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Summary: We describe a simple manually operated synthesizer for solid-phase
peptide synthesis (SPPS). The synthesis is performed on standard polystyrene-
based resin in a flow reactor under low-pressure conditions. The usefulness of
the present configuration of SPPS is exemplified on the synthesis of two
octapeptide and one decapeptide amides.

Solid~phase peptide synthesis, developed and introduced by R.B.Merrifieldt.2,
can by carried out either discontinuously, batchwise or in a continuous-flow
(CF) manner. It 1is generally accepted that CF S8PPS under low-pressure
conditions requires specially designed, mechanically rigid carriers to prevent
compression of the resin and to facilitate a reasonable flow rate through the
reaction column3; otherwise a high-pressure flow system 1is necessary for
passing solvents through the resin-packed column4. Below, we describe a low-
pressure CF SPPS configuration that wutilizes standard copoly(styrene-
divinylbenzene) resin.

A scheme of the synthesizer for CF SPPS has been delineated in Fig. 1.
Reservoirs R for solvents and reactants are connected via distribution valve V1
with the flow reactor F and, via four-port valve V2, with waste. Solvents and
reactants are passed through the flow reactor by means of 20-50 kPa
overpressure of nitrogen gas applied into reservoirs R, the flow rate being
controlled by this overpressure. The reservoir for activated amino acid A is
connected via the four-port valve V2, a peristaltic pump P and distribution
valve V1 with the flow reactor F. Switching over valve V2 enables recycling of
the activated amino acid by means of the peristaltic pump P. All connections
are made with teflon tubing; the only exception is the silicon rubber tubing
used in the pefistaltic pump, which can withstand the N,N-dimethylformamide
(DMF) used to dissolve activated amino acid.

Reportedly, neither standard polystyrene-based resin nor poly(dimethyl-
acrylamide) resin can be used in low pressure CF spps3 4, However, we found
that copoly(styrene-divinylbenzene) resin can be advantageously used for low-
pressure CF SPPS providing the resin is given sufficient space in the flow
reactor (approximately equal to the volume of the freely swollen resin) and
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constant moderate overpressure (20-50 kPa) is applied to effect solvent flow
(rather than maintaining constant flow by a pumping system). When the available
space in the flow reactor was smaller than the swollen-resin volume, the flow
rate decreased, reaching practically zero value when the column volume was cca
60% that of the swollen resin (V.K., J.V., unpublished results). The solvent
flows through the interstitial channels among the resin beads and when the
beads are compressed (e.g. owing to inadequate column volume) the solvent
cannot pass. The moderate overpressure we use precludes such compressing of
resin beads as occurs in pumped systems (cf.3). To make a solvent flow through
the internal channels of the beads the pressure has to be several orders higher
in view of the small size of these channels. Because the swelling volume of
peptidyl-resin changes in different solvents, and also in the course of the
synthesis, we devised a simple flow reactor with an adjustable inner volume.
The reactor consists of a polypropylene syringe (20-ml volume) equipped with a
moving teflon piston (Fig. 2) and can be charged with up to 2 g of resin.

Fig. 1. Scheme of the synthesizer
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Fig. 2., Flow reactor with adjustable volume
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The synthesis was accomplished using the most common t-butyloxycarbonyl
(Boc)-benzyl (Bzl) protection strategy? on 1.5 g of p-methylbenzhydrylamine
copoly(styrene-1% divinylbenzene) resin (0.4 meq/g; Chemical Dynamic
Corporation, New Jersey). Temporary protecting groups were removed by
trifluorocacetic acid (TFA), condensation was performed with a four molar excess
of preformed N-hydroxybenzotriazole (HOBt) esters in DMF. The condensation was
monitored by 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine, the compound
recommended by Sheppard for the preparation of self-indicative active esters>,
We used this triazine, in contrast to Sheppards, only in an indicative amount.
After dissappearence of the yellow colour we checked the sample of peptidyl-
resin for the presence of free amino groups by the ninhydrin tests, which was
negative in all cases thus showing the applicability of this triazine in an
indicative amount to the standard polystyrene-based resin (the resin itself,
obviously, must be white or pale yellow). One typical synthetic cycle consisted
of the following steps: (1) deprotection, 40% TFA in DCM (v/v), 30 min (3 min
flow, 27 min respite); (2) washing, DCM, to slightly acidic effluent {checked
by wetted pH paper); (3) neutralization, 5% N-ethyl-N,N-diisopropylamine in
chloroform (v/v), 3 min; (4) washing, DMF, to neutral effluent; (5)
condensation: take protected amino acid, 4 equiv in DCM (or DCM:DMF, 4:1, if
neccessary), add HOBt, 4 equiv in DMF, add DCC, 4 equiv in DCM, 30 min, 20 ©C,
filter, rinse with DCM, evaporate DCM under reduced pressure (t<25 ©C), dilute
with DMF, filter, rinse with DMF, adjust with DMF to 0.2 M solution, add
indicative amount of triazine, place in reservoir A, recycle till yellow colour
has disapeared (flow rate 2 ml/min), withdraw a small sample of peptidyl-resin,
test with ninhydrine, recycle if neccessary; (6) washing, DCM, 5 min. The flow
rate during the washing steps was cca 20-30 ml/min, overpressure 20-50 kPa.
Typical duration of one reaction cycle was cca 1-1.5 h. The synthesis ended
with the last Boc group being removed (step (1)) and the peptidyl-resin being
washed with DCM and methanol and dried in a stream of nitrogen. Crude peptides
were obtained after "low-high" hydrogen fluoride treatment as described by Tam
at al’.

We used this method to synthesize the octapeptide amide Ala-Ser-Thr-Thr-Thr-
Asn-Tyr-Thr (P1), the so-called T-peptide8 coded for by the env gene of the
human immunodeficiency virus (HIV)9, and the octapeptide amide Asp-Asn-Asp-Thr-
Thr-Ser-Tyr-Thr (P2), which corresponds to T-peptide in other isolates of
HIV10-12, ywe also synthesized the decapeptide amide Leu-Glu-Asn-Glu-Trp-Leu-
Ser-Arg-Leu-Phe (P3) coded for by the pol gene of bovine leukaemia virus'3. The
vield of the peptidyl-resins was nearly quantitative. The amino acid analyses,
retention times in high performance liquid chromatography (HPLC), and purity of
the crude peptides are summarized in Table 1.

The present work showed, that low-presure CF SPPS was compatible with use of
standard polystyrene-based resin providing the resin was given sufficient space
in the flow reactor for full or nearly full swelling. The above configuration
of the SPPS method combines the advantages of the continuous-flow methodology
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(fast and efficient washings, low consumption of solvents, high condensation-
reaction rates) with the use of a readily available standard polystyrene resin
and the well-documented Boc-Bzl protection strategy and gives high yields of
crude peptides of a high degree of purity. The application of the method has
recently been extended to multiple synthesis of peptides (manuscript in

preparation).

Table 1. Analytical data on individual peptides

Pep-~ Amino acid analyses Rt* purity$
tide Ala Arg Asp Glu Leu Phe Ser Thr Trp Tyr (min) (%)

Pt 1.00 - 1.08 - - - 1.04 3.93 - 0.94 16.8 91.3
p2 - - 3.15 - - - 1.07 2.80 - 0.97 13.3 90.0
P3 - 0.98 1.02 2.09 2.97 1.02 0.92 - 06.93 - 15.0% 96.3

*Retention times in HPLC under isocratic conditions, the mobile phase being 15%
methanol in water and containing 0.1% TFA, column 25x0.4 cm, reversed
stationary phase Separon SGX C18, flow rate 50 ml/h; %the area of the peak of
the product to the area of all peaks meassured at 220 nm; #60% MeOH.
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