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Abstract: N-(Carbonylamino)amino acids and half-acid/half ester urea dipeptides can be prepared in 
a "one-pot" sequence directly from o~-amino acids by employing TMS as a "transient" protecting 
group. The 4-step sequence: selective O-silylation of the c~-amino acid, transformation of the amino 
group to the isocyanate, reaction of the isocyanate with an amine or amino acid ester, and mild 
deprotection using MeOH affords the N-(carbonylamino)amino acids or half-acid/half ester urea 
dipeptides in overall yields ranging from 45-85%. Comparison of chiral HPLC assays of an 
enantiomeric pair of products prepared from their respective L- and D-amino acids using this 
methodology indicates that no racemization occurs during the sequence. © 1999 Elsevier Science Ltd. 
All rights reserved. 

N-(Carbonylamino)amino acids and half-acid/half ester urea dipeptides are starting materials or 

structural components  for a variety of  pharmacologically active compounds of  recent importance, 

including, HIV-protease inhibitors, I renin inhibitors, 2 selective antagonists for the endothelin 

receptors, 3 and cysteine protease inhibitors, 4 to name just a few. 

N-(Carbonylamino)amino acids are often prepared in step-wise fashion by transforming a -  

amino acid esters to either imidazole carbonates using 1,1-carbonyldiimidazole, 1'3b'5 or to a- isocyanato  

esters using triphosgene, 6 diphosgene, 2'3c or phosgene, 7 followed by reaction with amines, and then de- 

esterification. Half-acid/half-ester urea dipeptides can be prepared similarly; for example,  by coupling 

amino acid esters via imidazole carbonates followed by selective manipulation of an ester substituentJ 

The capabil i ty to prepare the title compounds directly from a -amino  acids 8 as a one-pot 

procedure via the isocyanate was desired. To do so, the carboxylic acid functionality would have to be 

blocked momentari ly so as not to interfere with isocyanate formation. The ideal O-protecting group, 

in the context of  this desired one-pot procedure, is one that can be installed selectively in the presence 

of an amine, and is sufficiently labile to be removed during work up. 

It previously has been demonstrated that trimethylsilyl chloride (TMSC1) can be employed to 

selectively O-silylate amino acids. 9 The TMS group has been used for transient O-protection of amino 

acids, 10 e.g., in the preparation of N-9-phenylfluoren-9-yl,  it N_trityl,lO,12 and N-sulfonyl ~3 amino acids. 

We report here that the transient TMS-protecting technology can be coupled with in situ 

isocyanate formation to prepare N-(carbonylamino)amino acids and half-acid/half  ester urea dipeptides 

directly from a -amino  acids in a "one-pot ''~4 sequence as outlined in Scheme 1. 

Thus, treatment of  amino acid 1 with 1.0-1.1 eq of Me3SiC1 in CH2C12 or 1:5 acetonitrile/CHC13 

or CH2C12 by heating for several hours or stirring overnight at room temperature, gives a solution of the 

selectively O-protected amino acid hydrogen chloride 2, which is added, in the presence of base, to a 

solution of  triphosgene 15 in chloroform or DCM. The resulting solution is treated with 1.0-1.2 eq of 

amine 4 or amino acid ester 6 and additional DIEA, and following mild deprotection using MeOH, the 
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N- (ca rbony lamino)amino  acid 5 or half-acid/half  ester urea dipeptide 7, respectively,  is obtained.  

Isocyanate 316'17 is an in situ-generated intermediate in the sequence. 
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Table  1 lists the amines  and amino  acids that have been employed in  this process. The sequence 

has been performed on a mul t i -gram scale. Overall  yields of  5 or 7 f rom 1 are fair to good. 18 

Moreover,  the acid funct ional i ty  of  the products convenien t ly  provides the oppor tuni ty  dur ing acid/base 

extractive work  up to remove  any unreacted amine  and amino  acid with an acid wash of  the organic 

extracts, and any neutral  by-products  with an organic wash of  the basic aqueous phase. Thus,  the 

isolated products  are typical ly obtained as pure, white solids, that are general ly  homogeneous  by  TLC  19 

and for most  purposes do not need recrystall ization or purif icat ion by co lumn  chromatography.  

The retent ion of  optical puri ty is of  utmost  importance.  Compar i son  of  the chiral hplc assays 2° 

of  enant iomers  5a and 5b,  prepared using this methodology from D-Leu ( l a )  and L-Leu ( lb ) ,  

respectively,  shows that racemizat ion does not  occur. This  observat ion is consis tent  with previous 
reports.6, 7, 21, 22 

Typical procedure for N-(carbonylamino)amino acids93 A dry, 500 mL, 3-necked, round-bottomed flask equipped with a 
thermocouple probe, static nitrogen supply, condenser and a mechanical stirrer was charged with 7.04 g (53.7 mmol) of 
finely divided (mortar and pestle) D-Leu (1), 200 mL of CHCI3, 40 mL of CH3CN and 1.0 - 1.1 eq of Me3SiCI. The 
suspension was heated at 55-63 °C for several hours with vigorous stirring. After cooling to 10-20 °C, 20.6 mL (118.1 
mmol) of diisopropylethyl amine (DIEA) was added. The solution (or thin suspension) was then added using an addition 
funnel (syringe pump in the case of suspensions) over a period of 1 h at 15-22 °C to a solution of 5.89 g (0.37 eq) of 
triphosgene (caution: handle in a well-ventilated hood) in 75 mL of CHCI3. After stirring for ca. 20 min, a solution 
made from 10.3 g (10.0 g corrected for 97% purity, 53.67 mmol) of N-Boc-piperazine, 14 mL of DIEA and 60 mL of 
CHCI3 was added in one portion. After stirring for 30 min, 10.8 mL (268 mmol) of MeOH was added. The solution was 
concentrated to an oil which was partitioned with EtOAc and 0.5 N NaOH. The aqueous phase was washed with EtOAc, 
then acidified with 10% KHSO4. Product was extracted into methylene chloride, washed with aq NaCI, water, then dried 
(Na2SO4), filtered, and concentrated, to give 13.33 g of a white solid. A 12.15 g portion of this material was dried (90 -  
100 °C/in vacuo) to give 11.75 g (71.8% yield from la, adjusted for sampling) of 5a: mp 153-154 °C (dec.); IR (KBr) 
3380, 2960, 2930, 2870, 1700, 1615, 1550, 1420, 1370, 1260, 1235, 1170, 1000 cmt; IH NMR (CDCI3, 300 MHz)8 8.6- 
8.1 (IH, br s, exchanges with D20), 5.42 (NH, d, J = 7.7 Hz), 4.41 (NH, dt, J = 8.8 and 4.1 Hz), 3.40 (8 H, m), 1.8-1.5 (3 
H, complex overlapping m), 1.46 (9 H, s), 0.95 (3 H, d, J = 6.0 Hz), 0.94 (3 H, d, J = 6.0 Hz); Z3C NMR (CDC13, 75 MHz) 
176.54, 157.83, 154.68, 80.36, 52.49, 43.60, 40.89, 28.32, 24.86, 22.85, 21.81 ppm; CI/MS, m/z (relative intensity) 344 
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Table 1. Synthesis of N-(Carbonylamino)amino acids and half-acid/half ester urea dipeptides 
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(M ÷ + H, 20), 328 (19), 316 (38), 289 (18) 288 (100), 270 (5), 242 (5), 158 (9), 130 (15), 87 (5); [otld 22 = +28.21 ° (c = 

1.00, MeOH). 24 Anal. Calcd. for C~rH2sN3Os: C, 55.96%; H, 8.51%; N, 12.24%. Found: 55.62%; H, 8.76%; N, 12.18%. 

Typical procedure for  half-acid~half ester urea dipeptides: A solution prepared from 1.2 eq of 6b (as the HCI salt), 2.5 eq 

of DIEA and 40 mL of  CHCI3 was added to a CHC13 solution containing 26.83 mmol of  isocyanate prepared from l e  and 

1.1 eq Me3SiCI in a manner as described above. After quenching with MeOH, and adding 75 mL of  water, the pH was 

adjusted to 1 with 10% HCI. The organic phase was washed 25 twice with 0.5 N HCI and water, then extracted with 2 x 

100 rnL of  5% NaHCO3. The basic extracts were washed with CHCI3, acidified to pH 1.9 with 10% HCi, then extracted 

with 2 x 60 mL CHCI3. The organic extracts were combined, dried (Na2SO4), filtered, concentrated and dried to afford 

3,92 g (45.3%) of  7b as a white, slightly hygroscopic foam: IH NMR (CDCI3, 300 MHz) ~ 9.0-8.1 (1 H, br s, exchanges 

with D20), 7.25-7.12 (3 H, m), 7.06-7.03 (2 H, m), 6.07 (NH, d, J = 9.1 Hz), 5.86 (NH, d, J = 8.2 Hz), 4.82 (1 H, dt, J = 

8.0 and 6.3 Hz), 4.40 (1 H, dd, J = 8.8 and 4.9 Hz), 3.59 (3 H, s), 3.08 (1 H, dd, J = 13.7 and 5.2 Hz), 3.00 (1 H, dd, J = 

13.7 and 6.6 Hz), 2.12 (1 H, m), 0.93 (3 H, d, J = 6.6 Hz), 0.84 (3 H, d, J = 6.9 Hz); J3C NMR (CDCI3, 75 MHz) 176.32, 

173.86, 157.95, 136.00, 129.35, 128.49, 127.03, 58.14, 54.22, 52.23, 38.76, 30.89, 18.89, 17.52 ppm; [oQaz2 = +35.4° (c--  

1.00, MeOH). 
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