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ABSTRACT: A simple phosgene- and halogen-free method for synthesizing α-amino acid N-carboxyanhydrides (NCAs) is de-

scribed. The reaction between Boc-protected α-amino acids and T3P
®
 reagent gave the corresponding NCA derivatives in good 

yield and purity with no detectable epimerization. The process is safe, easy-to-operate and does not require any specific installation. 

It generates non-toxic, easy to remove by-products. It can apply to the preparation of NCAs for the on-demand on-site production 

of either little or large quantities. 

α-Amino acid-N-carboxyanhydrides (NCAs) (oxazolidine-2,5-

dione derivatives) are cyclic activated amino acid building 

blocks that are highly reactive with nucleophiles,
1
 producing 

only carbon dioxide as a by-product. This feature has high-

lighted their usefulness in creating amide bonds.
2
 NCAs are 

also the main reagents used in the synthesis of well-defined 

peptide polymers
3a-c

 that have recently grown in importance 

and are now used in some of the most innovative healthcare 

strategies
4
 including controlled drug/gene delivery systems, 

tissue engineering, molecular imaging, and diagnostics.
5
 As an 

example, Glatimer, which is prepared through the random 

copolymerization of (L)Ala-NCA, (L)Glu(OBzl)-NCA, 

(L)Lys(Tfa)-NCA, and (L)Tyr-NCA, is commercially availa-

ble for the treatment of multiple sclerosis.
6 

NCAs have also 

been used to produce several active pharmaceutical ingredi-

ents e.g., the antiviral drug Saquinavir and Nelfinavir interme-

diates,
7
 and polypeptide-based polymer therapeutics that are 

currently in clinical trials including the poly(glutamic acid)–

paclitaxel conjugate Opaxio
TM

 for treating various cancers and 

the poly(ethylene glycol) methyl ether–poly(aspartic acid)–

paclitaxel micelle NK-105 for treating breast cancer.
8
 

Poly(glutamic acid) is predicted to become an important bi-

opolymer,
9
 and poly(lysine) and poly(aspartic acid) have been 

developed for use as carriers, because they have high drug 

loading capacities and are biodegradable.
10

 On the other hand, 

(L)Leu-NCA is produced industrially for the synthesis of 

polyleucine, which is used as a catalyst in the Julia–Colonna 

asymmetric epoxidation method.
11a-b

 NCAs are also useful 

intermediates for the “green” solvent-free synthesis of pep-

tides.
12

  

Leuchs was the first to develop a method for synthesizing α-

amino acid NCAs (Leuchs’s anhydrides) by treating N-

alkyloxycarbonyl amino acids with halogenating agents (e.g. 

PBr3, PCl3, PCl5, SOCl2, α,α-dichloromethylmethyl ether), 

which result in the formation of carcinogenic alkyl halides;
13a-c

 

other methods have since been developed. These include the 

reaction of phosgene with α-amino acids (the Fuchs–Farthing 

method),
14a-b

 and methods involving a nongaseous phosgene 

substitute (diphosgene or triphosgene).
15a-b

 A method for syn-

thesizing NCAs using phosgene through basic-to-acidic flash 

switching in a microflow reactor has recently been described, 

and allows the synthesis of NCAs bearing acid-labile protect-

ing groups.
16

 So far, the most common methods for preparing 

NCAs involve phosgene, but the high toxicity of phosgene and 

legal restrictions on its use, which can cause the release of 

corrosive gaseous HCl, mean that such methods are difficult to 

start up. Some phosgene-free methods for synthesizing NCAs 

have been developed to avoid these drawbacks. Some of these 

methods have involved the use of NO gas and oxalyl chlo-

ride,
17a-b

 di-tert-butyltricarbonate,
18

 bisaryl carbonates,
19a-b

 and 

cyanuric chloride.
20

 Unfortunately, none of these have become 

popular due to their incompatibility with some protecting 

groups, the formation of side products, the toxicity of the 

reactants, and complications due to the large number of steps 

in the reaction. The Fuchs–Farthing method is still the most 

widely used for synthesizing NCAs, particularly in industrial 

settings. There is therefore a clear need for a mild, non-acidic, 

safe, easy-to-use process for producing a wide range of NCAs 

in good yields, high purities, based on reagents that are chemi-

cally compatible and apparatus that is widely available, and 

which produces inoffensive by-products that can be removed 

easily. 

n-Propanephosphonic acid anhydride (T3P
®
) has been found 

to be useful for activating carboxylic acids and forming amide 

bonds under mild conditions.
21

 T3P
®
 is a non-toxic reagent 

that does not require specific handling measures. It is one of 
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the most widely used carboxylic acid activating reagents for 

large-scale syntheses.
22a-b

  

We recently reported an interesting property of T3P
®
 in that it 

can activate carboxylic acids to yield simply and cleanly α-

amino acid N-acyl-benzotriazole derivatives
23

 that have unex-

pected reactivities towards weak nucleophiles in acidic me-

dia.
24

 From our study of the synthesis of N-acyl-benzotriazole 

derivatives, when synthesizing Boc-(L)Tyr(OtBu)-OBt from 

Boc-(L)Tyr(OtBu)-OH in the presence of T3P
®
, pyridine and 

benzotriazole, in AcOEt as solvent, we noticed faint traces of a 

side product that was identified unexpectedly as 

(L)Tyr(OtBu)-NCA. We then performed the reaction using 

Boc-(L)Tyr(OtBu)-OH, 1.2 T3P
®
 eq in AcOEt as solvent,  

under the same experimental conditions, but with no 

benzotriazole. Surprisingly, some (L)Tyr(OtBu)-NCA formed 

rapidly after a 2 h reaction (Scheme 1).  

 

Scheme 1. Synthesis of NCAs 

 

 

 

We decided to study this interesting reaction further. We first 

explored the effect of temperature on the reaction. By increas-

ing the reaction temperature to 50 °C it was possible to 

achieve a high Boc-(L)Tyr(OtBu)-OH conversion rate, and 

(L)Tyr(OtBu)-NCA was isolated with a good yield. We then 

investigated the use of a base (2 eq) as a “reaction facilitator”, 

including pyridine, 4-dimethylamino-pyridine, N-

methylmorpholine, N,N-diisopropyl ethylamine, triethyla-

mine, 1,8-diazabicyclo[5.4.0]undec-7-ene, and the inorganic 

base K2CO3. Each reaction was performed at room tempera-

ture for 2 h using EtOAc as the solvent. (L)Tyr(OtBu)-NCA 

was formed using all the tertiary amines, but the conversion 

rate in most cases was low, and side products were formed. 

K2CO3 caused almost no conversion to occur. Pyridine was the 

most effective base, giving the highest conversion rate, the 

cleanest crude product, and the best NCA yield. These results 

prompted us to evaluate the role of pyridine as a “catalyst” in 

more detail. We synthesized (L)Tyr(OtBu)-NCA from Boc-

(L)Tyr(OtBu)-OH in the presence of different amounts of 

pyridine (0.25–2 eq) using AcOEt as a solvent and a 18 h 

reaction time. Although formation of the NCA was observed 

using 0.25 and 0.5 pyridine equivalents, the best conversion 

and recovery of (L)Tyr(OtBu)-NCA was obtained when 1 or 2 

equivalents of pyridine were used (Figure 1SI). In addition, it 

appeared that 1.2 T3P
®
 equivalent was the best amount to 

obtain a clean and total conversion (Figure 2SI). 

It has been reported that activation of a carboxylic acid by 

T3P
® 

followed by formation of an amide bond in the presence 

of a nucleophilic amine does not induce epimerization.
21 

How-

ever, we investigated whether epimerization occurred during 

the synthesis of the NCA derivatives in the presence of pyri-

dine. We reacted Boc-(L)Asp(OBzl)-OH 1 (1 eq) and 

Boc(D)Asp(OBzl)-OH 2 (1 eq) with T3P
®
 (1.2 eq) and pyri-

dine (1 eq) in EtOAc at room temperature. The corresponding 

(L) and (D)Asp(OBzl)-NCAs 3 and 4 were obtained. They 

were reacted with (S)-1-(4-methoxyphenyl)-ethan-1-amine to 

give diastereomers 5 and 6 (Scheme 2) that were analyzed 

separately by HPLC, and after co-injection of a 1:1 mixture 

(Figures 1SI and 2SI). 

Each compound 5 and 6 produced a single peak, indicating no 

detectable epimerization of the (L) and (D)Asp(OBzl)-NCAs. 

These results were also confirmed by 
1
H NMR analysis of 

diastereomers 5 and 6 (SI). 

Scheme 2. Epimerization study of Asp(OBzl)-NCA. Syn-

thesis of diastereomers 5 and 6. 

 

 

The optimized experimental conditions were used to prepare a 

series of NCAs (Table 1). The NCAs included some “difficult-

to-prepare” NCAs bearing acid-labile protecting groups [e.g., 

(L)Trp(Boc)-NCA, (L)Arg(Pbf)-NCA, (L)Cys(Trt)-NCA as 

well as (L)Lys(Boc)-NCA for which no cyclization was 

observed with the N-Boc group side chain].  

Table 1. Synthesis of NCAs 
 

NCA Yield%* Mp °C 
 
(L)Trp(Boc)-NCA  80  153-154 

(L)Arg(Pbf)-NCA  85   122-123 

(L)Val-NCA 78       62-63 

(L)Tyr(OtBu)-NCA  90  109-110 

(L)Phe-NCA  85       88-89 

(L)Asp(OBzl)-NCA  85  123-124 

(D)Asp(OBzl)-NCA  80  123-124 

(L)Thr(OBzl)-NCA  80  120-121 

(L)Gln(Xan)-NCA  78  156-157 

(L)Asn(Xan)-NCA  90  145-146 

(L)Ala-NCA 75       84-85 

(L)Ser(OBzl)-NCA  78       68-69 

(L)Glu(OBzl)-NCA  78  110-111 

(L)Cys(Trt)-NCA  80  122-123 

(L)Lys(Boc)-NCA  85  142-143 

(L)Lys(Fmoc)-NCA  88  101-102 

(L)Tic-NCA 76    166-167 

(L)Leu-NCA  86       67-69 

Aib-NCA  76       72-73 

N-Me-(L)Ala-NCA  71  131-132 

N-Benzyl-Gly-NCA  76  152-153 

Isatoic anhydride  65  242-243 

 
NCAs reported in this Table were prepared under the following 

experimental conditions: Boc-amino acid derivative (1 eq), T3P® 

(1.2 eq), pyridine (1 eq) in EtOAc at r.t. for 2 h. *Crystalline pure 

compounds. 
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We also found that the method could be used to prepare the α-

disubstituted amino acid NCA, i.e., Aib-NCA, N-substituted 

α-amino acid NCAs including N-methyl-(L)Ala-NCA, and N-

benzyl-Gly-NCA, as well as isatoic anhydride (Table 1). All 

the NCAs were synthesized at around the gram scale, and 

were obtained in good yields and at excellent purities after 

simple precipitation and recrystallization. The detailed physi-

cochemical properties of the NCAs are reported in the Sup-

porting Information.  

We found that the Boc protecting group and T3P
® 

were both 

necessary for the cyclization reaction. In fact, no conversion 

occurred when Z-(L)Phe-OH or Fmoc-(L)Phe-OH was used as 

the starting material and T3P
®
 (1.2 eq) was used, at either 

50°C or using 1 eq pyridine. Neither of these phenylalanine N-

protected amino acids produced NCA derivatives. In another 

set of experiments, Boc-(L)Phe-OH was reacted with various 

carboxylic acid activating reagents instead of T3P
®
. These 

activating reagents were N,N’-dicyclohexylcarbodiimide (2 

eq), 1-[bis (dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-

b]pyridinium-3-oxide hexafluorophosphate (2 eq),
25

 and ((1H-

benzo[d][1,2,3]triazol-1-yl)oxy)tris(dimethylamino) 

phosphonium hexafluorophosphate (2 eq).
26 The experiments 

with the carboxylic acid activating reagents were performed 

using the same experimental conditions as those used for the 

experiments with T3P
®
. Either a faint trace or no (L)Phe-NCA 

was detected by HPLC. 

 

Scheme 3. Mechanism of NCAs formation 

 

 

 

The results led to our proposal of the mechanism shown in 

Scheme 3 for the reaction. To determine whether the method 

could be scaled up, it was used to prepare (L)Leu-NCA from 

Boc-(L)Leu-OH (10 g), (L)Lys(Boc)-NCA from Boc-

(L)Lys(Boc)-OH (10 g), (L)Phe-NCA from Boc-(L)Phe-OH 

(20 g), (L)Glu(OBzl)-NCA from Boc-(L)Glu(OBzl)-OH (25 

g), and (L)Ala-NCA from Boc-(L)Ala-OH (50 g). All these 

NCAs were obtained at good purities and in good yields 

[83%, 83%, 83%, 80%, and 77% for (L)Leu-NCA, 

(L)Lys(Boc)-NCA, (L)Phe-NCA, (L)Glu(OBzl)-NCA, and 

(L)Ala-NCA, respectively] after simple workup and simple 

recrystallization (see SI). 

 

In conclusion, we have developed a mild, non-acidic process 

for synthesizing α-amino acid NCAs from N-Boc-protected 

α-amino acid derivatives using T3P® as an activating rea-

gent. The process is safe and easy to perform and does not 

require any specialist equipment. The process generates non-

toxic, easy-to-remove by-products and allows a wide range 

of NCAs to be synthesized with good yields and high puri-

ties. The process is chemically compatible with many amino 

acid protecting groups that are commonly used in peptide 

syntheses. The method extends the range of NCA building 

blocks that can be used to synthesize active pharmaceutical 

ingredients and peptide-based therapeutic polymers. The 

yield does not decrease when the process is scaled up, and is 

easy to perform using simple benchtop equipment. The final 

product can be recovered easily at an excellent level of puri-

ty. The process could be used to prepare NCAs on-demand 

and on-site in small or large quantities using safe and simple 

experimental conditions. 

 

General procedure for the preparation of -Amino Acid N-

Carboxyanhydrides (NCAs)  

 

To the Boc-AA-OH (1 eq) dissolved in AcOEt (50 ml) was 

added pyridine (1 eq), then T3P
®
/AcOEt 50% (1.2 eq) was 

added dropwise. The mixture was stirred at room tempera-

ture for 2 h. The reaction was monitored by LC/MS. The 
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4 

mixture was then diluted in AcOEt and washed twice with 

cold water and then with a saturated NaCl solution. The 

organic layer was dried over anhydrous magnesium sulphate. 

The solvent was removed under reduced pressure, and the 

crude product crystallized. α-Amino acid N-

carboxyanhydride derivatives were obtained through simple 

recrystallization and were not purified further. The analytical 

results and physical properties of the products are shown in 

Table 1 and Supporting Information.  

Alternatively, the reaction could be performed without pyri-

dine but at 50 °C, keeping the other conditions the same. 
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