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The Strecker Reaction coupled to Viedma Ripening: A Simple 

Route to Highly Hindered Enantiomerically Pure Amino Acids 

Iaroslav Baglai,
a
 Michel Leeman,

b
 Klaus Wurst,

c
 Bernard Kaptein,d Richard M. Kellogg,

b
 and Willem 

L. Noorduin*
,a

The Strecker reaction is broadly used for the preparation of 

α-amino acids. However, control of enantioselectivity 

remains challenging. We here couple the Strecker reaction to 

Viedma ripening for the absolute asymmetric synthesis of 

highly sterically hindered α-amino acids. As proof-of-

principle, the enantiomerically pure α-amino acids tert-

leucine and 1-adamantylglycine were obtained. 

 

Even after more than one and a half centuries since discovery, the 

Strecker reaction
1
 remains one of the simplest and most powerful 

methods to synthesize α-amino acids both in the laboratory and 

also in origin of life scenarios.
2
 However, the classical Strecker 

reaction gives racemates. In general, two strategies have been 

developed to obtain enantioselectivity by means of an asymmetric 

Strecker reaction.
3
 One is the nucleophilic addition of cyanide to a 

protected imine; this entails use of stoichiometric amounts of a 

chiral auxiliary/protecting group.
4
 The second strategy relies on 

chiral catalysts for the enantioselective cyanation of a protected 

achiral imine.
5
 Despite tremendous progress over the years, both 

approaches still require protecting groups and chiral reagents that 

need to be removed after the reaction. 

A virtually quantitative, catalyst or protecting group free, 

alternative route to enantiomerically pure α-amino acids may be 

offered by a combination of the classical Strecker reaction and 

attrition-enhanced deracemization (Viedma Ripening) - a 

tantalizingly simple process to convert a racemate to a desired 

single enantiomer.
6
 In short, the solid phase of a slurry is 

completely converted via racemization in the liquid phase into a 

desired handedness by a continuous dissolution/recrystallization 

process.  

Viedma ripening relies on two prerequisites: a) the compound must 

crystallize as a racemic conglomerate, i.e. a mechanical mixture of 

enantiomeric crystals, and b) the enantiomers must interconvert in 

the liquid phase. In other words, a racemizable conglomerate is 

essential. However, suitable racemization conditions are often not 

obvious. Furthermore, conglomerate formation remains 

unpredictable and statistically occurs only for 5-10% of chiral 

organic compounds.
7
 Consequently, each type of compound 

requires careful design to fulfill the requirements for Viedma 

ripening. 

Viedma ripening has been used successfully to access 

enantiomerically pure phenylglycines. Recently, Kawasaki et al have 

reported deracemization by Viedma ripening of two protected α-

aminonitriles and their conversion to phenylglycine derivatives.
8
 

Although elegant, this approach does not allow systematic search 

for conglomerate precursors of α-amino acids with a side chain of 

choice. This is possible with our previously developed amide-based 

approach, which involves imine formation. Libraries of imines are 

prepared that can be searched for conglomerates.
9
 However, this 

approach fails for analogous imine derivatives of highly hindered 

amino acids. In an explorative study, we could not find suitable 

base-catalyzed racemization conditions for the model compound 1 

(Supporting Information). We attribute this to steric hindrance 

(“Newman Rule of Six”),
10

 which prevents planarity and resonance 

stabilization of the carbanion as illustrated in Scheme 1. These 

results highlight that a different approach needs to be developed 

for deracemization towards sterically hindered amino acids. 

 
Scheme 1. Newman Rule illustration.  

 

Here we introduce a flexible Strecker-based strategy for absolute 

asymmetric synthesis of α-amino acids. Specifically, we focus on 

structurally challenging α-amino acids bearing quaternary alkyl α-

substituents. These are highly desired components for many 

pharmaceutical target compounds
11

 and chiral catalysts.
12

 To 

demonstrate the proof-of-principle, we target two prototypical and 

commercially relevant representatives of highly sterically hindered 

unnatural amino acids, tert-leucine 2 and 1-adamantylglycine 3, 

neither of which is attainable by the previously developed routes. 

Enantiomerically pure tert-leucine, which produces strong 

conformational effects, is widely used in the synthesis of modified 
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peptides.
13

 The S-enantiomer of 1-adamantylglycine is a key 

building block for the antidiabetic drug Saxagliptin 4 (Scheme 2).
14 

 

 
Scheme 2. The target molecules 2,3 and Saxagliptin 4. 

 

Our approach offers several advantages: a) racemic α-aminonitriles 

5,6 are readily accessible; b) simple Schiff condensation with 

aromatic aldehydes directly provides libraries of α-aminonitriles 

imines 7,8 readily subject to base catalyzed racemization; this 

library may be searched for conglomerates; and c) the small, 

electron withdrawing, nitrile group reduces steric hindrance around 

the chiral proton in 7,8 (Scheme 3). 

 
Scheme 3. Schematic illustration of the methodology. [a] NH3/HCN; [b] X-Ar-CHO; the 

substituents “R’s” used for libraries of imines 7 and 8 are given in Tables S1 and S2 

(Supporting Information), respectively; [c] 1) conglomerate identification; 2) attrition of 

suspension with DBU and (S) or (R) seed; 3) acidic hydrolysis. 

 

We demonstrate our approach for the synthesis of enantiomerically 

pure tert-leucine 2. The Strecker reaction with commercially 

available pivaldehyde readily yields α-aminonitrile 5. Subsequent 

reaction of 5 with a selection of benzaldehydes creates a library of 

imines 7. Unfortunately, all these imines 7 are poorly crystalline and 

highly soluble solids or even oils, thus making any type of 

crystallization induced enantiomeric transformation (CIET)
15

 nearly 

impossible. This poor crystallinity can be attributed to the lack of 

hydrogen bonds in the compounds 7. To overcome this, we 

enhance the π-π stacking in the crystal structures using 

naphthaldehydes instead of benzaldehydes for library preparation. 

Indeed, we find that all naphthalene-substituted imines 7 are nicely 

crystalline.  

 

 
Figure 1. Identified conglomerates 7a,b (left). Deracemization of 7a (right) (0.1 g 

solid/1.0 mL of 4% (v/v) DBU in methanol). 

A nonlinear optical technique, Second Harmonic Generation (SHG), 

may be used to indicate the absence of a center of symmetry in the 

crystals and, consequently, potential presence of a conglomerate as 

conglomerates crystallize in a chiral (non-centrosymmetric) space 

group from racemates.
16

 Screening of the prepared library of 8 

representatives for conglomerate behavior using SHG and X-Ray 

Diffraction (XRD) allows tentative identification of 7a,b as 

conglomerates (Figure 1; see also Table S1, Supporting 

Information).  

Enantiomerically pure (R)-7a rapidly racemizes in the presence of 

1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as a base in various 

solvents (Fig. S1, Supporting Information), demonstrating the 

anticipated higher acidity of nitriles 7 compared to the 

corresponding amide derivatives 1. Both compounds are readily 

deracemized by grinding a slurry of 7a or 7b (1.0 g) in methanol (10 

mL) using 0.3 equivalents of DBU as a base at 20°C. For both 

compounds, an initial solid phase with an enantiomeric excess (ee) 

of ≈ 5% (R-enantiomer) completely converts into an 

enantiomerically pure solid phase of (R)-7a and (R)-7b, respectively, 

within 16 hours of grinding. For compound 7a, chosen for detailed 

investigation, the deracemization can be completed within 8 hours 

and directed to either enantiomer by addition of 25 mol % of the 

desired enantiomer to the solid phase (Figure 1). Subsequent 

stepwise hydrolysis of either (R)- or (S)-7a with hydrochloric acid 

proceeds with complete preservation of the chirality, giving 

enantiomerically pure (R)- or (S)-tert-leucine (ee > 99%), 

respectively, in virtually quantitative yield. 

To demonstrate the scope of this approach, we deracemize an even 

more bulky 1-adamantylglycine 3 precursor. A Strecker reaction 

with 1-adamantyl aldehyde provides α-aminonitrile 6. 

Subsequently, reaction of 6 with a selection of benzaldehydes yields 

a library of 24 α-aminonitrile imines 8 (Table S2, Supporting 

Information). In this case, all representatives 8 are nicely crystalline 

products, probably owing the presence of the rigid adamantane 

moiety. We identify derivatives 8a,b (Figure 2) as conglomerates 

using SHG and XRD. However, from further studies we conclude 

that compound 8b crystallizes as an unstable polymorph under 

deracemization conditions (Fig. S7, Supporting Information), making 

it unsuitable for a robust process. Compound 8a, on the other hand, 

is a stable conglomerate. A slurry of 8a (1.0 g) in acetonitrile (10 mL) 

deracemizes readily on grinding in the presence of 0.3 equivalents 

of DBU. Within 16 hours at 20°C, an initial solid phase with an ee of 

≈ 10% (S-enantiomer) completely converts into an enantiomerically 

pure solid phase in virtually quantitative yield. As expected, the 

deracemization can be directed to either enantiomer by starting 

with a small excess of the desired enantiomer in the solid phase
6
 

(Figure 2).  

 

 
Figure 2. Deracemization of the identified conglomerate 8a (0.1 g solid/1.0 mL of 2% 

(v/v) DBU in acetonitrile). 
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Finally, stepwise hydrolysis of (S)-8a with hydrochloric acid provides 

the corresponding (S)-1-adamantylglycine hydrochloride (S)-2·HCl in 

nearly quantitative yield and with complete retention of 

stereochemistry at the chiral center (ee > 99%). 

In summary, we here introduce a methodology to access essentially 

quantitatively enantiomerically pure highly sterically hindered α-

amino acids with a handedness of choice. Our approach combines 

the advantages of both the classical Strecker reaction and Viedma 

ripening and bypasses any chiral additives (only a seed of the 

desired enantiomer is used to direct the deracemization). 

Importantly, we show how both the physical (crystallinity) and 

chemical (acidity) properties can be optimized by simple 

modifications of the chemical structure, while still preserving the 

target moiety. Access to libraries is essential both for discovery of 

conglomerates and modification of physicochemical properties. 

Although this typically requires the synthesis of ca. 10-15 library 

entries, this initial work is rewarded by a final process that is robust 

and extremely simple to execute.  Often expensive resolving agents, 

protecting groups or chiral catalysts required for asymmetric 

Strecker syntheses are unnecessary. Only simple condensation 

chemistry is involved together with the use of mineral acids and 

water. We employ mild attrition for the deracemization. Potentially, 

temperature cycling
17

 or other attrition methods such as 

homogenization
18

 may also be used as alternatives. A small amount 

of either enantiomer can be used to direct the deracemization to 

the desired handedness, acting as a template for amplification, thus 

making it unnecessary to develop independent processes or 

catalysts for each enantiomer. Finally, we foresee that this simple 

and sustainable methodology can readily be extended to other 

sterically demanding as well as unhindered α-amino acids. 
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The Strecker Reaction coupled to Viedma Ripening: A Simple 

Route to Highly Hindered Enantiomerically Pure Amino Acids 
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a
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b
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c
 Bernard Kaptein,d Richard M. Kellogg,

b
 and Willem 

L. Noorduin*
,a

A methodology based on a combination of the 
classical Strecker reaction, simple Schiff 

condensation and Viedma ripening (attrition induced 
deracemization) permits access to highly sterically α-
amino acids in high enantiomeric excess and yield. 

This approach, unaided by chiral additives or 
protecting groups, allows obtainment of the 
handedness of choice by seeding with a small 

amount of enantiomerically pure crystals of the 
desired enantiomer. 
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