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THE MECHANISM OF THE RACEMISATION OF o-AMINO ACIDS
IN THE PRESENCE OF ALDEHYDES
*
by R. Grigg and H.Q.N. Gunaratne

(Department of Chemistry, Queen's University, Belfast BT9 5AG,
Northern Ireland)

Summary. Heating optically active a-amino acids in the presence
of arylaldehydes effects racemisation via stereospecific
formation of 1,3-dipolar species from the intermediate imines.
These 1,3-dipoles can be trapped as their stereospecific cyclo-
adducts with N-phenylmaleimide.

Over the past five years we have published a series of papers on a new
general prototropic process involving 1,3-dipole formation by a formal 1,2-H
shift in X=Y-ZH systems (1;1.2).1 Of necessity the central Y atom must possess
a lone pair of electrons and we have provided many examples of iminesz,

3

hydrazones1 and oximes~ which illustrate this process by trapping the 1,3-
dipoles as their cycloadducts. In particular we have shown that imines of
a-amino acid esters are good examples of this prototropic process.2 We have
also drawn attention to the relevance of this process to the biochemistry of
pyridoxal and have shown that pyridoxal imines of a-amino acid esters undergo
analogous 1,3-dipolar cycloadditions.“ It was therefore with some surprise that

5

we read a recent paper” in which an identical 1,3-dipole was invoked as an
intermediate in the racemisation of o~amino acids in the presence of aldehydes,
and in which no mention was made of our extemnsive prior work.

Thus we now report some of our results with g-amino acids which demon-
strated stereospecific 1,3-dipole formation. We have shown that 1,3-dipole
formation from imines is catalysed by both Lewis and Bronsted acids6 and this
allows many cycloadditions to be carried out at room temperature e.g.(3) reacts

(room temperature, 30 min) with (4a) in acetic anhydride containing 6% acetic

acid to give (5; 85%); (3b) reacts with (4a) (room temperature, 10 min) in
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(3) a. R=H, R'= OMe
b. R=OMe, Rl= H

(5) a. X=0, Rl= R2= Me, R’= Ph

b. X=NPh, R'= R%s H, RO= CH,Ph

c. X=NPh, Rl= Me, R2_ H, R3— CH,Ph

d. X=NPh, Rl= R2— H, RO= CH,CH, SMe

e. X=NPh, Rl= R%= H, RO= (CHQ)ANH 1
1 o 5 (8) a. R’=H

f. X=NPh, R'= R®= H, R’= CH,CHMe, b Rle Me
1.2 3 - Ri=

g. X=NPh, Rl= R%= H, R7= CH,0H

2

R
cH H R
(7) a. R1= CH,Ph Ar tj c
b. R = CH CH,SMe
c. Rl= (CH )4 5 (9)
d. R's CH,CHMe,
e. R'= CH,OH
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acetic acid to give (6; 85%). Similarly the (L)-amino acids (7a-d) react with
aldehydes (8a,h) and dipolarophiles in acetic acid (100°,<C1h) to give racemic
cycloadducts (5b-f) in>75% yield.

The stereochemistry of the cycloadducts was established by NOE difference
spectroscopy. Thus (5¢) in deuteriopyridine solution gave the following NOE
enhancements when H, was irradiated: Hy (16.6%), H, (19%), and one of the
diastereotopic protons of the benzyl group (RS) (8.3%). The cycloadduct
stereochemistry indicates stereospecific trapping of a 1,3-dipole with
configuration (9) via an endo transition state. This accords with our
previously reported observations on the corresponding imines of a-amino acid
esters.2

With imines of a-amino acid esters the rate of racemisation is unaffected
by (4b). Thus a 0.1M toluene solution of the imine (3b) from methyl (L)-
phenylglycinate ([a]D25 = 90.4) racemises at 65°C with an initial pseudo first
order rate’ k) = 0.96 x 10 %sec™!. This racemisation rate is essentially
unchanged in the presence of 0.1M (4h) (k1 =1.06 x lo_ssec_l). The same
optically active imine (3b) as a 0.1M solution in acetic acid is completely
racemised in 10 mins at room temperature. The ability of organic acids to
racemise imines has been used in an elegant conversion of esters of DL-phenyl
glycine to the pure (D)- or (L)-phenylglycine esters by use of (+)-tartaric
acid.8 Thus weak acids favour imine racemisation via 1,3-dipole formation
whilst bases favour racemisation via azallylic anion formation (10).9

Finally, cycloaddition of the imine of serine (7e¢) and (8a) to (4b) (100°,
acetic acid, 15 min) gives an 8:3 mixture of (5g) and (llfp
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The ratio of (Sg) to (11) remains unchanged after heating in acetic acid
at 100° for 1h suggesting (5g) is not a precursor of (11). Assignment
of the Al—pyrroline structure (11) rather than the corresponding A2—
pyrroline structure is based on nmr evidence and previous examples of
Al-pyrrolines produced by dehydrogenation of pyrrolidines such as (6)
with DDQ.
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