
Tar~hdtvx Asymeby Vol. 5, No. 6, pp. 1087-1090.1994 
l$lswkscieaceud 

Plintiin(baatBritain 
0957-416@4 $7.#+0.00 

~~7-41~(94~138-3 

Diastereoselective and Enantioselective Catalysis 
of the Carbonyl-Ene Reaction with Fluoral 

Koichi Mikami,* Tom&o Yajii, Masahiro Tereda, Etsuko Kate? and Masamiehi Mart&~ 

Dqm’tntmt of Chouicat TeshuoJogy, Tokyo Jnstitute of Tcchuolugy, Megum-ku. Tokyo 152. Japan 

tTokyo &search Center, Centi Glass Co. Ltd., Kswagoe, Saitama 350-l I. Span 

Abstract: The chid titanium complex-catalyzed carbonyl-ene reaction with fluoral is shown to 
serve as an efficient route for the syu-diastereoselective and enantioselective synthesis of CF3- 
substituted compounds of biological and synthetic importance. 

~g~~~ne compounds are com~nly employed in aiming and biological chemistry, Recently, 

chiral organofluorine compounds are also finding abiological applications in material science such as 

electronics and optics. Thus, there is much research activity to develop methods for the asymmetric synthesis 

of organofluorine compounds and to provide a deeper insight into the effect of fluorine on physiological and 

physical properties.1 This class of compounds with unexpected reactivity are often difficult to synthesize and 

hence coin the term flustrates: &orine-containing sub-. a Highly enantiopure flustrates have been thus 

far obtained mainly by enzymatic or biological methods. 3 However, homogeneous asymmetric catalysis by 

chiral metal complexes’ now rivals tbe biolo~al approach even for the asymmetic synthesis of flustrates. An 

attractive feature of these man-made, non-enzymatic catalysts is that both enantiomorphs are usually available. 

Recently, asymmetric catalytic carbonyl-ene reaction has been emerging as an efficient method for 

asymmetric carbon skeleton construction (carbon-carbon bond fonnation).%s We now wish to report herein 

the diastereo- and eaantioselective catalysis of the carbonyl-ene reaction with fluoral (2) which pmvides an 

efficient route for the asymmetric synthesis of CF3-containing compounds with high level of stereocontrol in 

both the absolute and nlative sense, by chiral binaph~ol-delve titanium (BI~~~-~) complex (lf5.k (eq. 

I).7 

(~8l~L*~Xs (I ) (X I Cl, Br) 
+ 

wt.) 
(1) 

2 MS 4A 

The reaction was carried out simply by adding freshly dehydrated and distilled duoral(2) and then the 

olefin at 0 “C to the dichloromethane solution of chiral titanium dihalide (1) (10 moI%) prepared from (f?)_ 

binaph~ol and ~i~p~~x~i~niurn dihalide as described for glyoxylate-ene reaction.& The reaction was 
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completed within 30 min (monitored by TLC). Usual work-up followed by column chromatography provided 

good isolated yields of the homoallylic alcohol products (3) with high levels of syn-diastereo- and 

enantioselectivities.* The dlastenomeric ratios of the fluoral-ene products (3) are determined by the tH NMR 

analysis. The enantiomeric purities of products were determined by tH NMR analysis after transformation to 

the (S)- and (R)-MTPA ester derivatives. 9 The absolute configuration of the products (3) was determined by 

the Mosher method.9 Thus, the sense of asymmetric induction is exactly the same as observed for the 

glyoxylate-ene reaction; (R)-1 provides (R)-syn-alcohols (3). Table I summarizes the representative results of 

the syn-diastereo- and enantioselective catalysis of fluoral-ene reaction. 

(R)-BINOL-Tiq (1) 

H-&F, 

(10 mol%) 
+ 

MS 4A 
CMCla 

2 0 OC, ?I0 Gin antk3 

EntrV Olefin 1 (x) %yield : anti-3 

1 
Q/ 

Cl 94 98 (96%ee) : 2 

2 

3 

a Br 85 96 (9Z%.ee) : 4 

__ b 46 96 4 

4 

5 b 

Cl 76 94 (95% ee) : 6 

Br 75 98 (93%ee) : 2 

91 (78%ee) : 9 

7 C Br 74 96 (74%ee) : 4 

a All reactions were carried out with 0.1 mmol (10 mol%) of 1, 1 .O mrnol of olefin, and ca. 2.0 mmol of 2 in 

the presence of MS 4A (0.2 9). unless otherwise marked. b An equimolar amount of Me2AICI was used. 

Inspection of Table I indicates several characteristic features of the asymmetric catalytic fluoral-ene 

reactions. All the fluoral-ene reactions provide the syn-homoallylic alcohols (3) with remarkably high level of 

diastereoselectivity. Significantly, high enantiomeric excesses (-96% ee) were observed for the syn- 

homoallylic alcohol products (3), except for the reaction with 2-methyl-2-butene (74-7895 ee).lo Thus, the 

catalytic ene reaction involving fluoral enophile provides an efficient route to the syn-diastereo- and 

enantioselective synthesis of CF3-containing compounds, by the catalysis of BINOL-Ti catalyst (1). 

The stereochemical assignment of the diastereomers of the fluoral-ene products deserves special 

comment. The syn-diastereomer of the fluoral-ene product with 2-methyl-2-butene was assigned by 13C NMR 

analysis through ozonolysis to the aldol-type a-methyl-P-hydroxy ketone (4~) (eq. 2). The a-methyl carbon 

absorbs in the range of syn-diatereomers (10.4 ppm). 11 The syn-configuration was further determined after 
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stereospecific transformation to the dienes (5) by anti-elimination (POC13, pyridinc) (eq. 3).‘* The most 

definitive distinguishing feanue is the t3C NMR signals of the oletinic CH3 carbon of the diene @a) obtained 

by the &-elimination of the fluoral-ene product (3a). Thus, the resultant dlene, which shows the CH3 carbon 

signal at higher field (14.6 ppm) than that (27.1 ppm) of the other photo-isomerized product, can be assigned 

to (0Sa. Thus. the major diastcreomcr of the fluoralene product is assigned to be syn-isomer. 

I 
OH 0-r CF3 

syn3 a 

synd c 

POC13 / pyridine 
* 

(72%) 

4 
0 OH 

(75%) KT 
CF3 (2) 

syn-4 c L10.4ppm 

I 

+ 

hv / acetophenone I 
CF3 

CF3 (quant.) 
9 

(3) 

L 14.6ppm L27.lppm 
(8-6 e (We 

The syn-diastereoselectivity is analogous to that of the alkylaluminum triflate-promoted glyoxylate-ene 

reaction with trans- and cis-Zbutene (also see: Table I. entry 3). l2 This suggests that the present fluoral-ene 

reaction also proceeds through the monodentate complex (A) rather than the bidentate complex (B).13 

,TiLn’ 
I- -l 

Ln’ 
Ti-.. 

rE 8, 
F:; 

L -1 

B 

In summary, we have reported that the syn-diasterco- and enantioselective catalysis of fluoral-ene 

reaction by the chiral titanium complex (l), which provides an asymmetric route for the CF3-substituted 

compounds of biological and synthetic importance. Further work along this line is now under active 

investigation. 

Acknowledgment: This research was financially supported by Central Glass Co. 

References and Notes 

(1) Reviews: Welch, J. T.; Eswarakrishnan, S. Fluorine in Bioorganic Chemistry; Wiley: New York, NY, 

1990. Liebman, J. F.; Greenberg, A.; Dolbier. Jr.. W. R.. Eds. Fluorine Containing Molecules; VCH: 

Deertleld Beach, FL, 1988. Ishikawa. N. Ed. Synthesis and Reactivity of Fluorocompoundr; CMC: 

Tokyo, 1987. Vol. 3. Welch, J. T. Tetrahedron 1987.43, 3123. Mann, J. Chem. Sot. Rev. 1987,16. 

381. Kitazume, T.; Yamazaki, T. J. Synth. Org. Chem. Jpn. 1987.45, 888. Ojima, I. L’Actuafite 



1090 

(2) 

(3) 

i.4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

K. MIKAMI et al. 

C?ukiqt&? 1987, May, 179. Smart_ B, In The C&?&try of Halides, Pseudohalides and Azides; Patai, S.; 

Rapoport, Z. EZds.; Wiley: New York, NY, 1983. Suppl. D; pp. 603-655. Filler, R.; Kobayashi, Y., Ed. 

Biomedical Aspects of FIaorine Chemistry; Kodansha Ltd.: Tokyo, 1982. Banks, R. E., Ed. 

Preparation, Properties and industrial Applications of Organofluorine Compounds, E. Horwood: 

Chichester, 1982. H&icky, M. C&em&y of Or@znic Fbwrine Compoti. 2nd Ed.; E. Worwood: 

Chichester, 1976. Chambers, R. D. FXuorine in Organic C~f~~r~; Wiley-lnt~cience: New York, 

NY. 1973. Ciba Foundation Symposiwn, Carbon-Fluorine Compounak. Chemistry, Biochemistry and 

Biological Activities; Elsevier: New York, NY, 1972. 

Review: Seebach, D. Angew. Chem. Int. Ed. Engl. 1990,29, 13251326. Also see: Knuyants, I. L.; 

Yacobson, G. G., Eds. Sy&&s of ~~~roorga~ic ~o~oan~~ Springer-Verlag: New York, 1985. 

Reviews: Bravo, P.; Resnati, G, Tetrahedron Asymmetry 1990, I, 661. Resnati, G. Tetrahedron 1993, 

49,9385. 

Reviews on the homogeneous asymmetric catalysis as a powerful tool for the asymmetric synthesis of 

non-fluorinated compounds: (a) Morrison, J. D. Asymmeiric Synthesis; Academic Press: New York, 

1984; Vol. 33. (b) Noyori, R.; Kitamura, M. in Modern Synthetic Methods 1989; Scheffold, R. ed.; 

Springer-Verlag: Berlin, 1989; Vol. 5. (c) Bosnich, B. Asymmetric Catalysis; Martinus Nijhoff 

Publishers: Dordrecht, 1986. (d) Kagan, H. B. in Cumpr~hensive ~rganometa~lic Chemistry; 

Wilkinson, G. ed.; Pergamon: Oxford. 1982; Vol. 8. (e) Narasaka, K. Synthesis 1991, 1; Hayashi, Y.; 

Narasaka, K. J. Synth. Org. Chem., Jpn. 1990,48, 280. Q Mikami, R.; Terada. M.; Narisawa, S.; 

Nakai, T. Sy~ie~ 1992,255. 

Review: Mikami, IL; Shim&, M. Chem. Rev. lP92,92,1021. 

However, only limited types of aldehyde enophile have been explored so far. (a) Glyoxylate: Mikami, 

K.; Terada, M.; Nakai, T. J. Am. Chem. Sot. 1989, Ill, 1940; 19%J,112,3949. Mikami, K.; Terada, 

M.; Narisawa. S.; Nakai, T. Org. Synth. 1992, 71, 14. (b) Chloral: Maruoka. K.; Hoshino, Y.; 

Shirasaka, T.; Yarnamoto, N. Tetrahedron Len. 1988,29,3967. 

(a) Review on the ene-type addition reaction of CF3-containing compounds with achiral Lewis acid 

promoters: Nagai, T.; Kumadaki, I, J. Synth. Org. Chem. Jpn. 1991,#9, 624. (b) For the 

enantioselective catalysis of ene-type reaction with fluoral, see: Mikami, K.; Yajima, T.; Terada, M.; 

Uchimaru, T. Tetrahedron Left. 1993,34,759 1. 

Small amounts of allylic alcohols were also isolated. 

Dale, J. A.; Masher, H. S. f. Am. Chem. Sot. 1973,95,5 12. 

Interestingly, in the reaction with 2-methyl-2-butene, allylic alcohol was isolated in 17-21s yield. 

(a) Heathcock, C. H. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press: New York, 1984, 

Vol. 3; CZhapter 2. (b) Evans, IX A,; Nelson, J. V.; Taber, T. R. Top. Stereoc~m. 1982,13, 1. 

Mikami, K.; Lob, T.-P.; Nakai, T. Tetrahedron Left. 1988,29,6305. 

Ab initio MO calculations reveal that bidentate transition structures for the reactions of lithium hydride 

and mono-fluoroacetaldehyde or 2-fluoropropanal are stabilized by the electrostatic attraction between 

Li and F; Wong, S. S.; Paddon-Row, M. N. J. Chem. Sot. Chem. Commun. 1991,327. 

(fiecceived 31 Jbnuuty 1994; accepted 2 Murch 1994) 


