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Abstract: The Iumiya tripeptide was used to assess racemization in solid-phase fragment condensations. Boc-Gly-
Ala-OH' was coupled 10 Leu-PAM resin with DIC in a variety of solvents, both with and without HOBt. After
cleavage from the resin, the extent of racemization was determined using C18 RP-HPLC to separate the epimers.

Solvents used were DMF, NMP, TFE, and-each of these as mixtures with DCM. Alsotatdmaaimaf
NMP and DMSO (85: 15) Couplings in DMF/DCM (1:1) and NMP/DCM (1:1)in the pmawe of HOBt were in
excess of 98% and racemization was undetectable (<0.1%).

One of the major obstacles of the fragment condensation approach to peptide synthesis is racemization
which occurs in the coupling reaction. Mostcommonly,dxeabsmctipnofapmtonbyabnscpmcminﬂn
coupling solution or the conversion of the activated carboxyl function to an oxazolone is responsible for this
racemization.? |

Previous studies have used the fragment synthesis of model tripeptides to examine the extent of
racemization. A protected dipeptide fragmeat is coupled to a protected amino acid, either in solution®® or
bound to an insoluble resin,”® and the two resulting epimers are separated by chromatography. Several
tripeptide models have been used in mumerous coupling environments.*!! RP-HPLC is now frequently used
to separate both protected and deprotected peptide epimers. !>

The Izumiya tripeptide'® was used in conjunction with RP-HPLC to assess the extent of racemization
during solid phase fragment condensations. H-Gly-Ala-Leu-OH and H-Gly-D-Ala-Leu-OH were synthesized
by stepwise solid phase methods, purified by gel filtration and RP-HPLC and characterized by amino acid
analysis and mass spectrometry. Mixtures of these standards were separated on a Vydac C18 column, eluted
isocratically with the solvent mixture 0.1% TFA in water/methanol (92:8). Peptides were detected at 208nm
and the response was linear over the concentration range 0.012-12mM. These conditions allowed the
detection of 0.1% of one epimer in the presence of the other.

Boc-Gly-Ala-OH was prepared by the hydroxysuccinimide method' and coupled to. Leu-PAM resin
in various solvent systems according to the scheme presented below. Solvents used were DMF, NMP, TFE,
DMF/DCM (1:1), NMP/DCM (1:1) and TFE/DCM (1:1). In addition, the solvent mixtures NMP/DMSO
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Scheme. Coupling, Deprotection, and Cleavage of H-Gly-b/L-Ala-Leu-OH

(85:15) and TFE/DCM (1:4), which have been reported to improve coupling efficiencies in solid phase
peptide synthesis, were used.'s'6 Each of these systems was also tested with HOBt present. Unacceptable
coupling yields in the solvent mixtures NMP, NMP/DMSO (85:15), and TFE led to the utilization of
preformed dctive estérs for coupling to improve yields. ' All“couplitig yields were determined by the
Guantitative ninhydrin method:"” Tripeptides were cléaved from the resin with TFA/TFMSA (9:1), and the
amount of H-Gly-D-Ala"Leu-OH was determined using RP-HPLC. Yieltt'and racemization data are in the
table. '

Couplings' i 'DMF, NMP and TFE resulted ‘in unscceptably low yields and high levels of
racemization. “The levels of racemization in DMF were in agreement with those previously reported for DCCI
mediated couplings on the solid phase.” Apparently, the-use of DIC instead of DCCI as the carbodiimide does
not significantly affect the extent of racemization, Upon adifition of HOBY, yields intréased and racemization
decreased. The highest yield and lowest racemization ‘was obtained using DPMF (97.1% and 0.1%
tespectively). Interestingly, in NMP, while the addition of HOBt raised the yi¢ild $6-77.6% and lowered the
racemization o 2.7% with in situ activation, the preformed active estet predictably raised the yield to an
acceptiible level (>90%) but left racemization at an unacceptable level (>0:1%). TFE proved to be
unsuitable; with or without HOBt, for solid phase fragment condensatiofis. o

When DME; 'NMP, and TFE were used in '1:1 mixtures with DCM, with or without HOBt, all
coupling yields increased and racemization decréased. Highest yields and undetectable racemization were
obtained with DMF/DCM (1:1) and NMP/DCM (1:1) in the presence of HOBi. The utility of these latter
solvent mixturés for solid phase fragment condensations will greatly depend on their ability to dissolve the



fragments.

Contrary to previous studies using the BOP reagent,!s NMP/DMSO (85:15) was found to be unsuitable
fmmmmmmmmmm Couplmgsm'l'FElDCM(l :4), in the presence
of HOBt, Mtoynetds >90% wxﬂlunde(embletwemmon. mmmmdhaomﬁonofdndxpepnde
mmmmmumhmmxmmmmwuhmdedwkcﬁeasmmmmmmm
1taprommngsolventmixmzeforsolidphnefngmemoondenunom

GmﬂmmwmkmmﬂngmdmmurﬁedmmAISmLsmedghnﬁml
(fine porosity) with no shaking or stirring of contents. Boé-LﬁxPAMmin(lnmg.OﬂmmﬂVg)whplwedmﬂw
sintered: glass funnetl and subjected to the following protocol.’ All washing volumes were 1mL. 1) Washed with DCM
(2 x 3 min). 2) Removed Boc group with 50% TFA/DCM'(v/v) (1 x 20 mfin). 3) Washed with DCM (5 x 1.min). 4)
Neutralized with 5% DIEA/DCM (v/v)-(1 x 2 min) and 5% DIBA/coupling solvent (v/v) (1'x 2 min). 5) Washed with
coupling solvent (3 x 1 min). 6) Added a solution of Boe-Gly-Ala-OH (25 mg,:100-pumol) and HOBt (13 mg, 100
pmol), if used, in the coupling solvent (800 yL) and left to' stand for 3 min. Added a solution of DIC (17 gL, 100
umol) in the coupling solvent (200 xL) and left to stand for 1.5 k. 7) Removed solvent and washed with DCM (5 x 1
min). 8) Removed sample of resin {cs. 5-10 mg) for quantitative ninhydrin test."” 9) Removed Boc group with 50%
TFA/DCM (v/v) (20 min). 10) Washed with DCM (5 x 1 min). The peptide-resin was dried.in vacuo (18 h, 20 mm
Hg) prior to cleavage.

Toaaampleofthepeptide-mm(wmg)matestmbe(wxlOOm)wuaddchEAl’l‘FMSA@1)(100,4L)
and the reaction mixture was lefi to stand for 25 min. Tbemmmwute:mmatedbyuﬁmonofwaterﬂoo;i)md
mumgmepﬁmappmxinmdyswiﬂlmonmhydmxidewhmn(m;am Resin was removed by filtration and
three aliquots of the filtrate were subjected to analyticsl RP-HPLC on a Vydac C18 (4.6 x 250 mmi) cohmnin. The
epimers were eluted isocratically with 0.1% TFA in water/methanol (92:8) and detected at 208 nm. % D epimer
=(DlD+L)x100 Repoﬂed%memmﬁonuﬂumunoflhreemm

Table. prhngYstande&mowauantmsmcSymhuhome-Gly-AhLu—PAMResm

Solvent System % Yicld % D Epimer
DIC | DIC+HOBt DIC DIC+HOBt
DMF 67.7 97.1 18.0 0.1
DMF/DCM (1:1) 89.9 98.7 11.8 <0.1
NMP 24.3 71.6 16.8 2.7
Preformed ester - 93.0 — 2.0
NMP/DCM (1:1) 95.6 98.5 11.7 <0.1
NMP/DMSO (85:15) — 25.2 1.1
Preformed ester — 74.9 — 4.6
TFE 18.2 54.1 8.7 2.0
TFE/DCM (1:4) 78.9 92.2 1.6 <0.1
TFE/DCM (1:1) 18.7 97.1 3.5 0.2
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