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Abstract: A convenient one-pot synthesis of 1,2-amino alcohols from -amino acids with retention of optical purity by 

use of 1,1’-carbonyldiimidazole and sodium borohydride is described. 
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INTRODUCTION 

 The conversion of -amino acids into 1,2-amino alcohols 
provides access to a pool of useful chiral intermediates. Nu-
merous methods have been developed for the reduction of 
unprotected [1-10]

1
 or N-protected [4,5,11-24]

2
 -amino 

acids to the corresponding amino alcohols, including proce-
dures in which the acid group is activated by conversion to a 
mixed anhydride [11-15], acid fluoride [18] or active ester 
[16,20-23], followed by reduction with sodium borohydride. 
We required a number of amino alcohols as intermediates for 
peptidomimetic synthesis, but found the standard mixed an-
hydride method to be capricious in our hands. Other methods 
required reagents that are difficult to handle, hazardous 
and/or expensive. We envisioned that modification of the 
activation step by employing 1,1’-carbonyldiimidazole 
(CDI) as the activation reagent would provide a convenient 
and inexpensive route to the desired product (see Fig. 1). The 
use of CDI is well known for the formation of esters [25], 
amides [26-28], and C-C bonds [29-31] via an imidazolide 
amide intermediate. However, reduction of the imidazolide 
amide to afford 1,2-amino alcohols [24] has not been thor-
oughly studied. 

RESULTS AND DISCUSSION 

 Evaluation of a number of reaction conditions led to a 
convenient one-pot reaction sequence consisting of CDI ac-
tivation of the N-protected amino acid in THF for 10 minutes  
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1Reduction reagents employed in the references for unactivated amino acids are as 

follows: [1] BF3.OEt, BH3.SMe2; [2] LiBH4/TMSCl; [3] BF3.OEt, BH3.SMe2; [4] 

NaBH4-H2SO4; [5] NaBH4-I2; [6] Zn(BH4)2; [7] NaBH4/LiCl/Amberlyst 15; [8] 

LiBH4/TMSCl; [9] BEt3, BH3.THF; [10] Zr(BH4)4;  
2Activation and reduction reagents employed in the references are as follows: [11] 

EtOCOCl/NMM, NaBH4; [12] iBuOCOCl/NMM, NaBH4; [13] EtOCOCl/Et3N, 

NaBH4; [14] iBuOCOCCl/Et3N, NaBH4; [15] iBuOCOCCl/Et3N, NaBH4; [16] DCC/N-

Hydroxysuccinimide, NaBH4; [17] TiBH4(OiPr)2; [18] cyanuric fluoride, NaBH4; [19] 

2-Cl-4,6-(MeO)2-[1,3,5]triazine/NMM, H2-Pd/C; [20] BOP/DIPEA, NaBH4; [21] 

DCC, LiBH4; [22] DCC/N-Hydroxysuccinimide, NaBH4; [23] DCC/N-

Hydroxysuccinimide, NaBH4; [24] CDI, NaBH4. 

at room temperature, followed by addition of a solution of 
sodium borohydride in water at 0º C. The solution was acidi-
fied after 30 minutes and extracted with ethyl acetate. Prod-
uct of sufficient purity (>95% by HPLC) for further reaction 
was obtained by simply passing the dried ethyl acetate ex-
tracts over a pad of silica gel, followed by solvent removal.  

 The CDI activation / sodium borohydride reduction pro-
cedure was applied to a variety of -amino acids as shown in 
Table 1. All of the substrates studied provided good to excel-
lent chemical yields of the amino alcohol products. Several 
additional types of acid substrates were also successfully 
reduced to the alcohols 3-6 (see Fig. 2), including amino acid 
substrates attached to a solid support via their amino group, 
and a diacid monomethyl ester. For all products, LC-MS 
analysis showed the correct mass with >95% purity. 

1
H 

NMR spectra were in good agreement with the spectra of 
commercially available samples (when available). 
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Fig. (1). Reduction of -amino acids via CDI activation. 

 

 We considered it critical to establish that no racemization 
was occurring during the reduction sequence, especially as 
this parameter is often not assessed in other literature proce-
dures. Comparison of optical rotation values with literature 
values can be unreliable, as trace impurities present in the 
unpurified products can affect the measured values. Instead, 
we analyzed a number of the enantiomeric sets of crude 
products on a chiral HPLC column (see Fig. 3 for 2 exam-
ples; the enantiomeric pairs derived from L- and D-Val, -
Nva, -Nle and -Cha were also examined). The amino alco-
hols all possessed >99% ee with one exception, the alcohol 
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derived from Fmoc-D-Lys(Boc) (>97.8% ee). Analysis of the 
latter crude compound was complicated by the presence of 
impurities near the retention time of the minor enantiomer 
(see Fig. 3f). 

 In summary, we have developed an efficient and mild 
one-pot synthetic method for the rapid preparation of 1,2-
amino alcohols from -amino acids with excellent yields. 
The key features of the procedure are the short reaction time, 
easy work up, lack of racemization, and compatibility with a 
variety of amino and ester protecting groups. The reaction is 
amenable to large-scale conversions (up to 10g in our hands) 
as the reagents involved are easy to handle and relatively 
non-hazardous. 
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Fig. (2). Additional alcohol products obtained by acid reduction. 

 

EXPERIMENTAL SECTION  

 The typical reaction procedure is as follows: To a stirred 
solution of Fmoc-L-Lys(Boc)-OH (1.4 g, 3 mmol) in THF 
(10 mL) was added CDI (650 mg, 4 mmol) at rt. After 10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Fig. (3). Analysis of optical purity of 1,2-amino alcohol crude 

products (25 cm ChiracelODR column, 0.5 ml/min). 

a) 1:1 mixture of crude Fmoc-L- and -D-cyclohexylglycinol. b) 

crude Fmoc-L-cyclohexylglycinol. c) crude Fmoc-D-

cyclohexylglycinol. d) 1:1 mixture of crude N -Fmoc, N -Boc-L- 

and -D-lysinol. e) crude N -Fmoc, N -Boc-L-lysinol. f) crude N -

Fmoc, N -Boc-D-lysinol. 

Table 1. Yields of Amino Alcohols from -Amino Acids 

Amino Acid Amino Alcohol Yield (%) Amino Acid Amino Alcohol Yield (%) 

Fmoc-L-Ala-OH 98 Fmoc-L-Cha-OH >95 

Fmoc-L-Val-OH 94 Fmoc-D-Cha-OH >95 

Fmoc-D-Val-OH 91 Fmoc-L-Phe-OH >95 

Fmoc-L-Nva-OH 99 Fmoc-L-homoPhe-OH 93 

Fmoc-D-Nva-OH 93 Fmoc-L-3’-NO2-Tyr-OH 91 

Fmoc-L-Ile-OH 100 Fmoc-L-Lys(Boc)-OH 88 

Fmoc-D-Ile-OH >98 Fmoc-D-Lys(Boc)-OH 91 

Fmoc-D-Leu-OH 100 Boc-L-Lys(Fmoc)-OH 91 

Fmoc-L-Nle-OH 99 Fmoc-L-Orn(Boc)-OH 90 

Fmoc-D-Nle-OH 96 Boc-L-Dap(Fmoc)-OH 93 

Fmoc-L-Tle-OH 98 Fmoc-L-Asp(OtBu)-OH >95 

Fmoc-L-homoLeu-OH 89 Fmoc-L-Glu(OtBu)-OH >95 

Fmoc-L-Chg-OH 96 Fmoc-L-Pro-OH 61 

Fmoc-D-Chg-OH 97 - - 
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min, the solution was cooled to 0 
o
C and a solution of NaBH4 

(190 mg, 5 mmol) in H2O (5 mL) was added in one portion. 
The solution was then stirred for 30 min. To this was added 
1N HCl (50 mL) and the solution was extracted with EtOAc 
(2 x 200 mL). The combined extracts were washed with sat. 
NaHCO3 (50 mL), brine (50 mL), dried (MgSO4), and 
passed through a short pad of silica gel to provide a white 
solid (1.20 g, 88 %). MS; ES

+
 m/z 455 (M+H

+
).  
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ABBREVIATIONS 

Ala = alanine 

Asp = aspartic acid 

CDI = 1,1’-carbonyldiimidazole 

Cha = cyclohexylalanine 

Chg = cyclohexylglycine 

Dap = 1,3-diaminopropionic acid 

Glu = glutamic acid 

homoLeu = homoleucine 

homoPhe = homophenylalanine 

Ile = isoleucine 

Leu = leucine 

Lys = lysine 

Nle = norleucine 

3’-NO2-Tyr = ortho-nitrotyrosine 

Orn = ornithine 

Pro = proline 

Tle = tert-butylleucine 

Val = valine 
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