Solvent-Controlled Asymmetric Strecker
Reaction: Stereoselective Synthesis of
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ABSTRACT
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Stereoselective approaches to  a-trifluoromethylated  a-amino acids ( o-Tfm AAs) have been developed. The stereoconfigurations of the resulting

o-Tfm AA precursors were well controlled by using different solvents. The optically active (

was synthesized by this method.

S)-2-amino-2-phenyl-1,1,1-trifluoropropanoic acid

o-Trifluoromethylated (CE) o-amino acids ¢-Tfm AAS)

of the products, is an efficient auxiliary groéif-he use of

have been attracting much attention in the field of biochem- N-tert-butylsulfinylimines as chiral templates is thoroughly
istry and pharmacology because of their unique propetties. described in the diastereoselective synthesis of trifluoro-

Several synthetic approaches afTfm AAs have been

methylated derivatives.However, there is no example

developed; however they have suffered from some drawbacksconcerning the nature of the sulfoxide group as a Lewis base
such as, for instance, poor stereocontrol in the formation of that activates the Lewis actd-erein, we wish to report an

the stereogenic quaternary cemté@onsequently, stereose-

example of the asymmetric Strecker reaction based on the

lective construction of the stereogenic quaternary center principles of trimethylsilyl cyanide (TMSCN), a readily

under mild conditions is a desirable method.

available reagent activated by the sulfoxide group in the

Chiral sulfinyl amide, which could coordinate with a Lewis absence of a catalyst.
acid as an electronic donor and direct the stereoselectivity Our research work began with the synthesis of the chiral
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CRs-substituted R)-N-tert-butylsulfinylketoimines (Tfm-NB-
SKis, 1) (derived from R)-tert-butylsulfin amidef The
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optimized reactions were performed in hexane distilled from  The Strecker reaction in hexane was successful with a

Na/benzophenone in the presence of 1.5 equiv of Pi(Q
where Tfm-NBSKIs were obtained in 4B0% yields (Table
1). It must be pointed out that Tfm-NBSKIs have to be

Table 1. Preparation of the Tfm-NBSKIs

o} % ¢
O+ & TiORPr, 1.5 equiv. s Té
FCTR NN ane

hexane, rt )|\

Fs€” R
1

entry R product t (h) yield® (%)

1 Me— la 3 47

2 Et— 1b 3 61

3 n-CeHiz— 1c 12 81

4 BnCHqe— 1d 4 56

5 Ph— le 4 58

6 p-MePh— 1f 12 50

7 p-MeOPh— 1g 8 65

8 p-CIPh— 1h 8 80
aYields were determined b{?F NMR.

generated and isolated quickly prior to use because they are

readily hydrolyzed upon prolonged standing on silica gel.
was not fully characterized because of the same reason.

With these compounds in hand, we investigated the

Strecker reaction ofle with TMSCN in hexane at room
temperature. A mixture e and 3e was obtained in 91%
yield and 99:1 drZe/3e) (Table 2, entry 1). Solvent effects

Table 2. Effect of Solvents on the Asymmetric Strecker
Reaction

g 9 ?
N \4 8- R
{ + TMSCN solvent % NHCN -, % NH CN
FsC it FaC FaC
1e 2¢ (S, Ry) 3e (R, Rs)
entry solvent dr® (2e/3e) total yield® (%)
1 hexane 99:1 91
2 Et.0 3:1 73
3 EtOAc 1:1 70
4 1,4-dioxane
5 DMSO 1:3 33
6 DMF 1:6 86

aDiastereomeric ratios were determined 18 NMR spectroscopy on
the crude reaction mixturé.Total yields of two analytically pure isomers.

variety of substrates, and the scope of the reaction was
outlined in Table 32a—hwere obtained in 6992% yields

with good dr value. The addition of 0.2 equiv of Ti{),
accelerated the reaction; however, this resulted in a decrease
of stereoselectivity, presumably because of the strorgTi
interaction that inhibits the activation of TMSCN by sul-
foxide (Table 3). An X-ray diffraction study of botPe and

2a’ indicated that the absolute configuration 2fvas (S,

Rs). Therefore, we deduced the absolute configuratidh of
was (R, Rs).

To study this Strecker reaction in DMHa—h were
subjected to the optimized reaction conditions. All of them
underwent the Strecker reaction in several hours2s °C
and gave2 and3 in 69—89% yields with up to a 1:19 dr
value (Table 3).

On the basis of the diastereoselectivity observed (Table
1), a possible mechanism was proposed. The Strecker
reaction in hexane proceeds via the six-membered chairlike
model§ (T' and T?, Scheme 1), and the chirakrt-

Scheme 1. Proposed Mechanism for Asymmetric Strecker

Reaction
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butylsulfinyl group directs the configuration @t and T2.

As mentioned before, the sulfinyl group in Tfm-NBSKI
activates TMSCN to undergo the Strecker reactithis
unfavored because of the predominant electrostatic repulsion
between the lone pairs on the sulfur and the electron-rich
CFR; group. The six-membered transition state in hexane gives
2 (S Rs) as the major product. However, the Strecker reaction
in DMF undertakes Fujisawa’'s mod€lr® andT# transition
state) because DMF is not only a polar solvent but also a
Lewis base, which activates TMSCN instead of the sulfinyl

(7) See Supporting Information. Crystallographic data for X-ray structures

were investigated and summarized in Table 2. Polar solventshave been deposited with the Cambridge Crystallographic C&ateECDC

usually led to a decrease in te/3eratio except for 1,4-

dioxane, in which a decomposition of imine was observed.

It is noteworthy that the reaction in DMF affordes and

3ein a 1:6 ratio, which is a diastereoselectivity opposite to

the reaction in hexane (Table 2, entry 6).
1380

280989),2e (CCDC 280988)]. Copies of the data can be obtained free of
charge from the Cambridge Crystallographic Data Center, 12 Union Road,
Cambridge CB2 1EZ, U.K.. E-mail: deposit@ccdc.cam.ac.uk.
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Table 3. Asymmetric Strecker Reaction between Tfm-NBSKIs and TMSCN in Hexane and DMF

(e]
1] I
1 S
ﬁ% %S “NH CN % NH CN
N + ;
| + TMSCN fo /(R FCOOR
F.C7 R
1a-h 2a-h (S, Rs) 3a-h (R, Rs)
substrate (R) t (h) total yielde (%) drae? (2/3)
entry product¢ hexane/ DMF# hexane DMF hexane DMF
1 la (Me—) 2a,? 3a 24 8 69 71 27:1 (4:1) 1:19
2 1b (Et—) 2b, 3b 24 8 77 76 7:1(3:1) 1:10
3 lc (n-CeH1—) 2¢, 3¢ 48 8 88 84 14:1(2:1) 1:11
4 1d (BnCHy—) 2d, 3d 48 12 92 89 7:1(7:1) 1:15
5 le (Ph—) 2e,? 3e 24 12 85 72 99:1 (7:1) 1:6
6 1f (p-MePh—) 2f, 3f 24 12 87 69 11:1 (1:1) 1:7
7 1g (p-MeOPh—) 2g, 3g 12 12 89 78 14:1 (4:1) 19
8 1h (p-CIPh—) 2h, 3h 12 12 83 71 8:1(1:1) 1:6

aDiastereomeric ratios were determined 8y NMR spectroscopy of the crude reaction mixturén parentheses are the dr values with 20 mol % of

Ti(O'Pr), as catalyst¢ Configurations were assigned from the transition-state

médabnfigurations were determined by X-ray crystallographic d&tantal

yields of two analytically pure isomerSHexane as the solvent at room temperat@i@MF as solvent at-35 °C.

group of Tfm-NBSKIs.T® is more favored thai* because
of the electrostatic repulsion betweens@rRd the lone pairs
of sulfur in T4 Hence,3 (R, Rs) is obtained as the major
product (Scheme 1).

It must be indicated that the sulfinimines without £F
cannot proceed in such reactions under similar conditions.
The CRK group might play an important role: (1) electrostatic
repulsion causes GFo be far away from the lone pairs of
the sulfur atoms; (2) the steric effect of £B approximately
equivalent to isopropyl? and therefore ae bond is more
stable than aa bond in six-membered chairlike models; (3)
the electron-withdrawing nature of the €group increases
the reactivity of sulfinimines, therefore facilitating the
Strecker reaction.

To demonstrate further the synthetic utility of these
findings, ©-2-amino-2-phenyl-1,1,1-trifluoropropanoic acid
(4a) was readily synthesized frorke (Scheme 2). The

Scheme 2. Hydrolysis and Deprotection dfe
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deprotection and hydrolysis @ein HCI (12 N) at refluxing
temperature gave the desired optically activ€F; o.-amino
acid in one pot. (S)-2-amino-2-methyl-1,1,1-trifluoropro-
panoic acid (4 was synthesized fro@ain the same way.

In summary, an effective method for the formation of
stereogenic quaternary centers via solvent-controlled asym-
metric Strecker reactions was developed. The reaction in
hexane afforded predominantly (8s)-product, whereas in
DMF, the R, R9-isomer was the major product. Further
deprotection and hydrolysis resulted datrifluoromethyl
o-amino acid. This method provided a stereoselective
approach to the optically active-trifluoromethyl o-amino
acids
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