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Preparation of Rifamycin S by Heterogeneous Oxidation

YU Li-jun, CHEN Kui', ZHU Jia-wen
( Chemical Engineering Research Center, East China University of Science & Technology, Shanghai 200237, China )

Abstract: Rifamycin S (abbreviated as S) is the main material for the synthesis of Rifampicin, which can
be made by oxidation of Rifamycin SV (abbreviated as SV). To solve the problems of side reactions and
equipment corrosion in the production of S, a new oxidation technology was developed with organic
solvent/water heterogeneous system instead of traditional water-based system. Butyl acetate/water
two-phase system was chosen as the reaction solvent. By analyzing and comparing the oxidation effects and
mechanisms of five oxidants, sodium hypochlorite (NaClO) was selected as the oxidant in the
heterogeneous system. Besides, the factors affecting the mass transfer-reaction process and oxidation effects,
such as NaClO concentration, NaClO/SV molar ratio, reaction temperature, reaction time and pH were
investigated. The results showed that under the conditions of NaClO concentration 0.3206 mol/L,
NaClO/SV molar ratio 1.4 : 1.0, reaction temperature 30 °C, reaction time 12 min and pH=12.3, the
highest yield (89.02%) and selectivity (92.42%) to product S were obtained. Compared with the traditional
technology under the same conditions, the yield and selectivity were increased by 3.61% and 6.74%
respectively, and the space-time-yield increased from 16.75 g/(L-h) to 139.60 g/(L-h).

Key words: Rifamycin S; Rifamycin SV; heterogeneous oxidation; two-phase system; selectivity; drug
materials
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30% ), g ZRHBME BN A BRA F ﬁﬂﬁ%—ji; N, SVEELL 2 /9 $§1£Tﬂﬁsvmiﬁﬁﬁ%% 100 (1)
HPLC %%, [ Fisher Chemical A7) ; FlfEEF & SV TINJRN. R SISV S5
bruedh, EREEMAMKEEMREE; AlmEE S X SULEE /% AL T SHTHFES VIR (1) & <100 (2)
W& (HPLC 4l 0 98% ), H ', TN NE RGeSV L 5 )

T“T‘/‘*\ NS AT AV . \ﬁ NN £ £ =
LC-20A i ACBo AL, HAR Shimadzu 7. (o oy o #EAL TSPHBAESVIOOIR MR o

1.2 FEEESHHE

¥ SV AW T L T HE P ECEUA W, BT
WA, Al AR . BRI
il S, BAEAEF BT,

(1) BALS . # 1.57 g SV (2.25 mmol )
ET 150 mL = HREHF, MA 50 mL LR T
fiE, BEFEmZE 30 °C, RHEEZNHELL 1 mL/min ¥
T e Nk BE A 0.3206 mol/L 4 NaClO ¥ W
9.9 mL, fFFH W IFita, &R 2 min B 1 mL W
TR PR (i A T BE ARSI o S 12 min J5 fiIMA
JE MY IEIK Na,S,05 ERL [k 5 o

(2) ZERWRAR: W RN LA 20y W =) v
FRELTAR, KoK IR AR e 2 e 2 R A
WO AE, 1S RIFEPN S FR .

(3) RIS S ) LR Z AR R A i AGE
CEER P G R As o, B R S WY, W&
50 °C'F H.25 TR 2] S 7= o

IKREEFHAALHI S S: FF 0.1968 g SV (0.282
mmol ) FAKIET 50 mL KA, BEPEIEE 30 °C,
K IEEh LA 1 mL/min A9 53 % 11 0.3206 mol/L ()
NaClO %W 1.24 mL, 12 min J5, AR RHIK
Na,S,0; 2 1k R o BURE, v S0 A € i a3E A 7 v B
Ko, SR 5K R R 4B AR, 28 L ks, W&
T A RS B A S,

1.3 SHAE

SV K S st it i I = SO A S T

(1) FESAATALEE: BURES, A TE/K NayS,05
BIfR, PR Hrpak s py 8 bn, REFE DI, 7+
KM, I AR AR AL B 50 pL FRAH T 5 mL & &
B, A ZNE-0.075 mol/L Bile — S8 A i—0.1
mol/L A5 R 7 - FF s DU AR AR L R 30 £ 36 ¢ 4 -
30) IRAE WM BERZE, 4 0.45 pm JERTIE)S ,
M a1

(2) (3BT 461 A %) (PDA ) Kl
7%, K3 254 nm, Hypersil BDS C8 (4.6 mmx
150 mm ) A, FEIAHA A 1(0.075 mol/L BEfR —
SRR - V(1.0 mol/L MEERRIE) : V(L) :
VIFBE)=36 : 4 : 30 : 30, % 1.0 mL/min, #:iE
30 °C, #EFER 20 pL., SV, S HyE B R MR
o SVHALE | SR S MBI (1),
X (2), KX (3) iHHHEHH,

AL T ISV IR 1) &
2 HR5WR

2.1 SEHFIHERE

Tl & ) 4 B R 2 Y A AR LAk 2R ek
F, BTSRRI Z A LA AR Sk T
b A A R DL JUAR 28 5 80 S A R A T X EE
Hrr, Ca(ClO), VAR Ty ek, HoA A7 LBAA
J5 2GE G LL 1 mL/min B3 IERL, 4% AL
B 258 w(H,0,)=30%, w(CH;COOOH)=
15.89% , ¢(NaNO,)=0.3042 mol/L , ¢((NaClO)= 0.3206 mol/L,
Fenton iX 7] 11 w(H,0,)=3%, n(H,0,) : n(Fe*")=50 :
1, 7EAMANS SV Pl Ettl 1.35: 1, WY
SV ¥ Ky 45.07 mmol/L 2 2 W IR 30 °C F #EfT4
s, ZERWER 1. AREAF &M T HPLC
LA 1,

F 1 RIMAREA SV HALAR | S IR S diftE
XF

Table I Comparison of the conversion of SV, the yield and
selectivity of S under different oxidants
S SV
| | . A 3% /0, VAP /0
I hmin Bt S ORI S TFREE
H,0, 240 - - _

H,0,+Fe* 12 90.43 49.86 55.14
CH;COOOH 22 49.14 6.53 13.29
NaNO, 360 40.76 32.73 80.30
Ca(Cl0), 40 89.77 74.12 82.57
NaClO 10 95.32 81.81 85.83

b RN RERET , R E MR

Rifamycin SV

Rifamycin S

01234567 891011121314151617
Retention time/min

K1 ARREATIZET HPLC 315X L
Fig. 1 Comparison of HPLC spectra under different oxidants
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M 1 A, 4550 H0,. HyOp+Fe™ .
NaNO,, CH;COOOH. Ca(ClO),. NaClO “&fk SV
A7 S BE, CSRIIERRE A E AR, 153 SV 1%
B3 S B B s P 1 24 e A FH LAt SR AR 75 25
TR . XA AR Y 55 K SR A T AN R TR
H,0, S5 & A ARER 0—0, —E&IFnT Wi
BTGP RY -OH (S fbHLL 2.80 V), HIGHESEE,
S RN, P S AL SO T T, R E
Frr=4) . CH;COOOH A b4 -OH 55, {Hn] 5 C=C
K R EM A N, [ CH;COOOH Mg, C-27
A7 R SR S 2 TE BRI 25 A R iR, TR BB i ik
G, IFREE RGN, 2R, A — R
e &MY, bR AR, NaNO, B LR —, X
N4 . ClO A b1 AR B 55 (4 fk 37 4
0.8962 V), 1H CI'LL sp® 2k 705 O mifkl™™, &
A3 AN A AR IO B, DR 2 2 () A 2
B e B AN KRR K s CL R B B 3ok, il
HABGR A RTAE Y, A R
1, 4afi—OH, EMERXLEH, NEresE i,
RN 2D, R Kk BEPE A B . e, 78 SV
HAE A SE AR R, AR R R S B
ClO >NaNO,>H,0,+Fe¢**>CH;COO0OH>H,0,.

gEA 1, BN EE A S TR AR AT AR
% HPLC %K, &ILL Fenton i3 . CH;COOOH
Je NaNO, S 48 A6 B, 2% o e i 17 1 FH e %5 H #7384
Jin, MK AR E R, Zeiigs >, H oSV Fifk
KRS WFE S wEEY R . Lh Ca(Clo), Ak
FIEE, T HAEK i g B, — ORI Bl A
T WARTE A AR =X, T s g 1) A% Jo 3 4R A
BT RO N RS, ORI 5 HLROR A
KAL), SRBUST AN, s bits
P NaClO A LFIBHIG, 7= Sl R A X 3%
NaClO FEALF, AR, ViR, 745
PN S W Fe e BRIk k 81.81% ., 85.83%. LAY
Mr, ASSCHE#E NaClo &AL 7 .

2.2 NaClO R Ext SV &4 & M A0

NaClO ¥ JEe5E T NaClO 48 AbEE 11, HETm B
FERM SN (3R . NaClo 5 SV W o Bs ¥ i
IR 1 1, PEAESARIR R o EART BR A 530
BT ATHPAH , Ayt O DA% BT 5 B0 VA 847
¥ NaClO 5 SV i ff) b4l 1.5 1 1.0, L
W SV WIERHEE N 45.07 mmol/L, 7E6=30 °C .
pH=13 JZ Wi} [E] A 14 min A 550F T, %% T NaClo
WREXT SV AL N I REm, 255 L3 2.

¢ 2 AT %0, 24 NaClO ¢ 4 0.3206 mol/L i},
S MR R BEE R K, 4301 R 84.78% . 88.38%
WREARIT , A2 BEHESh 18/, NaClo H7KAH E4Rk %=

P RH S TH A B0 R 8008, — e B EE L BRI T R
B T, HARMEERT, NaClo AfbRE ass, R
S 1 3 T P o e [ SO 7 1 5 R [V £ 9 i
BfiE NaClO Wk EE RIS, AL BifEsh i3k, 14 ik
e, B NaClO W EER3E N, A s,
JRHCR IR, R R AR TR, (Hi
SRS kAR A, Al —RAEI =Y, M
i S R R BEERRAL . Rk, RIS H W NaClo
HeE A 0.3206 mol/L,

# 2 NaCIO VREEXT SV #e b4 S W & S BEFRPER S A
Table 2 Effects of NaClO concentration on the conversion
of SV and the yield and selectivity of S

c(NaClO)/(mol/L) SV 5:4b%R/% S WR/% S WEEANE/%
0.2223 74.63 58.29 78.10
0.3206 95.93 84.78 88.38
0.6393 96.17 71.50 7435
0.9169 96.19 66.37 69.00

2.3 NaClO 5 SV#IRRIE XS SV S K Bz B30

1E ¢(NaCl0)=0.3206 mol/L. /W& SV WA Hk
JE 4 45.07 mmol/L. 6=30 °C. pH=13. JZ ik}l
14 min 044 F, %%X7 NaClO 5 SV ¥l iy & L xT
SV HeAb2R | S R K S PR RE M, 255 ILIE 2,

90 492
%81 P {88
96 |- T | L] 185

él/ 184
S = 180 {80
g92¢ {75 *176 &
@0t S{72%
5} 470 .2 °
g88r 4 a =168 2
© 86 —a— Conversion e 165 q64=

84 r —0— Yleld 160 1 60

2L L] —A— Selectivity 156

452

1 1 1 1 1 1 55
09:1012:1014:1015:1017:1019:10
n(NaClO) : n(SV)

Kl 2 NaClO 5 SV Wiy & LX) SV HALAR (S IR K S
PEFENE B

Fig. 2 Effects of molar ratio of NaClO to SV on the

conversion of SV and the yield and selectivity of S

H P 2 AI T, NaClO 5 SV ¥ i it HL 5 /NA
AALFIE AL, SV A aemiaf, R ket
%, BEE PR R L BE I, OR Kk PR AN
fin, 24 NaClO 5 SV ¥l 1.4+ 1.0 B, i
FRGEBEE IR B i, A 86.35%F1 90.34%.
kSN NaClO 5 SV ¥R e, S MR Kk
FEMERII/N o R R R i ) SR AR A i S 4k
SREEAL, PEAR KRR, DI R R PR 1
%o LREZ B  WORFERNE, BEHRIEEM
NaClO 5 SV ¥y b 1.4 2 1.0,

24 RNEEX SV SR
1E NaClO 5 SV ¥R 1.4 1.0 RN
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SV WA E 7 45.07 mmol/L . ¢(NaCl0)=0.3206 mol/L .
pH=13 . XM AF[E] 14 min 55040 T, B5 TIREXT SV

Bl S MR S SRR 25U 3.
100 90 192
/ 88 490
981 . 186 188
- v {84 {86 _
S5l e——* {182 _ 184
2 . 0" f50S {528
5} ° 178 © 180§
g 9 \ 76 > {782
&) —m— Conversion 174 476@
92 —e- Yield e 172 174
—A— Selectivity 4170 172
90 1 1 L L L L L 68 70
5 10 15 20 25 30 35 40 45
Temperature/ °C

K3 REEXT SV HALAR | SR K S R R
Fig. 3  Effects of reaction temperature on the conversion of
SV and the yield and selectivity of S

FE 3 A, FEE R TS, SV FIbFRIA
AR, S HICR Kk PRPE B W K. MR R 30 °C
PSR S e B P e, 40 h 86.35% . 90.36%, It
Ja, RETHERE, S AYCR Kk PR SO REAIR
JR AR N, ISR RERAR, IR T B ] P i
1o P, 7E9 5 2 b R s W B[] — 5 1 26 F F
Ty R e A O N B 1 e s D [ =
FRRA RS, BRI N ANA S K WIAH T 9 4 85, iR
FETREET, @i, S ik AH Z B AL i
RN, PG, He S MR R e PR R
MR, ARSI hEEE, R FR T NaClo MATE M
SR, Gy RO AR RS A, AR R R HL
TesEbE, 51— RINRIR P, HBeR Rk
PERRAG . PRk, OWIRBELL 30 °CHH.

2.5 RNBEX SV X & 5 H S

TE NaCIO 5 SV Wit 1.4 2 1.0 SOV
SV Wt E Ky 45.07 mmol/L . ¢(NaClO)=0.3206
mol/L, =30 °C. pH=13 W& T, HE T i}
[EXF SV Hefb R | S R K S g FEPEMI R, 455 L
4,

9 o 196
8 . —e—* % 188 Jo4
I — i 192
e N 12
§ 80} / 172 g8 S
2721 x .64%-86-*?
5] S {84 8
2 641 1565 187 @
3 -u- Conversion |45 |go @
561 9 —e- Yield 178
48 -a- Selectivity 140 {76
. 132 174

2 4 6 8 10 12 14
Reaction time/min
Kl 4 SVEALAR . ST S PEsEtkBEmT ) A2 fL 5]
Fig. 4 Effects of reaction time on the conversion of SV
and the yield and selectivity of S

A& 4 AT, R 6 min 2N R, SV FEE
S WCR Mk BRI, B B, F Ak
RAMEEE LR, WCR R BEFEPERIE RN, 12 min Bl
N VB I ik 88.02% . 92.34%., UKLk FE K i
[T = 2 Y A (e N < k=S B I U
SV kB, R, HE5MT 1,4 o 7 L—
OH Wtk , B/, 7 CIO/EH TR H A
PR 25 A A A R 250, Al So BEE RN AT,
SV W EER Wb, MR R b S WREE R T SV Mk BERT,
A 5 NaClO fiifE LR R FJa#, —E R L8
T S 5 NaClO WA S Mt %, /b mhy S t—4
AAb. BLAh, S TESRBMESM AR, B RN
IR IE R, S Al 5 NaClO ¥ H A7 7E 4 I 525
N, KA R SRS CRIRE . NI,
AR N B[R] 2R 12 min,
2.6 A pH Xt SV &4 RN

NaClO % H pH M ECAE X NaClO {4 & ) 41 1%,
KA EEAREZM RN pH &4 FIER
ffbE AT L (4) ~ (6) Fos, ARAMATLE
R, W s iR

2H" +CI” +CIO" —=—=Cl, +H,0 (4)
ClO™ +H,0—=HCIO + OH" (5)
HCIO&=—H" +CIO~ (6)

—_
(=3
(=)

o0
(=]

Y,

——>|<«— HCIO —>

D
(=]

Mass fraction of chlorine ions/%

a0t CL ClO~

20r

O 1 1 1 1 1 1 1 1 1
012 3 456 7 8 9101112

pH
K5 A pH Z&4F AR BIAAAE RS

Fig. 5 Existence form of effective chlorine at different pH

WE s B, YIEH pH<2 B, FEE H WK
Hom, RN (4) fRUMRRE, WA BRI, H
HEER N Cly; 24 2<pH<8 B, & (5) AFE
RN, W FE R HCIO; 1 pH>9, OH {2
#E HCIO BYfff 25 , % 0 i 2L 43 €107, H. C10™
FERRPEIREE P AR E P L, SR P R
PR T 755

£ NaClO 5 SV ¥l tbh 1.4 1 1.0, RNl
SV WHEHEE A 45.07 mmol/L . ¢(NaClO)=0.3206 mol/L .
6=30 °C. W f[E] 12 min 25040 F, 5 TR pH
Xt SV ALK S R K S BEREME BRI, 45 LA 6,
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100 9 96 80000 a
%6l ® e, gy, % 70000
o // A 190 60000 - Rifamycin SV
i a—n e\, 18 {87 3
g 88 | /./. 84 j\?.‘ & 50000 |
1 b < =1 [
284l “3laz £ 40000 [
> 180 i 3 &
2 80| 1788 %' 30000 — Water-Base oxidation
3 —m— i o ]
O 6l & - C?nver51on {76 175« ~ 20000 | Original sample
—e— Yield 172
72+ —a— Selectivity 172 | g9 10000 r L
68 68 66 [ —, —— N

'.7 8 9 1.0 1.1 1I2 1I3
pH
Kl 6 pHX SV EALR . SR S BEFFIER R
Fig. 6 Effects of pH on the conversion of SV and the yield
and selectivity of S

M & 6 AT, 24 pH KT 7 i, Bl pH BI3E K,
SV HEAL R ZWIH /N, S WSOR F k£ S B s BEAIK
pH K, W OH M EEH I, M2k HCIO H K,
VR RSy R HCIO #5785 ClO-, 5 & EAb it
X TR [ E(CIO7/CIN)=0.8962 V, E(HCIO/Cl,)=
1.611 V) P40 SAbfE Fkss, o el RS il
Bifi pH 38K, S o S TR R B2 FRAIG, ISR S s BRI K
2 pH oM 13 B, ISR PE K a8, C-25 7 A 2.1t
AEEAAKM, S SEMIBIR, YR Kk R
%, ik pH LA 12.3 NH.
27 RMUIZEEREIEZERILE

WL AR BT, BELE TR T HE/K AR
KR ZF, LA NaClo L], RS54SR 48
FHE SV HAEEE S MBI T 2440 NaClo
WK 0.3206 mol/L, NaClO 5 SV ¥Iliny& Lk
1.4 : 1.0, Wi JE 30 °C, pH 2y 12.3, )i 12 min,
BERE S AR | PRI K s P ISCR Y B AR TR 2 14
FIKIERRA T WA e, BARXT 2RIk 3,
HPLC X} o 1 LI 7.

£3 MUTEEEET LR L

600000

550000 |
500000
450000 |
400000 |
350000
300000 |
250000 |
200000 |
150000 -
100000 -

50000 |

Response area

0

-2 0 2 4 6 8 101214 16 18 20 22

Retention time/min

Rifamycin SV

— Heterogeneous oxidation
Original sample

2 0 2 4 6 8 1012 14 16 18 20 22
Retention time/min

16000 ¢
14000 Rifamycin S
8 12000
& 10000
2 8000 — Water-Base
2. 6000 c]{xida_tiorg_
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~ 4000 floid
2000 r
0 L
2000 —————
-2 0 2 4 6 8 1012 14 16 18 20 22
Retention time/min
16000 4
14000 Rifamycin S
12000 | — Heterogeneous
oxidation

Response area
(=2}
S
S
S

—2000

Termination fluid

Rifamycin SV

20 2 4 6 8 101214 16 18 20 22
Retention time/min

Table 3~ Comparison of optimum process and traditional
process
e T2 AL
K E A E AL By k=R

i [ /h 0.2 0.2

7 H/(g/L) 3.35 27.92
/% 85.41 89.02

PR/ % 85.68 92.42
IR/ (g/(L-h) ) 16.75 139.60

M 3 I, ARSI T, FIfRER S

TR R e BEE 23 91K 89.02% . 92.42%, 2SIl
4 139.60 g/(L-h), SAHIR S 510 F LGk I A
RAH LG, 7= SR Rk B iR = T 3.61% .
6.74%, 23ISR N 122.85 g/(L-h).

a. c—4r A RAKILE AN 0. 12 min WY HPLC %Kl ; b.
d— AR AR AE ALY 0. 12 min SS9 HPLC 31K

K7 JkEEEA (a, o) KAEMMHE (b, d) KT
IR B 261k O i HPLC 3 B B

Fig. 7 Comparison of HPLC spectra of initial and termination

fluids under water-based and heterogeneous oxidation

G 7 R, AR A AT, 0 min
1 ENAVAN O VAT 28 7oy N A = A 8 8 5
25 IR e E R A . BEAh, 12 min B
I HPLC 1B &3, A& T Y
HPLC i 2] r 2 ot e $5c et K ey 1, 17 R A% G5 K ik
AR R WD o X PR B N et i v A s 0 ) A
2 S R R AU, T KA R RN
MR, R T ARG R S MR Sk £tk
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