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SELECTIVE MODIFICATION OF GLYCINE RESIDUES IN DIPEPTIDES 
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Sm: Reaction of dipeptides with N-bromosuccinimide results in selective a-bromination 
of glycine residues. Subsequent reactions of brominated peptides with diethyl 
malonate and allyltributyltin afford the diethyl malonyl- and allyl-substituted 
glycine derivatives, respectively. 

A number of methods for the synthesis of amino acids involve ionic reactions in the 

elaboration of o-halogenated glycine derivatives. 
l-4 

With peptides these methods have been 

applied only to the modification of C-terminal glycine residues in dipeptides. 293 This 

restriction may be attributed, at least in part, to a lack of methods for the synthesis of 

peptides with an o-halogenated glycine residue at other than the C-terminal position. In 

the present work, which is based on our recent study of the preferential reaction of glycine 

residues in reactions of amino acid derivatives with N-bromosuccinimide, 
5 

we describe the 

direct and selective a-bromination of N- and C-terminal glycine residues in dipeptides. 

We report on the application of this method to the modification of glycine residues in 

dipeptides, including the introduction of the functionally versatile ally1 group through the 

free-radical reaction of brominated peptides with allyltributyltin.6 

The dipeptides (la - 5a) reacted with N-bromosuccinimide (1 eq.) in dichloromethane, - 

on photolysis at reflux under nitrogen, to give the corresponding brominated peptides (lb - - 

sb). Although J& - 3 were not sufficiently stable for isolation and purification, their 

formation was detected directly by 'tl n.m.r. spectroscopic analysis of crude reaction mixtures 

after removal of solvent. The spectra of lb - 5b each showed a doublet resonance attributable -- 

to the a-proton of the brominated glycine residue, at 6 6.60 (J IOHz) and 6.62 (J IOHz) 

for the diastereoisomers of E, 6 7.04 (J 9Hz) for 2J, 6 6.95 (J 9Hz) for 2, 6 6.90 (J. 

IOHz) for b, and 66.95 (J IOHz) and 6.98 (J IOHz) for the diastereoisomers of 5b -* 

Yields of the brominated peptides (lb - 5b) and the selectivity for bromination of -- 

glycine residues in j= - _ 5a were gauged by preparing derivatives of lb - 3. The bromides - 

(lb) and (2b) were converted to the corresponding methoxy-substituted peptides (lc) and - - - 

(2c), in situ, through addition of methanol directly to crude reaction mixtures after cooling - -- 

to room temperature. The peptides (lc) and (2~) were isolated in yields of 65 and 73%, - - 

based on 5 and &, respectively, and were fully characterised . 7sB The bromides (2b - - 

SJ) were reduced to the corresponding deuterated peptides (2 - y), in situ, through addition 

of tributyltin deuteride to crude reaction mixtures cooled to room temperature. The 

deuterated dipeptides (2d - - 2) were isolated in yields ranging from 37-542, based on & - 

$a, and their deuterium content was determined using mass spectrometric analysis to range 
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from 75-79X 0,. It was determined that the deuterium was incorporated regiospecifically 

at the o-position of glycine residues in 2d - - Sd, by mass spectrometric analysis of molecular 

ions and ions with m/z 105 (PhCCl+'), 134 (PhCONHCH2+') and 135 (PhCONHCHD+'). 

Reaction of the glycylalanine derivative (&) with N-bromosuccinimide followed by 

reduction with tributyltin deuteride gave 6d in only 11% yield, regiospecifically deuterated - 

at the a-position of the glycine residue, but with only 40% deuterium incorporation. Presu- 

mably the low yield of 6d reflects the low selectivity in reactions of derivatives of glycine - 

and alanine with N-bromosuccinimide. 
5 

Within the scope indicated by the reactions of la - - &, reaction of peptides with 

N-bromosuccinimide affords a-bromoglycine derivatives suitable for elaboration using methods 

previously described. Reactions of halogenated glycine derivatives with malonate anion 

have been utilised in syntheses of aspartic acid derivatives. 2,4 Accordingly, treatment of 

the brominated peptides ('&I and (2&j, & a, with diethyl malonate anion (2 eq.) at 

-1OOC gave the corresponding adducts (le) and (21, which were fully characterised. 
9,lO 

- 

Reactions of the a-bromoglycine derivative (2) and the a-bromosarcosine derivative 

(!%I, with allyltributyltin illustrate a complementary method for the elaboration of a- 

halogenated glycine derivatives. Treatment of 7b with allyltributyltin (2 eq.), in situ, - 

at room temperature gave, after chromatography on silica, the allylglycine derivative (7f) - 

in 62% yield. 
11 

Similar treatment of the sarcosine derivative (6b) gave 6f in 56% yield. - - 

The method proved suitable for the allylation of brominated glycine residues in peptides. 

Reaction of lb and & afforded the corresponding allylated dipeptides (If) and (f), isolated - 

in 33 and 35% yield, respectively. The allylglycine derivatives (If, f, 7f and Elf) were - - 

fully characterised.12-15 

AcknowLedgenrentt This work was supported by a grant from the Australian Research Grants 

Scheme. 

1. U. Zoller and 0. Ben-Ishai, Tetrahedron, 1975, 3l, 663; Z. Bernstein and D. Ben-Ishai, 

Tetrahedron, 1977, 3, 661; R. Kober, K. Papadopoulos, W. Milk, D. Enders and 

W. Steglich, Tetrahedron, 1965, &l, 1693; P.J. Sinclair, 0. Zhai, J. Reibenspies and 

R.N. Williams, J.Am.Chem.Soc., 1966, 108, 1103; R.N. Williams, D. Zhai and P.J. Sinclair 

J.Orq.Chem., 1966, z, 5021; Z. Lidert and S. Gronowitz, Synthesis, 1980, 322; 

R. Kober and W. Steglich, Liebiqs Ann.Chem., 1963, 599. 

2. S. Shiono and K. Harada, Bull.Chem.Soc.Jpn., 1965, 2, 1061. 



1568 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

A.L. Castelhano, 5. Horns, R. Billedeau and A. Krantz, Tetrahedron Lett., 1986, 27, 

2435. 

D.H. Rich and M.K. Dhaon, Tetrahedron Lett., 1983, 2, 1671. 

C.J. Easton and M.P. Hay, J.Chem.Soc.,Chem.Commun., 1986, 55. 

For reviews on reactions of alkyl halides with allylstannanes see: G.E. Keck, 

E.J. Enholm, J.B. Yates and M.R. Wiley, Tetrahedron, 1985, 41, 4079; B. Giese in 

"Radicals in Organic Synthesis: Formation of Carbon-Carbon Bonds" (Pergamon Press: 

Oxford, 1986). 

I:1 mixture of diastereoisomers of s, m.p. 127-132OC; 
1 
H n.m.r. (CDC13) 6 1.00 (d, 

J EHz, 6H), 2.15 (m, IH), 3.34 and 3.44 (s and s, total 3H), 3.63 and 3.73 (s and s, 

total 3H), 4.79 (t, J 9Hz, IH), 5.50 and 5.57 (d and d, J 9Hz and J 9Hz, total IH) 

and 7.20-8.20 (m, 7H). 

I:1 mixture of diastereoisomers of &, oil; 
1 
H n.m.r. (CDC13) 6 0.95 (d, J 7Hz, 6H), 

2.20 (m, IH), 3.53 (s, 3H), 3.97 (s, 3H), 4.60 (dd, J 5,9Hz, IH), 5.80 and 5.90 (d 

and d, J 8Hz and J BHz, total IH), and 7.20-8.20 (m, 7H). 

3:1 mixture of diastereoisomers of k, m.p. 147-156"C, 18% yield based on 2, 'H n.m.r. 

(CDC13) 6 1.00 (m, 6H), 1.19 (t, J 7Hz. 3H), 1.30 (t, J 7Hz. 3H), 2.25 (m, IH), 3.73 

and 3.77 (s and s, total 3H), 3.75 (m, IH), 4.20 (m, 4H), 4.59 (t, J BHz, IH), 5.36 

(dd, J 4,9Hz, IH), 6.84 (br.d, J EHz, IH), 7.02 (br.d, J 9Hz, IH) and 7.50-8.00 (m, 

5H). 

I:1 mixture of diastereoisomers of 2, m.p. 119-127°C, 18% yield based on &, 'H n.m.r. 

(CDC13) 6 0.95 (m, 6H), 1.22 (t, J 7Hz, 3H), 1.33 (m, 3H), 2.17 (m, IH), 3.66 and 3.75 

(s and s, total 3H), 3.70 (m, IH), 4.18 (m, 4H), 4.44 (m, IH), 5.40 (m, IH), 7.35 

(br.d, J EHz, IH), 7.50-7.90 (m, 5H) and 8.03 and 8.20 (br.d and br.d, J 8Hz and J 

BHz, total IH). 

Yields given for the allylated products (If, zf, 7f and 8f) are based on the quantity - - 

of the corresponding parent glycine derivatives (la, 2a, 7a and &) used to prepare - 

the bromides (E, &I, & and 8b). 

E, m.p. 78-79OC; 'H n.m.r. (CC14) 6 2.66 (m, 2H), 3.75 (s, 3H), 4.88 (m, IH), 5.15 

(m, 2H), 5.75 (m, IH), 6.94 (br.d, J 7Hz, IH), 7.42 (m, 3H) and 7.78 (m, 2H). 

zf, oil; 'H n.m.r. (CC14) 6 2.61 (m, 2H), 2.88 (s, 3H), 3.70 (s, 3H), 5.20 (m, 2H), 

5.31 (m, IH), 5.82 (m, IH) and 7.50 (m, 5H). 

3:1 mixture of diastereoisomers of lf, m.p. 159-163°C; 'H n.m.r. (CDC13) 6 0.95 (m, 

6H), 2.20 (m, IH), 2.55 (m, 2H), 3.70 and 3.76 (s and s, total 3H), 4.55 (m, 2H), 5.10 

(m, 2H), 5.70 (m, IH), 6.82 (br.d, J IDHz, IH), 7.02 (br.d, J 9Hz, IH), and 7.40-7.90 

(m, 5H). 

I:1 mixture of diastereoisomers of g, m.p. 138-141OC; 
1 
H n.m.r. (0X13) 6 0.93 (d, 

J 6Hz, 3H), 0.98 (d, J 6Hz, 3H), 2.20 (m, IH), 2.65 (m, 2H), 3.71 and 3.76 (s and s, 

total 3H), 4.60 (m, IH), 4.75 (m, IH), 5.25 (m, 2H), 5.85 (m, IH) and 7.10-8.10 (m, 

7H). 
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