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Enzymatic Synthesis of 5'-Palmitate of 5-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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1.1 B8R 5-FUR Xk F B R K

£ 50 ml 7 ZE = A I 10 ml & 0.2 mmol
5-FUR (#4lifE > 97%, LI KIEH THBRAF). 0.4
mmol BEHIEE 25 BE (46 F > 96%, H A~ TCI & &])
1) 79 R - DU S PR (85/15, AR LEL) TR &I 0.2 g
g i B Lipozyme TL IM (50 U/mg, K& T Thermo-
myces lanuginosus, [f & {6 T — F AL LRk, 2 0.4
nm FLAR 5 0 (REE T RFE B X5 A 7)), IR G
B15), BT — i JE TR [ (200 r/min), 7€ L
FE 20 ul, A AT I - 7K MRS R, 850 (10000 x g) 10
min, F & ROBA 3% 4 (Waters 600, USA) 437, fic

Y, Hor SRR A R e b B 285 e e R AT AE M 103

#H Zorbax XDB-C18 i+ (4.6 mm x 250 mm, 5 um,

Agilent), Yt B M BE IS I 45 (Waters 996) 37w
ZERI 2% (Waters 2410).

M SR 1 DG AR B AR TN AS (AT
269 nm); JishAH: 88/12 M H IE- £ R B 22 M iR (0.01
mol/L, pH = 4.25~4.27); Jiti#: 1.0 ml/min; A : 25
°C; #EFEE: 20 pl. S-HURE A& H S-BRAHERBE (FR 4

SCHER[9]6 A 5 5E S5 1) (DR B I 18] 23 3] O 2.48 Al
18.24 min.

GBS 20 R AT IN B BN A HEE-OK
(95/5); Vi i#: 1.0 ml/min; FE i 45 °C; HEFE R 20
wl. AR AR R S L 20 I ) DR B I 1) 43 00 R 7,79 i
15.87 min.
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£ 500 ml 7 Z& = I 0 200 ml P - DY &
IR (85/15, K #1Hk) . 4 mmol 5-FUR (1.06 g). 8
mmol KA R 204 liE (2.26 g) Al 20% [ 0.4 nm fL1%
57 T 1% (40 g), 3 g & Wi B Lipozyme TL IM, & & 3
5], # ¥ VL (40 °C, 200 r/min), & i BURE 20 pl,
FH I - K 5 R 50 %, B0 (10000 x ) 10 min J, HX
IEWR 20 pl, F RO U 3 T
1.3 BEARRRNFZHEEGN S-BRE 5'-1FHEEE
5

[E] 5 IR S I 745 2 L e LA A 2% B R AR ] 1 B
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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 Bk 2 H, K R BT % (154.8 mmol/(L-h)) 42
FRAL S BB 12 4% (13.2 mmol/(L-h)). 43 19 /& —F
BAREHILE I S AR R, XK a7 A
AR RE 7, BT 2 H AL B R
JNEDLBR 25k R oK, SRR AR B
2(a) BT UL, SN A3 F 0% e, 7K A R N W 26 B 22 48.6
mmol/(L-h), 1% Bt ft & B (23.4 mmol/(L-h)) ] 2
f&. T H, TR e AR T B A R ST, PR
RIE 98%, 1L fE T AN T AR R (58%). X IESZ
BT 23 0 W B T R AR FR R [ K, AT S 43 40
T AR R R 20 TR K. FL R ROBAR R
KR B RNJEY S BERORL DL S REAS $R A
RSB RN R PR R E K. AL,
Fontes 25" B0 7 N EA . 2 M £ oA Bk 16 &
A4 A0 5 TR A SN R 43 O A PR, I 52 43
TR bR 1 A I 4 ) R AR FR AR 7K R SR i ) K
HARZS AL, 1 e T A PH R B A A
W) 8 (1 57 T A AR S, X 23 7= AR R B B, 3 1 5
W) JE P AR AR AT . [RLTTG, IXRT BE 2 B S-FUR AR A
WA 2 . 5 5 3R 4T 1 5 — A SR AL

FAN, RSB T T &, 4R aE 2(b)
Fion. RILAE H, RN HIE 2 5% 7= )i 26 b 4y 1 O
FE B2 T 8 o0 i S R R L AR 20% B, RIS ER A B
BBy T A &, R R AR . )
EH TR EAN 20%.
2.2 H#EZEX Lipozyme TL IM {€ 5-FUR Bt 1L
S ANEzopAl

WIRHT TR, BT 56 G PR 7K iR S B I A7 7E, 8 75
R OR e 52 1) T A A DL 2145 v I i 17 TR A e A
2 T A G 0 K 7= 4 4y 5 Al AN 52 2% A 46 1)
AL A, AR SCAE 5-FUR KR BE2A 20 mmol/L B 483
KEAR R £ 05 Wi R 8 0t I 412 198 £ e B2 1) 5 ), 285 SR %)
TR 1 AT LR M, &N HE 2 BE AR R 20 B
/5-FUR JEc 490 B /)% LU 1 384 KT 68 3 T v ol 5
O FIR AR R, IR EE IR LGN 121 I, BN 4] T8
FAUH 6.0 mmol/(L-h) (SL5: 8); Y BE/R L =
8:1 B, Jx B )3 R 32 = £ 30.5 mmol/(L-h) (5 5%
12); YJRVEE /R EEE— P36 & 151 B, N AT I8 2
% 34.7 mmol/(L-h) (5256 14). H#E 2, Hik R
N0y F-08, A8 2 £ BE R 24 B AR AR R 20 R T
PR RIATIE 21 99% (SE56 9); 111 A 070 5 i 1)
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F1 RYERIEREEE5ASAHEE Lipozyme TL IM {2 5-FUR 348t 1L & R B9 5200
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

(%) (& (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, IKF] 98% LA EW N 8 5 BE/R M & L0
e (5258 5).

FAN, R 1B I TR, H
S 15~21 ATLUE H, RN 0.05 g I, P4
A 91%, HoJ5 R 7] e 2 2 o BURE I 72 v 2 S i)
TR KA AR T R N A ZR, DT 5] S T i it A4 A0 = )
(19 7K fif, WK% T IR W) K B 56 A e A R HBR AT AR 4.
W 5 T ) 30, s N 2R S PR, (X
YIS BN, SREFERE, 0.15 ¢ M ERUE T
Tk R A
2.3 EB{E 5-FUR HRH8EL 6 & R AR B 5=

1 R BT b, AR SO % S NAR & 10 ml
HLAEHCR 2] 100 ml, & I 858 28 A0 7= YUl 2 i T8
Ak, B JE R LD HOK ] 200 ml, 45 1R T E 3.
I 3(a) AT, [N 8 h I, PE IR TE 99%, X
I B PR A R R R R I K B A (1) AR FFTE
99% LA 1), [FIEF, ASCEFHEET 200 ml AR &
JiE Wil Lipozyme TL IM [ £ 1E fa e M, £ IR B
SEHE, [ E B P8 . B A BE R 3 0, TEIR

T e BEHT T, #HE 30b) /LA H, E
i B Lipozyme TL IM EE R 10 K5, H AL
TR L B P ATy RE AR 7 97% LA E. ] Wi g
LS R B R T AR FH i .
24 [EBlEKREKRNZEPERE S-FUR S-IZHERES S
BB

T [8 52 PR S B2 3% SR 45 1 FE A8 S 4 1 4y
5 I R A R TR A B R R HLAR AR
B3 /I8, A RT3 R Bl 0 3 A AR e v D18 S 4k,
T s AR R PR I 0 X i 5T AT VA AR, RN IRURS E
/N, HBTH B I8 W5 8§ Lipozyme TL IM A AN 5] 1) i
LR 44, #CE0E T [ 2 R g M 2

T 8] 78 PR 2 874§ H R A AE B 2 (145 B B[R]
Je—ANEE R R R O A [ e AL R
T IR 3 357 R TA R JER A A i) R R A B B
2 45T IS SO R IR R T E A A
AR FE . R L, AHRE R, B R, T
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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 I i S R W R s (R
ra, SN RS ;T AL T K ) 5 R N FE B B, B
AT R T. Fk, e HRUEFEEN
MEEmBERMRE®E. AR 2T, YEERENSS
cm. N R E A 0.33 mil/min I JE Y 7E B b 7 B9
B [ 2K (13.1 min), BEES P2 P0U0R i & (76%). 12
A BRSO [ S AL I 2R PR ORI, SRR 1 e,
Aik& 183 mg/(g-h).

TEHE T B Il A B 2 = B, SR B PR %
B (L 1(b)) 4/ RO AE A B S, DA e 4
PR, SRR T 4. W LLE B, KB 3 h, 200
ml N 5E B — IRAE IR, PRI N 8.3 mmol/L
(BN 41%). % 6 h B, FEAS MR & O 58 P K
EIR, P2 FEIE 14.0 mmol/L (W4 70%). £ 5
=X, B9 h JE P EE Y 15.8 mmol/L (Y &

®2 BESEMNREREREHR 00
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 . K .
(ml/min)  time (min) (%) (mg/(g-h))
(cm)

1 3.0(15g) 1.12 2.1 41 183
2 3.0(15g) 0.80 3.0 52 166
3 3.0(15g) 0.54 44 59 128
4 3.0(l59g) 0.43 5.5 64 111
5 30(l5g 0.24 9.8 71 69
6 4520g) 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 55@3.0g) 1.12 39 55 124
12 55@30g) 0.80 5.4 64 102
13 55@3.0g) 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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Fig. 4. Time course of Lipozyme TL IM-promoted palmitoylation of
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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.
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