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Almtraet: This paper reports a new, mild procedure ("di-UPS") for the solid phase synthesis of racemic ~,ct- 
disubstituted amino acids (1) and epimeric a, ct-disubstituted terminal amino acid residues (2, R3=H) in a resin 
bound peptide. The synthetic route is compatible with most protected amino acid side chains and can be used in a 
continuing solid phase synthesis. Di-UPS should find wide applicability in the design and solid phase synthesis of 
hybrid amino acids and peptides, and the construction of basis units for combinatorial chemistry. 
© 1997 Elsevier Science Ltd. 

c~,c~-Disubstituted amino acid residues (1) play a critical role in determining the conformation, 

metabolic stability and biological activity of peptides. The disubstituted monomers are normally prepared by 

a variety of solution phase techniques before incorporation into a peptide. 1,2 This paper describes the 

preparation of racemic c~,cc-disubstituted amino acids (1), and epimeric peptides (2) by simple solid phase 

alkylation chemistry, termed "di-UPS" (for di-substituted unnatural 12eptide synthesis). 
o o 

H2 N R 1 = natural or unnatural side chain IN . .  ~ ~.Peptide 
OH R 2 = unnatural side chain R 3 R I ~ R  2 N 

I~ a 2 R 3 = H or peptide chain 
1 2 

Together with our recently reported manual and automated solid phase synthesis of ~t-alkylated 

unnatural amino acids and peptides (UPS), solid phase alkylation routes are now available to a wide range of 

unnaturally substituted amino acids and peptides. 3-5 The synthesis of resin bound 1 (6) and its conversion to 

unnatural ct,ct-disubstituted amino acid derivatives 7 is outlined in Figure 1. 
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Figure  1. Synthesis of ct, ct-disubstituted amino acid derivatives by di-UPS. For product summary, see rows 
1-3 in Table 1. For reaction conditions, see footnote 6. 

Initial experiments explored the alkylation of phenylalanine with benzyl bromide to form the 

symmetrically disubstituted 7 (RI, R2 = -CH2Ph). Several aromatic aldehydes were screened as candidates 

for the aldimine activating group in 4:7,8 benzaldehyde, 2- and 4-chlorobenzaldehyde; 3,4-, 3,5- and 2,5- 

dichlorobenzaldehyde; 2-naphthaldehyde, 4-nitrobenzaldehyde, mesitaldehyde, and 4-methoxybenzaldehyde. 
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These resin-bound Schiff base esters were then a-alkylated by di-UPS to give 5, using BEMP 6 as base with 

benzyl bromide at room temperature. Transimination of 5 with hydroxylamine afforded the free amine 6, 

which, for quantitation purposes, was converted to a UV active compound before being cleaved from the 

resin to give the a,a-disubstituted amino acid derivative 7 (Rl, R2 = -CH2Ph). 6 The best yield and purity of 7 

was obtained with imine intermediate 4 formed from 3,4-dichlorobenzaldehyde, and this aldehyde was used 

in all the subsequent experiments. 

We then examined the compatibility of twelve natural amino acid side chains (RI in 4) with the 

alkylation conditions, using three different alkylating agents (benzyl bromide for 7a, allyl bromide for 7b, 

and 2-naphthylmethyl bromide for 7c). 9 The qualitative results with these 36 combinations of RI and 

alkylating agents are summarized in the first three rows of Table 1. 

4 o r 8 :  RI* = Ala Asp Phe Glu Lys Val His Trp Tyr Arg Ser Leu 

7a: R 2 = -CH2Ph 

7b: R 2 = -Allyl 

7¢: R 2 = -CH2Naphth 

9: R2 = -CH2Naphth 

A A A B A D D B A D B A 

A A B A B D D C A D B A 

A A A B A D D C A D B A 

D A l° A D B D B A A D B A 

Table 1. Qualitative results for the preparation of disubstituted amino acid derivatives 7 and tetrapeptides 9. 
Key: A = Yield >60%, product purity >80%; B = Yield >60%, product purity 70-80%; C = Yield 40-60%, 
purity 70-80%; D = Several products and/or starting material (see text). *Three letter amino acid abbreviation 
used to identify side chain RI in 4 or 8 (e.g. "Ala" means R, = Me). 

In all cases except valine, complete alkylation was obtained. This was confirmed by comparison of 

HPLC and mass spectra of quinaldolylated products (7, R2 -- alkyl group) with those of separately prepared 

quinaldolylated starting materials (7, R2 = H). The side-chain protecting groups Asp(OtBu), Glu(OtBu), 

Lys(Boc), Trp(Boc), Tyr(OtBu), and Ser(OtBu) were compatible with aikylation, hydrolysis and coupling 

conditions. However, His(Trt) and Arg(Tos) gave mixtures of the desired product and overalkylated 

compounds. 12,13 

Next the a-alkylation was performed on terminal amino acid residues already incorporated in a resin 

bound peptide. The model tetrapeptide analogues 9 were prepared from 8, using the di-UPS procedure and 2- 

naphthylmethyl bromide as the alkylating agent (Figure 2). 14 Qualitative results are summarized in row four 

of Table I. The alkylation conditions were compatible with the pre-existing peptide components. Typically, 

O 4 M O / vh "Di-UPS" o ~ ' ~  o _ Ph 

:. H.J.Ni O  " .:. X :--.:.:. 
b)2-NaphthCH2Br, BEMP2NaphthCH/~RL ~ ~" . ~ "~ 

~, H IO1 =- I'I Io1 ~ c) HONH2.HCI - 2 0 ~ 0 
8 " 7  d) TFA 9 / 

CO2tBu C02H 

Figure 2. Synthesis of N-terminal a,a--disubstituted tetrapeptides by di-UPS. For product summary, see row 
four of Table I. For reaction conditions, see footnote 14. 



3697 

alkylations were complete and paralleled those obtained in the preparation of the disubstituted amino acid 

derivatives. As expected, N-terminal His(Trt) and Arg(Tos) gave mixtures of the corresponding mono-, di- 

and/or trialkylated tetrapeptides. Surprisingly, a mixture was obtained starting from N-terminal alanine. 15 In 

conclusion, we have developed a new, mild procedure for the solid phase synthesis of ct,ct-disubstituted 

amino acids and the ct-alkylation of terminal amino acid residues in a peptide. The technique is compatible 

with most protected amino acids and can be incorporated in a continuing solid phase synthesis. 
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9. A simple apparatus is used for manually conducting 24 parallel solid-phase reaction sequences. Reactions are 
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10. Alkylation of 8 (R1 = CH2CO2tBu) provides an interesting example of unique structures available by di-UPS. 
After alkylation and cleavage, the aspartate side chain spontaneously closed to form the succinimide derivatives 
10 and 11 as two separable diastereomers. Products 10 and 11 were separated by preparative HPLC. 
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The overall purified yield from starting Fmoc-Phe-Wang resin to the 60:40 mixture of diastereomers was 43% 
(crude yield = 65%). To verify minimal epimerization during the di-UPS sequence the optical purity of the 
more readily epimerized Phe residue was determined. Starting material, crude product, and the individual 
diastereomers were subjected to amino acid hydrolysis conditions and analyzed for optical purity. All three 
samples gave identical ee's within experimental error (Footnote 11). 

11. Determined by chiral HPLC, see: Imperiali, B.; Prins, T. J.; Fisher, S. L. J. Org. Chem. 1993, 58, 1613-1616. 
Phenylalanine cleaved directly from commercial Fmoc-Phe-Wang resin with 95% TFA/H20 at ambient 
temperature gave 96% ee (L/D = 98/2). Phenylalanine from hydrolysis of crude tetrapeptides (13 and 14): 94% 
ee (L/D = 97/3) and from the purified diastereomeric mixture: 95% ee (L/D = 97.5/2.5). 

12. A separate investigation showed that the desired monoalkylated product from Arg(Tos) was obtained in high 
purity by using shorter reaction times (< 8 h) and less base (BEMP ~ 1.2 equiv). 

13. In contrast to Ser(OtBu), no desired product was obtained starting from Cys(Trt), possibly due to elimination of 
tritylthiol anion from the corresponding Schiff base enolate. 

14. Reaction conditions for 8 to 9: after deprotection (20% piperidine/NMP/30 rain) the reaction conditions and 
analyses were identical to those described in footnote 6. 

15, In additional experiments, in which (4-NO2)Phe, Met(O) or phenylglycine were introduced as the N-terminal 
residues of 8, di-UPS again gave the desired ct,et-dialkylated products 9 in good yield and purity. 
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