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Abstract: Asymmetric synthesis of opucally active 2-fluorinated 1,3-propanediols was achieved

: acrumatioal racals Tiad b hisal ad cun
by enzymatical resolution and appiiea 1o obtain a chiral monofluorinated ayuthcn for lxgﬁ&'i derivatives.
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the synthesis of fluorinated derivatives of biologically active natural products is of interest?). Synthetic stu
have been directed toward syntheses by chiral building biocks® as the current topics for research. Especially
chiral 1,3-propanediol410) are useful synthon for the synthesis of interested compounds. We are currently
interested in the construction of chiral 2-fluorinated propanediols, as building blocks for the synthesis of
antitumor lignan derivatives®). We report here an asymmetric construction of chiral 2-fluorinated propanediols via
enzymatic resolution of a G-symmetrical diol system and its application to the synthesis of an optically active
fluorinated lactone as a synthon.

The diesters 1a-c, which were easily prepared from the corresponding malonate esters, were fluorinated
using FCIO3 to give the corresponding fluorinated diesters 2a-c in 81-82% yields®). The fluorinated diesters

2a-c were converted to the diols 3a-c by reduction (NaBH4, HyO-EtOH, rt) and then acetylation with acetic
anhydride afforded the diacetates 4a-c (Scheme 1).
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of the diacetates 4 and by lipase-catalyzed transesterification of the diols 3 based on our previous work”). PPL-
catalyzed hydrolysis of the 2-fluorinated diacetates 4 proceeded smoothly in a mixed solution®) (pH 8 phosphate

buffer : diisopropylether = 1 : 1) to afford the optically active monoalcohols 5. It is noteworthy that all the 2-
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fluorinated diacetates 4 gave the corresponding monoalcohols 5 in 76-96%ee. The results are summarized in
Table 1.
Table 1 Enantioselective Hydrolysis of the Diacetates 4

F\ /——OAC PPL K /-'OH

OAC pH 8 phosphate buffer : Pry0=1:1 i OAc
4 5
Substrate Reaction Product Yield (%) Optical Purity [o]p (cin CHCI3)
Time (%e0)
42 R=Pr 55h 5a 55 76 +10.1° (c 0.82)
4b R=cyclohexyl 15h 5b 57 96 +9.8° (c 0.50)
4c R=Bn i h 5¢ 65 80 -7.1° (c 1.04)

O™

Next enzymatic acetylation of the diols 3 was carried out using Lipase PS. These resuits are summarized
in Table 2. The enzymatic acetylation afforded the monoalcohols § with high enantioselectivity except in the
acetylation of 3a.

Table 2 Lipase-catalyzed Transesterification of the Diols 3
Lipase PS, vinyl acetate

F\/—OH 2,6-di-tert-butyl-4-methylphenol F\f—OH
AN iPr,0 : HO = 1000 : 1 F \—oAc
3 5
Substrate Reaction Product Yield (%) Optical Purity [ a]p (cin CHCIg)
Time (Yoee)

3a R=pr 35h 5a 34 6 +0.4° (c 0.90)
3b R=cyciohexyl 4 h 5b 67 91 -8.0° (¢ 1.20)
3¢ R=Bn 1 h 5c 91 95 -8.8° (¢ 0.98)

The absolute configuration of the (-)-monoaicohol 5¢ was determined by correlation with a known
compound as follows®1® (Scheme 2). The (-)-monoalcohol S¢ (95%ee) was converted into the monoalcohol 8
in 3 steps. A comparison of the specific rotation of 8 thus obtained with the reported value of the (R)-isomer
indicated that our synthetic product 8 has (S)-configuration.
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building blocks for the synthesis of biologically active chiral compounds, the mono alcohol 7 was converted to
the opticaily pure lactone 11. Swern oxidation of the monoaicohol 7 followed by Wittig reaction provided the

alkene 9 in 2 steps in 78% yield. Hydroboration-oxidation reaction of the alkene 9 using diborane and



subsequent oxidation of the resulting alcchol 10 with PCC afforded the desired lactone 1111 | which is an
important synthon for the lignan synthesis (Scheme 3).
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Scheme 3 a) DMSO, (COCl)z, NEt3, CH2Ck, b) MeP*Phal", KHMDS, THF, 2 steps
78%, c¢) BHa THF and then HoOp, NaOH, 55%, d) PCC, CHyClp, 51% .

Thus we have developed an efficient synthesis of chiral 2-fluorinated 1,3-propanediols and its application
tn cunthnan far the cunthacie nf lignane Furth A tntal thaci £ . 11 Aamuativac with tha
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use of these synthons are under way.
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11)

To a mixture of the diacetate 4¢ (38 mg, 0.142 mmol) in isopropyl ether (8.9 mL) and phosphate
buffer solution (pH 8, 8.9 mL) was added PPL (19 mg) at 30°C. After having been stirred for 1 hr,
the reaction mixture was filtered through a sintered glass filter with a Celite pad. The filtrate was
diluted with ethyl acetate. The filtrate was washed with brine. The organic layer was dried and
evaporated in vacuo. The residue was chromatographed on silica gel (hexane : ethyl acetate =

75 : 15) to afford a monoalcohol 5¢ (21 mg, 65 %) as a colorless oil; IR (neat) 3456, 1747 cm!;

TH NMR (400 MHz, CDCl3);8= 2.13 (3H, s), 2.29 (1H, brs), 3.05 (2H, d, J =21.5 Hz), 3.61 (2H,
d, J =15.9 Hz), 4.12 (1H, dd, J =15.9, 12.2 Hz), 4.24 (1H, dd, J =19.0, 12.2 Hz), 7.15-7.34 (5H,
m). The optical purity of S¢ was determined by HPLC analysis (Chiralcel OJ-R, pH 2 phosphate
buffer / CH;CN).

Monoalcohols Sa and 5b were prepared similarly

5a: IR (neat) 3444 | 1747cm'!; 'TH NMR (400 MHz, CDCl3);8= 1.01 (6H, d, J =7.1 Hz), 1.68 (1H,
brs), 2.12 (3H, s), 2.08-2.28 (1H, m), 3.74 (1H, dd, J =23.4, 12.7 Hz), 3.78 (14, 44, J =19.8,
12.7 Hz), 4.30 (1H, dd, J =13.7, 12.4 Hz), 4.35 (1H, dd, J =16.3, 12.4 Hz)

The optical purity of 5a was determined by HPLC analysis (Chiralcel OJ, 2-propanol / hexane)

afier tosylation of the hydroxyl group and hydrolysis of the acyl group.
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dD: IR (n€at); 5400, 1/ ot

48cm-l; 'H NMR (400 MHz, CDCl3);6= 1.08-1.35 (5H, m), 1.67-1.95
(6H, m), 2.12 (3H, s), 3.73 (1H, dd, J =16.6, 12.4 Hz), 3.77 (1H, dd, J=14.6, 12.4 Hz), 4.29
(1H, dd, J =14.9, 12.4 Hz), 4.34 (1H, dd, / =17.8, 12.4 Hz). The optical purity was determined by
HPLC analysis (Chiralcel OJ, 2-propanol / hexane) after tosylation of the hydroxyl group and

~J

hydrolysis of the acyl group.

(S)- (+)- 8: [a]p + 6.6° (¢ 1.33, in CHCly), (lit.10) - 5.3° (R))

(a) Ihara, M.; Kawabuchi, T.; Tokunaga, Y.; Fukumoto, K. Tetrahedron: Asymmetry, 1994, 5,
1041. (b) Ihara, M.; Taniguchi, N.; Kai, T.; Satoh, K.; Fukumoto, K. J. Chem. Soc., Perkin Trans.
1 1992, 221-227. (c) Kitazume, T.; Sato, T.; Kobayashi, T.; Lin, J. T. J. Org. Chem. 1986, 51,
1003-1006.

(R)-(+)-11: [a]??p +29.9° (c 0.55 in CHCl3); IR (neat) 1791cm ! TH NMR (400 MHz, CDCls);8=
2.63-2.80 (2H, m), 3.12 (1H, dd, J =23.0, 14.4 Hz), 3.18 (1H, dd, J =21.7, 14.4 Hz), 430 (1H,
dd, J =40.5, 11.0 Hz), 4.36 (1H, dd, J =29.3, 11.0 Hz), 7.22-7.38 (5H, m);

13C NMR (100 MHz, CDCl3) 39.11 and 39.38 (d, J =26.5 Hz), 41.16 and 41.40 (d, J =24.0
Hz), 75.39 and 75.67 (d, J =27.3 Hz), 98.13 and 99.94 (d, J =182.0 Hz), 127.71, 128.85, 129.82,
133.83 and 133.86 (d, J =2.48 Hz), 173.61; 19F NMR (376 MHz, CDCly+ CsFe) - 146.20 (m)



