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Abstract: Octaarginine has been described as a molecular trans-
porter. We report a useful synthesis of orthogonally protected L-oc-
taarginine by using a method based on a microencapsulated
palladium catalyst. Known palladium-based methods for allyl ester
deprotection have been modified to facilitate purification of the un-
protected intermediates. This improvement in the purification step
has also been tested with a variety of allyl a-amino esters and allyl
o,p-unsaturated esters.
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The unprotected octamer of L-arginine! has been de-
scribed as a molecular transporter derived from the Tatyg 5,
sequence of HIV-1.2 Although a convergent synthesis of
the unprotected Ry has been previously reported by
Wender,? this successful approach suffers from the need
to maintain a protected pro-guanidinium scaffold
throughout the entire convergent procedure. Here, we de-
scribe an alternative synthesis that allows this drawback to
be circumvented while also simplifying the purification of
the intermediates.

Allyl ester was selected as a convenient protecting group
of the o-amino acids and peptides. Palladium-based
deprotection has been previously established,* although
chromatography purification could be tedious and may re-
duce both the yield and the scale of the entire procedure.
In this context, heterogeneous recyclable catalysts offer a
number of advantages with respect to safety and to envi-
ronmental and economy concerns. Easily available palla-
dium(Il) acetate microencapsulated in polyurea,
[PdEnCat],> has been demonstrated to be a useful recycla-
ble catalyst that is active in Suzuki, Heck, Stille, Sonogas-
hira, and carbonylation reactions.® This catalyst has also
been successfully used in the hydrogenation and transfer
hydrogenation of a range of functional groups.’

However, few examples on the use of microencapsulated
palladium for functional group deprotection can be
found’ and none are available on allyl esters. Recently, a
report was published on allyloxycarbonyl (Alloc) removal
catalyzed by palladium immobilized on a silicon surface.®
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We wished to develop a methodology involving support-
ed catalysis that could be applied to general allyl ester re-
moval with the aim of simplifying or, ideally, removing
the chromatographic purification step. Here, we report the
results of our investigation and demonstrate that, once op-
timized, the approach could be used in the synthesis of or-
thogonally protected L-octaarginine.

The conditions used for microencapsulated palladium cat-
alyzed cleavage of allyl esters were first optimized and the
scope of the methodology was then assessed with a range
of allyl esters of N-protected a-amino acids, o,3-unsatu-
rated carboxylic acids, and various representative com-
mercial carboxylic acids. A water-soluble phosphine
ligand was also used to simplifying the purification proce-
dure, which involved straightforward filtration of the pal-
ladium nanocapsules and extraction with water. In this
sense, the quaternary ammonium derivative 2-(dicyclo-
hexylphosphino)ethyltrimethylammonium chloride
(DCHT) served effectively. Other water-soluble phos-
phine ligands were tested, giving similar results to those
obtained with DCHT; the ultimate choice of reagent was
therefore based on cost. Consistent with the idea of aque-
ous workup, phenylsilane was chosen as the allyl acceptor
nucleophile.

Allyl esters were prepared by coupling with allylic alco-
hol mediated by 1-ethyl-3-(3-dimethylaminopropyl)car-
bodiimide (EDCI) and 4-(N,N-dimethylamino)pyridine
(DMAP). Ester cleavage using microencapsulated palla-
dium catalysis proceeded as summarized in Table 1.°

Short reaction times were sufficient for consumption of
the starting materials at room temperature, and the yields
were higher than 60% (Table 1). The only exception to
this general trend was found for tryptophan (1b), likely
caused by the free indole nitrogen. For the purpose of the
synthesis described below, the 82% yield for allyl ester
deprotection of Fmoc/Pbf-protected L-arginine (1a) is no-
table. The allyl deprotection conditions were compatible
with Fmoc and Boc carbamates, and with fert-butyl esters
1a—f. These results suggest that this methodology is useful
for the selective cleavage of allyl esters from aliphatic and
o,pB-unsaturated carboxylic acids bearing tert-butyl and
fluorenyl protecting groups.

Workup of the reaction was performed by simple filtration
of the catalyst followed by liquid-liquid extraction. How-
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Table 1 [Pd EnCat] Catalyzed Deprotection of Allyl Esters

R\H/O\/\ PdEnCat, DCHT, PhSiH3 R\”/OH

o) THF-H,0 (9:1), 2 h, r.t. o)
1a—k 2a-k
1 2 Yield
(%)
a Fmoc-L-Arg(Pbf)-OAll Fmoc-L-Arg(Pbf)-OH 82
b Boc-L-Trp-OAll Boc-L-Trp-OH 52
c Fmoc-L-Phe-OAll Fmoc-L-Phe-OH 84

d  Fmoc-L-Glu(O'Bu)-OAll  Fmoc-L-Glu(Oz-Bu)-OH 87

e Fmoc-L-Asp(O'Bu)-OAll  Fmoc-L-Asp(O#-Bu)-OH 62

f Fmoc-L-Pro-OAll Fmoc-L-Pro-OH 80
g Ph,CHCO,All Ph,CHCO,H 100
h PhOCH,CO,All PhOCH,CO,H 70

i (2-fury)CH=CHCO,All  (2-furyl)CH=CHCO,H 61

j PhCH=CHCO,All PhCH=CHCO,H 100

k  CH, CH,CH,CO,All C¢H,,CH,CH,CO,H 94

ever, the final carboxylic acids were found to contain trac-
es of a polymeric residue released from the matrix that
supports the catalyst. This drawback has been previously
described.!® Such impurities were only detected by 'H
NMR analysis and they could be removed by rapid solid-

phase extraction. Attempts to stabilize the matrix by using
different reaction solvents were unsuccessful.

A synthesis of the protected L-arginine octamer, Rg (3;
Scheme 1), was developed with the aim of obtaining bio-
available conjugates of biologically active peptides. The
solution-phase synthesis approach for protected octaargi-
nine (retrosynthetic analysis in Scheme 1) was based on
the segment-doubling strategy reported by Wender et al.
This methodology is based on successive coupling and se-
lective deprotection steps, which are alternated to prepare
reactive free-amino-end and free-carboxy-end fragments,
then coupled to give double-sized homopolymers.

In contrast to Wender’s procedure,’ the orthogonally pro-
tected amino acids Fmoc-L-Arg(Pbf)-OH (2a) and H,N-
L-Arg(Pbf)-OAll (4; Scheme 1) were selected as starting
materials. The perguanidinylation step was avoided by the
use of 2,2.4,6,7-pentamethyldihydrobenzofuran-5-sulfo-
nyl (Pbf) guanidine protecting group. The orthogonal pro-
tecting strategy also included a base-labile Fmoc group on
the amino terminus, and the allyl group on the carboxylic
terminus. All deprotection conditions were compatible
with each intermediate synthetic structure. Although allyl
removal on the carboxylic ends was first attempted using
soluble tetrakis(triphenylphosphine)palladium, the re-
moval of the catalyst during the purification work-up
proved to be tedious throughout the different synthetic
steps. Instead, the optimized method based on PdEnCat
did not suffer from this problem.

Having optimized the allyl group removal methodology,
the synthesis of octamer 3 was fully accomplished

HNYNH(be) HN NH(be) HN NH(be) HN NH(be)

HN

JH% AL
i N, I I

HN NH(Pbf) HN

(0]

FmocHN\)J\
: OH

iNH
HNZ NH(Pbf)

2a

Scheme 1 Structure and retrosynthetic analysis of protected Rg
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R = (CH2)sNHC(=NH)NHPbf

R (o)
H
INEN
PhSiHg, DCHT FmocHN Y TOH

PdENnCat

THF/H,0 6 (93%)

R 0
H COMU, Oxyma
o COMU, oxyma N\)J\
S e — FmocHN/'\”/ 0" 1,02 M -PrOH, DVF DIPEA. DMF
’ 5 & 2. 0.04 M TBAF, DMF :
R o)
H
NI
NC 5 (98%) HzN/kf( o
/>7COOEt " 5 & _
— O—N 7 (80%)
o N PFS />—COOEt
/' “2me HO—N R o R 0 —
Me (o) H\/u\ H\/U\
Xyma
comu Y PdEnCat FmocHN ; H ; OH
PhSiHz, DCHT o A o &
9 (70%) COMU, Oxyma
—————— 3(25%)
DIPEA, DMF

R b9 R H o THF-H,0
FmocHN/H(N\;)I\HJ\”/N\;)J\o/\/V 0.2 M i-PrOH, DMF
O R O R

2.0.04 M TBAF, DMF
8 (65%)
Scheme 2 Synthesis of the L-arginine octamer

(Scheme 2). Thus, free-carboxy-end segments (6 and 9)
were obtained by microencapsulated palladium promoted
allyl removal, although longer reaction times were needed
for tetramer 9. Free-amino-end segments 4, 7, and 10 were
obtained by Fmoc removal with tetrabutylammonium flu-
oride (TBAF).!! This reagent was chosen instead of piper-
idine to simplify purification. The same methodology
used on the monomer 1a for the preparation of 4 was also
successfully applied with the Fmoc-[L-Arg(Pbf)],-OAll
dimer and tetramer 5 and 8 along the synthetic route.
These conditions afforded the free amines in high yields
and in short reaction times.

Coupling reactions initially worked satisfactorily with the
coupling reagent EDCI and the additive 7-aza-1-hydroxy-
benzotriazole (HOAt). Thus, once dimer 5 was obtained
(71%), it was divided in two portions, which were respec-
tively deprotected to afford the amino or the carboxylic
free-ends. Subsequent coupling of the two portions gave
the corresponding tetramer 8 (60%). However, when the
reactions were conducted with (1-cyano-2-ethoxy-2-oxo-
ethylidenaminooxy)dimethylamino-morpholino-carbeni-
um  hexafluorophosphate  (COMU)'?  and ethyl
(hydroxyimino)cyanoacetate (Oxyma) (Scheme 2), a sig-
nificant increase in yield of dimer 5 was observed (98%),
but little improvement was found for the synthesis of te-
tramer 8 (65%). After deprotection of 8, intermediates 9
and 10 were subjected to a coupling using COMU to af-
ford protected octamer 3 (25%). Although different con-
ditions were carried out by using EDCI or COMU, no
improvement was found during the synthesis of the pro-
tected octamer 3.
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O R O R -
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In summary, a useful synthesis of the orthogonally and
conveniently protected molecular transporter L-octaargi-
nine is reported. The method developed for the deprotec-
tion of allyl esters in the solution phase using solid-
supported catalyst has been modified to simplify purifica-
tion, and the approach has been used in the synthesis of
octaarginine. The scope of this method has been validated
on a series of allyl esters of aliphatic and o,B-unsaturated
carboxylic acids, including a-amino acids, with yields of
more than 60%. The conditions are compatible with other
protecting groups that are frequently used such as tert-bu-
tyl and fluorenyl carbamates. The results of this study add
further support for the utility of solution-based methods
for the synthesis of peptide and peptide derivatives in
which the availability of orthogonal protecting groups is
essential.

Acknowledgment

This investigation was supported by the Instituto de Salud Carlos IIT
(Fondo de Investigacion Sanitaria) through project number
P1041683. A.P.-L. thanks the University of Granada (Spain) for a
graduate student scholarship and a postgraduate research contract.

Supporting Information for this article is available online
at http://www.thieme-connect.com/products/ejournals/journal/
10.1055/5-00000083.

References and Notes

(1) For reports on L-Arg homopolymers as molecular carriers
for cellular uptake, see: (a) Wender, P. A.; Mitchell, D. J.;
Pattabiraman, K.; Pelkey, E. T.; Steinman, L.; Rothbard, J.

Synlett 2014, 25,2319-2322

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



2322

A. M. Pérez-Lopez et al.

LETTER

@
©)
4)

®)

(6)

O

B. Proc. Natl. Acad. Sci. U.S.A. 2000, 97, 13003. (b) Lee, H.
L.; Dubikovskaya, E. A.; Hwang, H.; Semyonov, A. N.;
Wang, H.; Jones, L. R.; Twieg, R. J.; Moerner, W. E.;
Wender, P. A. J. Am. Chem. Soc. 2008, 130, 9364.

(c) Fabbri, E.; Manicardi, A.; Tedeschi, T.; Sforza, S.;
Bianchi, N.; Brognara, E.; Finotti, A.; Breveglieri, G.;
Borgatti, M.; Corradini, R.; Marchelli, R.; Gambari, R.
ChemMedChem 2011, 6, 2192.

Lindgren, M.; Hillbrink, M.; Prochiantz, A.; Langel, U.
Trends Pharmacol. Sci. 2000, 21, 99.

Wender, P. A.; Jessop, T. C.; Pattabiraman, K.; Pelkey, E.
T.; VanDeusen, C. L. Org. Lett. 2001, 3, 3229.

(a) Guibe, F. Tetrahedron 1998, 54, 2967. (b) Brise, S.;
Kirchhoff, J. H.; Kébberling, J. Tetrahedron 2003, 59, 885.
(c) Russell, A. G.; Ragoussi, M. E.; Ramalho, R.; Wharton,
C. W.; Carteau, D.; Bassani, D. M.; Snaith, J. S. J. Org.
Chem. 2010, 75, 4648.

(a) Ramarao, C.; Ley, S. V.; Smith, S. C.; Shirley, . M.;
DeAlmeida, N. Chem. Commun. 2002, 1132. (b) Ley, S. V.;
Ramarao, C.; Gordon, R. S.; Holmes, A. B.; Morrison, A. J.;
McConvey, L. F.; Shirley, I. M.; Smith, S. C.; Smith, M. S.
Chem. Commun. 2002, 1134. (c) Bremeyer, N.; Ley, S. V.;
Ramarao, C.; Shirley, I. M.; Smith, S. C. Synlett 2002, 1843.
(d) Vickerstaffe, E.; Warrington, B. H.; Ladlow, M.; Ley, S.
V. Org. Biomol. Chem. 2003, 1, 2419. (e) Lee, C. K. Y.;
Holmes, A. B.; Ley, S. V.; McConvey, 1. F.; Al-Duri, B.;
Leeke, G. A.; Santos, R. C. D.; Seville, J. P. K. Chem.
Commun. 2005, 2175. (f) Pears, D. A.; Smith, S. C.
Aldrichimica Acta 2005, 38, 23. (g) Baxendale, 1. R.;
Griffiths-Jones, C. M.; Ley, S. V.; Tranmer, G. K. Chem.
Eur. J. 2006, 12, 4407.

(a) Sharma, A. K.; Gowdahalli, K.; Krzeminski, J.; Amin, S.
J. Org. Chem. 2007, 72, 8987. (b) Lecke, G. A.; Santos, R.
C. D.; Al-Duri, B.; Seville, J. P. K.; Smith, C. J.; Lee, C. K.
Y.; Holmes, A. B.; McConvey, 1. F. Org. Process Res. Dev.
2007, 11, 144. (c) Carpita, A.; Ribecai, A. Tetrahedron Lett.
2009, 50, 204. (d) Sedelmeier, J.; Ley, S. V.; Lange, H.;
Baxendale, I. R. Eur. J. Org. Chem. 2009, 4412. (e) Kuang,
Y. Y.; Chen, F. E. Helv. Chim. Acta 2009, 92, 897.

(a) Yu, J. Q.; Wu, H. C.; Ramarao, C.; Spencer, J. B.; Ley,
S. V. Chem. Commun. 2003, 678. (b) Ley, S. V.; Mitchell,

Synlett 2014, 25,2319-2322

®)
©

(10)

(11)
(12)

C.; Pears, D.; Ramarao, C.; Yu, J. Q.; Zhou, W. Org. Lett.
2003, 5, 4665. (c) Ley, S. V.; Stewart-Liddon, A. J. P.;
Pears, D.; Perni, R. H.; Treacher, K. Beilstein J. Org. Chem.
2006, 2, 15. (d) Quai, M.; Repetto, C.; Barbaglia, W.;
Cereda, E. Tetrahedron Lett. 2007, 48, 1241. (e) Kimachi,
T.; Nagata, H.; Kobayashi, Y.; Takahashi, K.; Torii, E.;
Ju-ichi, M. Synlett 2011, 365.

Fernandes, A.; Hensenne, P.; Mathy, B.; Guo, W.; Nysten,
B.; Jonas, A. M.; Riant, O. Chem. Eur. J. 2012, 18, 788.
Microencapsulated Palladium Catalyzed Cleavage of
Allyl Esters; General Procedure: A suspension of
PdEnCat 30 (Aldrich; 0.4 mmol/g loading, 0.05 equiv) in
THF-H,0 (9:1, 5 mL) was bubbled with argon for 10 min.
After this time, DCHT (0.15 equiv) and the corresponding
allyl ester 1 (1.0 equiv, 70 mg) were added under positive
pressure. Finally, PhSiH; was injected (2.0 equiv), and the
mixture was allowed to react for 2 h at r.t. under an argon
atmosphere. After this time, the reaction was filtered through
Celite and the filtrate was evaporated under reduced
pressure. The remaining solid was dissolved with EtOAc (20
mL) and washed with H,O (3 x 10 mL) and brine (3 x 10
mL). The organic layer was dried (MgSO,) and evaporated
under vacuum. Purification by solid-phase extraction (C18
reverse-phase chromatography, H,O/MeOH) gave pure
carboxylic acids 2 (yields shown in Table 1). Purity was
determined by HPLC, '"H NMR and *C NMR analyses. All
the carboxylic acids are commercially available. The
recorded 'H and '3C NMR spectra of the synthesized
compounds were consistent with those registered for
commercial samples.

Tobiana, J.; Chidambaram, M.; Santo, A.; Sasson, Y. Adv.
Synth. Catal. 2008, 350, 1230.

Ueki, M.; Amemiya, M. Tetrahedron Lett. 1987, 28, 6617.
(a) El-Faham, A.; Subirds-Funosas, R.; Prohens, R.;
Albericio, F. Chem. Eur. J. 2009, 15, 9404. (b) Subiros-
Funosas, R.; Nieto-Rodriguez, L.; Jensen, K. J.; Albericio,
F. J. Pept. Sci. 2013, 19, 408. (c) Subir6s-Funosas, R.;
Prohens, R.; Barbas, R.; El-Faham, A.; Albericio, F. Chem.
Eur. J. 2009, 15,9394,

© Georg Thieme Verlag Stuttgart - New York

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.



