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The CFTA Method: A Reliable Procedure for the
Determination of the Absolute Configuration of
Chiral Primary Amines by '"H NMR Spectroscopic
Analysis**
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Methods for the determination of the absolute configuration
of chiral molecules are indispensable in modern organic
chemistry, especially in asymmetric synthesis and in studies of
the structures of complex natural products.'!. Although the
modified Mosher method® with a-methoxy-o-trifluorome-
thylphenylacetic acid (MTPA, 1)F is often employed for this
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purpose, many cases have been identified in which the MTPA
procedure can not be applied, either because of the low
reactivity of MTPA chloride (2)™* or because of the number of
complex conformers observed in the MTPA derivatives.”! To
overcome these limitations, we developed a-cyano-a-fluoro-
phenylacetic acid (CFPA, 3), in which the fluorine atom is
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located on the stereogenic center. We found that CFPA
chloride (4) reacts with nucleophiles 500 times faster than
MTPA chloride (2), and even undergoes condensation with
hindered nucleophiles, such as pinacolyl alcohol.[”

The phenyl hydrogen atoms of CFPA give rise to a
complex multiplet in the '"H NMR spectrum, which can often
complicate the analysis of the '"H NMR spectra of substrates
with aromatic substituents. We therefore decided to search for
a derivatizing agent with more readily distinguishable aro-
matic proton signals to simplify the assignment of proton
signals to the derivatized diastereomers.” This approach led
to our development of a-cyano-a-fluoro-p-tolylacetic acid
(CFTA, 5; Tol=tolyl),® a reagent that can be used in the
determination of the absolute configuration of chiral carbi-
nols,’! even those with two essentially identical substitu-
ents.'”! Herein, we report that the CFTA method is also
reliably applicable to the determination of the absolute
configuration of various chiral amine compounds.

We measured the chemical-shift difference, Ady
(05—0g),M for corresponding protons of the diastereomeric
(8)- and (R)-CFTA amides of chiral primary amines 7-14 of
known absolute configuration (Scheme 1).2' All proton
signals for the amine residue were assigned for both the (§)-
and (R)-CFTA diastereomers by means of COSY and other
NMR spectroscopic techniques. Thus, a Ady; value was readily
obtained for each hydrogen atom of the diastereomers.

The CFTA-amide plane is defined as the plane with an
all-anti  (F—C)—(C=0)—(N-H)—(C-H) conformation*”
(Scheme 2). When the CFTA amides are depicted in a
manner such that the two substituents at the stereogenic
center adjacent to the N atom are in the plane of the page
(which is perpendicular to the CFTA-amide plane) and the
a hydrogen atom is coming out of the plane of the page, the
hydrogen atoms with negative Ady values are invariably on
the left-hand side of the CFTA-amide plane and those with
positive Ady values are on the right-hand side of the CFTA-
amide plane (Scheme 1). In general, greater Ady values were
observed for the CFTA amides than for the MTPA amides.
Thus, the CFTA method enables the determination of the
absolute configuration of chiral amines by '"H NMR spectros-
copy much more readily and accurately than the method with
MTPA.

To investigate the scope and limitations of the CFTA
method, we applied our procedure to the multiply labeled
amino acid derivatives 15 and 16. From the AJ values
obtained by 'H and H NMR spectroscopy, we found that
both 15 and 16 have the § absolute configuration, as was
expected from the synthetic route used for their prepara-
tion.¥! X-ray analysis of the CFTA amide of 15 confirmed the
S configuration for this derivative.¥

The signs of A on each side of the CFTA—amide plane
were opposite for the CFTA amides to those observed for the
CFTA esters’! and also opposite to those observed with
MTPA amides. Therefore, we propose that the stable
conformation for the amides is that in which the C—F bond
occupies an anti-periplanar position with respect to the C=O
bond (Scheme 2), in contrast to the syn-periplanar conforma-
tion that is favored in the case of the CFTA esters. The amides
of the chiral amines R¢R;CHNH, can be viewed from the left-

www.angewandte.org

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

CFTA-amide plane
¥

/}l/ -0.06: .0.07
H NH - 2
2 010 HerTa
(S)y7 :
' 40.09
) -0.07 i ] +0.08
H N, HNHCFTA
(R)-8 :
~0.06, 7012 0,09, -0.10
-0.04, -0.07 L 007
% ~0.05, -0.07 4~ ba
H NH, P
(S)y9 0 HINHCFTA
-0.01, +0.01
-0.03,, :/ +0.03, +0.04
0.02 +0.01
- 0. .~ +0.08,+0.16
H NH, -0.01,-0.17 -
(R)-10 H! NHCFTA +0-21
; +0.03
+0.08
g -0.07~ +0.06
H NH, 3
H: NHCFTA
(R11 :
-0.,02

H NH,

010 H' NHCFTA
(Sy12 ~0.15 017;
+0.07, +0.10
H : +0.16
HO HO E H
% -0.07, -0.07 >~ +0.01, +0.03
H NH, 2
H: NHCFTA
(S)-13 :
OH -0.04 " OH
_ -0.07 |~ +0.04, +0.09
“ -0.08 4~
H NH, H: NHCFTA
(R)-14 :
I I +0.09
13, 13, '
Meo’c‘13cj§CD3 MeO/C\13IC‘]'3CD3
77 -0.05 e
H "5NH, H SNHCFTA
(S)15 '
o +0.16
cD :
I 3 . CD
13, Il 3
-C- Bc. 1 l+0.10
MeO BC,)\CD:; MeO c WSC)Q-C[% +0.16
: -0.05 e
15 '
H NH, H >NHCFTA
(S)-16 :

Scheme 1. Ad,, or Ad,, values for CFTA amide diastereomers of chiral
amines 7-16.

hand side in an extended Newman projection, in which the
amide linkage is omitted for convenience. Conformational
arguments can be used to explain the algebraic signs of the
A6 values. In the case of the (S)-CFTA diastereomer, the
signals for the hydrogen atoms of the Ry group should always
be shifted upfield as a result of the anisotropic shielding of the
aromatic ring. In contrast, for the R diastereomer, the hydro-
gen atoms of the Ry group are shielded, and these signals
should therefore appear upfield. Thus, the Ad values for the
protons on the left-hand side of the CFTA-amide plane
should be negative and those for the protons on the right-
hand side of the plane should be positive. This conformation
was supported by X-ray crystallographic analysis of the CFTA
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Scheme 2. Conformations of (S)- and (R)-CFTA amides of chiral
primary amines RsRzCHNH,.

amide of 1-phenylethylamine® and ab initio calculations
(GAUSSIAN 98, RHF/6-31 + G*) of the CFPA amide of Val-
OMe as a similar molecule.™

In summary, we have presented the CFTA method as a
new and reliable procedure for the determination of the
absolute configuration of chiral amines. This method has
important advantages over other conceptually similar proce-
dures available because of the very high reactivity of the
agent® and because the C—F bond at the stereocenter exerts
strong conformational control on the amides."*! For these
reasons we feel this method should be widely applicable.
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