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A parallel simultaneous synthesis of multiple peptides was carried out in which the coupling agents
BOP and DIPCI were compared. For peptides lacking Asn, no differences in average yield or RP
HPLC purity were found. For peptides having Asn in their sequences, however, the yield and purity
were significantly lower for BOP when compared to DIPCI. The addition of HOBt to BOP mediated
couplings did not lead to improved results. In fact, BOP condensations without HOBt gave, on aver-
age, slightly purer peptides. Comparing the results for peptides prepared with BOP dissolved in
DMF, NMP, or NMP + 20% DMSO, NMP afforded the best and DMF the worst results, but the
differences were not significant. Peptides prepared using BOP, combined with in situ neutralization,
were obtained both in higher yield and purity when compared with classical neutralization. In all
BOP mediated couplings, peptides with Asn were obtained in lower yield and purity than peptides
without Asn. FAB MS and amino acid analysis revealed that the side products are peptides with
deleted Asn.

The BOP** reagent introduced by Castro et al.3 found wide application both in classical
solution4 and SPPS5 – 9. It was found superior in comparison with other condensation
reagents in terms of yields, purity, reaction speed, etc.7,10 – 13. BOP reagent was suc-
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* This work was presented in a preliminary form on the 21st European Peptide Symposium, Platja
d’Aro, Spain, 1990, see ref.1.

**The symbols and abbreviations obey the published recommendations2. In addition we use the following
abbreviations: AcOH, acetic acid; B, amide; BOP, benzotriazol-1-yl-oxytris(dimethylamino)phosphonium
hexafluorophosphate; But, tert-butyl; DCM, dichloromethane; DIEA, diisopropylethylamine; DIPCI,
diisopropylcarbodiimide; DMF, dimethylformamide; DMSO, dimethyl sulfoxide; FAB MS, fast atom
bombardment mass spectrometry; J, 4-nitro-phenylalanine; HOBt, hydroxybenzotriazole; MeBHA,
methylbenzhydrylamine; NMP, 1-methyl-2-pyrrolidone; RP HPLC, reverse phase high performance
liquid chromatography; SMPS, simultaneous multiple peptide synthesis; SPPS, solid phase peptide
synthesis; TFA, trifluoroacetic acid.



cessfully used for difficult cyclizations7,14,15 and fragment condensations16,17. Another
advantage over other reagents is the possibility to skip the neutralization step and make
the condensation in the in situ neutralization mode4,6,8,9,18 saving time and solvents. In
this way the formation of pyroglutamic acid from amino-terminal Gln is suppressed as
is the formation of dioxopiperazines, when the third amino acid is condensed to the
dipeptide-resin. From different bases tested, DIEA was found to be the best and is used
most often4 – 7,19. Therefore we used it in all of our experiments.

The aim of this study was to compare the efficiency of BOP reagent with DIPCI,
compare the influence of different solvents and HOBt on BOP mediated couplings with
in situ neutralization and also compare the classical and in situ neutralization. For these
reasons, the SMPS (tea bag)1,20,21 method is the best choice, because all bags in the
experiment are treated together with the exception of the condensation step being
studied.

EXPERIMENTAL

The resin used through all experiments was of p-methylbenzhydrylamine . HCl type, 0.54 meq/g,
100 – 200 mesh (Advanced Chem Tech), DIPCI (Aldrich), DIEA, sequalog grade (Schweizerhall),
BOP (Richelieu Biotechnologies). DMF (0.05% water), DCM (0.004% water) and DMSO (0.05%
water), all from Fisher Scientific. NMP (<0.005% water), dimethyl sulfide (<0.005% water),
1,2-ethanedithiol and p-cresol were from Aldrich. All Boc-amino acids were from Bachem. Protect-
ing groups used: Asp, Glu, Ser and Thr (benzyl); Cys (p-methoxybenzyl); Arg (p-toluenesulfonyl);
Trp (formyl); Tyr (2-bromobenzyloxycarbonyl); Lys (2-chlorobenzyloxycarbonyl); His (2,4-dinitro-
phenyl); Met (O).

The coupling protocol was as follows: 1) DCM, 30 s; 2) 55% TFA in DCM, 30 min; 3) DCM,
1 min; 4),5) isopropyl alcohol, 1 min; 6),7) DCM, 1 min; 8), 9), 10) 5% DIEA in DCM, 2 min; 11),
12) DCM, 1 min; 13) coupling with DIPCI in DCM, 60 min; 14),15) DMF, 30 s; 16) DCM, 1 min.

All BOP mediated couplings (with the exception of the carboxy-terminal amino acid) were done
using in situ neutralization, i.e. washings 8 – 12 were omitted, except that in experiment D2, classical
neutralization5 was used. For BOP condensations in DMF, NMP or NMP + 20% DMSO, one wash
with the given solvent was added prior to the condensation step. The condensation time with BOP
was 30 min. In all experiments all bags were treated together with the exception of steps 13 – 15, to
assure identical conditions. The volume for condensation was 3 ml/bag; all other steps were done
with 5 ml/bag.

In the set of experiments A1 and A2 (see Table I), bags containing 50 mg of resin were used. The
DIPCI mediated coupling was made with 6-fold excess of activator and Boc-amino acids in DCM,
i.e., the concentration of DIPCI and Boc-amino acids during condensation was 0.054 mol l−1. The
BOP mediated coupling was made with 6-fold excess of BOP and Boc-amino acids and 18-fold ex-
cess of DIEA, i.e. the concentration of BOP and Boc-amino acids during the condensation was
0.054 mol l−1 in DMF.

In all other experiments, 100 mg bags were used. In the set of experiments B1 and B2 (see
Table II) the molar ratio of DIPCI and Boc-amino acids was 6 : 6 (in DCM) and BOP–Boc-amino
acid–DIEA were 6 : 6 : 12 (in DMF), i.e., the concentration of activator and amino acid during con-
densation was 0.108 mol l−1.

In the set of experiments C1 – C4 (see Table III) the molar ratios were BOP–Boc-amino acid–
HOBt–DIEA 6 : 6 : 0 : 12 (C1; in DMF); 6 : 6 : 6 : 12 (C2; in DMF); 6 : 6 : 6 : 12 (C3; in NMP);
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6 : 6 : 6 : 12 (C4; in NMP + 20% DMSO). The concentration of BOP and Boc-amino acids during
condensation was 0.108 mol l−1.

In the set of experiments D1 and D2 (see Table IV), the same molar ratios and concentrations
were used as in C1. In experiment D1, in situ neutralization was used; i.e. steps 8 – 12 were omitted.
In experiment D2 classical neutralization was used; i.e. all 16 steps of the washing protocol were
done.

All condensations of Boc-Asn and Boc-Gln mediated both by DIPCI and BOP were made with
equimolar amounts of HOBt. The DIPCI activation of this amino acids was in DCM–DMF 1 : 1
(v/v). In DIPCI experiments, Boc-Arg(Tos), Boc-Leu, Boc-His(DNP) and Boc-Trp(For) were first
dissolved in DMF and then coupled at a final DCM–DMF ratio of 9 : 1.

Before the “low-high HF” treatment22, in all peptides without His, the Boc group was first depro-
tected by 55% TFA–DCM. In peptides with His, the DNP group was deprotected by 5% thiophenol
in DMF (3 × 1 h), followed by alternating washes of isopropyl alcohol and DCM, 10 times each and
then the Boc group was split off.

The “low HF” deprotection was made with all bags in every experiment together in 60% dimethyl
sulfide, 25% HF, 10% 1,2-ethanedithiol and 5% p-cresol (v/v), 7 ml/bag, 2.5 h at 0 °C, vigorous
shaking. The bags were washed 3 times with DCM, followed with alternating washes of isopropyl
alcohol and DCM (10 times each), 3 times DMF and 4 times DCM.

The “high HF” was made in a 24 reaction vessel apparatus23, HF : anisole 9 : 1 (v/v), 7 ml/bag,
90 min at −15 °C and 30 min at 0 °C. After blowing off HF by nitrogen and 45 min evacuation at
0 °C, the scavenger was extracted by ether (3 × 10 ml, shaker, 5 min) and the peptide was extracted
by 2 × 5 ml of 10% AcOH (50 mg bag) or by 2 × 10 ml 10% AcOH (100 mg bag) and lyophilized.
The yield of crude peptides was not corrected for salt (HF, TFA) or solvent (AcOH, water) content.
RP HPLC was carried out with the crude products. After the first lyophilization, the lyophilizate was
dissolved in 10% AcOH (10 – 15 ml), 30 µl aliquot was diluted with 300 µl of 5% AcOH, and 20
µl of this solution was applied to VYDAC Protein & Peptide C18 column (catalog No. 218TP54, 250
× 4.6 mm). The Beckman system (110A pump, 421 controller, Palo Alto, CA) was used. Peptides
were detected at 215 nm using a Hitachi 100-20 spectrophotometer and Shimadzu C-R3A recording
integrator (Shimadzu Scientific, Columbia, MD). The solvent system consisted of 0.05% TFA/water
(eluent A) and 0.05% TFA/acetonitrile (eluent B) with a linear gradient of 5% B to 50% B in 45 min
and with a solvent flow rate of 1.0 ml/min. FAB MS was done on ZAB-EQ equipment (VG Analy-
tical, Manchester, England), in a glycerine matrix, bombardment by xenone beam 8kV. Samples for
amino acid analysis were hydrolyzed with 6 M HCl at 110 °C for 24 h. The hydrolyzates were ana-
lyzed on a Beckman-Spinco 120 B amino acid analyzer.

RESULTS AND DISCUSSION

In the first set of experiments (see Tables I and V) we compared DIPCI in DCM using
classical neutralization24 with BOP in DMF using in situ neutralization4,18. Molar ratio
of DIPCI and Boc-amino acids was 6 : 6 and the ratio of BOP, Boc-amino acids and
DIEA was 6 : 6 : 18 (in relation to free amino groups on resin). The gain of weight of
peptides on resin in the DIPCI mediated experiment A1 was 9% better for all peptides,
12% better for peptides containing Asn and 3% better for peptides without Asn in
comparison with the BOP experiment A2. The yield of crude peptides after “low-high
HF” (refs22,25) deprotection in the DIPCI experiment was 8% better for all peptides and
12% better for peptides with Asn in comparison with the BOP experiment. Peptides
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TABLE I
Comparison of coupling efficiency (w, increase of weight on resin, %; y, yield of crude peptide, %;
p, HPLC purity, %) of DIPCI in DCM (experiment A1) with BOP in DMF (experiment A2)

Peptide       Sequence
Experiment A1 Experiment A2

w y p w y p

 1 DQESCKGRCTEGFNVB 86 66 53 57 52 31

 2 EGFNVDKKCQCDELCB 78 83 65 79 92 62

 3 CCTDYTAECKPQVTRB 86 96 54 80 99 54

 4 PQVTRGDVFTMPEDEB 83 96 81 83 94 65

 5 MPEDEYTVYDDGEEKB 83 94 35 80 93 39

 6 DGEEKNNATVHEQVGB 61 69 65 57 67 32

 7 HEQVGGPSLTSDLQAB 71 83 62 73 76 83

 8 SDLQAQSKGNPEQTPB 64 74 52 60 75 28

 9 PEQTPVLKPEEEAPAB 82 91 65 79 88 79

10 EEAPAPEVGASKPEGB 75 86 66 71 81 65

11 SKPEGIDSRPETLHPB 85 109 61 83 110 67

12 ETLHPQRPQPPAEEEB 71 95 73 75 96 80

13 PAEEELCSGKPSTLHB 85 70 62 80 105 85

14 PSTLHRLKNGSLFAFB 81 93 78 73 82 46

15 SLFAFRGQYCYELDEB 83 80 62 79 86 38

16 GYPKLIRDVWGGIEGPB 70 87 55 68 80 57

17 GIEGPIDAAFTRINCB 86 93 73 71 76 48

18 TRINCQGKTYLFKGSB 79 100 57 70 89 54

19 LFKGSQYWRFEDGVLB 80 92 42 78 88 51

20 SGTVNPAPNIASHISSISARTGDB 71 73 50 58 64 54

21 SATVNPAPNIASHISSISARTGDB 75 71 60 61 67 50

22 SGAVNPAPNIASHISSISARTGDB 75 75 55 62 64 48

23 SGTANPAPNIASHISSISARTGDB 74 81 55 61 66 46

24 SGTVAPAPNIASHISSISARTGDB 73 71 57 63 57 50

25 SGTVNAAPNIASHISSISARTGDB 74 79 59 60 66 47

26 SGTVNPAANIASHISSISARTGDB 71 80 42 60 60 41

27 SGTVNPAPAIASHISSISARTGDB 71 74 54 61 66 50

28 SGTVNPAPNAASHISSISARTGDB 75 81 56 60 63 49

29 SGTVNPAPNIFSHISSISARTGDB 73 75 54 58 58 31

30 SGTVNPAPNIAAHISSISARTGDB 75 75 64 63 63 66
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without Asn were obtained in the same yield by both methods. The RP HPLC purity of
crude peptides in the DIPCI experiment was 9% better for all peptides and 15% better
for peptides with Asn in comparison with the BOP experiment. The purity of peptides
without Asn was 2% better in the BOP experiment. Whereas the difference between the
purity of peptides with and without Asn in the DIPCI experiment is negligible, in the
BOP experiment peptides with Asn are 19% worse than peptides without Asn.

Incorporation of Asn into the peptide chain is not without problems. The reaction
proceeds more slowly in comparison with other Boc and Fmoc amino acids and in
dependence on the condensation reagent and final deprotection and workup, varying
amounts of β-Asp peptide, aspartoyl peptide, cyclic imide, β-aspartamidino peptide and
cyano alanine can be formed besides the desired α-Asn peptide8,24,26 – 28. The formation
of cyano alanine using Boc/Bzl protection and final HF cleavage is not so deleterious,
because the cyano group is rehydrated during HF deprotection and the following work-
up24,26,29. This side reaction is more harmful using Fmoc/But protection28, because the
TFA used for final deprotection rehydrates the cyano group only very slowly28,29.
Using BOP reagent, some authors did not find any problems incorporating Asn5,11,13.

TABLE I
(Continued)

Peptide       Sequence
Experiment A1 Experiment A2

w y p w y p

31 SGTVNPAPNIASHASSISARTGDB 75 83 63 63 64 41

32 SGTVNPAPNIASHIASISARTGDB 73 78 63 63 64 46

33 SGTVNPAPNIASHISAISARTGDB 75 82 64 58 62 51

34 SGTVNPAPNIASHISSASARTGDB 73 80 52 58 57 33

35 SGTVNPAPNIASHISSIAARTGDB 73 81 64 61 63 50

36 SGTVNPAPNIASHISSISAATGDB 67 68 59 52 51 53

37 SGTVNPAPNIASHISSISARAGDB 68 66 64 56 51 60

38 SGTVNPAPNIASHISSISARTADB 70 74 59 57 60 43

39 SGTVNPAPNIASHISSISARTGAB 73 80 59 57 63 44

40 TVVAVGPGRWDEDGEB 80 87 71 79 87 74

41 DVAEGDTVIYSKYGGB 75 78 77 69 78 70

42 GEEYLILSARDVLAVB 85 73 69 70 71 61

43 AFGIKLNVQRB 85 95 91 81 86 36
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TABLE II
Comparison of coupling efficiency (w, increase of weight on resin, %; y, yield of crude peptide, %;
p, HPLC purity, %) of DIPCI in DCM (experiment B1) with BOP in DMF (experiment B2)

Peptide       Sequence
Experiment B1 Experiment B2

w y p w y p

 1 APENKAFVLSSVDELB 86 71 59 75 68 37

 2 LIEKQAPENKAFVLSB 92 100 70 80 85 46

 3 LKQIRLIEKQAPENKB 86 100 90 69 75 70

 4 AFVLSSVDELEQQRDB 86 93 74 86 91 60

 5 EQQRDEIVSYLCDLAB 79 45 68 73 58 60

 6 QIFSKIDRPEASRIAB 85 94 38 87 98 49

 7 SQEPQRMSRNFVRYVB 98 98 51 92 85 58

 8 PTDAPVSPTTLYVEDB 91 88 60 85 78 63

 9 VSPTTLYVEDISEPPB 73 42 73 70 54 61

10 SRLLDLVFLLDGSSRB 89 75 66 81 63 65

11 LHDFYCSRLLDLVFLB 82 61 53 81 67 82

12 PSELRRIASQVKYAGB 82 98 64 73 63 54

13 RIASQVKYAGSQVASB 83 80 52 70 75 52

14 VKYAGSQVASTSEVLB 83 83 64 75 86 72

15 AVVEYHDGSHAYIGLB 83 71 74 83 70 69

16 SFPASYFDEMKSFAKB 93 80 57 82 79 51

17 KSFAKAFISKANIGPB 82 87 83 75 67 53

18 ANIGPRLTQVSVLQYB 86 67 68 78 63 54

19 SVLQYGSITTIDVPWB 88 70 71 87 63 71

20 IDVPWNVVPEKAHLLB 93 94 76 88 80 32

21 KAHLLSLVDVMQREGB 80 96 64 67 79 48

22 QEPGGLVVPPTDAPCB 98 98 53 95 91 42

23 CQEPGGLVVPPTDAPB 75 64 90 70 81 93

24 CDLAPEAPPPTLPPDB 87 62 87 79 63 91

25 DLAPEAPPPTLPPDCB 93 105 54 89 96 57

26 PTLGDEGDTDLYDYYB 88 95 76 86 81 73

27 CPGLLTPTPKLEKLSB 92 94 75 85 100 87

28 QVDGTLPVLGTLDLCB 89 73 49 88 89 46

29 CQVDGTLPVLGTLDLB 89 78 45 83 86 48

30 CTLGDEGDTDLYDYYB 88 80 49 82 82 57
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Others found variable amounts of nitrile which could not be completely suppressed by
addition of HOBt17,28,30.

In all experiments, we used 2 – 3 control peptides (only one of them is shown in
tables) of the sequence AFGIKLNVQR-amide, from which we prepared also all omis-
sion analogs. In the DIPCI experiment, we obtained high yield of pure controls, but in
the BOP experiment (see Table I) the purity was low and other product in about 38 –
40% yield was present in both controls. RP HPLC comparison of the side product with
all omission analogs showed that the side product had the same retention time as the
control with missing Asn (AFGIKLVQR-amide). Using preparative RP HPLC, we
separated the side products and analyzed them by FAB MS and amino acid analysis.
The molecular ions for side products were by 114 units lower in comparison with cal-
culated molecular weights for desired control peptides, and in their amino acid analyses
Asn was missing. Besides the controls, we analyzed also Asn containing peptides

TABLE II
(Continued)

Peptide       Sequence
Experiment B1 Experiment B2

w y p w y p

31 TLGDEGDTDLYDYYCB 92 86 78 88 83 57

32 CGDTDLYDYYPEEDTB 90 99 41 80 83 42

33 GDTDLYDYYPEEDTCB 93 96 44 88 94 55

34 NSITLTNLPPGTEYVB 92 76 67 80 46 36

35 TNLTPGTEYVVSIVAB 86 87 72 75 82 58

36 GTEYVVSIVALNGREB 88 99 77 82 92 77

37 VSIVALNGREESPLLB 93 96 51 85 79 60

38 LNGREESPLLIGQQSB 82 105 56 80 106 63

39 ESPLLIGQQSTVSDVB 82 61 58 76 53 56

40 IGQQSTVSDVPRDLEB 92 96 80 83 98 69

41 TVSDVPRDLEVVAATB 80 83 63 73 80 56

42 PRDLEVVAATPTSLLB 92 98 77 83 92 76

43 VVAATPTSLLISWDAB 88 94 50 82 85 55

44 NNEDSYVPSAEQILB 85 96 60 79 94 49

45 NNNEDSYVPSAEQILB 83 96 62 78 81 38

46 AFGIKLNVQRB 94 101 94 88 100 38
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Nos 1, 6, 8 and 14 (Table I) and found 15 – 35% side products with missing Asn.
Therefore, the main side products in BOP mediated couplings were peptides with mis-
sing Asn.

In the second set of experiments (see Tables II and V), we decreased the molar
excess of base from 18 to 12 (see Experimental). The gain of weight of peptides on
resin with DIPCI activation was 6% better in comparison with BOP. The yield of crude
peptide in the DIPCI experiment B1 was roughly 6% higher when compared with the
BOP experiment B2. The RP HPLC purity of crude peptides in the DIPCI experiment
was 7% higher for all peptides and 17% higher for peptides with Asn. Peptides without
Asn had comparable purity in both experiments. We analyzed again the control pep-
tides and peptides Nos 1, 17, 20, 34 and 45 (Table II) and found 15 – 38% of side
products with missing Asn.

The data obtained from the first and second set of experiments make it clear, that
for peptides without Asn, DIPCI and BOP are fully comparable in terms of yield of
crude peptide and HPLC purity. (However, the reaction time was only 30 min for BOP
in comparison with 60 min for DIPCI.) Peptides with Asn were obtained in lower yield
and with much lower purity using BOP reagent in comparison with DIPCI (see
Table V).

There are many examples in the literature that show improved coupling reaction (i.e.
speed, suppression of side reactions including racemization, etc.) by the addition of
HOBt to carbodiimide8,24,27, active ester8,24,26 and BOP mediated couplings5,8,14,19,28.
Therefore, we compared BOP couplings made with and without HOBt.

In the set of experiments C1 (see Tables III and V), the molar ratios were BOP :
Boc-amino acid : HOBt : DIEA : free amino groups 6 : 6 : 0 : 12 : 1. Only when
Boc-Asn and Boc-Gln were condensed, HOBt was added in equimolar ratio to the Boc-
amino acid. In the set of experiments C2, HOBt was added to all condensation steps
and the molar ratio was BOP : Boc-amino acid : HOBt : DIEA : free amino groups
6 : 6 : 6 : 12 : 1. Both experiments were done in DMF. The yields of peptides on resin
and the yields of crude peptides were very similar in both experiments. The HPLC
purity for all peptides was roughly 3 – 4% better in experiment C1 (without HOBt). In
both C1 and C2, peptides without Asn were roughly 28% more pure than peptides with
Asn. In general, the difference between these two experiments was very small. Taking
into account both yield and purity, experiment C1 (without HOBt) was slightly better.
These results are in disaccord with those of Hudson10, who found “dramatic improve-
ment” in rate and magnitude of activation using BOP and HOBt in comparison with
BOP only. Also Rule et al.12 claimed improvement by the addition of HOBt to BOP. At
first view, our results seem surprising, but they can be simply explained. HOBt is a
weak acid29,31 and it consumes DIEA. This lowers the basicity of the reaction media.
Because BOP couplings proceed best when the base is in two- to threefold excess over
BOP (refs4,30,32), addition of HOBt can slow down the reaction. Also, due to the lower
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pKa of HOBt, the free amino group on the growing peptide chain will be partly proto-
nated, which could retard reactivity towards activated amino acids. (For details see
ref.31.) These two influences combined can eliminate the advantage of HOBt addition
when the amount of base is the same in both experiments, as it was in C1 and C2. The
addition of HOBt to active esters has been studied33, and it was found that addition of
more than equimolar amounts of HOBt to the active component can be disastrous. Be-
cause BOP couplings proceed partly via HOBt esters (the HOBt comes of BOP), these
conclusions apply also to BOP couplings. The added HOBt was a hydrate, so it can also
hydrolyze the active ester33.

The solvation of both the growing peptide chain and resin is very important for suc-
cessfull SPPS (refs8,26,31,34). Dipolar aprotic solvents have the ability not only for good
solvation of the resin, but they are also able to suppress intra- and interchain aggrega-
tion of the growing peptide chain, leading to better coupling efficiency in sequence-de-
pendent difficult couplings. In the literature, NMP (refs8,9,31) and NMP containing 20%
DMSO (refs9,31) were found to be excellent in comparison with other solvents. There-
fore, in experiments C3 (NMP) and C4 (NMP + 20% DMSO), we compared the in-
fluence of the solvent (see Tables III and V). The yield of peptide on resin was the
same in both experiments. The yield of all crude free peptides was 6% higher in experi-
ment C3 (NMP) in comparison with experiment C4 (NMP + 20% DMSO). When com-
paring purity by RP HPLC, completely different results were obtained: the purity of all
peptides and peptides both with and without Asn was 3%, 2% and 4% lower in C3
compared to C4, respectively. In both C3 and C4, peptides without Asn were 25 – 27%
purer than peptides with Asn. When experiments C1 – C4 are compared, and both yield
and purity of peptides are considered, the order of growing successfulness is C2, C1,
C4, C3.

In the fourth set of experiments (see Tables IV and V), we compared the influence of
neutralization mode on the yield and purity of peptides using BOP reagent. In experi-
ment D1, the neutralization was done in situ4,32. In experiment D2, classical neutraliza-
tion5 was used. The gain of weight on resin for all peptides was 3% higher, and yield
for all crude peptides was 2% higher using in situ neutralization. Differences in purity
as determined by RP HPLC for peptides with versus without Asn were again remark-
able, as in all previous experiments using BOP reagent. As compared with peptides
containing Asn, purity for peptides without Asn using in situ neutralization was 23%
higher, while purity of peptides without Asn using classical neutralization was 20%
higher. Purity for all peptides was slightly better in the in situ neutralization versus the
classical neutralization experiment. When considering both yield and purity of all pep-
tides, in situ neutralization afforded better results; in situ neutralization also saved both
time and solvents. In addition, the formation of pyroglutamic acid from amino-terminal
Gln is suppressed34. All peptides in this study were prepared on MeBHA resin. The
advantage of in situ neutralization would be even greater in SPPS on classical resin
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TABLE IV
Dependence of coupling efficiency (w, increase of weight on resin, %; y, yield of crude peptide, %;
p, HPLC purity, %) on neutralization method

Peptide     Sequence
Experiment D1 Experiment D2

w y p w y p

 1 ATHQAYJVRKAB 97 101 90 97 103 82

 2 ATHQAYJQRKAB 97 98 90 98 103 91

 3 ATHQAYJARKAB 98 109 91 100 108 92

 4 ATHQAYJIRKAB 98 101 90 96 98 83

 5 ATHQAYJNRKAB 95 95 86 96 102 89

 6 ATHQVYJQRKAB 95 97 90 96 101 88

 7 ATHQVYJARKAB 98 104 84 99 106 85

 8 ATHQVYJIRKAB 97 100 88 93 97 88

 9 ATHQVYJGRKAB 98 104 88 95 98 84

10 ATHQVYJSRKAB 97 105 88 96 104 86

11 ATHQVYJKRKAB 98 109 90 97 108 88

12 ATHQVYJERKAB 98 103 90 96 98 83

13 ATHQVYJNRKAB 94 100 87 94 99 88

14 ATHQIYJARKAB 98 107 88 94 104 91

15 ATHQIYJQRKAB 98 102 90 95 98 81

16 ATHQIYJNRKAB 93 98 89 90 96 86

17 ATHQVYPARKAB 100 120 96 83 98 90

18 ATHQVYPVRKAB 100 116 96 96 106 95

19 ATHQVYPIRKAB 100 109 94 98 106 94

20 ATHQAYPVRKAB 99 111 93 98 111 94

21 ATHQAYPARKAB 100 112 93 86 90 85

22 ATHQAYPIRKAB 100 115 91 97 109 91

23 ATHQVYJVQKAB 96 95 88 88 95 88

24 ATHQVYJVIKAB 105 93 90 95 92 90

25 ATHQVYJVYKAB 94 86 86 94 90 77

26 ATHQVYJVSKAB 97 96 88 95 92 89

27 ATHQVYJVEKAB 95 96 87 94 95 84

28 ATHQVYJVPKAB 95 91 90 94 88 88

29 ATHQVYJVKKAB 96 99 87 95 100 89

30 ATHQVYJVHKAB 103 99 90 99 98 91
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with benzyl ester type anchor to the solid support, where dioxopiperazine formation
during the condensation of the third amino acid is a real danger.

On the basis of data obtained from 444 peptides (not all peptides are listed in Tables
I – IV), we recommend the use of BOP reagent with in situ neutralization for conden-
sation of all amino acids, with the exception of Asn. Resulting peptides will be of
reasonable high yield and purity, and both time and solvents will be saved. Boc-Asn
should be condensed using other reliable methods, such as DCC or DIPCI/HOBt or
pentafluorophenyl ester etc.

TABLE IV
(Continued)

Peptide     Sequence
Experiment D1 Experiment D2

w y p w y p

31 ATHQVYJVDKAB 87 88 88 89 88 89

32 ATYQVYJVQYAB 84 62 86 78 61 84

33 ATHQIYPARKAB 99 105 92 86 89 92

34 ATHQIYPVRKAB 98 109 94 96 103 94

35 ATHQIYPIRKAB 98 107 92 97 101 86

36 KARVLJEALB 92 100 86 89 94 87

37 KARVLJERLB 95 110 87 92 109 85

38 KARVLJEQLB 93 98 88 86 97 87

39 KARVLJEHLB 101 105 87 96 98 83

40 KARVLJEYLB 89 89 89 86 91 88

41 KARVLJEILB 92 98 88 90 98 87

42 KARVLJEDLB 89 93 85 87 90 85

43 KARVLJEPLB 95 87 88 93 88 88

44 KARVLJENLB 79 77 75 79 73 69

45 KARVLJEKLB 94 110 89 90 106 84

46 KPRVLJEALB 90 99 88 89 95 85

47 KGRVLJEALB 95 102 88 92 98 84

48 KHRVLJEALB 96 99 86 97 98 86

49 RATLVTVVLHB 98 93 76 95 92 77

50 ATFQAYLAMTB 87 59 83 85 64 79

51 PPAVSPLREAB 95 99 90 88 95 87

52 AFGIKLNVQRB 87 89 40 84 87 38
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