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Resin-bound aminothiols: synthesis and application
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Abstract—Aminothiols were attached through their thiol group onto the 4,4'-dimethoxytrityl (Dmt)-, 4-methoxytrityl (Mmt)-,
4-methyltrityl (Mtt)-, trityl (Trt)- and 2-chlorotrityl (Clt)-resins. The new resins were used in the solid-phase synthesis of
aminothiol containing peptides utilizing N-Fmoc amino acids. The synthesized peptides were cleaved from the resins by treatment
with trifluoroacetic acid (TFA) solutions using triethylsilane (TES) or ethanedithiol (EDT) as scavengers. © 2002 Published by

Elsevier Science Ltd.
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Aminothiols are constituents of important biologically
active compounds such as coenzyme A. In addition,
they are contained in the antihypertensives 1,! the wide
range cytoprotectant amifostine (ethyol, 2)>* and the
antitumor activity revealing Ras protein farnesyltrans-
ferase inhibitors, such as 3.>° For the development of
new lead structures using solid-phase combinatorial
methods, suitable resin-bound aminothiol derivatives
are required. For their synthesis we applied commer-
cially available resins of the trityl-type.”

In fact, the reaction of the trityl resins 4 (polystyrene
based polymers, 100-200 and 200-400 mesh,
crosslinked with 1% divinylbenzene and loaded as fol-
lows: 4a=1.63; 4b=1.92; 4¢=1.48; 4d=1.81; 4e=1.74
mmol CI7/g resin) with a two-fold molar excess of the
linear aminothiols 5 or aminothiols derived from natu-
rally occurring amino acids 7'° (Scheme 1) and diiso-
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propylethylamine  (DIPEA) in  dichloromethane/
dimethylformamide (DCM/DMF) (1:1) for 1-5 h at rt,
led to resins loaded with 0.5-1.0 mmol aminothiol/g
resin. Highest reaction rates were observed in the case
of the Dmt- and Mmt-resins 4a,b and lowest for 4e.
The increased reactivity of the electron rich Dmt- and
Mmt-resins was important for the attachment of the
steric hindered penicillamine-derived thiol 6. In this
case only 9a,b were obtained with a loading of >0.2
mmol thiol/g resin. To ensure that 5-7 were not
attached to the resins through their amino group, resins
810 were treated with a mixture of acetic acid
(AcOH)/trifluorocthanol (TFE)/DCM (1:2:7) for 30
min at rt. This mixture cleaves the amino—trityl bond
effectively. Unreacted remaining trityl chlorides were
converted to the corresponding inert tritylmethyl ethers
by washing resins 8-10 with DCM/methanol (MeOH)/
DIPEA (80:15:5).

Under the conditions used for the attachment of the
free aminothiols 5-7, the phthalimidothiols 12, N-
Fmoc-aminothiols 13, N-Trt-aminothiols 14 and the
derived from naturally occurring L-amino acids (Ala,
Val, Leu, Ile, Pro, Phe) N-Trt-aminothiols 18,!° were
also attached in 75-85% yield to the resins 4 (Scheme
2).

The removal of the phthaloyl group in 15 was per-
formed with 15% hydrazine in DMF/MeOH (8:2) for
0.5-1 h. N-Fmoc deprotection of 16 was effected by a
2x15 min treatment with 25% piperidine in DMF.
Complete and selective N-detritylation of the resin-
bound aminothiols 17 and 19 was achieved by treating
the Dmt- and Mmt-derivatives with AcOH/TFE/DCM
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(1:2:7) for 4x15 min at rt, while the Trt-, Mtt- and
Clt-derivatives were treated with 1% TFA in DCM for
3x4 min. The obtained resin-bound aminothiols were

then converted to their free amino form by washing the
resins with DCM/MeOH/DIPEA (80:15:5).

To determine the acid sensitivity of the thioether bond
of aminothiols to the various resins, 10 were coupled
with Fmoc-alanine, using diisopropylcarbodiimide
(DIC)/1-hydroxybenzotriazole (HOBt) as condensing
agent (Scheme 1). The obtained resins 11 were then
treated with solutions of various concentrations of TFA
in DCM. As expected, the acid sensitivity of the
aminothiol-resin bond increases in the order Clt-<Trt-<
Mtt-<Mmt-<Dmt-resin. Complete cleavage of the
aminothiols from the resins 11a—e was effected by a 4x3
min treatment with 0.5, 1.1, 10, 30 and 65% TFA,
respectively, in a 95:5 mixture of DCM/TES or DCM/
EDT.

To examine the utility of the various resin-bound
aminothiols in solid-phase synthesis, we coupled them
with N-Fmoc amino acids using DIC/HOBt for their

o[
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activation. The N-Fmoc protecting group was removed
by treatment with 20% piperidine in DMF for 2x15
min at rt. The aminothiol peptides were cleaved from
the resins 4c,e with simultaneous removal of the tert-
butyl-type protecting groups, or in the protected form
using resins 4ab. As an example, resin-bound
alaninothiol 10b was coupled in DMSO, with an N-
Fmoc protected fragment (51-58) of prothimosine o
(ProTa) activated with DIC/HOBt (Scheme 3). Peptide
21 was obtained in 92% yield and 98% purity, accord-
ing to HPLC analysis (Fig. 1a) after a 4x3 min treat-
ment of 20 with 1.1% TFA in DCM/TES (95:5) and
precipitation from ether. Treatment of 21 with 65%
TFA in DCM/TES (95:5) for 2 h at rt, gave the fully
deprotected alaninothiol peptide 22 (A; Fig. 1b) in 94%
yield. As a by-product the S-‘Bu-alaninothiol peptide
23 (B; Fig. 1b) was detected in 10% ratio, due to attack
of the ‘Bu cations formed during the deprotection.” The
exact molecular weight of 21, 22 and of the S-'Bu
peptide 23 (Fig. Ic) were determined by ES-MS.

Using resins 4a,b and N-Fmoc amino acids side-chain
protected with very acid-labile groups, such as: Cys-
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Figure 1. (a) Analytical HPLC of 21; Column: Zorbax SB-C18, 3.5 pm, 2.1x30 mm; flow rate: 0.4 ml/min; gradient: from 50 to
100% acetonitrile in water within 20 min; detection at 265 nm. (b) Analytical HPLC of the mixture obtained after treatment of
21 with 65% TFA/TES; Column: Zorbax SB-C18, 3.5 pm, 2.1x30 mm; flow rate: 0.4 ml/min; gradient: from 0 to 100% acetonitrile
in water within 20 min; detection at 265 nm. (c) ES-MS of purified ‘Bu-alaninothiol derivative 23.

(Mmt)-, Ser(Trt)-, Thr(Trt)-, Tyr(Clt)-, His(Mmt)- and
Lys(Mtt)-, the cleavage of the aminothiol peptides from
the resins occurs concurrently with the removal of these
protecting groups. In all cases tested the crude peptides
were obtained in high purity according to HPLC analy-
sis and were identified by ES-MS. In one example, we
synthesized the cysteamine nona-peptide 24, which con-

HoN-(CHo)2-S ~)
8b

Fmoc-AA-OH

DIC/HOBt
(several steps)

Fmoc-Phe-Phe-Trp-Lys(Boc)-Thr(!Bu)-Phe-

tains a Ser(Trt)- and several ‘Bu-protected amino acids
(Scheme 4). The peptide chain of 24 was assembled on
resin 8b, using DIC/HOBt for the activation of the
applied N-Fmoc amino acids. Treatment of resin 24
with 1.1% TFA in DCM/TES for 4x3 min at rt,
afforded the partially deprotected peptide 25 in 88%
yield. Besides 25 (A; Fig. 2a), HPLC analysis also

Fmoc-Phe-Phe-Trp-Lys(Boc)-Thr(!Bu)-Phe-

Thr('Bu)-Ser(Trt)-NH-(CHy)»-S
24

1.1% TFA/TES

o,
Thr('Bu)-Ser-NH-(CH,),-SH 94%
25
+
Fmoc-Phe-Phe-Trp-Lys(Boc)-Thr(!Bu)-Phe- 6%
o

Scheme 4.

Thr(*Bu)-Ser-NH-(CHy)»-S-Trt
26
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Figure 2. (a) Analytical HPLC of the mixture obtained after treatment of 24 with 1.1% TFA/TES; Column: Lichrospher RP-§,
5 um, 4x150 mm; flow rate: 1 ml/min; gradient: from 50 to 100% acetonitrile in water within 30 min; detection at 265 nm. (b)

ES-MS of purified S-Trt-cysteamine derivative 26.

showed the formation of the S-Trt-cysteamine peptide
26 (B; Fig. 2a), in a 6% ratio, due to migration of the
Trt-group!!' during the acidic treatment of 24. Peptide
25 and the corresponding S-Trt-cysteamine derivative
26 were identified by ES-MS analysis (Fig. 2b). No
reduction of Trp was observed under these cleavage
conditions.
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