19 / 11.52, 1H, s / / /

20 163.6 / H15, H17, H19 / /

21 84.7 6.18, 1H, t, J=6.9 Hz H17, H22 H22 H22
22 40.0 2.13, 2H, m, overlap / H21, H23 H17, H21, H23
23 71.2 4.23,1H,s H22, H25 H22, H24, H28 H22
24 88.2 3.79,1H, s H22, H25 H23, H25 /

25 62.0 3.58,2H, m / H24, H29 /

26 / 5.02, 1H, d, J=4.3 Hz / H11 /

27 / 4.77,1H,t,J=5.3 Hz / H13 /

28 / 5.23,1H, d, J=4.1 Hz / H23 /

29 / 4.35,1H,t, J=5.1 Hz / H25 /

FE la WO RETE USRS, e o-B AN 0 i
B —A BT MR K HOMO BT % LUMO, r
Moo PUBES S LAET, 2 AL LE
SOMO. HRAEKIH L o il 54 TRERRKE
1b 3 FMIEER LUMO XFRRVEVCHED, UK A &
n HiE S 1b 7 TIEE ) HOMO X ARt tB LS, fig
BT, RXNFRAVERN, AR S Y
(B 7). 78Xk Fmk oy, oM % w3t g
WA B[R 4518 & C4-C5-C14-C15 R UGERIY It
W, A %A B AR B /N ) C4-C5-C15-C14 1y
N5, ULEH TN T ESEA . BT EEAR
Wk, 1b MBS AR v CHBr BAA Sk, fE# R R (%
FRVEZERH, Aok A ) B, 1b fU8E AR bk I 1a J

il 178 B L RS f g o T B [2+2] IR0 L
i, la MBS EAEE MR ERE (B 7)), 28
JE B SE 5 Lb B A4S 4 Y, TR AR
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