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Enzymatic Synthesis of 5'-Palmitate of 5S-Fluorouridine
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Abstract: In a 10 ml co-solvent system of acetone-THF (85/15, volume ratio), the effects of key parameters on the synthesis of 5'-palmitate
of 5-fluorouridine (5-FUR) catalyzed by Lipozyme TL IM were investigated. It was revealed that water in the mixture could be removed
efficiently by adding molecular sieves, thus significantly improving the yield of the desirable product. The batch enzymatic reaction was
successfully scaled up to 200 ml (1 g 5-FUR scale), furnishing a yield of 99%. Moreover, Lipozyme TL IM displayed excellent operational
stability in this reaction system. The yield of 97% was obtained after reuse for 10 cycles. Additionally, the volumetric productivity in a
packed bed reactor for the synthesis of 5'-O-palmitoyl-5-FUR was 22.4 g/(L-h), which was much higher than that in the batch reactor (0.5
g/(L-h)).
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Y, Horr 5'-BR R IR e LU BEZG I e R AT AR WD I 7
RIVER/NST, A S iR Bt . AR R 24t
o /D A P PR RN RS PR AR O e, I T A A
P& g SR AAL),

SR, IR A L BT A 75 2 28 (R 3 A i
TRIPB IR, T 2B, =WICRAR, 167 KRB,
15 YRR BRI T AR € (i Ik T2 R L 24 Tl
ST R R R A T2 R SRS, AR
B DL IR R (> 97%) ik EEE (> 99%)
AT 5-FUR 1) 5'- A BEBR TR & 5™ AR R IR 55 — &
B\ e AT A0 I RIS ) 4% 7 A7 A AN K
PR di e (1) Bk E A0 &0 oK, H 5 i EE R N
15 (7 ¥EWR 2 M5 s 5-FUR) £ 25 (% W R 2 W5 i -
5-FUR), MM fd sl A 38, B R T 722 4 4l 46110
(2) SN AAR AR /N (1~2 ml), BF 5045 S Ak LLoA K
A R IR TR 5. Tk, A s BRI
ik 5 Rt Ak DK R o o ) DR R R e R AR AR 1 2 1, R
o R T 56 A 4 P B 1 5 9%, LUK, IR AT SEG s R
1 LK, LA 79 5-FUR S'-A5AE R B, %5 %2
W IREE V2% T 2S5 s m, LU N % i vk
T2 Tk B AT AT PR R AL 4

1 SCIuERoy

1.1 E§{E 5-FUR XIS HFMHE LR M

£ 50 ml 7 ZE = AN N 10 ml & 0.2 mmol
5-FUR (46 )% > 97%, {LIA/KiEtL THEA A ). 0.4
mmol AE AR 2. 1% g (26 % > 96%, H A TCI 2 #])
() 75 T — DU S0 PR (85/15, AR EL) TR & A AT 0.2 g
fig i B Lipozyme TL IM (50 U/mg, K& T Thermo-
myces lanuginosus, [& & 0T — A EHURL), & 0.4
nm FLAE 5> i (OREE T RBF WA 22l 0 A A, TR G
¥15), BT — i TR R M (200 r/min), & B HL
FE 20 ul, A A - 7K 7 VB0 FR R, BS540 (10000 x g) 10
min, F & RORAH 3% 4 (Waters 600, USA) 43 #7, fic
#H Zorbax XDB-C18 A+ (4.6 mm x 250 mm, 5 um,
Agilent), Jt B3 Z A E FE BRI £ (Waters 996) B
ZERIMZE (Waters 2410).

M SR 1 O H R R SR IS (A
269 nm); izhAH: 88/12 M H BE- £, R i 2% il (0.01
mol/L, pH = 4.25~4.27); Jiti#: 1.0 ml/min; & : 25
°C; HEFEE: 20 pl. 5-FUR T R 5-ER A EL e (HR 4

SCHR[91E I 45 8 45 K0 1O OR B IS 1) 73 53] O 2.48 A1
18.24 min.

YN SR 20 R RO AR BN A HEE - K
(95/5); Vi : 1.0 ml/min; FE iR 45 °C; HEFE R 20
wl KRR S L 20 i ) OR BE N 1R 43 0 R 7,79 N
15.87 min.

DA v 2550 A €8 3 e TR AR T H B R S R 2 (vo)
PRI A B X i 4
1.2 R R R8P EIR B & B ALK

7E 500 ml 77 € = M I 200 ml 74 - 1Y &
Wk IR (85/15, & #LEL) . 4 mmol 5-FUR (1.06 g) . 8
mmol KA ER 2.0 liE (2.26 g) A1 20% [ 0.4 nm L%
5y 11 (40 g), 3 ¢ G Wil Lipozyme TL IM, V& & 3
5], # ¥ B (40 °C, 200 r/min), & B BURE 20 pl,
I - K 5 % 50 i, B0 (10000 x g) 10 min &, X
EIE W 20 pl, F RO U 3 T
1.3 BERKRRNFZ[HEEGN S-BRE 5'-1RHEEE
5

] 58 PR . 75 2 B e FLA AR B AR an B 1 B
N, HH (a) HEL R B, (b) NEH B, (1)
A1 (5) 9 500 ml fifi ¥ G, T 2% 4 bk 2 B DUTR &) ) BE
W (2) NIRRT, (3) A5 T A, US55 4 i
Ky (4) NG BFE (410 mm x 100 mm), HF#H A
T4 2g T (FL42 0.4 nm). BEASEEAE B ICCE
(F /NP 25 ) A DUBRIE S BE R ISR 3k AT . s B 3ok

(@ r—_ _—_ _ — — — —
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‘ (3) Molecular sieves
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Fig. 1. Schematic diagram of the packed bed reactor system. (a) The
continuous reactor; (b) The loop reactor.
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Fig. 2. Effects of molecular sieves (a) and their dosage (b) on the
enzymatic acylation. Reaction conditions: 20 mmol/L 5-FUR, 100
mmol/L vinyl palmitate, 0.2 g Lipozyme TL IM, 40 °C, 200 r/min, 10
ml acetone-THF (85/15). Open symbols: reactions in the absence of
molecular sieves, and the solvents used as received; filled symbols:
reactions in the presence of molecular sieves, and the solvents dried
overnight with molecular sieves prior to use. (1) Product; (2) Product
(in the presence of molecular sieves); (3) Vinyl palmitate; (4) Vinyl
palmitate (in the presence of molecular sieves); (5) Palmitic acid; (6)

Palmitic acid (in the presence of molecular sieves).

i B A F R, KRR R SR 2 (154.8 mmol/(L-h)) /2
AL S M B 12 % (13.2 mmol/(L-h)). 43 19 & —F
HA RS W AL 45 0 0 RO R ER R 2, XK 7 T A
HRGRR P EE S, O 2 AN s 1L
SNE BB 2k R K, B e iR R
2(a) AT, WS04 05 J5 , 7K AR R ST 26 B &2 48.6
mmol/(L-h), 1X A B {6 & B (23.4 mmol/(L-h)) ] 2
£, T H, TR e AR T B A R BT, PRI
AL 98%, L T AR NN T AR R (58%). X IES2
BT 20 1 0 B T SO AR 2R R AR K, AT B 4 40
T R R AR R 2 R K AR o, R ONAR R
IR AKOR B SR Bk L S R A 1A
RSB RNR PR R EK. AL,
Fontes 25" R 70 T A EA . 207 M £ ok Bk 16 &
1 T A B T A s R H 431 O 10 4 DL B, I S 4y
TR R T A e I % ) R AAR FR R 7K R AR i ) K
GRS AL, I e A FH B R B A A
M) 8 (1 5 - AR S, X I 40 7= AR TR B R, 3 T
W) J P AR AR AT M. RT3 RT B 2 B S-FUR AR A
WA e . B8 5 334 1 5 — AN s A

FAN, RSCERANT AT R, 4R E 2(b)
B, vl LLE t, BT 2 K = M 2 B o 1 i
FH B IR 3 I i 2 0 T . & 20% B, FEAIR A B
wr; RNy TR, PR AR . )
& E AT RN 20%.
2.2 HbEZEX} Lipozyme TL IM {8 5-FUR ft it
ANz

WIHTETIR, BT 5 4 PR K i S SE (A7 (E,
R OR e 5 10 T 5 A Ak DL 2148 v I i 17 TR A e Ak
B, M 3 BOREAS 19 I J 7= ) 43 B8 il 52 4 Ak 5 )
. R, AR SCHAE 5-FUR KRN 20 mmol/L B #R4+F
KFAR R £ 05 Tie VR 2 0T Il 12 19t 1 e B2 1) 5 ), 485 SR %)
TR 1 LA M, B E % FE R A R 2 0 B
/5-FUR JEc 40 B8 /)% LU 1 184 KT 68 3 T v 9, 6 75
O FIRAR R, IR BE R TGN 121 I, B RN A E
LA 6.0 mmol/(L-h) (L4 8); MK EE/R LI =
8:1 B, S B )3 R 3 5 £ 30.5 mmol/(L-h) (5 5%
12); 4R BER I — D2 15:1 B, R B YE 2
15 34.7 mmol/(L-h) (S£36 14). A2, Uik R+
ININ 5108, A 2 £ BE R 24 B AR R R £ BRI,
PP R BRI B 99% (SE5 9); 1 AR 43 1 9 1
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F=1 JRYE/REEEESE X AEEES Lipozyme TL IM 12 5-FUR A2 HEE 4K K 2 #9520
Table 1 Effects of molar ratio and enzyme amount on Lipozyme TL IM-catalyzed palmitoylation of 5-FUR

Entry Molecular sieves ~ Enzyme amount  Acyl donor Vo Yield Time 5'-Regioselectivity

(%) (9] (eq.) (mmol/(L-h)) (%) () (%)

1 0 0.20 1 4.7 32 7.5 >99
2 0 0.20 2 11.3 54 7.5 >99
3 0 0.20 3 15.8 83 7.0 >99
4 0 0.20 5 19.9 96 6.5 >99
5 0 0.20 8 26.2 99 6.0 >99
6 0 0.20 10 29.6 99 6.0 >99
7 0 0.20 15 30.9 99 5.5 >99
8 20 0.20 1 6.0 55 9.5 >99
9 20 0.20 2 16.7 99 8.0 >99
10 20 0.20 3 20.6 99 7.5 >99
11 20 0.20 5 254 99 7.0 >99
12 20 0.20 8 30.5 98 6.5 >99
13 20 0.20 10 33.8 99 6.0 >99
14 20 0.20 15 34.7 99 5.0 >99
15 20 0.05 2 6.6 91 14.0 >99
16 20 0.10 2 9.8 98 10.0 >99
17 20 0.15 2 11.6 99 8.5 >99
18 20 0.18 2 12.3 99 8.0 >99
19 20 0.20 2 13.9 99 7.5 >99
20 20 0.25 2 16.4 99 6.0 >99
21 20 0.30 2 18.0 99 5.5 >99

Reaction conditions: 20 mmol/L 5-FUR, vinyl palmitate and Lipozyme TL IM, 10 ml acetone-THF (85/15) dried overnight with molecular sieves, 2 g

molecular sieves, 40 °C, 200 r/min.

R, BF] 98% LL LR MITE 8 5 BE/R Y& 1 LI
HE (5258 5).

AN, R 1B I TGRS,
S 15~21 ATLUE H, Mg EH 0.05 g I, P4
A 91%, FJF K AT A 2 O HORE S F s S
TR K A T S N A 3R, AT 51 A ok 5 4L 4k R 7= 4
(1 7K fif, WO T TR W) R B 56 A T A R HBR AT AR 9.
Bt e 0 18 0, e I 4] 3 R 2 R, (Ll ) 7R
PRI BN, G E %8, 015 g M ERE T
Tl Ak R .

2.3 FB{E 5-FUR RH88EL 0 & R ALK B9 5=

12 FR BT b, AR SO %R BAA &R 10 ml

HAEHCR 2] 100 ml, &I 8756 28 50 7= Pl % 85 T8

Ak, W JE R Lt — B TROR #] 200 ml, 25 SRR T 3.

& 3(a) AT AL, W 8 h B, PRI ERTE 99%, [X 5k
i B PR A R R OB R I K B AR (1) AR FFAE
99% LA 1), [EIEF, ASCEHLET 200 ml AR R
g Wi B Lipozyme TL IM [H#e/E R e 4, fF B IR M
SEEE, [ EALBE L g . FTEE A BE R 3 0, TEIR

T e EEAT NP, HE 3(0b) 7] LLEH, E
il Lipozyme TL IM EE FIH 10 k)5, HELZ
T B4 S =PI R AT BE LR FF 97% LA b AT WL
ELZREABRETIACN HE 7.
2.4 [BEEKRERNMZEDEE S-FUR 5-HREREES
BRI

PE [ 8 PR RS2 T, 2 S 3 A R AT S 2 1)
O A AR TR I 2 B AN R A WL
570N, A5 )T TR Bl 135 R RS e DS S A, i
T AR LR Z R R ) ¥ e 58 A T R, ROBLIORG
/N, HBTH B JE W5 B8 Lipozyme TL IM A AN 5] (1) 5
LR ] A, WO T[] 58 PR Bl B N 25

FE[H 58 IR S B85 v, B ) 2 8 )= v 16 58 B I [A]
Je— AN E R R & U A [ e AL R
S SRS T 25 i AR R ) L B 2 R IR A R I ]
2 5T IX A SHON P ER X ] e e AR
MR, R, AHEE T, R, 7
YW R s, A E S RN, RS I AR, B
ArEmRCR R, B2, RN TERE F 45
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Fig. 3. Time course of enzymatic acylation (a) and operational sta-
bility of the enzyme (b) in a 200 ml reaction system. Reaction condi-
tions: 20 mmol/L 5-FUR, 40 mmol/L vinyl palmitate, 3 g Lipozyme
TL IM, 200 ml acetone-THF(85/15) dried overnight with molecular
sieves, 40 g molecular sieves, 40 °C, 200 r/min, reaction time 8 h for
each batch.

) K, AL Ik i 2 S A P A e U . (R 2
Fa, SRR ;T AL TR ) 5 R B R B B, B
TR T. Fk, FLEEHRUEFEEN
MEEmBERRE. R 2T, YEEmEN 5.5
em. SRR E N 0.33 ml/min ISR 4 78 i o 0 45 B
I B2 (13.1 min), SEES P2 PIU 3 8 5 (76%). 2
At BRSO [ s A I AR R RN, S8R 1 B,
% 183 mg/(g-h).

TEME T B A 2 =, SR G PR %
B (W E 1(b)) 15 5 S8 I B 2, DLAE & 4%
PR, RS T E 4. WTLLE L X3 h, 200
ml S S 56 B — AR B, 7= P09 FE A 8.3 mmol/L
(BN 41%). % 6 h B, A |BAR R O 58 P K
TEIR, PEDK L IE 14.0 mmol/L (W L) 70%). £ 5
—REF, RV 9h PRI EE N 15.8 mmol/L (i

R2 BESENRNEEREIEER NI
Table 2 Effects of enzyme bed height and flow rate of reaction mix-

ture on enzymatic reaction

Enzyme . . L.
. Flowrate  Residence Yield Productivity
Entry bed height . . .
(ml/min)  time (min) (%) (mg/(g-h))
(cm)
1 3.0(l5g) 1.12 2.1 41 183
2 3.0(l5g) 0.80 3.0 52 166
3 30(l5g) 0.54 44 59 128
4 30(l5g) 0.43 5.5 64 111
5 3.0(l5g) 0.24 9.8 71 69
6 45Q20g) 1.12 32 52 176
7 45Q20g) 0.80 44 59 141
8 4520¢) 0.54 6.5 62 100
9 45Q20g 0.33 10.7 73 73
10 55@3.0g) 2.13 2.0 40 168
11 553.0g) 1.12 39 55 124
12 553.0g) 0.80 5.4 64 102
13 553.0g) 0.54 8.0 70 76
14 55(3.0g) 0.33 13.1 76 50

Reaction conditions: 20 mmol/L 5-FUR, 40 mmol/L vinyl palmitate,
Lipozyme TL IM, 200 ml acetone-THF(85/15) dried overnight with

molecular sieves, 40 g molecular sieves, 40 °C.
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5-FUR #RA8EL 1L R R R 7 2

Fig. 4. Time course of Lipozyme TL IM-promoted palmitoylation of

(=)

[\
N

5-FUR in the packed bed loop reactor. Reaction conditions: 20
mmol/L 5-FUR, 40 mmol/L vinyl palmitate, 1.5 g Lipozyme TL IM,
200 ml acetone-THF (85/15) dried overnight with molecular sieves, 40
g molecular sieves, 40 °C, flow rate 1.12 ml/min.

15 79%), PEICER B A K. ORI ZE R DN 4 2R
R R R 58 e Fe Ak, T B2 ik iR FE 52 4.
XA RE A T RE IR S N A B E K A ]
Horp 2= S KK S B Sy i, A 3 BOK 2> B
SRR, S R, SR Ah, Bl 1 R
5l 73 1 I BRI (BB, By R 1, A 3 5 g )
THEMATE Sy, A T B AL S VAT AN e 4

SR SE TR R A FF S B4 T 5-FUR s A 9t 4K
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LT 203 (79%) K T HEIRR L (99%), 1H H A4 F41
AR R (22.4 g/(L-h)) #GE & T LR OB (0.5
g/(L-h)). FEHLIR S, Big 55 A 78 43 e fi, i HL 4%
st TR, PR B v, BT S A AR 2 TR K I
() PR AL 456 4 °0 0 4 1 e 2, LB A 2k ) ) 4
WARKT EH . FRIT; 1 HE 70K ] E Al e 8L A A4 AR
N, A TR R, B AR T, B TS
X HARAE T2 R G v i — B 3 T HAR AR = 4R

3 #ig

Ti1) J52 2 A4 2 H S 0 23 7 B A 0 410 ) g e £
PR, B I 2 (1A F &, S m = I, 1E 10
ml 2 BEAR Z5 e, B (A 5 A T IR I BE K EE O 2
I, B8 h J&, HAR =W &l 99%, 5'- X 18k
BEMER T 99%. TERCHEEAN b, BT MUK % 44 R TBOK
£ 200 ml 7K F&. BEAb, BF IR SR A8 gV AT
Fe 25 A A UE W, VR G % ) ] Ak BE U7 g Li-
pozyme TL IM {4k 5-FUR EiEEEfL A4 7% 5-FURS'-
o e TR T DK AR 82 FH 1 W AT M, AT Ay il 05 1) 8 1%
HRBEAT A Tl N H 3858 T — 5E (1) LAl

2 % X ™
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