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Abstruct: I-Hydroxy-kzabenzotriazole (HOAt) and its corresponding uronium salts are shown w.be more 
effective in avoiding racemization in a model solid-phase peptide segment coupling process than their 
benzotriazole analogs. 

Recently, l-hydroxy-7-azabenzotriazole (HOAt) in combination with carbodiimides. as well as the 
corresponding uranium and phosphonium analogs of 0-(benzotriazol- 1 -yl>- 1,1,3,3-tetramethyluronium 
he~uo~ph~pha~ (HBTU) or benzotriazol- 1 -ylox~~~e~y~~o~phosp~~~ ~~u~ophospha~ 
(BOP) have been described as superior peptide coupling reagents for both solution and solid-phase 
syntheses.374 These derivatives, which increase coupling yields in solution by about 6-32 times3 and make 
possible the automated solid-phase synthesis of peptides containing hindered amino acids.4 also reduce 
racemization in solution for segment coupling processes. 315 The pnxent communication describes a model to 
study the racemization associated with the use of these derivatives when analogous couplings are effected by 
solid-phase techniques. 
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The model studied involves the 2-hour coupling of Fmoc-Phe-Ser(tBu)-OH onto H-Pro-PAL-PEG- 
PS-resin6 under various conditions,7 deblocking of Fmoc group with piperidine_DMF (2:8), cleavage of the 
tripeptide from the resin with TFA-Hz0 (9: 1). and separation of the crude diastereoisomers on a Delta Pak 
Cl8 column (5 cm, IO0 A, 9 x 150 mm) eluted isocratically with 0.1% TFA in H@ (rt 6.0 and 6.8 min for 
H-L-Phe-L-Ser-L-Pro-NH2 and H-L-Phe-D-Ser-L-Pro-NH2. respectively).8 

First, using HBTU as coupling reagent. the question of excess protected dipeptide was examined 
along with the effect of pteactivation and reaction temperatut& The results shown in Table I indicate that 
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pteactivation should be totally avoided, that a greater excess of protected dipeptide leads to leas racernization, 
and tbat temperature does not have a defutite influence. 
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The data outlined in Table LI, &early show the effectiveness of O-(7-azaben~~l-I-yl)-1.1.3.3- 
tetramethyluroniunt hexafluorophosphate (HATU) in avoiding racemization, refative to HBTXJ, when 4.5 
equiv of protected peptide is used, without preactivation. ln the case of HATU coupliug, racemization is 
slightly reduced when the temperature is kept at 0 ‘C during the 1 st hour. 

Next, the effect of adding an equivalent of HOAt or HOBt during the HATU or HBTU mediated 
coupling was evaluated. The resuh.s collected in Table III indicate that the presence of excess HOAt or HOBt 
during the process enhances racemization, in line with the fact that, as previously reported. under such 
conditions coupling yields are not improved4 

The resnlts shown in Table IV indicate that different uranium and phosphor&u salts derived from 
HOAt afford similar results, although the two dimethylamino derivatives (HATU and AOP) and the uronium 
salt (HAPyU) derived from pyrrolidine lead to slightly less r=miration9 



HOAt used in conjunction of N,N’-dicyclohexylcarbodimide (DCC) also lowered dramatically the 
extent of racernktion when compared with HOBt or in absence of any additive (Table V). 

DCC I DMF 22% 
aCouplln 
0 YI for CL 

s were carried out with 4.5 equiv of dipcptide acid. at 
1st hour. 

Because of its general utility in segment coupling processes, DMF was used as solvent in most cases. 
Dilution of DMF with a less polar solvent such as CH$lz led to lowered racemization levels. On the other 
hand mixtures containing hexafluoroisopropanol (HFfP) and toluene gave results similar to those observed 
with DMF (Table VI). 

Table VI. Solvent Effects on Rmmimim 

Finally, the effect of the base was studied (Table VII) and while N-methylmorpholine (NMM) gave 
llesults similar to those noted with DIEA, the use of collidine considerably reduced the level of racemkation, in 
agreememt with results previously reported for coupling reactions carried out in solution.5 
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In order to confirm the effects observed for coupling reactions carried out in solution, reaction of the 
same digeptide used for the solid-phase studies [urns-~-Se~~Bu)-0~1 with I-I-Pro&III2 was examined 
under various conditions. The resuits (Table VIII) indicate that the combinations of collidine-HATU or 
collidine-HAPyU lead to near total suppression of racemization. In addition HATU and WIJ again show 
their superiority relative to HBTU. 

In conclusion, it is clear that coupling reagents derived from IIOAt are markedly more effective than 
analogous reagents derived from HOBt in allowing solid-phase segment coupling with minimal racemization, 
Of major importance in the case of uronium salt couplings is the avoidance of any preactivation time. 
Additional improvements can be made by appropriate choice of the necessary, tertiary base and attention to 
solvent composition. Upon further definition of optimun conditions, including modifications designed to 
reduce racemization to levels observed in solution, this technique promises to be well adapted to the 
convergent solid-phase approach*0 to the synthesis of longer peptides. 
Acknowledgewnta: This work was suppmted in part by the National lostitutes of Health (GM-09706) and tk National 
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