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Abstract: 1-Hydroxy-7-azabenzotriazole {HOAt) and its corresponding uronium salts are shown to-be more
effective in avoiding racemization in a model solid-phase peptide segment coupling process than their
benzotriazole analogs.

Recently, 1-hydroxy-7-azabenzotriazole (HOA¢) in combination with carbodiimides, as well as the
corresponding uronium and phosphonium analogs of O-(benzotriazol-1-y1)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) or henzotriazol- 1-yloxytris(dimethylamino)phosphonium hexafluorophosphate
(BOP) have been described as superior peptide coupling reagents for both solution and solid-phase
syntheses.34 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,? alse reduce
racemization in solution for segment coupling processes.3:3 The present 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-resin® under various conditions,” deblocking of Fmoc group with piperidine—DMEF (2:8), cleavage of the
tripeptide from the resin with TFA-H>0 (9:1), and separation of the crude diasterecoisomers on a Delta Pak
Cig column (5 pun, 100 A, 9 x 150 mm) eluted isocratically with 0.1% TFA in HyO (ry 6.0 and 6.8 min for
H-L-Phe-L-Ser-L-Pro-NH; and H-1-Phe-D-Ser-L-Pro-NHj, respectively).8

First, using HBTU as coupling reagent, the question of excess protected dipeptide was examined
along with the effect of preactivation and rcaction temperature. The results shown in Table I indicate that
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preactivation should be totally avoided, that a greater excess of protected dipeptide leads to less racemization,
and that temperature does not have a definite influence.

Table 1. Effect of Excess

oogglinﬁ method?

on HBTU
L-isomer

HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF
HBTU-DIEA, DMF

‘The prowct:dwf:pﬂde H

id, Preactivation, and T
equiv preact | temp (lsah)E
1.5 7 min 25°C
4.5 7 min 25°C
1.5 7 min 0°C
4.5 7 min 0°C
1.5 - 25°C
4.5 - 25°C
1.5 - 0°C
4.5 - 0°C
TU, and

40%
40%
40%
39%
21%
12%
17%
15%

DIEA were stirred in DM
, and the mixwre then added to the H-Pro-PAL-PEG-resin.
Almmauvelymemixunewasaddedwxhemnatonce bTotal reaction time 2 h.

for 7 min at the

The data outlined in Table II, clearly show the effectiveness of O-(7-azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HATU) in avoiding racemization, relative to HBTU, when 4.5
equiv of protected peptide is used, without preactivation. In the case of HATU coupling, racemization is
slightly reduced when the temperature is kept at 0 °C during the 1st hour.

Table II._Effect of Temperature oo HATU and HBTU Couplings
coupling method equiv_| _preact }temp (1sth)
HATU-DIEA, DMF 4.5 - o°C
HBTU-DIEA, DMF 45 - 0°C
HATU-DIEA, DMF 45 - 25°C
HBTU-DIEA,DMF | 4.5 - 25°C

LDL-isomer

5%
15%
6%
12%

Next, the effect of adding an equivalent of HOAt or HOBt during the HATU or HBTU mediated
coupling was evaluated. The results collected in Table ITI 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 improved.4

Tabie IIL. Effect of Excess HOAt or HOBt on HATU or HBTU G

coupling method® base solvent | LDL-isomer
HATU DIEA DMF 5%

HATU-HOAt DIEA DMF 9%
HBTU DIEA DMF 12%

HBTU-HOBt DIEA DMF 20%

“Couplings were carried out with 3.5 equiv of dipeptide acid, at 0 °C for the
1st howr.

The results shown in Table IV indicate that different uronium and phosphonium 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 racemization.?



Table IV. Effect of Uropium or Sait on Racemization

—SQuplingmethod, 1 basc | solvent LLDI isomer

HATU DIEA DMF 5%

HAPyU DIEA DMF 5%

HAPipU DIEA DMF 7%

HAMTU DIEA DMF 8%

AOP DIEA DMF 5%

PyAOP DIEA DMF 7%

:Oohng'llirngs were carried out with 4.3 equiv of dipeptide acid, at 0 °C for the
st .

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

_Table V._Effect of HOAt or HOBt on DCC Coupling
=Soupling method, solvent 1 LDL isomer
DCC-HOAt DMF 6%
DCC-HOBt DMF 18%
DCC DMF 22%
ACouplings were carricd out with 4.5 equiv of dipeptide acid, at
0 °C for 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 CH2Cl; led to lowered racemization levels. On the other
hand mixtures containing hexafluoroisopropanol (HFIP) and toluene gave results similar to those observed
with DMF (Table VI).

Table V1. Solvent Effects on Racemization
——————————— -
coupling method? solvent LDL-isomer
HATU-DIEA DMF 5%
HATU-DIEA DMF—CHZCI2 (1:2) 3%
HATU-DIEA HFIP-C Cl2 1:2) 5%
HATU-DIEA DMF—toluen H2C12 (1:1:1) 5%
DCC-HOAt DMF 6%
DCC-HOBt DMF—CP12C12 (1:2) 3%

Couplings were carried out with 4.5 equiv of dipeptide acid, at 0 °C. for the 1st Dour.

Finally, the effect of the base was studied (Table VII) and while N-methylmorpholine (NMM) gave
results similar to those noted with DIEA, the use of collidine considerably reduced the level of racemization, in
agreememt with results previously reported for coupling reactions carried out in solution.’

Table VII. Effect of Base on

Racemization

coupling method® base solvent LDL-isomer
HATU DIEA DMF 5%
HATU NMM DMF 5%
HATU Collidine DMF 3%
HATU DIEA [D D1 3%
HATU Collidine DN[F—CH2CI2 (1:2) 2%

“Couplings were carried out with 4.3 equiv of peptide acid, at 0 °C for the Ist bour.
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In order to confirm the effects observed for coupling reactions carried out in solution, reaction of the
same dipeptide used for the solid-phase studies [Fmoc-Phe-Ser(tBu)-OH] with H-Pro-NH> was examined
under various conditions. The results (Table VII) indicate that the combinations of collidine-HATU or
collidine-HAPyU lead to near total suppression of racemization. In addition HATU and HAPyU again show
their superiority relative to HBTU.

Table VIII. Effect of Base on Racemization for Couplings Carried out in Solution

coupling method? base solvent | LDL-isomer
HATU DIEA DMF 4%
HATU Collidine DMF <0.1%
HAPyU DIEA DMF 5%
HAPYU Collidine | DMF <0.1%
HBTU DIEA DMF 17%
HBTU Collidine DMF 12%

“AEquimolar amounts of dipeptide, Cptolylamxde and coupling reagent were
mixed for 1hat 0 °C and 2 h at 25 °C in the presence of 2 equiv of base.

In conclusion, it is clear that coupling reagents derived from HOAt 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 meodifications 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.
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