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2-Chlorotrityl chloride resin 
Studies on a n c h o r i n g  of Fmoc-amino acids and p e p t i d e  cleavage 
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The esterification of 2-chlorotrityl chloride resin with Fmoc-amino acids in the presence of DIEA is studied 
under various conditions. High esterification yields are obtained using 0.6 equiv. Fmoc-amino acid/mmol 
resin in DCM or  DCE, in 25min, at room temperature. The reaction proceeds without by product 
formation even in the case of Fmoc-Asn and Fmoc-Gin. The quantitative and easy cleavage of amino acids 
and peptides from 2-chlorotrityl resin, by using AcOH/TFE/DCM mixtures, is accomplished within 
15-60 min at  room temperature, while t-butyl type protecting groups remain unaffected. Under these 
exceptionally mild conditions 2-chlorotrityl cations generated during the cleavage of amino acids and 
peptides from resin d o  not attack the nucleophilic side chains of Trp. Met, and Tyr. 
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I n  recent years base labile Fmoc-amino acids 2 pro- 
tected a t  their side chains  with acid sensitive groups  o f  
the  t-butyl type have found rapidly increasing appli- 
cation in  solid phase peptide synthesis by using 
4-alkoxybenzyl alcohol resins. Their  esterification cat- 
alyzed b y  DMAP and utilizing DCC is accompanied 
by  a significant degree o f  racemization a n d  dipeptide 
formation a n d  several methods  have been applied t o  
overcome these serious problems. T h e  peptide ester 

Abbreviations used are in accordance with rules of IUPAC-IUB 
Commission on Biochemical Nomenclature in European J .  
Biochern. (1984) 138, 9-37; J .  Biol. Cbeni. (1989) 264. 663-673. 
Other abbreviations: AA, amino acid; Acm. acetamidomethyl; 
AcOH. acetic acid; BOP. benzotriazolyl N-oxytrisdimethylamino- 

bond t o  these resins can be cleaved by  using a t  least 
50% TFA in  DCM ( 1 ) .  Resins o f  the  triphenylmethyl 
(trityl, T r t )  ( 2 ,  3), diphenylmethyl (4-6), and dial- 
koxybenzyl type (7-13) have been proved t o  be m u c h  
more  sensitive t o  acids. By their application not  only 
free peptides, b u t  a l so  peptide fragments, partially 
protected a t  their side chains  with groups  o f  the  t- 
butyl type c a n  be obtained.  

Initial studies ( 2 )  concerning the  applicability of the  
Trt-resins showed tha t  the  best combinat ion o f  pro-  
perties required f o r  the  solid phase pept ide synthesis 
(SPPS) is revealed f r o m  t h e  2-chlorotrityl chloride 
resin (1). We have therefore investigated thoroughly 
the  properties o f  this resin in order to elucidate its 
application in  SPPS. 

RESULTS A N D  DISCUSSION phosphonium hexafluorophosphate: Bu', rut.-butyl; DCC. N . N -  
dicyclohexylcarbodiimide; DCE, 1,2-dichloroethane: DCM, di- 
chloromethane; DIEA, N.N-diisopropylethylamine; DMAC. N , N -  Anchoring of Fn1oc-a~ jno acids lo 2-chloropjlyl resin 
dimethylacetamide; DMAP, p-dimethylaminopyridine; DMF. ( 1 )  
NNdirnethylformamide; Fmoc, 9-fluorenylmethoxycarbonyl; I t  is known from the chemistry of tritylchloride in 

solution t h a t  its reaction with nucleophiles proceeds HOBt, 1-hydroxybenzotriazole; Mbh, dimethoxybenzhydryl; Mtr. 
4-methoxy-2,3,6-trimethylbenzenesulfonyl; Pmc, ?-,2,5,7.8-penta- via an exceptionally fast heterolytic cleavage and for- methylchroman-6-sulfonyl; TDO, 2,5-diphenyl-2,3-dihydro-3-0~0- 
4-hydroxythiophene dioxide; TFA, trifluoroacetic acid; TFE, tri- mat ion  o f  t h e  very s table  trityl cat ion.  This  is followed 
fluoroethanol; THF, tetrahydrofuran; TLC. thin-layer chromatog- by a comparatively slow reaction between t h e  formed 
raphy; Tmob; 2.4,6-trimethoxybenzyl; Trt, triphenylmethy]; Xan, Cation a n d  the nucleophile. I t  seems reasonable tha t  
9-xanthenyl. the  reaction o f  the  polymeric 2-chlorotrityl chloride 
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SCHEME 1 

(1) with Fmoc-amino acids 2 follows a similar path 
(Scheme 1). 

In order to examine the properties of 1 during its 
esterification with Fmoc-AA-OH we first investigated 
the effect of various solvents. Our results for the steric- 
ally hindered Fmoc-Ile-OH are summarized in Table 
I .  Thus, a high loading of the resin corresponding to 
an almost quantitative esterification of Fmoc-Ile-OH 
is obtained in DCM (99%) or DCE (98%), while in 
THF, DMF, and DMAC the esterification yield is 
somewhat lower (85-89%). Dioxane has been found 
to be less suitable for the amino acid anchoring to the 
resin. 

The above experiments have been carried out using 
a 3.2-fold molar excess of DIEA over Fmoc-Ile-OH. 
Further investigation of the amount of DIEA needed 
to obtain maximum esterification showed that the 
resin loading remains stable during decreasing DIEA 
to an 1:l molar ratio to Fmoc-Ile-OH (Table 1). 
Nevertheless we continued to use excess of DIEA in 
order to prevent possible hydrolysis of resin-C1 bond 
and as an acceptor of HCl formed during the destruc- 
tion process of the unreacted chloride which follows 
the esterification. 

The degree of racemization occurring with the 
applied procedure was determined by preparing the 
dipeptides L-Leu-L-Phe-OH and L-Leu-D-Phe-OH and 
was found by HPLC-analysis to be less than 0.05%. 
This is not surprising because the applied procedure 

TABLE I 
Resin loading by Fmoc-lle-OH in various solvents" 

Solvent 

DCM 
DCE 
THF 
DMF 
DMAC 
Dioxaneb 

Resin substitution % Esterification 
on H-Ile-OH [mmol/g] of Fmoc-Ile-OH 

0.90 99 
0.89 98 
0.8 1 89 
0.79 87 
0.77 85 
0.48 53 

"Conditions are: 1 mmol Fmoc-Ile-OH; 1 g resin 1 (1.6 mmol C1- / 
g). By using several substitutions of active chloride, like 1.18, 1.41, 
and I .60 mmol C1- /g resin 1, the esterification, carried out in DCE, 
was always > 93%; 3.2mmol DIEA. The use of various amounts 
between 1.0 and 3.2mmol DIEA, in DCE, gave > 94% esterifica- 
tion of Fmoc-Ile-OH on the resin; 15 mL solvent; 25min at  room 
temperature. bProlongation of the reaction for 2 h increased the 
yield to 72%. 
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for esterification of 1 avoids electrophilic activation of 
the carboxyl group. For the attachment of Fmoc- 
amino acids to the alkoxybenzyl and dialkoxybenzyl 
alcohol resins, which have routinely been used in 
SPPS, strong electrophilic activation of the acid (1) or 
troublesome prior transformation of the resin to the 
corresponding benzyl halide has to be realized ( 1  4, 

In all procedures described in literature, which 
avoided the addition of DMAP, the esterification of 2 
on the resins of the alkoxybenzyl alcohol or al- 
koxybenzyl halide type is slow ( > 10 h) with the ex- 
ception of applying TDO esters of 2 (1 6, 17). Even in 
the latter case, which normally leads to a sufficient 
loading within 1-2h at room temperature, the es- 
terification of a sterically hindered amino acid, such as 
Fmoc-Ile-OH, proceeds rather slowly, requiring 10 h 
at room temperature to obtain a good loading, al- 
though the amino acid is applied in excess. 

The esterification of Fmoc-Ile-OH with resin 1 
proceeds very rapidly (Fig. 1). Thus, in 2 min at room 
temperature a loading of 0.60mmol Ile/g resin is ob- 
tained, corresponding to a 66% reaction of Fmoc-Ile- 
OH. It was found that in 10min an almost quanti- 
tative esterification was achieved (96%). According to 
our knowledge such fast esterification has not been 
observed for any other resin, regardless of the pro- 
cedure used. In addition an almost linear correlation 
between loading of the resin and the used mmol of 
Fmoc-Ile-OH in the reaction is obtained (Fig. 2). This 
correlation constitutes an advantage and provides the 
possibility to calculate the required load of the amino 
acid from the beginning. 
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FIGURE I 
Time dependence of H-Ile-OH loading to resin 1. 
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TABLE 2 
Resin loading hy Fmoc-AA-OH" 

High esterification yields of Fmoc-Ile-OH are also 
achieved using 1 with various chioride substitution 
(Table 1). In all cases examined in DCE the yield was 
higher than 93%. An efficient esterification has also 
been achieved with most amino acids applied for an- 
choring (Table 2). The exception, Fmoc-Cys(Trt)-OH 

analogous high yield, can not be explained by the 

because similar amino acid derivatives, such as Fmoc- 
Ser(Trt)-OH (1 8) and Fmoc-Thr(Trt)-OH (19), were 

0 : 2  Ol.4 0.6 018 1.0 1.2 1 . 4  larly, lower yields have been obtained with Fmoc- 

reacting with the 2-chlorotrityl chloride resin in an 

steric hindrance due to the bulky side chain Trt-group, 

esterified onto the resin with much higher yield. Simi- 

No. AA Fmoc- AA-OH Resin substitution % Esterification 
[mmol] on H-AA-OH[mmol/g] of Fmoc-AA-OH 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Ala 
Arg(Pmc) 
Arg(M tr) 
Asn 
Asn 
Asp(Bu' ) 
Asp(Bu') 
Cys(Bu') 
Cys(Trt ) 
Cys(Trt) 
Gln 
Glu(Bu') 
Glu(Bu') 
GlY 
GIY 
His(Trt) 
D-His(Trt) 
Ile 
Leu 
Met 
Phe 
Pro 
Ser(Bu') 
Ser(Trt) 
Thr(Bu') 
Thr(Trt) 
Trp 
Trp 
Tyr(Bu') 
Tyr(Trt) 
Val 

0.9 
1 .o 
0.8 
0.3 
1 .o 
0.5 
1 .o 
0.9 
0.5 
I .o 
0.7 
0.4 
I .o 
0.7 
1 .o 
0.6 
0.6 
1 .o 
I .o 
0.6 
1 .o 
0.8 
0.8 
0.6 
0.7 
0.5 
0.5 
0.8 
0.6 
0.4 
0.9 

0.70 
0.68 
0.53 
0.23 
0.74 
0.25 
0.56 
0.57 
0.24 
0.46 
0.51 
0.26 
0.67 
0.52 
0.79 
0.45 
0.46 
0.89 
0.90 
0.53 
0.83 
0.65 
0.56 
0.45 
0.56 
0.41 
0.24 
0.35 
0.49 
0.30 
0.84 

82 
96 
85 
78 
81 
54 
64 
71 
56 
61 
78 
68 
78 
76 
82 
92 
94 
98 
99 
95 
93 
87 
77 
90 
88 
95 
51 
50 
91 
86 
100 

"Conditions are: I g resin I (1.6 mmol C1- /g); 2.5 mmol DIEA: 15 mL DCE; 25 min at room temperature. 
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and Xan. Their acidic cleavage requires the use of 
concentrated TFA solutions and prolonged treatment 
and therefore the advantage of applying acid sensitive 
resins is decreased (1). To overcome this problem side 
chain attachment of Fmoc-Asp-OBu' and Fmoc-Glu- 
OBu' to acid sensitive resin-amines is recommended 
(20, 21). In contrast, it is obvious that by applying 
resin 1 the side chains of Gln and Asn can be left 
unprotected. As expected, no nitrile formation or any 
other byproduct is observed by TLC and HPLC after 
their esterification with 1 and their subsequent split- 
ting from resin with acetic acid. 

During the esterification reaction of both Fmoc- 
Arg(Mtr)-OH and Fmoc-Arg(Pmc)-OH the resin is 
colored red-violet. We did not find any explanation 
for this observation. The HPLC analysis showed for 
both derivatives, after their cleavage from resin, that 
no side reactions occurred during the esterification 
process, while the pale-yellow color of resin recurred 
after the removal of the Fmoc-group. 

It is important to note for all cases we have tested 
(Table 2) that a good loading does not require more 
than 0.6 equiv. Fmoc-amino acid (1 mmol/g resin) 
over the active chloride of the resin. In contrast, ac- 
cording to the literature, it is generally assumed that 
for an acceptable loading of a resin of the benzyl 
alcohol type at  least 1.5 equiv. Fmoc-amino acid over 
the free hydroxyl functions is necessary. 

After the attachment to the resin of the first Fmoc- 
amino acid, the excess of active chloride remaining 
unreacted has to be destroyed. This can be rapidly 
succeeded (in 10 min) by addition of methanol, TFE, 
acetic acid or water and excess of DIEA in the reactor, 
when the 2-chlorotrityl chloride group is transformed 
to the corresponding methyl ether, trifluoroethyl 
ether, 2-chlorotrityl acetate or 2-chlorotrityl carbinol. 

Cleavage of amino acids and peptides from 
2-chlorotrityl resin (1) 
The most important property of an acid labile resin, 
suitable for the preparation of free or protected pep- 
tides at their side chains with groups of the benzyl as 
well as the t-butyl type, is the correct balanced sta- 
bility of the peptide-resin ester bond. Thus, the stabil- 
ity of the ester bond against acid has to be low enough 

to ensure quantitative splitting of the peptide from the 
resin with intact remaining side chain protecting 
groups of the t-butyl type and the N'"-Trt group of 
histidine. For this selectivity to succeed, the use of 
strong acids like TFA has to be avoided even at low 
concentrations. On the other hand the same ester 
bond has to have sufficient stability during the cou- 
pling, washing, and Na-deprotection steps of the syn- 
thesis. This stability area is limited, as we have found 
by recent studies on the properties of several acid 
sensitive resins (6). For example, the ester bond of the 
4-methyl benzhydryl esters (4) and of the a-methyl- 
benzyl esters (5) has been proved to be quite sensitive 
against 1 %  TFA, but this can not be split off fast 
enough with weaker acids to ensure selective splitting 
in the presence of t-butyl and N'"-Trt protecting 
groups. On the other hand the ester bond on the trityl 
and 4-chlorotrityl resins (6) has been proved to be 
sensitive against HOBt or treatment with alcohols. 
Thus, loss of peptide chains during the synthetic pro- 
cedure has been observed to a significant degree even 
during the preparation of small peptides (2). The same 
has also been observed in the case of trialkoxybenz- 
hydryl resin (22). To surmount this problem, base has 
to be added during the coupling step, but in this case 
it is extremely difficult to avoid racemization of ac- 
tivated Cys and His derivatives. For this reason the 
resins 6a and 6b (Scheme 2) have not been considered 
suitable for the solid phase peptide synthesis (2). 

Correctly balanced stability for the properties of the 
ester bond, as they described above, has been observed 
in our studies for 2-chlorotrityl (3) and 2,4-di- 
chlorotrityl (7) resins. Their acid sensitivity has been 
found to be equivalent and therefore all further inves- 
tigations have been performed with resin 3. 

Our studies showed that 3 is absolutely stable 
during both activation procedures with DCC/HOBt 
and BOP/DIEA. For example, no loss of peptide 
chains was observed during the synthesis of the 
human chorionic gonadotropin fragment 109- 145 
consisting of 37 amino acid residues. This peptide was 
synthesized by chain elongation using Fmoc-AA-OH 
preactivated with DCC and excess HOBt. The ester 
bond is also stable during washings of the resin with 
the usual applied solvents like DMF, DMAC, DCM, 

SCHEME 2 
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2-Chlorotrityl chloride resin 

type have been obtained with the application of 
AcOH/TFE/DCM (solvent A). We found by TLC 
analysis that only the very acid sensitive side chain 
Trt-group used for the protection of the N'"-function 
of His and the hydroxyl functions of Ser and Thr are 
very slightly affected. In contrast, when Trt, t-butyl, or 
Acm groups are used for the protection of the thiol 
function of Cys and Mtr or Pmc for the protection of 
quanidine function of Arg, they remain completely 
unaffected during splitting of the amino acids and 
peptides from the resin. 

It must be noted that addition of TFE in the used 
solvent is a very effective accelerator for splitting of 
the peptide from 2-chlorotrityl resin. Mixtures con- 
taining MeOH (solvent B) instead of TFE are far less 
effective than solvent A. It is interesting that total 
absence of alcohols or moisture from the solvent leads 
to an uncompleted splitting from the resin even after 
24 h treatment with AcOH/DCM (1:9). An impressive 
demonstration of the great difference between solvent 
A and B constitutes the splitting of Fmoc-Ala-OH 
from 2-chlorotrityl resin. It has been found that a 
97.9% removal of Fmoc-Ala-OH is achieved with 
solvent A in 1 min at room temperature, while the use 
of solvent B leads to a quantitative removal in 30 min 
at the same temperature (Fig. 3). 

As a peptide chain is elongated the splitting rate 

20 
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FIGURE 3 
Time dependence of Fmoc-Ala-OH cleavage from resin 1. 

DCE, 2-propanoi, and methanol. In our synthetic 
studies we routinely used alternative washings with 
DMF and 2-propanol. Several weak acids like acetic 
acid, formic acid, mono-, di-, and trichloroacetic acid, 
as well as low concentrations of strong acids like TFA 
and HCl have been applied for quantitative splitting 
of the peptide from 2-chlorotrityl resin. The best 
results for cleavage rates, yields, and selectivity in the 
presence of protecting groups of the t-butyl and Trt- 

TABLE 3 
Conditions f.r peptrde cleuvuge .from 2-c/ilorotriryl resin" 

No. Peptide 
[fragment] 

1 Leus-en kephalin 
2 Mets-enkephalin 
3 N'-Fmoc-ACTHI I -  101 
4 ACTH [I-241 
5 ACTH [Is-271 

6 Angiotensin I1 
7 Tetragastrin' 
8 Leu"-gastrin I' 
9 Peptide Td 
10 Chorionic gonado- 

tropin [109-1451 

I 1  N'-Fmoc-human calci- 

12 Magainin [ I  - 101 
13 N'-Fmoc- human 

prothymosin [76-86]e 
14 Human prothymosin 

tonin [I-101 

[59-I091 

Position and side 
protecting group 

AcOH/TFE/DCM Time 
[composition] [min] 

1 = Bu' 
I = Bu' 
1-3.5 = Bu': 6 = Trt: 8 = Pmc 
2.5 = Bu'; 1.3.6 = Trt: 8 = Pmc 
15,16.26 = Boc; 17.18 = Mtr. 

1.4 = Bu': 2 = Pmc: 6 = Trt 
23 = Bu' 

- 
6-10,12 = Bu' 
2-5.7.8 = Trt 
109.1 11.1  12,117-121.127, 
130,132.138.140 = Bu'. 
110 = SBu': 114. 113 = Pmc 
1.7 = Trt, 5,6 = Bu' 

4.7.8 = Trt 

83 = Trt 
60-67, 69-74, 76-80. 82 
83.85, 91-97. 99.100, 

104 = Boc; 88 = Pmc 

76-80.82.85 = Bu' 

105-109 = Bu'; 87,101.102, 

l:l:8 
1:l:S 
l:l:8 
1:2:7 

1:2:7 
1:1:8 
l:l:8 
l:l:8 
l:l:8 

1:2:7 
1:2:7 

1:2:1 
1:2:7 and 

2:2:6 

1:2:7 

15 
15 
30 
30 

30 
30 
30 
60 
60 

60 
30 

30 

120 

60 

"Conditions: 15mL solvent A/g peptide- resin ester; room temperature. bAnchoring to the resin from Asp side chain. 'Anchoring to the 
resin from Asp'6 side chain. dThe 0-Tr t  protecting group of Tyr is simultaneously partially removed. 'The cleavage was quantitative in all 
other cases by treating the peptides with the appropriate solvent for the indicated time. 
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from the resin becomes somewhat slower. For 
example, in the case of the protected peptide frag- 
ments of human prothymosin 59-109 and chorionic 
gonadotropin 109-145 the splitting from the resin was 
quantitatively completed within 1 h at  room tem- 
perature by using solvent A -(with the composition 
1:2:7 by vol.). When Pro is the C-terminal amino acid, 
the observed splitting rates are slower than usual. In 
this case solvent B fails to split > 80% peptide after 
1 h treatment at room temperature and therefore 
solvent A has to be used for quantitative splitting. 
Also the particular peptide structure seems to be im- 
portant. Thus, when small peptides are C-terminated 
with the dipeptide Asn-Gly or Gln-Gly and solvent A 
is applied, the splitting rate is somewhat slower and 
takes I h to be completed at room temperature. The 
splitting rate is increased and > 80% of the peptides 
is removed in 20min at room temperature after the 
addition of 4-5 amino acid residues on the peptide 
chain. 

We have encountered as yet only one case among 
the peptides being split from 2-chlorotrityl resin 
(Table 3) where the cleavage was not quantitative after 
1 h treatment with solvent A. This was the prothymo- 
sin fragment 76-86, where treatment with solvent A 
(1:2:7) led to a 40% peptide detachment from the 
resin. A further 50% of the peptide was obtained when 
the treatment was repeated for another hour using 
solvent A with the composition 2:2:6 by vol.* 

Cleavage of Trp-containing peptides from TFA 
sensitive resins of the alkoxybenzyl type results in 
irreversible alkylation of the indole ring by the al- 
koxybenzyl cations, generated during the cleavage. 
This side reaction can be suppressed by the addition of 
scavengers to the TFA mixtures during cleavage or 
side chain deprotection (1). An analogous side reac- 
tion is not expected in the case of trityl resins as they 
generate, during cleavage, cations with very weak elec- 
trophilic character due to the mesomeric effect of three 
aromatic rings. In addition the extreme steric hin- 
drance of trityl cations impedes the electrophilic sub- 
stitution of aromatic compounds and reduces con- 
siderably the reaction rate. According to our findings, 
when Fmoc-Trp is loaded on 2-chlorotrityl resin, the 
splitting, after the Fmoc group has been removed, is 
complete by applying solvent A or 5 %  TFA in DCM 
for 1 min at room temperature and is confirmed by a 
negative Kaiser test. Similar results are obtained for 
peptides incorporating Trp in their chain (Table 3). 

Cleavage of peptides from resin 1 utilizing 50% 
TFA in DCM for simultaneous removal of t-butyl 
type protecting groups results in time-dependent 
alkylation of the indole ring of Trp, observed by a 
progressive increase in coloring of the resin beads after 
the Kaiser test. To avoid this side reaction the peptide 

*The synthesis of peptides contained in Table 3 will be published 
separately. 
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can be quantitatively cleaved from the resin in 1 min 
and separated from the solid support by filtration. 
Subsequently, deprotection of the Trp-containing 
peptide from t-butyl groups is carried out without the 
danger of Trp alkylation by the resin. In contrast to 
Trp, Met and Tyr can be quantitatively cleaved from 
resin 1 independently of the concentration of TFA 
used. 

EXPERIMENTAL PROCEDURES 

2-Chlorotrityl chloride resin, which can be prepared in 
an analogous manner to that used for the preparation 
of unsubstituted polymeric trityl chloride (23), was 
obtained from Biohellas S.A. Fmoc-amino acids and 
their derivatives were purchased either from Nova- 
Biochem or Biohellas. Solvents, AcOH, TFA, and 
TFE were of analytical grade, purchased from Fluka 
and used without further purification. The purity of 
Fmoc-amino acids obtained after splitting the 2- 
chlorotrityl resin esters was checked by TLC and 
HPLC. TLC was performed on precoated silica gel 60 
F,,, (Merck) aluminium plates employing the follow- 
ing solvents systems: toluene/acetic acid (9: 1) and 
(8:2), chloroform/methanol/acetic acid (88: 10:2) and 
(8: l : l ) .  All HPLC runs were performed on a Waters 
501 apparatus with Automated Gradient Controller, 
equipped with Spectro-Monitor UV detector using 
pre-packed analytical Hibar column [LiChrosorb RP 
18(5 pm), 250 x 4mm] and a gradient solvent system 
of 0.1 YO TFA in water/O. 1 YO TFA in acetonitrile. 

Determination of active chloride on resin 1 
This procedure is suitable for determination of the 
alkyl-chloride (active chloride) on resin 1 while the 
aryl-chloride remains unaffected. 

Dry 2-chlorotrityl chloride resin (100 mg) was 
swelled for 5 min in dioxane (1 mL) and an excess of 
0.01 N NaOH (30 mL) was added dropwise and slowly 
by stirring. The mixture was dilute with water to a 
total volume 100 mL, the indicator (methyl red) was 
added and the unreacted NaOH was titrated back 
with 0.01 N HCl. 

Esterification of Fmoc-L-isoleucine with resin 1 
2-Chlorotrityl chloride resin (1 g )  was swelled in 
lOmL of solvent from 2-3min. Then a freshly 
prepared solution of Fmoc-lle-OH and DIEA, in 
5 mL of the used solvent, was added and the mixture 
was stirred for the appropriate time. The reaction was 
terminated by addition 20 mL of a mixture methanol/ 
DIEA (9: 1) and immediate filtration. Subsequently 
the Fmoc-Ile-resin ester was washed (3 x DMF, 
2 x 2-propanol, 2 x DMF, 2 x 2-propanoI, meth- 
anol and 2 x ether) and dried in vacuo for 24h at 
room temperature. The kind of solvent, mmol amount 
of Fmoc-Ile-OH and DIEA, chloride loading on resin, 
and reaction time are shown in Table 1 and Figs. 1 and 
9 
L. 



2-Chlorotrityl chloride resin 

Determination of the racemization degree 
The dipeptides L-Leu-L-Phe-OH and L-Leu-D-Phe- 
OH were prepared according to the usual manner. 
Their crude samples were chromatographed using iso- 
cratic elution with 0.1 YO TFA in H,0/CH3CN (67/33, 
v/v) at a flow rate of 1 mL/min. The detection was 
performed at  21 8 nm and the retention time for L-Leu- 
L-Phe-OH was 6.4 min and for L-Leu-D-Phe-OH 
9.3min. The proportion of the diastereomers was 
found to be less than 0.05%. 

Esterijication of Fmoc-AA-OH with resin I .  General 
procedure 
2-Chlorotrityl chloride resin (1 g, 1.6 mmol C1- /g) and 
the appropriate quantity of the Fmoc-amino acid in 
DCE (1OmL) were stirred for 5min at room tem- 
perature. Then DIEA (0.44mL, 2.5mmol) in DCE 
(5 mL) was added dropwise in a period of 5 min and 
the mixture was stirred for other 20 min. Subsequently 
methanol (1 mL) was added and stirring was con- 
tinued for other 10min. The resin was filtered, washed 
(3 x DCE, 2 x DMF, 2 x 2-propanol, 2 x DMF, 
2 x 2-propano1, methanol and 2 x ether) and dried 
in vacuo for 24 h. 

Determination of substitution of amino acid-resin 
esters 
The substitution of N“-deprotected amino acid-resin 
esters was quantitatively determined by using the 
ninhydrin procedure (24) and measuring the absor- 
bance at 570nm ( E  values of literature have been 
generally used except for H-Ile-OH, which has been 
determined to be 16.543, according to the measure- 
ment conditions). The mean of three measurements 
with difference < 5% each other are presented in 
Tables 1 and 2. 

The esterification yields were calculated by com- 
parison of the experimental determination for each 
amino acid with the theoretical values. The theoretical 
loading (L) of any one amino acid on the resin corre- 
sponding to 100% esterification was calculated by the 
following formula: 

X L(mmol/g) = 
1 + ~ ( ~ - 3 6 . 5 ) . 1 0 - ~  

where: x = mmol amino acid used for esterification 
per 1 g resin 1 
w = molecular weight of the amino acid 

This formula does not take into account the small 
difference in weight between the substituted chloride 
by methoxide, when the latter is formed on the resin 
during the destruction of the excess chloride. 

Cleavage of amino acids and peptides from resin 1 
The amino acid or peptide-resin ester was suspended 
in the appropriate mixture of AcOH/TFE/DCM 
(1 5 mL/g ester) and stirred at room temperature. The 
resin was separated by filtration and washed four 
times with the used splitting mixture. The progress of 
the cleavage was checked by taking small aliquots of 
the resin ester, treatment with 25% piperidine in DMF 
for removal of the Fmoc-group followed by quantita- 
tive determination of existing amino groups on the 
resin by the ninhydrin procedure (see above). The 
cleavage was assumed complete after a negative 
Kaiser test. The obtained results are summarized in 
Table 3 .  
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