
COMPARISON OF THE APPLICABILITY OF 
2-HYDROXYETHYLSULFONYLMETHYL- AND 

CHLOROMETHYL-POLYSTYRENES IN THE 
SOLID-PHASE SYNTHESIS OF 

PROTECTED PEPTIDES 

J. T. W. A. R. M. BUIS, G. I. TESSER* and R. J. F. NIVARD 
Department of Organic Chemistry, Catholic University, Toernooiveld, Nijmegen, The Netherlands 

(Receivedin the UK 24 Nocemher 1975; Acceptedforpublication 22 Murch 1976) 

Abstract-ln order to compare the applicability of resins in the preparation of protected peptides two solid-phase 
syntheses of a protected ACTH-(5-IO)-hexapeptide have been performed, one using 2-hydroxyethylsulfonylmethyl- 
polystyrene and the other with Merrifield’s chloromethylated polystyrene. To obtain a good comparison, equivalent 
methods were used as far as possible. Optimal conditions for deprotection of amino groups and for the liberation of 
the end-product were determined. Chromarographic examination of the crude fission products of the peptidyl resins 
presented important clues towards the nature of the underlying fission mechanism. Using an automated peptide 
synthesizer the pure end-product was obtained from both resins in approxi~tely the same yield (ca. 70%). It 
appeared that the isolation of the product from the sulfone resin is less laborious, since the critical alkali-treatment. 
necessary for the liberation of the product, proceeds faster and, if properly carried out. avoids transeste~fication. 

In the preceding article’ the preparation of 2- 
hydroxyethylsulfonylmethyl polystyrene was described 
and the usefulness of this resin in solid-phase syntheses of 
peptides was demonstrated by the preparation of a simple 
model peptide. The resin appeared to provide attractive 
possibilities for the preparation of protected peptide 
intermediates, since cleavage from the resin could be 
performed by a brief treatment with alkali which 
preserves acid-labile protecting groups. Unexpectedly the 
carefully chosen alkaline reagent also detached protected 
peptides from Merrifield’s resin during comparable 
reaction periods. The availability of a common cleavage 
procedure for adducts of both resins offered an opportun- 
ity to compare the general usefulness of the novel sulfone 
resin with the conventional resin in the preparation of 
protected peptides. To that aim a protected peptide had to 
be prepared on each resin, using critically evaluated but 
generally equal procedures. a-ACTH-(5-lO)-hexapeptide 
(la) in its protected form (lb) was chosen as the 
model-peptide. It contains several amino acids which 
raise problems in the usual performance of solid-phase 
syntheses: especially in the acidolytic cleavage of the 
final peptide-resin ester. Moreover, lb constitutes a 
known intermediate of general suitability~ for the prepara- 
tion of cort~cotrophic peptides. 

H-Glu-His-Phe-Arg-Trp-Gly-OH (la) 

ZGlu(OBu’)-His-Phe-Arg(NO>)-Trp-Gly-OH (lb) 

Synthetic design 
Boc-groups were used for the temporary protection of 

a-amino functions, and dicyclohexylcarbodiimide (DCC) 
as the condensing agent in the successive coupling steps 
with both resins. In preliminary experiments, Mitin’s 
coupling procedure’ was attempted for the introduction of 
the Boc-Arg(NO$ residue. This was in order to circum- 
vent the reported ~~culties~ with this particular amino 
acid, but the acylation could not be conducted to 

completion. Eventually the DCC-method was also 
adopted for the introduction of Arg(NO& During the last 
two cycles the side-chain of the histidyl residue was 
protected with the DNP-group.’ This protective function 
is lost during the alkaline detachment of the peptide from 
the resin, but its selective removal from the resin adduct 
prior to the detachment, was preferred. This was 
performed effectively without rupture or derivatisation of 
the sulfone moiety by thiolysis with thiophenol.’ 

methods 
~niroduct~on of the C-terminal residue into fhe 

resins. Esterification of Boc-Gly-OH with the suIfone 
resin was performed with DCC, as described in the 
preceding communication. Elemental analysis of resin 
samples revealed that the esterification rate slowed down 
with increasing time, probably as a consequence of the 
varying accessibility of OH groups in the resin. However, 
from a sulfone resin containing I. 15 mmoles of sulfur/g of 
resin a useful Boc-Gly-polymer containing0.34 mmoles of 
the amino acyl residue/g of resin was obtained in 4 hr. The 
remaining OH groups were blocked by formylation.* 

For the introduction of Boc-Gfy-OH into the 
chloromethy1ated resin the dicyc1ohexylammonium salt 
was used. The reaction was performed by suspending the 
polymer in ~methylformamide and heating the system for 
several hr at 70’ to give a polymeric (I -alkoxyimmonium 
chloride (2). This adduct reacted on addition of the 
dicyclohexylammonium salt with formation of an ester 
linkage, also yielding dicyclohexylammonium chloride. In 

CH,, Cl0 7 
,N%H-<OXH, P 

7 0) 
CH. BocGly-Oe’ 

-0 

about 4 hr a resin containing 1.66 mmoles of Cl/g of resin 
gave a product containing 0.45 mmoies of Boc-Gly- 
residues/g, but no tertiary amino groups. 
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Cleavage of Boc-groups. Several acid reagents have 
been recommended for the removal of Bocgroups from 
peptides in solution, but not all of them are applicable to 
the solid-phase method.9 Special attention was therefore 
paid to the selection of a reliable cleavage procedure for 
Boc-groups. Possible damage of the ester bond with the 
sulfone resin was not contemplated, since experiments 
with model compounds’* had revealed that ester bonds in 
benzylsulfonylethyl amino acid esters are acid stable, and 
even resistant to 4N HBr in acetic acid. However, it is 
known that in acid medium sensitive side-chains as 
present in tryptophan can undergo oxidative deterioration 
which is usually accompanied by strong discolouration, 
and alkylation can also occur. 

Deprotection of Boc-Trp-OH by dissolution in pure 
formic acid” (6 mmolar) or in 2 N BK-e.therate’* in acetic 
acid (6 mmolar) surpassed cleavage with trifluoroacetic 
acid-dichloromethane”~” or the same reagent in the 
presence of 10% (v/v) @-mercaptoethanol. With the 
above-mentioned reagents deprotection was complete 
after 10 mm. Discolouration was observed only after 4 hr 
treatment with the second reagent. Derivatisation of 
liberated t~ptoph~e was not ~rceptible on TLC. 

The ~fluoroa~tic acid containing reagents required 
much longer reaction times (about 2.5 hr). In the absence 
of mercaptoethanol discolouration started in this case 
after about 1.5 hr. In the presence of the reducing agent 
colourless by-products were detected after 3 hr. 

The usefulness of deprotecting agents for polymeric 
Bocderivatives was tested with the Boc-Gly derivative of 
Merrifield’s resin (Table 1). Progress of the cleavage could 
be followed fairly well from the disappearance of 
IR-peaks which are due to the Boc-group at 1500, 1385, 
1250 and 1050cm-’ or more accurately by TLC of the 
detached amino acid. No cleavage was observed with 
formic acid, either concentrated or in the presence of 
c~oroform to swell the resin, Boc-groups were removed 
easily by the boron trifluo~de reagent and the 
trifluoroacetic acid mixture. 

Considering the observations with Boc-Trp-OH in 
solution the system BF,.OEtz/AcOH/HCOOH 
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(0.70molar) was adopted finally for general use. It 
combined the reductive properties of formic acid with the 
favourable characteristics of the boron trifluoride reagent. 
Two treatments (IS min) were routinely employed. The 
liberated amino groups were then deprotonated with 10% 
diethylamine in dichloromethane, which proved to be 
harmless to the anchoring ester bonds in both resins. 

~et~c~~e~~ of the hexupep~i~e deriuatiue (lb). In the 
preceding article’ the mixture ~ox~~methanol/4N NaOH 
(30:9: I), being 0.1 N in base (CHG and OH-) was 
selected for cleavage of peptide derivatives from the 
sulfone resin. In addition to the other reagents mentioned 
there, solvent mixtures lacking methanol have been 
examined. Incomplete detachment from a Boc-Gly-resin 
was observed when methanol was replaced by glycol or 
glycol monomethyl ether, and when both dioxan and 
methanol were replaced by sulfolane or hexamethylphos- 
phortriamide. A 0.1 M solution of benzyltrimethylam- 
monium hydroxide in 70% aqueous dioxan only partially 
removed Boc-Gly-OH during about 18 hr. Tertiary bases 
(triethylamine, diisopropylethylamine, dicyclohex- 
ylethyl~ine) in dichlorome~ane or dioxan (up to 10%) 
failed completely to attack the ester linkage. Reagents 
confining acetone or dimethoxyethane did not improve 
the results. Replacement of dioxan by te~hydrofuran 
and methanol by 2-propanoi resulted in a slowly acting 
reagent (>30 min). The reported reagent,‘” 
tetrahydrofuranlmethanoh 1 N NaOH (7: 2 : 1) which is 
0.1 M in base and contains about 10% water could be 
used, but presumably as a result of limited swelling it 
acted less rapidly. 

In view of the nearly equal acidities of methanol and 
water the detaching species must be the methoxide ion, 
which contrary to the hydroxide ion has apparently a good 
access into the interior of the resin matrix. Consequently, 
alcohols of lower acidity were unsuitable because their 
anions do not occur in the presence of water. Anhydrous 
reagents were not investigated as their higher alkahnities 
might cause secondary breakdown of the product. 
Therefore, the original mixture containing methanol and 
water remained the most suitable. 

Table I. Usefulness of cleavage reagents for Boc-groups in solid-phase synthesis 

WprOreCti”g MOlJAK WpKAW- sumber of Cleavage Of 

agent excess tion time treatrants the @xx group 

HCOOH 510 20 lain 1 

se-1001 

Ham 1300 20 rain 2 

98-1009 

iicmH/cKc1, 1300 20 nrin 2 

11;1) 

TPA/CHCl3 57 30 min 1 + 

(1:2) 

BF3.0Et2/CH3CCKM 12.8 20 min 2 + 

(0.33 M) 

TFA,‘CK2C12/HCW 53 IS min 2 + 

l3:6.5:0.51 (‘IFA) 

riF3.0Et2, 0.33 n 12.8 20 min 2 + 

in CH3CooH/HccKlH 84 IBF,) 

iiCl,'THF 15.4 15 nlin 1 

1 ml 6N XC1 in 

1, ml THP 
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Although basic reagents of comparable alkalinity have 

successfully been used in classical methods of peptide 
synthesis, e.g. for the hydrolysis of esters, degmdation 
and racemization might occur as side-reactions. To check 
this, samples of lb prepared by the classical route” were 
subjected to the alkaline environment of the detachment 
procedure. By-products were formed when the exposure 
was extended to periods exceeding 3-5 min. This period, 
however, is more than suficient for complete Iiberation of 
the product. Moreover, degradation of Ib appeared to 
occur almost exclusively in solution, and not so long as 
the peptide derivative remained in the domain of the 
polymer bead. 

Resin-adducts of the Merrifield type were also suscepti- 
ble to the selected reagent, giving the protected peptide 
mainly as the free acid. The mechanism is assumed to be a 
nucleophilic substitution in this case. 

The observation that the detaching process from both 
resins is accompanied by transesterification through 
methanol was another aspect that had to be considered. In 
the present case, viz the synthesis of lb, the transesterifi- 
cation is not a serious objection, since the methyl ester 
formed is rapidly hydrolysed on extending the length of 
the treatment to the maximum permitted period. For 
general application, however, this transesteri~~ation is 
undesirable. Therefore, the acid/ester ratio in the liber- 
ated product was determined by TLC for all the various, 
intermediate peptides. cleaved from the resins under 
varying conditions during the complete syntheses (lb). 
Similar products from a classical stepwise synthesis were 
used as reference compounds. These experiments re- 
vealed that the tendency to transesterification diminished 
with increasing length of the peptide chain. 

Very high acid/ester ratios in the products from both 
resins are always obtained by the general procedure. This 
consists of a number of treatments witk a IS-fold excess 
of the alkaline reagent at the highest possible agitation 
rate, each lasting for the maximally allowed period of 
3 min. The reaction is terminated by addition of an excess 
of acetic acid. Under these conditions only traces (<I%) 
of the methyl ester were detected by TLC in a product 
which was set free from the sulfone resin in 98% yield 
within 3 min. Under the same conditions the yield of the 
product from the Merrifield resin was 71%, and the 
detachment had to be repeated for a second, third and 
fourth time to obtain a further 20,6 and 3%, respectively. 

Isolatiort of the product. For the isolation of the 
product, filtrates were evaporated irr rucuo, the residue 
was dissolved in methanol, and the product was 
precipitated by addition of water. One crystallization 
always sufficed to get the pure kexapeptide acid as fine 
needles, free from its methyl ester and possible degrada- 
tion products. 

7’he mechanism of the detachment process. Alkali- 
induced fission of ester bonds in the prepared resin- 
adducts can apparently be performed via two different 
routes; dependent on the site of attack the resulting 
product is a carboxylate ion or a methyl ester. The 
preponderance of one of them depends on the reIative 
rates of the triggered reactions which are related to the 
concentration of the bases in the interior of the resin 
beads and in the envjr~nmental fluid. Liberation of the 
product from the sulfone resin by ~-eIimina~on appeared 
to be a very rapid reaction. Wowever, it requires a rather 
high base concentration within the polymer grains to 
ensure the formation of carbanions from which the 
expulsion of the carboxylate ion takes place (Scheme 1). 
Adjustment of a sufficiently high base concentration is 
counteracted by consumption of base in this reaction, 
When the required internal base concentration is not 
reached or maintained, the apparently slower transes- 
teritication shows up as a competing reaction. Formation 
of the carbanion requires a rather hard base which should 
have easy access to the anchoring bonds: metkoxide ions 
are satisfactory whereas kydroxyl ions are not. 

Transeste~~~tion of the peptidyl-resin becomes sig- 
nificant wken the detachment is performed at low base 
concentration (e.g, 0.03 M), without agitation of the 
polymer suspension. When a soft base is used, in 
combination with anhydrous methanol, the product might 
well be ejected exclusively in esterified form.‘6 Each of 
these conditions implies an internal base concentration 
that is too low for pure /3-elimination and instead 
promotes transesterification. 

Formally, a similar situation holds for the alkaline 
detachment, in a resin adduct of the Merrifield type. Here, 
a base consuming substitution competes with the base 
catalysed tran~~ter~fi~ation, but the competition is 
a~~rently greater, since crude reaction mixtures contain 
more of the methyl ester as shown by TLC (Sckeme 2). 
Seeing that more than one treatment is necessary for 
complete liberation of the carboxylate ion the rate of the 
substitution reaction is apparently lower than that of the 
/+-elimination from the sulfone resin, but both are 
considerably more rapid than the transesterification. 

RIL‘WLTS AND DtX3JSSION 

The synthesis of the hexapeptide (lb) on both resins 
was performed in about 70 kr using an automated peptide 
synthesizer and one program, Liberation from the sulfone 
resin required one treatment with the 
dioxan~meth~l~s~ium hydroxide reagent for 3 min to 
obtain a 65% yield (based on the BocCfy content) of the 
crystahine product, having m.p. 21 I-215”; [ofo-21.5% 
t.O” (in DMF). With Merrifield’s resin a slightly higher 
yiefd was given (77%), but tke complete release af the 

R-CO-O-CI+CH,Bs,-CH:vP 

R-COOMe + 
HO-cH,--CH,-s02---CHI P 

P 
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R-CO-O-C& 
0 

P 

8” 

/0 \ 

a “i\leoH 

R--CO@ + B-CHZ P R-COOMe a HOCH, P 

Scheme 2. 

product required 3-4 treatments for 3 min each with the 
basic reagent. The physical constants of the product were 
the same as for the product from the sulfone resin. The 
known values’ are m.p. 210” and [a]~- 22.2”, respec- 
tively. Chromatographic examination of both prepara- 
tions in several solvent systems indicated identity with a 
cIassically prepared sample. 

From these results it appears that the appljcability of 
the novel sulfone resin as a support in solid-phase 
syntheses is equally good as that of the approved 
Merrifield resin. Experimental techniques which have 
been well tested in peptide syntheses on chloromethylated 
polystyrenes stice equally well when applied in a 
synthesis on the sulfone resin. The new resin may not 
have evident advantages in syntheses of large, free 
polypeptides. However, for the preparation of small, 
protected peptides, intended to be used in further 
fragment condensations in solution, the sulfone resin may 
be an attractive, new tool. Liberation of the desired 
product as a free acid, proceeds faster from this resin than 
from Merrifield’s resin, and is less laborious. Here the 
risks of racemi~tion or formation of side-products during 
liberation are smaller. 

EXPElUMENTAL 

M.ps were determined with a Leitt-Heiztisch Microscope and 
are uncorrected. Specific rotations were measured with a 
Perkin-Elmer P141 Poiarimeter at 22”. IR spectra were recorded 
with a Perkio-Elmer 257 spectrophotometer as KBr pellets. For 

the optimization of the experimental techniques used for cleavage 
of Boc-groups, for the successive condensation steps, and for the 
cleavage of the DNP-group, preliminary experiments were 
performed by a manual method on one or both resins. Any 
attempted procedure was evaluated c~~t~aphi~y by 
comparison of the relevant intermediate after liberation from the 
resin with the corresponding compound obtained in a classical, 
stepwise synthesis. In each case methyl esters were included. IR 
spectroscopy was used also whenever possible. ~~chment of 
such interm~ates was performed by suspension of a resin 
sample in a vigorously stirred, U-fold excess of the mixture 
dioxan/me#anoi/4N NaOH (30:9: if for 3 min, neutralization of 
the base by addition of an excess of acetic acid, and centrifugatioo 
of the resulting suspension. Chromatographic examination of the 
clear supernatant was performed in three solvent systems, viz. 
chloroform/methanol (4: 1). n-butanollacetic acid/water (4: I : I), 
and o-butanoi/acetic acid/pyridine/water (I6 : I : 3 : 4). The final 
syntheses were performed in a Schwartz Bio-Research automated 
Synthesizer loaded with a Boc-Giy polymer which contained 
I mm01 of resin-bound giycine. 

1-Buty~o~ycarbonylglycine methylpofy~tyrene ester. CbIor* 
methyiated polystyrene (23 containing 5.9% chiorine 
(1.66 mmoles of Cl/g of resin) was suspended in DMF (10 ml> 
and left at 70” for 4hr. Boc-Giy-GH. DCHA (3.3Zmmoies) and 
DMF (5mi) were added, and the mixture was left at 70” for a 
further 4.5 hr. During the reaction the resin swelled so strongly 
that more DMF had to be added. The resulting product was 
filtered and washed twice with concentrated giaciai AcOH (60 ml), 
successively with 60 mi portions of EtOH, ethanol/water, water, 
water/methanol and methanol, and finally dried. Elemental 
analysis gave 0.43% nitrogen, indicating 0.31 mmoi of Glylg of 
resin. 

Table 2. Dee-Mediated coupling of Boc-amino acids in the automats synthesis of (lb) 

steF, Reagent voz (InI) Time hi”) 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 
13 
I4 

13 

16-20 

ACOH 

EF3.0Et2/AcOH/HCOOH (1:6:5$ 

AeOK tuashing) 

CB2Cl2 kashlng) 

t-BuOti/CH2Cl2 f191ll iwashinq) 

CH2Cl2 (washing) 

101 DlEA 1" CH2C12 

CH2Cl2 lwashinq) 

t-Buofi/c~~Cl~ (19:l)Mshing) 

CH2C12 (washing) 

2 equlvalenta Of the pertinent 

B"c-auif"~ acid derivative in 

the appmptxare solv*nta 

DCC in CH2Cl2 (2 imoles/6.5 mu 

CHZCIZ (washing. 

ExOl (washing) 

CH2Cl2 Iwashinq) 

(Ia etecm 11-15 

26 5 

28 15,15 

28 2.2 

28 5 

28 5 

28 5 

28 IO,10 

28 5,s 
28 5 

28 5.5 

13.5 

6.5 

20 

28 

28 

10 
b 

5,5 

5,5 

5*5 

a I" the five subsequent coupling Steps Boc-Trp-OX in Cll,Cl,/D~ (9:lj. 

Boc-Ar9W021-OH in CH2C12/DW (5141, Ewe-Phe-OH In CH2C12, Boc-HiaIDNPl-OH 

in CIi2C12/D"F (5:3) and Z-Glu(OEu')-08 in CH2C12, respectively. 

b 
Reactian tlmea were 4 and 4 hours for the introduction of the Trp and Arq 

residues, 4 and 9 hours for Phe and His resid"eB, and 4 and 1 hours for 

the temlnal Glu restdue. 
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f -Butyloxycorbony/glycine 2-ethylsulfonylmerhylpolys~yrene 

ester. Hydroxyethylsulfonylmethyl resin’ (I g) containing 

I.13 mmoles of S/g of resin was suspended in CHXI, (5 ml). Boc- 

Gly-OH (1 g) dissolved in CHXI, (10 ml), and DCC (1.17g) in 

CH,CI, (IO ml) were then added to the suspension. The reaction 

flask was axially rotated for 4 hr. The resulting product was then 

filtered, washed with three I5 ml portions of CH,CI,, once with 
AcOH. DMF and EtOH (I5 ml each). and tinallv dried in hinh 

vacua. Elemental analysis gave O.Slk nitrogen-indicating 0.36 

mmol of Gly/g of resin. 

Formylation ofresiduol hydroxylgroups. A formylating reagent 

was prepared by mixing Ac20 (0.82g) and formic acid (0.37g), 

heating the mixture for I hr at 45”, cooling, and addition of a I’S 

soln of pyridine in benzene (I ml). A IO-fold excess of the mixture 

was added to I g of the foregoing resin-adduct. After 19 hr slow 

agitation the suspension was filtered and washed twice with 
CHCI, (IO ml). with freshlv oreoared Et,N/CH,CI, (I : 9) (50 ml). 

twice with CH,CI, (IOmlj and with loml portions of EtOH, 

CH,CI, and EtOH, and finally dried in high vacua. 

Repentire ocylation of rhe polymeric esters. The scheme for a 

complete, DCC-mediated coupling cycle of the subsequent amino 

acid residues is given in Table 2. 

Cleaoage of DNP-groups from the pepfide resins. The resin- 

peptide adduct (I g) was treated with 25 ml of thiophenol/DMF 

(I : 9). and the suspension was stirred for 0.5 hr. The yellow-red 

suspension was then filtered, and the residue was washed three 

times with CHCI, (1.5ml). then with l.5ml portions of DMF, 

CHICI, and MeOH, and finally dried in uacuo. 

Liberation of the hexapeptide derivative. To a vigorously stirred 

mixture of dioxan/methanol/4 N NaOH (30:9: I) (25 ml, contain- 

ing a IS-fold excess of base) an amount of the DNP-free 

hexapeptide-resin adduct comprising about 0.17 mmoles of the 

end-product was added. The mixture was agitated vigorously for 

3 min, and then treated with an excess of AcOH (0.25 ml). The 

resin was filtered and washed twice with MeOH (I5 ml). 

With the Merritield resin the cleavage procedure was repeated 

three times. After each treatment the residual resin was washed 

twice with CH,CI, (I5 ml) and with I5 ml portions of DMF and 

MeOH. The resin was dried in high C(ICUO before repeating the 

procedure. 
Isolation of Z - Glu(OBu’) - His - Phe - Arg(N0,) - Trp - Gly - 

OH (lb). The combined filtrates of the liberation procedure were 

evaporated. When necessary some toluene was added to remove 

the last traces of AcOH. The white residue was dissolved in 

MeOH (IOml) and crystallization was induced by addition of 

30 ml of water. The product was filtered, washed with MeOH/H>O 

(I : 3). and dried in uacuo. A second batch was obtained by 

evaporation of the mother liquor. It was crystallized as described 

above. For further purification the product was dissolved in 

MeOH/H>O (20: I) and heated to about 70”. Following filtration, 

water was added at the same temp. until a slight turbidity 

appeared. On slow cooling the product crystallized as fine glassy 

needles, m.p. 2ll-215”, [a],,-21.5’ (c = I, DMF) from both 

resins. Found: C, 56.4; H, 6.0: N, 16.2, from the sulfone resin; C, 
56.8; H, 6.0: h’, 16.0 from the Merrifield resin. Calc. for 

C,,H,,N,O,,.AcOH (1126.17): C, 56.52; H, 6.0, N, 16.17. 
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