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Q% AEHT U 4559 Lipase( talpase, paratase MIOO00L, SP398, SP435)% o] 43}, 2-{ 1 1-acetoxy-2,
2, 2-trifluoroethyl)]-5-trimethylsilylfuran(1)& £52d Bshigo) A4 FheRaubes AEHD. 7 A7 Novo
NordishAte] SP4357} £x24 32852 slxgs 7g Falfon, 2 AYolAE B4R 924% enantiomeric ex-
cess(ee)E 7HAE AAE 2142, 2 2~ trifluoro-1-hydroxyethyl)] 5-trimethylsilylfuran( 2 )= Aict.

Abstract: The hydrolysis of biochemical kinetic resolutions for 2-1-{acetoxy-2, 2, 2—trifluoroethyl )] -5~
trimethylsilylfuran(1) using four kinds of Lipase{ talpase, paratase MI1000L, SP398, SP435) was investigated. In the
results, SP435 of Novo Nordish comp any was confirmed to show the capacity of biochemical kinetic resolutions, and 2—
[1H2, 2, 2-trifluoro-1-hydroxyethyl )]-5-trimethylsilylfuran(2) to have the optical purity expressed as 9249%
enantiomeric excess( ee) was produced in this studies.
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Scheme 1. Syntheses of optical active butenolides
containing CF; group.
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2. 1. General Methods

E4g dio] glod, Ajde AlgHE AE vio)
A AAFARe] 22 AN ® 2 E AdgA
2 N, Ar71573lelA] #gct. b 29 THF: recir-
culating still 44 sodium benzophenone ketyl2
e Azse FHF A& AH4ded CHCOLE
calcium hydride® ZZs}a, od29} THFS A
Wi fAREE Ao 2 FH5 A,

'HNMR3 “CNMR 2#E#e 583 Adyo) ¢
o® CDCLE 472 3o Varian Gemini-300
(300MHz), Varian VXR-500(500MHz)Z A}-&-8l.0
o, Chemical Shifts: tetramethylsilane( MeSi)&
Wi71Ee 2 st EA3Ych. "FNMRS 583 A
ol ¢le® CDCLE 4vi2 3] HitachiR-24F
(56.4MHz) =+ Hitachi R-1200F(56.451MHz)E
AHg-std e Chemical shiftse trifluoroacetic acid
(TFA)E 571522 3t $4YPd. R 29Eey
2 JASCO FT/IR-5000& AH&3 o™, polystyrene
film¢] 1601.4cm™'E 71302 3o H4(em™?)
A2 2AY. A3xE JASCO DIP-140 digital
polarimeters A}g38}e 21°ColA &Aa),

2. 2. 2-Trifluoroacetyl-5-trimethylsilylfuran( 1) 2| &

(1)e] #A44L Fig 1ol Jebf ot N7 F3
—20°Cell A THF(150ml)e] furan(14.5ml, 199mmol)
<+ A7tz ksl A] hexane €9 29 n-Buli
2.5M(84ml, 210mmol)Z H3}3ch. -20°CelA] 308
7} 38Kk % trimethylsilylchloride( 25.4ml, 200mmol )
< o] &deo] Arlsia, ALdA 1A aubg).
Al 20CE Y243 % hexane® ¢ n-Buli 2.0M
(84ml, 210mmol )2 A3}stxw, 7 8L 3087
auec}, wheE-8 78CE JYZ4d F THFR(50ml)
%9 ethyltriflucroacetate( 26.2ml, 220mmol)< 3
7Hich 2 F AeA 37 FoF mulgF ¥, A
OB e ANES 27 984 3N-HC $4
(80ml)E #H7l8lz £v)l= evaporatorE AR&d}ed
AAYcE L F ethylacetate® 33 &5z &7
%< NaHCO, #4935 £3%2 AHstn, MgSO,
2 AZAR F, BAE QA 2% ATEF3Ho
o, 2|9 crude products t}e whAle] zujE
AH8-gr},
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F. W. 236.2669, bp
80 -85 °C /15mmHg
(bath temp. ).
HRMS calcd for CH
11 FstSim/6236.
0480, found 236.
0464.

'H NMR 80.32(9H, s, g), 6.79(1H, d, /=368 Hz, d), 7.
46(1H, dq, /=369, 1.38 Hz, ¢), ®C NMR 0-2.33(s, &),
116.5(q, J=2905 Hz, a), 121.95(s, e), 124.17(q, /=29
Hz, d), 153.41 and 172.30(s each, ¢ and f) peak b was
not observed. F NMR & 4.5(s, a). IR(neat) 42950,
1690.
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Fig. 1. Schematics of the synthesis of 2-tri-
fluoroacetyl-5—trimethylsilylfuran(1).
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2.3. 2-{1+42, 2, 2-Trifluoro—1-hydroxyethyl}]-5—
tri-methylsilylfuran( 2) 2| &H

2.20]4 & furylketone(1)< oghE 200mlell
£ A7 g8 0CA NaBHi(2.27g, 60.0mmol)
5 A3 "Hrkstar A4 12417 Fob 2k
22 292 A AstT ethylacetate( 200ml)2}
3N-HCl 8-94(200ml)E 33 Z&3)3, oz &

FL 29EE AT F MgSO.eg ZAZA F,
751%'—%%5‘14(38 95g, 163.5mmol, yield 82.1% ).

oFZ
F43

F. W. 238.2828, bp
h g 64-67°C /2.7mmHg.
f / R;0.29( AcOEt : Hex
Sl\ =1:7).

& HRMS caled for CH,
3F30,Sim/e 238.0637,

found 238.0634.
"H NMR 00.25(6H, s, g), 2.72(1H, dd, /=171, 741 Hz,
h), 5.06(1H, dg, J=6.75, 6.75 Hz, b), 6.59(1H each, d, J
=3.30 Hz, d and ). *C NMR 0-2.02(s, g), 67.36(q, J=
34.2 Hz, b), 109.80(q, J=15 Hz, d), 120.50(s, e), 123.
62(q, J=282.9 Hz, a), 151.19(q, J=16 Hz, c), 162.49(s,
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Fig. 2 Schematics of the synthesis of 2-{1+2, 2, 2-

trifluoro — 1 — hydroxyethyl)] — 5 -
trimethylsilylfuran(2).
2.4, Furylalcohol(2) 2| O AE|235 HtSof 25t 2-

[1- Acetoxy-2, 2, 2-trifluoroethyl) ]-5—-trimethylsilyl
—furan(3) 2 &4

227153k CHCl, 47159 furylalcohol(2)¢] 0.
5M £8& wukslHA 0ColA pyridine(1.2eq)3}
acylchloride(1.2eq)& F7}3ich. o HF-&E-R.e 124)
7Heet ke ¥ BEHo 2 gl *3”“% A7 9
sj4 IN-HCl +894¢ #7139 2 & CHCLE 3
3 £33 ¥ 4£FEH} NaHCO, 4408 213
A& F MgSO2 Axsy, ZA4EFE 40E AA
3}, Crude product: silicagel column chromatog-
raphy =& AFEF dalA AA Yo}

Yield 949%. F. W

1 280.3203, bp 6668

g C/23mmHg. R 0

£ / 53(AcOEt: Hex =
S
g/

imr_ 1:7). HRMS caled
for CuHisF:0sSi m/e
280.0743, found 280.
0764.
'"H NMR 6 0.24(9H, s, g), 2.15(1H, s,i), 6.33(1H, q J=
6.72 Hz, b), 6.48 and 6.53(1H each, d, /=3.29 Hz and 3.
32 Hz, d and e). *C NMR 6-2.05(s, g), 65.62(q, J=35.2
Hz, b), 111.65(q, J1.3 Hz, d), 12035(s, e), 121.60(q, J=
2814 Hz, a), 148.47(s, c) 163.14(s, f), 168.97(s, h). “F
NMR 6 3.2(d, J=6.6 Hz, a). IR(neat) v2975, 1770.
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Fig. 3 Schematic of the synthesis of 2 1~ acetoxy-
2, 2, 2-trifluoroethyl )] -5—trimethylsilylfuran
(3).
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2.5. LipaseE 0|88t o|AH 29 Jl5RaljHt20 <
ot ZEtEE

HO(20ml)& £v]2 8lo] o ~H|2(3)(062g, 2
Ommol) & k&l A Lipase SP435(12000U/
mmol) 3.42g& A7k 2 2¢EE 40CA pH
7% 77417171 H#iA IN-NaOH 4o 2 %3
A7k “F NMRZ coversions £33 27 50%
o] £&3& 9 flocculant( P-713, #-4l%)S wko
o AHeh. 2 F celite-5455 o]43te] o7}
o 2|4 FAE AASL ethyl acetate® 33
Z3ch. MgSOE Az ¥ 372 408 A7
33 silicagel column chromatographyell JsA 3%
84 ql alcohol(2* )3} A AHIZ(3*)2 B AA|
Hh( conversione 57% ).
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Fig. 4. Schematic of optically resolution of enantiomer
(3) using lipase.

2.6. et #Y

N; 7153} THF & 4712 &} 33-53*(0.3mmol)
< 78CE ¥Z4¥ ¥ nBuli(leq)® 713 % 0
CT7HA 57 F 30% 5o @y} 1 3 oA -
78CE Y& F(S)H + )-MTPACK0.36mmol }-&
71 F 0CE 523 F 147 B #utgt 2
¥ ethyl acetate® 23] $&8¢ ¥ dojal 7122
MgSO.2 ZAzs1, ZAY4SFE 495 AAHS
o, 34% 2*9 7<= methylalcohol4™ 5 K,CO,
Ao e alcohold 0B WA & g 3+
3 e yyo g (S)H +)-MTPACIZ st} A
BA9 “F NMRZ B34 58 AR},

2.7. EZkel ZH[11]
Substrate(A B)e} Z+7be] AAE(P, Q)= &84
ig o]&3hd
kA ks ks
E=—EA —— EP ——E+P
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Table 1. Determination of Enantiomeric Excess of 2*

rate "“F(ppm) enantiomeric
excess( % ee)

RO

R I
NS
F3C \‘/\KTMS
® ©

1132 (d)86.99 92

RO
F}ak/[ s 100 (@871
(0]
kB KK
E==EB—— EQ—E+Q (1)
K

2 "t 2879 789 WEE(A, 0B) ¥
t Beqo 2 yehur
Ua Vi Ko A

% Vi K B (2)

V; maximal valocity
K; Michealis constant
e §E7F MEFS A =IFS BE @)

In(A/Ao) _ Vu/Ka

I(B/Bo) ~ Vu/Ks — E (3)

F4el ©% enantiomer(A & B) Alol9] £x =
EZ uJeldd. Conversion(c)® recovered sub
strate fraction®] enantiomeric excess(ee(S))2}<]
A=

In[ (1—c)(14ee(S)] _ VJ/Ka

W (1—c)X1—ce(S)] =~ Vo/Ks ~ & (4)
_ A+B B—A
c=1338 S =727

2 vepdth A, Boe 2749 27 Hxoth. Ext
< V/Kell SalA d3siAat, 7149 s 9
37 ¢+ otk Conversion(c)e} AAE9 &

£ 9] enantiomeric excess(ee(P)) A=

In[1—c(1+ee(P)] _ V./K,

[ 1-c(I—ee(P)] ~ VyK, ~ E (5)
_,1__A+B _ P—Q
¢c=1=248, P =prq
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2 e
E AgoA o2& data ¢=048, ee(P)=095%
(5)4e Hlste] Egts 73 E=1132% o+
AEd B3R (4)43 (5)Ad ol Zte
conversion?} enantiomeric excess(P & S)9] &
Newton—Raphson methodE- o]-8-#|4 73cH Fig. 5).

Table 2
c ee(P) ee(S)
0.1 0.981 0.109
0.2 0978 0.244
0.3 0.974 0417
04 0.966 0.644
05 0.930 0.939
0.6 0.818 0.999.
100
A
-
80}
T™MS
2 A
g
% 60
£
g
g 40
Is
xR
20t
0 i : N N N 1 " b
0 20 40 60 80 100

% Conversion
Fig. 5. Corelation between enantiomeric excess(ee)
VS. CONVErsion.

3.2 &

£ Ageld 453 E=1132% o]43le] 73 2
7}9] conversions} enantiomeric excess(P & $)2)
s (A3 (5)4 it} ArEste] graph®
Jeb® Fig 59 2t} o] A2 RE] 99%eed] 3}
FEE A7) AHME (DAL ol &l A Aasi ¢
=0.551% d+=ct. webA] conversiono] 55.1% 213
3 99%ee(S)s A& & Qdvk: AL 44 HY
c}.
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