
potentially advantageous in the determination of trace 
amounts of penicillin. 
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Rapid Peptide Synthesis : Synthesis 
Heptapeptide A@-A71 of Abnormal 
Human a-Hemoglobin 

of the 
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thesis-abnormal a-hemoglobin component 0 IR spectropho- 
tometry-reaction monitoring 

Sir: 

Recently the N-carbobenzoxy and N-t-butyloxycar- 
bonyl-L-amino acid pentachlorophenyl esters have been 
described.'s2 We wish to report the utility of these inter- 
mediates for extremely rapid peptide synthesis. For this 
purpose the synthesis of the heptapeptide, L-alanyl-L- 
leucyl-L-threonyl-L-lysyl-L-alanyl-L-valyl-L-alanine cor- 
responding to the sequence A65-A71 of a-hemoglobin 
having a point motation at position 6 S 3 - 6  is described. 
The synthesis is shown in Scheme I, its rapidity being 
due to the minimal necessity to purify the intermediate 
peptides which is a result of the ease of purification of 
the starting amino acid pentachlorophenyl esters and 
their high activity toward aminolysis. 

The N-1-butyloxycarbonyl protecting group was 
removed from the Dipeptide I using HC1 in methanol. 
Evaporation of the solvent gave the Dipeptide Hydro- 
chloride 11, which was coupled to N-t-butyloxycarbonyl- 
L-alanine pentachlorophenyl ester in methylene chloride 
containing one equivalent of triethylamine. By follow- 
ing the IR absorption spectrum of the pentachloro- 
phenyl ester peak at 1775 cm.-' it was observed that the 
coupling reaction was essentially over after 4 hr. at  
room temperature. Removal of the solvent gave the 
crude Tripeptide 111. The Tetrapeptide IV was ob- 
tained by repeating the cycle of deprotection and cou- 
pling with N-carbobenzoxy-C;-N-t-butyloxycarbonyl-L- 
lysine pentachlorophenyl ester. 

The N-carbobenzoxy protecting group was removed 
from the Tetrapeptide IV by catalytic hydrogenolysis in 

HCl-MeOH 
tBoc-Val-Ala-OMe -+ HCI . H-Val-Ala-OMe 

I I1 
TEA 

I1 + tBoc-Ala-OPCP tBoc-Ala-Val- Ala-OMe 
111 

1) HCl-MeOH 2) TEA 
111 r 2-Lys-Ala-Val-Ala-OMe 

3) z-Lys-OPCP I I pBoc 
.$ tBoc 

IV 1) Hz I Pd 
-+ 2-Thr-Lys-Ala-Val-Ala-OMe 

2) Z-Thr-OPCP/TEA I 
OBut 1 

ftBoc 
I 
OBut 

V 
V 1) HzI Pd 

-+ 2-Leu-Thr-Lys-Ala-Val-Ala-OMe 

f tBoc 
VI 

2) Z-Leu-OPCP/TEA I 
OBut I 

VI 1) HP 1 Pd 
-+ tBoc-Ala-Leu-Thr-Lys-Ala-Val-Ala-OMe 

2) tBoc-Ala- I 
OPCP/TEA OBut 1 

[ tBoc 
VII 

VII 1) NaOH-MeOH/H20 
-+ 2HC1. 

2) HCI-AcOH H-Ala-Leu-Thr-Lys- Ala-Val- Ala-HO 
VIII 

TEA = triethylamine OPCP = O-C6C15 
Scheme I 

dimethylformamide until no further evolution of carbon 
dioxide was observed. Addition of N-carbobenzoxy-L- 
threonine pentachlorophenyl ester and triethylamine 
yielded the Pentapeptide V in solution. This cycle of 
hydrogenolysis and coupling was continued until the 
protected Heptapeptide VII was obtained. The methyl 
ester was hydrolysed from VII by use of 1 N NaOH in 
methanol and the remaining protecting groups were 
removed by HCI in glacial acetic acid, to give the crude 
free Heptapeptide VIII. Purification of this material 
was obtained by passage through a column of syn- 
thetic polysaccharide (Sephadex G-25) (100 X 2.5 cm.) 
using water as eluent at a flow rate of 8 ml./hr. The pure 
heptapeptide - 34.0" (c 2.2 in water) was eluted 
as the first major fraction (30% overall yield) as shown 
by amino acid analysis: Ala, 3.01; Leu, 1.02; Lys, 
0.98; Thr, 0.95; Val, 1.01. 

(1) J. Kovacs, M. Q. Ceprini, C .  A. Dupraz, and G. N. Schmit. 

(2) B. J. Johnson and E. G. Trask, ibid., 33,4521(1968). 
J.  Org. Chem., 32, 3696(1967). 

( 3 )  C. Baglioni and V. M. Ingram, Biochim. Biophys. A d a ,  48, 
253(1961). 

(4) N.'Dance, E. R. Huchns, and E. M .  Shooter, ibid., 86, 144 

( 5 )  B. H. Bowman, D. R. Barnett, K. T. Hodgkinson, and R. G.  

(6) C. Baglioni and V .  M. Ingram, ibid., 189,465(1961). 

(1964). 

Schneider, Nature, 211, 1305(1966). 

BRIAN J. JOHNSON 
Dept. of Chemistry 
Tufts University 
Medford, MA 02155 

Received May 8, 1969. 
Accepted for publication June 11, 1969. 

1042 Journal ofPharmaceutical Sciences 




