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ALDOL REACTION OF IODODIFLUOROACETATE-Zn AND 2,2-DIFLUOROKETENE SILYL ACETALl 

Osamu Kitagawa, Takeo Taguchi, and Yoshiro Kobayashi 

Tokyo College of Pharmacy, 1432-1 Horinouchi, Hachioji, Tokyo 192-03, Japan 

Summary: Generation of the Reformatsky reagent of difluoroacetate from the iodide(A) and the 

difluoroketene silyl acetal(l), and their aldol reaction are described. High anti-selectivity 

with chiral aldehyde (T, zf,f, was found in the case of the ketene silyl acetal(ztb). 2,2-Di- 

fluoro-2-deoxy analogs of D-ribo- and L-galactopyranosides (la, l&J were effectively prepared. 

Reformatsky reaction of bromodifluoroacetate was firstly reported by Fried' and its 

applications to the preparations of fluorinated biologically active compounds have been 

appeared.3-6 However, the nature of the reactive intermediate has not been fully clarified 

and the requirement of relatively high temperature for the generation of the reagent and its 

thermal instability led to the limitation of this reaction with respect to the yield and 

diastereoselectivity with chiral aldehydes. 
3-5 

In our continuous efforts* to explore new synthetic methods for the carbon chain 

extention reaction of difluoroacetate directed to the preparation of fluoro analogs of 

biologically important sugars, nucleosides and fatty acids, we have investigated aldol 

reaction using iododifluoroacetate (21. Herein, we report the generation and the nature of 

the zinc reagent(i) and the ketene silyl acetal(21, and their directed aldol reactions leading 

to the efficient preparations of 2-deoxy-2,2-difluoro sugar derivatives(L). 
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Reaction of the iodide (21 with zinc powder was carried out in various solvents to find 

out the optimized reactions condition for the generation of reactive intermediate by monitering 

the lg F-nmr spectrum of the reaction mixture(Table 1) and the following reaction with 

benzaldehyde. In each solvent reaction of_? with '2n completed within 5-10 min at 0% to form 

to the reactive species along with the formation of the by-products, tetrafluorosuccinate 

and/or difluoroacetate. Among these CH3CN was found the best solvent for the generation of 

reactive species and the following reaction with aldehydes. The reactive species were 

gradually decomposed at room temperature (80% of 5 decomposed within 2 h in CH3CN) and at 80°C 

within a few minutes. Reaction of 4_ formed as above with various aldehydes proceeded at room 
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Table 1 Reaction of 2 with Zn13 3_a R3=Me3 

Solvent '1 (%)a (CF2COOMe)2a HCF2COOMea 32 R3=Et3 

CH3CN 75-85 10 5-7 3,c R3=tBu(Me)2 

THF 50-55 20 trace 

Et20 0 40 - 

1,4-dioxane 25 25 
DMF 55 - 

DME 21 17 18 

a) estimated by "F-nmr based on internal 
benzotrifluoride(BTF) 

temperature to give the aldol product in good yields (Table 2). With (D)-glyceraldehyde 

acetonide anti-selectivity (syn/anti=1/1.8) was observed(run 5). 3, 10 
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Table 2 

Run RCHO Solvent Time TenID. Yield I%) 

1 PhCHO THF 4h rt sta 90 

2 PhCH2CH2CH0 THF 2h rf 6Nb 68 

3 PhCH2CH2CH0 CH3CN 2 h rt ??? 79 

4 E-gH=CHCHO CH3CN 30 min rt 6,~ 68 

5 QJ 
CHO 

CH3CN 2 h O°C 6,a 45 (syn/anti=1/1.8) 

The disadvantage in the selectivity with chiral aldehyde was improved by using the ketene 

silyl acetalc_!). The ketene silyl acetal(3_) was effectively prepared in situ by the reaction 

of the zinc reagenttf?) mentioned as above with silyl chloride in CH3CN. 10 The ketene silyl 

acetalc?) are extremely moisture sensitive and the thermal stability of 3_ depends on the alkyl 

substituents of the silyl group. The TMS derivative(G) is unstable even at room temperature 

as it completely decomposed after 24 h, l3 while the triethyl(&) or t-butyldimethyl(3s) 

derivative is relatively stable. Results of the reactions of 2 with aldehydes are summarized 

in Table 3. With aldehydes triethylsilyl(TE.5) derivative (2) afforded the 0-silylated 

products(L) in good yield after the extractive workup and the subsequent flash column 

chromatography, while 2 gave the hydroxy compounds(&) in moderate yield. From the tic 

analysis of the reaction of 2 with aldehyde, firstly aldehyde was consumed within a few 

minutes to form the hydroxy derivative(&), then the silylated product(2, 8_) was gradually 

formed. Thus, the slow silyl group transfer was observed in the case of TBDMS derivative(3c, 
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run 7) and E with cyclohexanone giving the tertiary alcohol(run 4). 

With both (D)-glyceraldehyde acetonidetrun 5, 6) and 4-deoxy-L-threose acetonide '*(run 8) high 

anti-selectivity was observed. 
9 

The presence of zinc halide in the reaction mixture probably 

facilitates the aldol reaction and affects the selectivity. 
15 

F _OSi R3 
+ R’R*CO 

Rl FF 

F-OMe CH 3 
R*+OOMe 

s-s 5 

Table 3a 
$j R=H, 2 R=TES, $!!Tl3DMS 

Run R1R2C0 .z Time Temp. Product, Yield(%) 

1 PhCHO z!? 20 min O°C 2 R=TES 81 

2 PhCH2CH2CH0 3_b 20 min O'C l,b R=TES 77 

3 PhCH2CH2CH0 3Na 20 min O°C 6,b R=H 59 

4 o- -0 Z? 4h rt 7e R=TES 21, e R=H 28 

29 30 min -2O'C 46 . - 

6 0 \x 2? 20 min O'C 
CHO 

72" R=TES 74 

7 % 20 min O'C R=TBDMS 8.5, 58 

8 d 

3,c 8,d g R=H 

CHO 3,b 40 min O'C! 7fd R=TES 90 
1 

a) molar ratio, 2:Zn:R3SiC1:R1R2C0=2.2:2.4:2.2:1 b) synlanti 

ratio=119 c) synlanti ratio=l/9 d) synjanti ratio=1/17 

Triacetate form of 2,2-difluoro-2-deoxy-D-ribopyranoside(9) 
7 

was prepared by the 

following procedure. Reduction of anti-72 with DIBAL-H(Et20, -78'C) followed by the 

deprotection(CF3COOH-H20, rt, 2.5 h) and acetylation(Et3N, Ac20, DMAP, 30 min) gave 2 in 82% 

yield( u/B ratio=4/1). 
9 

In a similar way, triacetate of 2,2-difluoro-2,6-dideoxy-L-galacto- 

pyranoside(lJ_b), an oxygen analog of daunosamine 
16 

was obtained from anti-Lf in 88% yield. 
17 

1) DI BAL-H / Et20 

2) CF3COOH, H20 
OAc 

3) Ac20,Et3N or Py 
OAc F 

anti-u R=H 
anti-lf R=Me 

l,a RaH 82 O/o 

l,b R=Me 88 % 
In conclusion, an efficient preparation of the Reformatsky reagent{41 and difluoroketene 

silyl acetal(;2) was achieved using the iodide(z) and their reaction with aldehyde or ketone 

gave the aldol product in good yield. High diastereoselectivity was found in the reaction of 

2 with chiral aldehydes(5$, Lf). 
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