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The protection of arginine (Arg) side chains ig@c@l issue in peptide chemistry because of
the propensity of the basic guanidinium group tdpice side reactions. Currently, sulfonyl-
type protecting groups, such as 2,2,5,7,8-pentarfodtftoman (Pmc) and 2,2,4,6,7-
pentamethyldihydrobenzofurane (Pbf), are the madé¢hy used for this purpose. Nevertheless,
Arg side chain protection remains problematic assalt of the acid stability of these two
compounds. This issue is even more relevant inrtysequences, acid-sensitive peptides and
large-scale syntheses. The 1,2-dimethylindole-8sul (MIS) group is more acid-labile than
Pmc and Pbf and can therefore be a better optioArfpside chain protection. In addition, MIS
is compatible with tryptophan-containing peptides.

Introduction

Most peptides synthesized on a solid-phase arepdpsing the Fmaett-butyl strategy-?
Thus,a -amino temporary protection is achieved whthbase labile 9-
fluorenylmethoxycarbonyl (Fmoc) group; amino adikschains are protected by
trifluoroacetic acid (TFA)-labile protecting groypssually'Bu derivatives; and th€-terminal
amino acid is anchored to the solid support thraugdlrA-labile linker/handle. Nevertheless,
tert-butyl-type protection of a number of amino acslsiot the best option because of factors
such as inefficiency in preventing side reactionsmiadequate TFA lability. Among these
amino acids, protection of the basic guanidiniumugrof Arginine (Arg) is possibly the most
critical casée.

Currently, the most frequently used T-labile Arg-protecting groups are based on elec-
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rich benzene sulfonyl moietiéS hese groups are, in increasing order of aciditabd-
methoxy-2,6-dimethylbenzenesulfonyl (Mds);methoxy-2,3,6-trimethylsulfonyl (Mt#€),
2,2,5,7,8-pentamethylchroman-6-sulfonyl (Pretand 2,2,4,6,7-
pentamethyldihydrobenzofurane-5-sulfonyl (Pifig( 1).8:°
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Fig. 1 Protecting groups for the side-chain of
Arg.

All of these mask the reactivity of th¢”, are commercially available and have been
extensively used in the Fm&i solid-phase stratedyNevertheless, the problem of the side
chain protection of Arg remains unsolved becausa ¢lre Pbf group is too stable to TFA and
its removal requires high TFA concentrations amgjltreatment times, which may not be
appropriate for acid-sensitive peptides. The camstbecome increasingly more demanding
when preparing multiple Arg-containing peptidesjshhshow biological properties of great
interestt!

The design of a new sulfonyl-based Arg-protectingug is not a straightforward process in
the sense of simply adding electron-donating graa@s aromatic ring, because the planarity
of the system, which is essential for TFA lability not easily conserved because of the
presence of the sulfonyl group. Thus, trimethoxyesesulfonyl (Mtb), which contains more
electron-rich substituents (3 MeO) is less acididainan Mds (1 MeO, 2 Me) and Mtr (1 MeO,
3 Me)$ This characteristic is attributed to the loss lahprity caused by the presence of the two
methoxy groups near the sulfonyl group. Furthermibre sulfonyl derivative of 3,4-
ethylenedioxythiophene (EDOT), whose derived conmgsuare highly labile to TFA as
carboxylic acid protectors,is not labile as an Arg side-chain protector, fgigdecause of the
same loss of planarity.Common side-reactions associated with the useeskt
benzenesulfonyl-based protecting groups are aoylati sensitive residues, such as Frpg
sulfonation of Trp and/or Arg residues themsel?eéghese side reactions are favored by the
decomposition of the sulfonyl-protecting groupwotmoieties, the arylcarbocation, which is
an alkylating agent, and the sulfonyl part, whieln cause addition of sulfur trioxide on the
peptidic chairt?

In an attempt to overcome the above mentioned caek#) we describe herein a new more
acid-labile Arg side chain-protecting group basedte indole system.

Results and discussion
General

A TFA-labile protecting group should be based orleatron-rich system. In this regaid,
alkylindole derivatives have been used as-labile amide linker*¢ and amide backbor
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protectors Taking this into account, we chose 1,2-dimethydiee3-sulfonyl (MIS) as a
guanidinium-protecting groug-{g. 1). The extra methyl at position 2 should incredseacid
lability of the protecting group and prevent eleptrilic aromatic substitution. Furthermore, the
1,2-dimethylindole is commercially available.

As the 1,2-dimethylindole is prone to polymerizatia strong acidic conditions, sulfonation
of the indole ring must be carried out in neutrabasic media. Thus, chlorosulfonic acid,
which is the reagent of choice for Pmc and Pbfoswyifation, cannot be used in the case of 1,2-
dimethylindole. Nevertheless, the use of sulfuide pyridine complex yielded the
corresponding pyridinium sulfonate in good yi€lhlorination under mild conditions by
treatment with oxalyl chloride yielded 1,2-dimetimglole-3-sulfonyl chloride (MIS-CI). These
conditions gave much better overall yield (80%htose attained with Pbf and Pmc (51% and
53% respectively)g with the advantage that 1,2-dimethylindole is canerally available
(Scheme )L

Synthesis of multiple arginine-containing peptidesising MIS and Pbf protection

We prepared Fmoc-Arg(MIS)-OH in a similar way to &Rbf derivatives$: using Z-Arg-OH
as starting material. Z-Arg-OH was sulfonylatedh&N® position with MIS-Cl and the Z
group was removeda catalytic hydrogenolysis. Final Fmoc protectiorsveaghieved by using
Fmoc-2-mercaptobenzothiazole (Fmoc-2-MBT) becalseise of other more active Fmoc
derivatives leads to the formation of dipeptidesthier side reaction§:2°

As Pbf removal is more complicated in multiple Argataining peptides, Ac-Phe-Arg-Arg-
Arg-Arg-Val-NH, was chosen as a model peptide to compare thdaddidy of MIS and
Pbf&21 The corresponding Pbf- and MIS-protected peptwde® prepared using standard solid-
phase peptide synthesis protocols on Sieber aresgiie, which allows cleavage from the resin
with small amounts of TFA (2%), thereby yielding tMIS- and Pbf-protected peptides
respectively with excellent purity.
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Scheme 1Synthetic pathway for the
preparation of Fmoc-Arg(MIS)-OH.

Removal assays

To compare the acid lability of the Pbf group, whis more acid-labile than Pmc, with the MIS
group, protected peptide-bonded resins were trawithdr FA—CH,Cl,—H,0-TIS 60: 45 :

2.5:2.5) for 30 (MIS, 100%; Pbf, 4%) and 60 miti$, 100%; Pbf, 38%). These assays
revealed that the MIS group is considerably moré-kdile than the Pbf one.

Also, the MIS derivative generated in the removakpss differs from the case of Pbf. For
Pbf and Pmc, 2,2,5,7,8-pentamethylchroman and,8,Z;$¢entamethyldihydrobenzofurane,
respectively, are formeda a desulfonylation mechanisiyhile for MIS, the sulfonic acid
(MIS-OH) was stable and was not desulfonated.

Optimization of the scavengers used in the removal

As MIS-OH is a polar compound, it precipitates dgrthe ether treatment after the cleavage
step. Alternative scavengers tgHwere tested to reduce the amounts of the strdmygly
absorbant MIS-OH in order to facilitate purificaticAmong the scavengers tested, the optimum
were 10% 3,4-dimethoxyphenol, 1,3,5-trimethoxybeeze mb) or 3,5-dimethoxyphenol. The
use of these scavengers reduced the amounts oOMISore than 10 fold (40 times in the

case of Tmb), thereby simplifying HPLC purificatitmyield the final product.

Synthesis of Trg-containing peptides
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To check the compatibility of the MIS group withpl?? we first synthesized the model peptides
Z-Arg(MIS)-Trp(Boc)-Ala-Gly-NH, and Z-Arg(Pbf)-Trp(Boc)-Ala-Gly-NKon a Sieber amide
resin, which were obtained with an excellent HPLLEity. Afterwards, both resins were treated
with TFA-CH,Cl,-trimethoxybenzene (50 : 40 : 10) to compare théipa of Trp-containing

peptides after MIS and Pbf removal. Trp alkylatwrsulfonation was not detected in either
case. The purity of the crude product was greatéra case of MIS and neither the MIS-
protected peptides nor MIS-OH were detected by LE-Mevertheless, in the case of the Pbf
experiment, considerable amounts of the Pbf-pretepeptide were detected (34% compared to
unprotected peptide, HPL%, =220 nm).

In summary, MIS is the most acid-labile sulfonypéyprotecting group for Arg described to
date. This feature makes it highly convenient fer $ynthesis of multiple Arg-containing
peptides or peptides that contain acid-sensitiveeties. Furthermore, MIS is compatible with
Trp-containing peptides.

Experimental section
Synthesis of the protecting group and Arginine progction

Pyridinium 1,2-dimethylindole-3-sulfonate (1).1,2-Dimethylindole (14.5 g, 99.8 mmol)
and sulfur trioxide pyridine complex (19.1 g, 11&é&ol) were dissolved in pyridine (70 mL)
under an Ar atmosphere. The reaction mixture wisxed for 1 h and HPLC indicated the
reaction was complete (99.2% HPLC conversion, 282 ifhe reaction mixture was cooled to
60 °C and concentrated under vacuum to give a.sbiid crude product was used directly for
the next steg? 'H NMR (400 MHz, DO): & = 8.44 (d, 2H, 2CH] = 5.8 Hz), 8.31 (m, 1H,
CH), 7.75 (m, 2H, 2CH), 7.67 (d, 1H, CBiz 7.7 Hz), 7.14 (d, 1H, CH),= 7.4 Hz), 7.05 (m,
2H, 2CH), 3.38 (s, 3H, Cji, 2.41 (s, 3H, CE).13C NMR (100 MHz, DO): &6 = 147.0 (CH),
140.9 (CH), 139.2 (C), 135.6 (C), 127.3 (CH), 124"}, 122.0 (CH), 121.0 (CH), 119.2 (CH),
112.8 (C), 109.9 (CH), 29.2 (CH 10.4 (CH). HRMS (Cl):m/z calcd. for G,H,,NO,S [M-H]*
224.0386, found 224.0388.

1,2-Dimethylindole-3-sulfonyl chloride (MIS-CI) (2) All the crude product obtained in
the previous step was suspended in dry@JH200 mL) under Ar atmosphere. The suspension
was cooled in an ice bath and oxalyl chloride (2).058 mmol) was slowly added. DMF (0.5
mL) was then slowly and carefully added and vigaretiervescence was observed. The
reaction mixture was stirred in an ice bath foufer 30 min until the effervescence ceased
and was then stirred at room temperature for 2rhaliguot (6+ L) was then treated with
MeOH for 20 min and injected into the HPLC appasatuhich showed the presence of methyl
1,2-dimethylindole-3-sulfonate and an absenceaotisag material. CECI, (200 mL) was
added to the reaction mixture and it was cooldaetow 5 °C. HO (2-8 °C, 150 mL) was

added and the mixture was stirred for 10 min. Tigawoic phase was separated and washed
with 2—8 °C HO (2 x 150 mL), and dried with anhydrous Mg3®5 g). The solution was then
concentrated toa.40 mL. The solid was filtered off and washed witH,Cl,—n-hexane (1 : 1,
60 mL). The solid was dried under vacuum to gigétipink solid (19.6 g, 80.4% vyield, 98%
HPLC purity, base on 1,2-dimethylindole). Mp = 6473.5 °C.*H NMR (400 MHz, DMSOe-
6):6 =7.82 (d, 1H, CH) = 7.8 Hz), 7.36 (d, 1H, NH} = 8.0 Hz), 7.08 (m, 2H, 2CH), 7.00 (m,
2H, 2CH), 3.63 (s, 3H, CHi 2.56 (s, 3H, CE). *C NMR (100 MHz, DMSOd-6): &6 = 137.2
(C), 135.9 (C), 125.5 (C), 121.4 (CH), 120.8 (CH)0.1 (CH), 109.7 (CH), 30.0 (CH11.3
(CH,). HRMS (Cl):mvz calcd. for G,H,,NO,S [M—CI]~ 208.0426, found 208.0427.

Z-L-Arg(MIS)-OH (3). Z-L-Arg-OH (2.05 g, 6.7 mmol) was suspended in 8duieous
NaOH (6.7 mL, 20 mmol) and acetone (13.3 mL) wateddo dissolve the product. The
reaction was cooled in an ice bath and 3 N aquBla@H (6.7 mL) and a solution
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compound? (3.69 g, 14.7 mmol) in acetone (13.3 mL) were $iameously added over 10 min.
The reaction mixture was stirred at 0 °C for 2 0 ahroom temperature for a further 2 h. After
that time, starting materi2lwas no longer detected by TLC (hexane—EtOAc,)1 HJO (100

mL) was added and the suspension was washed \etttytiether (3 x 80 mL). The aqueous
phase was acidified to pH 2—3 by addition of 1 NIHe precipitate obtained was filtered,
washed with acidic water (pH 2—3) and driedvacuo.The crude product obtained was purified
by column chromatography (Cél,, MeOH, 1% HOACc). The solvent of the pure fractioves
removedn vacuoto yield an oil. This process was repeated. HexanteCHCI, were then
sequentially added and a precipitate appearedratching. The solvent was decanted and the
solid was washed 4 times with GEl,—hexane (enough hexane to precipitate all the jotddioi
remove HOAc and giv8 (0.70 g, 20.4% yieldy* Mp = 155.5-159.1 °GH NMR (400 MHz,
DMSO0-d-6): 8 = 7.85 (d, 1H, CHJ = 7.6 Hz), 7.52 (d, 1H, NH] = 8.0 Hz), 7.43 (d, 1H, CH,

= 8.0 Hz), 7.30 (m, 5H, 5CH Z), 7.10 (m, 2H, 2CBIQ1 (s, 2H, Ck), 3.87 (m, 1Hax CH),

3.66 (s, 3H, CH), 3.0 (m, 2H, CH), 2.60 (s, 3H, Ck), 1.64 (m, 1H, CE), 1.49 (m, 1H, CH),
1.41 (m, 2H, CH).:*C NMR (100 MHz, DMSOd-6): 6 = 174.4 (C), 157.0 (C), 156.8 (C),
139.4 (C), 137.7 (C), 135.9 (C), 129.0 (CH), 12&Hl), 128.4 (CH), 125.2 (C), 122.1 (CH),
121.1 (CH), 120.1 (CH), 110.4 (CH), 66.1 (3}+b4.3 (CH), 40.0 (Ch), 30.2 (CH), 28.9

(CH,), 26.4 (CH), 11.4 (CH). HRMS (Cl):nmVz calcd. for G,H,N.O.S [M + HJ* 516.1911,
found 516.1911.

H-L-Arg(MIS)-OH (4). A mixture of3 (486 mg, 0.94 mmol) and Pd/C (10%) (110 mg) in
MeOH (60 mL) was hydrogenated overnight at atmosplpeessure. After this time, TLC
(CH,CL,-MeOH-HOAC, 90:9:1) still showed some starting mateMore 10% Pd/C (100 mg)

was added and the mixture was hydrogenated fartlaeiu24 h, after which TLC showed the
absence of starting material. The reaction mixtuas filtered over celite and evaporated to
dryness to yield! (352 mg, 98% yield). Mp = 153.2-155.0 @ NMR (400 MHz, DMSOe-
6): 8 = 7.83 (d, 1H, CHJ = 7.6 Hz), 7.47 (d, 1H, NHl = 8.1 Hz), 7.42 (d, 1H, CH,= 8.1
Hz), 7.11 (m, 2H, 2CH), 3.65 (s, 3H, QH3.17 (m, 1H, CH), 3.00 (m, 2H, GH2.60 (s, 3H,
CH,), 1.65 (m, 1H, CH), 1.54 (m, 1H, CH), 1.42 (m, 2H, CE). HRMS (Cl):nv/z calcd. for
C,sH,,NO,S [M + HJ* 382.1544, found 382.1542.

Fmoc-Arg(MIS)-OH (5). H-Arg(MIS)-OH (250 mg, 0.658 mmol) was suspended%h
aqueous NALO, (2 mL). 1,4-dioxane (2 mL) was added and the prodas dissolved. The pH

was basified to 9-10 with saturated aqueougCRea (300K L in our case). Fmoc-2-
mercaptobenzotiazole (Fmoc-2-MBT) (256 mg, 0.658atnm 1,4-dioxane (708 L) was
slowly added. The pH was kept between 9 and 10 sathrated agueous )&O, and the
resulting suspension was stirred overnight. Aféehlof reaction, 5D (9 mL) was added, the
pH was neutralized with 1 N HCI and the solutiorswaashed withiert-butylmethyl ether (3 x

5 mL). The aqueous phase was acidified to pH 243 WN HCI and extracted with EtOAc (3

x 7 mL). Note that to dissolve the precipitateddua vigorous stirring is required. The organic
phases were pooled, dried over dry MgSiiltered and evaporated to dryness, thereby iigld
a solid. Various co-evaporations with ¢, were performed to yield the desired product as a
solid (207 mg, 52% yield). Mp = 137.2-146.4 *9.NMR (400 MHz, DMSO€-6): 6 = 7.86

(m, 3H, 3CH), 7.70 (d, 2H, 2CH,= 7.4 Hz), 7.59 (d, 1H, NHI = 7.9 Hz), 7.42 (d, 1H, CH,

= 8.1 Hz), 7.39 (m, 2H, 2CH), 7.30 (m, 2H, 2CHLd(m, 2H, 2CH), 4.27 (m, 2H, CH 4.20
(m, 1H, CH), 3.86 (m, 1H, CH), 3.66 (s, 3H, gi8.01 (m, 2H, CH), 2.61 (s, 3H, CFE), 1.65

(m, 1H, CH), 1.52 (m, 1H, CH), 1.38 (m, 2H, CH). *C NMR (100 MHz, DMSOd-6): 5 =
174.4 (C), 157.0 (C), 156.8 (C), 144.5 (C), 1414, (@39.4 (C), 135.9 (C), 128.3 (CH), 127.8
(CH), 126.0 (CH), 125.2 (C), 122.1 (CH), 121.1 (C#20.8 (CH), 120.1 (CH), 110.4 (CH),
66.3 (CH), 55.6 (CH), 47.3 (CH), 40.0 (CH 30.2 (CH), 28.8 (CH), 26.5 (CH), 11.4 (CH).
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HRMS (Cl):m/z calcd. for G,H;,N.O.S [M + H]* 604.2224, found 604.2222.

Synthesis of arginine-containing model peptides usy MIS and Pbf protection

Ac-Phe-Arg-Arg-Arg-Arg-Val-NH , (model peptide 1) Ac-Phe-Arg(MIS)-Arg(MIS)-Arg
(MIS)-Arg(MIS)-Val-NH. Sieber amide resin (25 mg, 0.42 mmol/g) was placed2 mL
polypropylene syringe fitted with a polyethylenksfi disc. The resin was swollen with GEl,,
washings with CECl, and DMF were carried out and the Fmoc group wamved by
treatment with piperidine-DMF (2 : 8) (1 x 1 min¥ZL0 min). Fmoc-L-Val-OH (14.3 mg, 42.1
Kmol) was coupled using HOBt (5.7 mg, 4£.1 mol) @@ (6.71L, 42,14 mol) in DMF, t =
90 min. The Fmoc group was removed in the usualavayFmoc-L-Arg(MIS)-OH (15.8 mg,
26.34 mol) was coupled using PyBOP (13.7 mg, £6.3)) rHOAt (3.6 mg, 26.% mol) and
DIPEA (13.44 L, 78.9¢ mol) in DMF for 90 min. The nesvas acetylated by treatment with
Ac,0O (50 eq.) and DIPEA (50 eq.) in DMF for 25 min.eTlhmoc group was removed and the

same procedure was repeated three more times|atejythe resin before each Fmoc removal.
After the last Fmoc removal, Fmoc-L-Phe (13.6 nigt®@0l) was coupled using PyBOP (18.3
mg, 354 mol) HOAt (4.8 mg, 35 mol) and DIPEA (1H.9 105.2¢ mol) in DMF for 90 min.
The Fmoc group was removed and the resulting fr@aagroup was acetylated as before. The
resin was washed with DMF, C€ll, and diethyl ether, drieitt vacug and divided into five

aliquots. One of these was swollen with CH, and treated with 1.5 mL of TFA-CEI,-TIS-
H,O (2 :93:2.5:2.5) for 20 min in order to cleahe protected peptide from the resin. The
resin was filtered and the solution collected wiaged with CH,CI, and neutralised by adding
DIPEA (80K L, 1.2 eq. per eq. of TFA). The solverasithen removeith vacug and HO and

AcCN were added and the solution was frozen anghii@aed. The product obtained was
characterised by LC-MS and HRMS (Qi)iz calcd. for G,H,,;N,.,0,:S, [M + Na]* 1780.7092,

found 1780.7152.

Ac-Phe-Arg(PDbf)-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Val-NH he same procedure as for the

synthesis of peptidé was used but replacing Fmoc-L-Arg(MIS)-OH by Fmoéwrg(Pbf)-OH
(17.1 mg, 26.% mol). The product obtained was attarsed by LC-MS and HRMS (Cliy/z
calcd. for G,H,3N,,0,S, [M + H]* 1938.9137, found 1938.9202.

Removal assay§&eneral procedure: the resin (3 mg) was treatdd elatavage solution
(50K-L). After the cleavage time, the solution wasifed into HO (4 mL), and TFA and

CH,CI, were evaporated. The resulting aqueous soluticnweshed with CKCI, (6 x 1 mL),
frozen, lyophilized and analyzed by HPLi. ( = 220)ramd ESMS or MALDI-TOF.

Optimization of the scavengeie same procedure as for the removal assays was
followed. In all the experiments the resin wastedavith TFA-CHCI,-scavenger (50 : 40 : 10)

(50KL) for 1 h. The scavengers tested were 3,4-ioxyphenol, 1,3,5-trimethoxybenzene
(Tmb) or 3,5-dimethoxyphenol.

Z-Arg-Trp-Ala-Gly-NH , (model peptide 2)Z-Arg(MIS)-Trp(Boc)-Ala-Gly-NKHand Z-
Arg(Pbf)-Trp(Boc)-Ala-Gly-NH Sieber amide resin (70 mg, 0.40 mmol/g) was placed?

mL polypropylene syringe fitted with a polyethylefileer disc. The resin was swollen with
CH,CI,, washings with CECI, and DMF were carried out and the Fmoc group wamved.
Fmoc-L-Gly-OH (33.3 mg, 11®2 mol), Fmoc-L-Ala-OH (84mg, 112 mol) and Fmoc-L-Trp
(Boc)-OH (59.0 mg, 11E mol) were sequentially cegplising PyBOP (58.3 mg, 1£2 mol)
HOALt (15.2 mg, 11# mol) and DIPEA (5#4 L, 386 miolDMF, t = 1.5 h. The resin was
divided into two equal par
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Part 1 [Z-Arg(MIS)-Trp(Boc)-Ala-Gly-NE. Z-Arg(MIS)-OH (28.9 mg, 5& mol) was
coupled using PyBOP (29.2 mg, k6 mol) HOAt (7.6 8% mol) and DIPEA (28.F L, 168
kmol) in DMF, t = 1.5 h. The resin was washed witlil CH,CI, and diethyl ether, drieit
vacuoand divided into 4 mg aliquots. One of them waselkm with CHCI, and treated with
1.5 mL of TFA-CHCL-TIS-HO (2 : 93 : 2.5 : 2.5) for 20 min in order to cledhe protected

peptide from the resin. The resin was filtered tinedcollected solution was diluted with
CH,CI, and neutralised by adding DIPEA (80 L, 1.2 eq.qmerof TFA). The solvent was then

removedn vacug and HO and AcCN were added and the solution was fronenysoophilized.

The product obtained was characterised by LC-MSo(@arity). HRMS (Cl):m/z calcd. for
C,sH:s N, O,S [M + H]" 929.3974, found 929.3969.

Part 2 [Z-Arg(Pbf)-Trp(Boc)-Ala-Gly-Nk. Fmoc-Arg(Pbf)-OH (36.3 mg, 35 mol) was

coupled using PyBOP (29.2 mg, 6 mol), HOALt (7.6 B} mol) and DIPEA (28.F L, 168
Hmol) in DMF, t = 1.5 h. The Fmoc group was remowed the free amine was protected with
the Z group by treatment with Z-OSu (14.0 mgi56 l)rand DIPEA (35.% L, 216 mol). The
resin was then washed with DMF, G, and diethyl ether, drieh vacug and divided into 4

mg aliquots, one of which was cleaved in the samg as for Part 1. The product obtained was
characterised by LC-MS (96% purity).

Z-Arg-Trp-Ala-Gly-NH from Z-Arg(MIS)-Trp(Boc)-Ala-Gly-NHTwo aliquots from Part
1 were treated with TFA-CJ@1,—1,3,5-trimehtoxybenzene (50 : 40 : 10) and TFA;CIH-
H,O (50 : 45 : 5) respectively for 1 h following t@eneral procedure for the removal assays
described above. In the latter case, ngTwashings were performed. The two crude

products resulting from these treatments were aedlypy LC-MS. No Trp alkylation or
sulfonation nor MIS-protected peptide were observed

Z-Arg-Trp-Ala-Gly-NH from Z-Arg(Pbf)-Trp(Boc)-Ala-Gly-NHAn aliquot from Part 2
was treated with TFA-CICl,-trimehtoxybenzene (50 : 40 : 10) for 1 h followitihg General

procedure for the removal assays described abdweetarget peptide was analyzed by LC-MS
(60% purity). 17% of Pbf- protected peptide wasdtetd and no Trp alkylation or sulfonation
was observed.
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In other experiments the final product was igmlaising the following work up: The
reaction mixture was cooled to room temperaturely@iwas added (400 mL). The

resulting solution was washed with diethyl ethek (250 mL). The aqueous phase was
evaporated to dryness and dried in the vacuumadgesito render a red oily solid (96%
yield), which was characterized by NMR and HRMS.

A similar procedure which avoids the column chatography purification and may be
more convenient for industrial scale has also loeyeloped: Z-L-Arg-OH (5.0 g, 16.2
mmol) was dissolved in acetone (160 mL) and 3 Neaga NaOH (45 mL, 135 mmol).
The reaction was cooled in an ice bath and compa@yB8aB5 g, 15.8 mmol) dissolved in
acetone (100 mL) was added over 10 min. The reaatiature was stirred for 1 h at 0 °C.
Additional, 2 (1.9 g, 7.8 mmol) in acetone (50 mL) was then dddéowed by 90 min of
stirring at O °C. Finally, a last portion of compwl? (1.9 g, 7.8 mmol) in acetone (50 mL)
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was added and the reaction mixture was stirred’@tfor additional 30 min and at room
temperature for 3 h. At this point, speckewas no longer observed by HPLC. Acetone,
was distilled out under vacuum ang@(100 mL) was added (pH = 14). Then EtOAc (

mL) was added and the pH adjusted to 3.0 with 5§&eaus citric acid. The solution
became 3 phases. The above organic phase as el asderneath oil phase were
separated. D (30 mL) was added to the oil phase, and the ptisseti to 10. To make tl

solution more homogeneous, EtOAc (50 mL) was adaetthe pH adjusted to 3.0. The
EtOAc phase was separated and combined with thA&pbase from the first extraction.
The combining solution was concentrated to 100 HYO (100 mL) was added, the pH

was adjusted firstly to 10 and finally to 3.0. Aig point, the aqueous phase was
discharged. This process was repeated and the E¢GlAtton was concentrated to give a
light yellow solid (2.9 g, yield: 24.5%, HPLC pwit70.6%).

Footnote

T Electronic supplementary information (ESI) avaialbetailed experimental procedures for intermiedia

final Fmoc-Arg(MIS)-OH, and peptide¥1- and'3C-NMR spectra and HPLC chromatograms. See DOI:
10.1039/b9048369g
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