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ABSTRACT
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The TiCl,-catalyzed Evans —aldol reaction of optically active 3,3,3-trifluoropropanoic imide gave the non-Evans syn product stereoselectively,

whereas the Reformatsky reaction of 2-bromo-3,3,3-trifluoropropanoic imide in the presence of Et

3Al led to the Evans anti product. These new

approaches enabled us to synthesize all stereoisomers of trifluoromethylated aldol products for the first time.

Growing interest in trifluoromethylated organic compounds specific position of organic compounds suffer from low
in various fields such as medicine, pharmaceuticals, andapplicability and selectivity. Consequently, the efficient
fluoropolymers has led to a new focus on developing facile synthesis of versatile intermediates having the trifluoromethyl
methods for the introduction of a trifluoromethyl group into  group is an extremely attractive subject matt@ut of the
useful intermediates or desired substratésroduction of diversity of fluorinated intermediates.-trifluoromethyl-j-

the trifluoromethyl group—with its high electronegativity, hydroxy carboxylic acid derivativebare recognized as one
stability, and lipophilicity—often induces significant changes of the most valuable synthetic intermediates in view of the
in their chemical, physical, and biological properties. How- extensive studies on the nonfluorinated counterparts (Figure

ever, synthetic methods for introducing this group into a 1)-
However, the aldol reaction of a fluorinated lithium enolate

2 (metal = Li), which would be the most straightforward
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benzaldehyde at OC for 4 h to afford a-trifluoromethyl-
B-hydroxypropanoic imidel in 73% vyield as a mixture of

OH O i OMetal syn and anti isomers in a ratio of 73:27 (Table 1, entry 1).
R}YJ\OHT f— R H + OR'
o o |
1 2

Figure 1. Retrosynthesis adi-trifluoromethyl-3-hydroxy carbox-

Table 1. Evans—Aldol and Reformatsky Reactions

ylic acid derivatives. o
substrate aldshyde  Lewis acid yield®® /502 .W . non-w
entry (equiv) (R) (equiv)  /%of1 (Evans' Evans) ’ (Evans' Evans)
approach tdl, has been believed to be less attractive thus 1 301.0 pn BF3+Et,0 (1.2) 73 73@6:14) 27 (10:90)
. . o 2 3(10) ph Et,AICI (1.2) 14 - B
far bec_agse Fhe enolaze.s very labile due to susceptibility 3 300 TCL (12) 60(9) 97(e%%: 1) ¢ 3
of B-elimination of fluoride iof as well as lower nucleo- 4 3(10) Ph TiCl, (0.3) 71(63) 95(39:1) : 5
philicity induced by the electron-withdrawing trifluoromethyl 5 3(1.0) Ph TiCly (0.1) 27 < <
group. Herein, we wish to disclose the first enantioselective 5 * Elgi z‘m:gﬁ;‘% s Egi; o Ezg; o E:gii .
syntheses of via highly syn-selective Evansatdol reaction 8 3(1.0) p_CICaHf ¢ TiCl, (0.3) 70(53) 92(99: 1) 8
and highly anti-selective Reformatsky reaction. 6 38(1.0) pFCeH, TiClL(03) 68(56) 8398 1) : 11
First, we examined the Evansldol reactiot® of chiral 10 3(1.0) n-Pr Tl (03) 54(38)  81(99:1) - 9
I . . - 11 3(10) ipr TiCl, 03) 15(11) 90(es:1) : 10
imide 3 which could easily be prepared from oxazolidinone 15 310y wecHech Ticl, 03) 6556 93 (93 1) -
and 3,3,3-trifluoropropanoic acid according to the literature - - - - - - - - - oo oo
method (Scheme 1, path A)To a solution of 1.0 equiv of 13¢ 4(1.0) Ph none 0
14¢ 4(10) Ph BF3-EL,0 (12) 0 - Do
15¢ 4(1.0) Ph Et,AICI {1.2) 50 40 (50:50) @ 60 ( 2:98)
17¢ 4(1.0) Ph TiCl,(12)  © - S
Scheme 1 18t 4 (20) Ph Et,Al (1.0) 90 13 ©87(7:03)
o) 1) TMSOT (1.5 equiv), EtgN (1.5 equiv} 19 4(0) Ph EtAI(1.0) 90(86) 4 96 ( 2:98)
Fac CHaCly, refl 0.5 1 20 4(20) p-MeCgH, EtAI(1.0) 99(81) 7 93( 2:98)
3010 QX 2} (F:{gHé’,[) (B%ngﬁ\é), Lewis Acid 21 4(20) p-MeOCgH, EtsAI{1.0) 93 (85) 9 91 ( 3:979
(1.0 equiv) R 22 420} pCiCH, EBAI(1.0) 67(65) 8 L o92( 3:97)
23 4(20) nPr Et,Al(1.0) 91 (76) 25(41:59) © 75(27:73)
e 2 400 MacHecH EA(LO) 0567 14 . sl 00
Path B %ﬁz%z; ?efﬁ 0.5h) CF Ox (2.0) MeCH=CH Et;AlI(1.0) (82) ( 4:986)
then Brp (1.5 equiv, 3 . . . .
etioes non-Evans aDetermined byF NMR. ? Values in parentheses are of isolated yield.
Zn (2.0 equiv) syn-1 In entries 18—25, yields were based on the aldehytldst determined.
RCHO (1.0 equiv) dThe absolute configuration was determined on the basis of X-ray
O %ﬁ"ﬁs_‘{?,cldo oh OH O crystallographic analysi$.The reaction was carried out using 1.2 equiv of
FSC\XJ\O . . RN aldehyde at OC for 3 h.f Carried out at CC.
X 0 I Ox
Br o CF3
f = non-Evans
4 (2.0 equiv) S\_/ antid

3in CH,Cl, was added 1.5 equiv each of TMSOTf angNEt
in this order at-20°C. After the reaction mixture was stirred
at the reflux temperature for 0.5 BF NMR analysis

Switching a Lewis acid from BfEt,O to TiCl, led to a
significant improvement of the diastereoselectivity, non-
Evans syn product being obtained in good yield (entry 3).
ELAICI did not promote the reaction efficiently (entry 2).
Eventually, the best yield was given when 0.3 equiv of TiCl

revealed that the starting imide was completely consumed W8S emplqyec_;l_(entry 4), and the use of 0.1 equiv of 7iCl
and the corresponding silyl ketene acetal was formed as acaused a significant decrease of the yield (entry 5). As shown

single stereoisomer. Without purification, the silyl ketene inentries 6—12,_various types of aldehydes, such as
p-tolaldehyde p-anisaldehyden-butyraldehyde, crotonalde-

hyde, etc., could participate nicely in the aldol reaction to
give the corresponding adductsn good yields with high
diastereoselectivity. However, the reaction with a bulky
aldehyde, such as isobutyraldehyde, proceeded reluctantly
to afford the desired product in only 15% vyield, but high
syn stereoselection was observed (entry 11).
We next investigated the Reformatsky reactiorof

2-bromo-3,3,3-trifluoropropanoic imidé, which could be
prepared via bromination of the silyl ketene acetal derived

acetal was treated with 1.2 equiv each of;Hf,0 and
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from 3 (Scheme 1, path B)Thus, on treatingt with 1.2 s

equiv each of zinc dust and benzaldehyde &€ 0Ono desired Scheme 2. Proposed Reaction Mechanism of Evanédol
coupling productl was detected at all (Table 1, entry 13). and Reformatsky Reactions
The addition of BE-Et,O as a Lewis acid did not improve - CFs

the reaction, but the use of AICI promoted the reaction MO O Jd o /g/
. - . - . TMSOTF |FsC U H
to give the corresponding adduttin 50% yield with low EtsN \/J\N O TiCl, Fsc\%\ N |roro|" R 0.
3 b | N o | \F Ti

diastereoselectivity (entry 15). Interestingly, changing a B ST - L >:o'

Lewis acid from E4AICI to EtsAl brought about a significant Int-1 B

improvement of the diastereoselectivity, Evans anti product Int-2 TS1

being obtained preferentially (entry 16). Ti®as found to }
be inactive in sharp contrast to the Evaiaddol reaction OH O
(entry 17). Additionally, the use of 2.0 equiv dfled to a "°g;,'§;’f"s - :
dramatic increase of the chemical yield with high Evans anti CF3
selectivity (entry 18). Finally, the best diastereoselectivity -
was realized when the reaction was carried out-40 °C FsC Y\) Evans
(entry 19). H\‘\( ]

The optimized reaction conditions were applied for various Int3
types of aldehydes, as indicated in entries-26. Aromatic PELE : Han-
aldehydes, such gstolaldehydep-anisaldehyde, etc., could \>‘O J
participate well in the coupling reaction to give the corre- —H:rj FCHO | R \)
sponding adductd in high yields with high Evans anti FaC
stereoselection. However, the diastereoselectivity was some- L Int4 _ TS-2
what eroded whem-butyraldehyde and isobutyraldehyde
were employed.

The reaction mechanism may be considered as describegroceeded preferentially via open-chain transition st&e

Bn CF3

in Scheme 2. In the Evanrsldol reactionZ-enolateint-1, 2, where the substituent R occupies the antiperiplanar
which can be generated exclusively fr@dnundergoes the  position to a bulky Ck group, leading to the Evans anti
transmetalation with TiGlto generate titanium enolatet- coupling product.

2. An aldehyde would come to the titanium enolate from In summary, we have developed new highly stereoselective
the less hinderede face, avoiding a benzyl substituent of approaches ta-trifluoromethyl-s-hydroxy-carboxylic acid
the oxazolidinone ring. The subsequent coordination of derivatives, starting from optically active 3,3,3-trifluoropro-
titanium atom to the carbonyl oxygen of the aldehyde may panoic imide3 or 2-bromo-3,3,3-trifluoropropanoic imide
lead to a six-membered chairlike transition steé&1, where 4. The TiCl-catalyzed Evansaldol reaction o3 was found

the substituent R occupies the equatorial position due to ato give the non-Evans syn isomers stereoselectively, whereas
1,3-diaxial repulsion. Consequently, the non-Evans syn the Reformatsky reaction &f in the presence of Al led
product is produced preferentially. In sharp contrasAEt  to the Evans anti products. Further study of the scope,
activated aldehyde would come to the reactive carbon of the mechanistic implications, and synthetic applications of the
Reformatsky reagennt-3 andint-4 from the side opposite  reactions are currently being investigated in our laboratory.
to that occupied by zinc atom. Due to a large steric repulsion
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