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Abstract - A potyacrytIc resin oith NH2 funcffon8 uas made to react with o-bromoacetfc 
anhydrides with the viw of ffndfng new anchor8 use&Z In aottd phase peptide synthesis. 
Besides the normat aufde product, the process vfth Cz -bromopropfonic acfd anhydrfde gave 
rise to a d-akmtne derivattve whose structure was determined b non destructive ‘3C NUR 
spectroscopy rmd tandem mass spectrometry. 

Alterations in the normal course of organic reactions by polymer effect are 

infrequent1 .?. However, such a case was unexpectedly encountered in our search For new 

anchors in solid phase peptide synthesis. The preparation of a three dimensional statistical 

acrylic copolymer intended For peptide synthesis was described in a previous work).‘.““. 

This polymer was obtained in two steps: copolymerisation of three acrylic monomers (N- 

acryloyl pyrrolidine L, ethylenebisacrylamide 2 and N-acryloyl methyl B-alaninate 2) giving 

4, then amidification into 2 with ethylenediamine (Scheme 1). 

This copolymer 2, Functionalited with primary amino groups, was then shown to be an 

excellent support For solid phase peptide synthesiss. In this method the ideal conditions 

correspond to a completely solvated polymeric backbone, with the peptidic chains completely 

unfolded and therefore easily accessible to the reagent&.‘. These Favorable conditions were 

effectively met with polyacrylic supports, but were not completely fulfilled if the first 

aminoacid is linked to the support by means of an hydrophobic benzyl ester bond, as 

described In the literature*-lO. To obtain better results, a new bromoacetic anchor 2 was 

chosen5 and obtained by coupling 5 with bromoacetic acid anhydride 6a. The glycolamide bond - - 

with the First aminoacid 8e showed good stability against the acidic treatments used in each - 

cycle For cleaving the temporary acido-labile protecting groups of the terminal amine 

Functions. At the end of the synthesis, the glycolamide linkage was quantitatively cleaved 

in mild non racemizing conditions. this enabling the peptide to be isolated at choice with 

either a terminal acid, an ester or an amide functions. 

With a view to improving the stability of the ester bond between peptide and support. 

the bromoacetic anchor has now been replaced by two of its homologues. 3 and 2 

respectively, and its I(-bmmo crotonic vinylogue g. The presence of an additional R’ group 
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or a vinyl group 

towards hydrolysis. 
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can modify both the hydrophobic nature of the anchor and its stability 

CHz-CH- -N “3 cH2 =CH- -NH-cH2 -cH2 -NH- e -CH=CH2 

1 2 

CH2=CH- E -NH-cH2 4x2 -coacH3 
w 

Polymeric residue 
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Scheme 1 

The functionalized polyacrylic support >4, 

per gramme. was treated according to the described 

presence of triethylamine with a DMP solution 

o-halogenated acid anhydride &. 6c or g; Kaiser’s - 

containing 0.8 mequiv. of amine function 

method5. at room temperature in the 

containing three equivalents of the 

ninhydrine qualitative test showed a 

rapid and complete consumption of the supported amine functions in all three cases. However 

contrary to the previous case with bromoacetic acid anhydride & and the vinylog anhydride 

@, the quantity of bromide Ions liberated by hydrolysis of the Formed products with a NaOH 

solution, corresponded to only about 50% of the number of initial amine functions (Table 1). 

halogen x I I COaH X bridging %* 

Table 1 : Percentages of supported functions 
procwdiry from reaction of5vit.h halogen0 
acid anhydrides 6. 
l obtained by diTference 

Cn the other hand carboxylic acid functions appeared and were easily titrated with a NaOR 

solution. The o-halogenated acid anhydrides 6 being ambident molecules, two competitive 

reactions may occur with the supported amine 5 : nucleophflic atteck of the carbonyl 

carbon atom with the formation of cAa.logenoamide 1, or nucleophilic substitution of the 



R’ 

5 l (X&-CO)20 - @NH-ic$-x l 

@ R’=cH3 X=Br 3 R'=cH, X=Br 

g R'=CsH, x-Cl 2 R'=C6H5 X=Cl 

NH-y-COzH 

R' 

scheme 2 

halogen giving 9 (Scheme 2). An inter-chain reaction between 1 and 5 can also occur, 

leading to the bridging of two arms. This explains why the sum of the percentage of both the 

liberated halogens and carboxylic functions is inferior to the percentage of initial amine 

functions. Similar interchain reactions have already been described 4P11-1). Thus, 

replacement of the bromoacetic anchor 2 by 2 or 2 presented some drawbacks which limit 

their use as reversible anchors. Nevertheless the stability of the corresponding bonds with 

regard to acidic conditions was studied. Supported derivatives 8&. & and 8d were treated - 
for thirty minutes with 30% trifluoroacetic acid in q ethylene chloride, which are the usual 

cleavage conditions of the Rot group. An average loss of 0.6% was observed at each cycle, as 

was the case with the glycolamide linkage5 &. 

In the reaction of the supported amine 2 with 5, the presence of an aromatic ring 

made the partial substitution reaction of the halogen atom easier. Rut it is more difficult 

to understand why 5 reacted differently with the acid anhydrides 68 and s. Under these - 
conditions the alanine structure s was questioned in favour of the B-alanine structure 10 - 
which would result from a partial dehydrobromination of 6b followed by an 1.4- - 
addition reaction of 5 (Scheme 3). This type of Michael addition has already been recorded 

in the reaction of a polystyrene supported amine with an o,&ethylenic lactone14: it was 

likewise observed that the treatment of 5 with methyl acrylate led to a support 

functionalized with carbomethoxy groups with a 82.5% yield (Scheme 4). 

- HBr 5 
6b - (CRz=CH-CO)?0 - @NH-%-CHA&H 

10 - 
Scheme3 

5 + al2 =cH-co1 cH3 - @NH-al2 -cHz -co2 CH) 

Scheme 4 

The o-alanlne E or B-alanine g residue, as well as the accompanying bmmoamlde 

derivative 7&, are covalently bonded to the support from which they can neither he cleaved 

nor structurally studied according to classical methods. Two non-destructive methods were 

used, thus allowing the direct structural identification of polymer bound entities without 

preliminary cleavage: '3C NHR15*16 and mass spectrometry’7. 

The l3C NIR spectrum of the supported product waa first compared in RWSO-d6 with 

those of three reference cm: *brew N-methyl pmpionamide 11, o-alanine 12 and B- 
- 

alanine lJ I6 (Scheme 5). With the supported product, a single methyl peak at 21.7 ppm was 

observed, apparently eimilar to one of the methyl signals of the reference compound sls, 

and vresumably corresponding to product 7b. On the other hand, with reference to - compound 

12'8, - no signal appeared around 17.3 pp~ that could correspond to the methyl group of a 

supported *alanine qb. However this method did not reveal the presence of the E-alanine - 
structure lo. the signals of the aethylene cnrfxms being masked by those of the polyacrylic 

support. 
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11 12 13 - 

Scheme 5 

By means of the FAB (Fast Atom Bombardment) ionisation procedure associated with the 

MS/m method (tandem mass spe&iVX8ti'y). it "as pr8viOUSly shown'7 for the first time that 

it is possible to directly analyse the whole system aminoacid-polyacrylic support in a 

glycerol matrix. This has been applied to the non-destructive monitoring of solid phase 

peptide synthesis'9. In the positive mode, the glycolamide bond is cleaved along two 

different pathvays. leaving the polymeric part as a non-charged entity and giving rise to 

pseudomolecular ions characteristic of the supported paptide19 (Scheme 6). 

HO-+H-&z"' 

W 

Alkyl-oxygen cleavage 

Acyl-oxygen cleavage 

gChem8 6 

In order to apply this method to the identification of structure 9 or lo. it 

appeared necessary to establish. between the support and the aminoacid molecule, an ester 

bond liable to fragment under the conditions of the FAB ionisation method. With this aim. 

the nature of the previous functionalized arm was modified according to Scheme 7: support i 

was saponified, eSt8rifi8d into 14 with methyl lactate in the presence of DIC and DMAP, then - 
amidified with ethylenediamine into 15. The coupling of 15 with cwbromo propionic acid 

anhydride was finally carried out under the usual conditions. 

(P)?COzH + HO-g!COrCH, - @-wo~-~~coGli, 

l/ W-CHz-CHa-NH? 

21 HCl 

14 - 

@-cOz~6f'CO-NH-CHz-CH,-~3 Cl 15 - 

(Br-%CO)?O 
eC&-g&O-NH-Clin-CIlz-NH-CO-g)-Br 16 

and / or 

~c~-E~~CO-NH-CH~-CH3-NH-CH2-C)(1-COIH 18 

Scheme 7 



The percentages of bromide ions liberated by action of a NaOH solution (53%). and of free 

carboxylic acid Functions (36%) were consistent with the previously obtained results in the 

reaction of & or & with 5 (Table 1). 

The FAS spectrum OF this supported mixture of 16 and lJ or g was then registered. 

However the ester bond of lJ or s is inverted in comparison with those of Scheme 6. which 

is liable to modify the Fragmentation pattern. Analysis of the sample in a glycerol matrix 

revealed ions with an even number of electrons characteristic of the Functionalized arm (m/z 

118, 88 and 61). These ions. For which we propose the Following structures (Scheme 8). were 

observed in the positive mode, beside the characteristic ions of the matrix (m/z 57. 75.93. 

167. 185. 277 . ...). The presence of ion m/z 61 that arises From a protonation Followed by a 

C-C cleavage with the migration OF a proton, Favours the B-alanine structure 18 (Scheme 9). - 

CAD 
m/z 61 CHJ-cozH+H1+ __) m/z 43 CH3-C': 

420 
23 - 

m/z 88 H21=cH-CHZ-COIH 

21 - 

m/z 118 1' CH:,-CH2-NH-CH2-CH2-C02H + H 

19 

or 

22 - 

or CH,-CHZ-NH- cx2” + i7+ 

20 - 

Scheme 8 

@-cH&2-c02” l I7. - 

H 
18 - 

CH3-COzH + d* 

12 

Schama 9 

The structure of this ion m/z 61 was determined without ambiguity by recording its CAD 

spectrum (MS/B6 te4iniqud") which presents (Figure 1) an abundant ion cH3-CrO' at m/z 43; 

this ion is Formed by the loss of 

distinguish between structures 

compared with those obtained with 

a water molecule, which confirms structure 23. In order to - 
21 and 22 (m/z 88). the corresponding CAD spectrum was - - 
o-alanine and g-alanine respectively (Scheme 10). 
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CH3 
HzN-'!X-COzH + H -I+ - 

-CH30H + 
HzN=C-C=O m/z 56 

22 - 

-I* HzN-CHz-C%-COzH l H - ~1;=CH-'%-C&H 

21 

-bO + 
- HaN=CH-CH=C=O 

m/z 70 

Schema10 

The CAD spectrum of the ion m/z 88 of o-alsnine was characterized by the presence of an ion 

m/z 56 formed by the loss of methanol. On the contrary, the CAD spectrum of ion m/z 88 from 

B-alanine was characterized with a significative abundance by only one ion m/z 70. This ion 

was formed by the loss of a water molecule from the even electron immonium ion m/z 88. The 

absence of ion m/z 56 is in accordance with structure 21. - 
Thus, neither of the two techniques ('3C NMH and mass spectrometry) could reveal any 

evidence of the presence of a supported o-alanine structure. On the other hand, the 

formation of the B-alanine structure 18 was demonstrated by mass spectroaetry. This last - 
technique therefore appears to be a general and efficient method for the analytical control 

of supported reactions in non-destructive conditions'7. 

The formation of 10 from e and of 18 from 15 was unprecedented in homogeneous - - - 
solutions, where substitutions of o -bromo propionic acid or methyl ester with ammonia and 

amines are straightforward under the same experimental conditionsal*aa. It was also noted 

that by treatment with triethylamine alone, o-bromo propionic acid has given a mixture of 

oligomers probably as a result of a substitution of the bromine atom by the newly formed 

carboxylate anion. The 'H NMB spectrum (registered in CDC13) presented a quartet (at 5.25 

ppm) characteristic of a proton bound to the tertiary carbon of a 2-alkyl propionic acid. No 

triplet corresponding to the CH of a polyacrylic chain and no signal from a vinylic proton 

could be detected. 

Abbreviations: E3oc. t-butyloxycarbonyl; DCC. dicyclohexylcarbodiimide; DIC. 
diisopropylcarbodiimide: DIE4. diieopropylethylamine; DMAP. 4-dimethylamino pycidine; DNF. 
N.N-dimethylformamide: TFA. trifluoroacetic acid. 

All '3C NMB spectra of substituted acrylic polymers swollen in DNSO-d6 were recorded 
with a Brucker NP 200 SY (200 Nhz) spectrometer: mass spectra were recorded with a reversed 
geometry mass spectrometer using glycerol matrix; the analyoer was of an EBE configuration 
and the gas cell was located before the third analysesa. 

Coupling of *halogen0 acid anhydrides 
Acid anhydrides 6 (3 equiv) in DMF (10 ml) and NEtj (1 equiv) were successively added 

under nitrogen to a -stirred slurry of polymer 5 (lg. 0.8 mequiv of NHz) in DMF (10 ml). 
Stirring was continued at room temperature for two Kours (Kaiser's test becomes negative); 
the resin was filtered and successively washed with DHF, CHzCl?. ethanol, ether and then 
dried under vacuum in the presence of Pro5 at room temperature (o-bromo crotonic anhydride 
was prepared in the usual way by the reaction of DCC with (*-bromo crotonic acida4). 

Titration of the remaining NH2 groups 

A ressin aliquot was washed with a HCl solution (0.1 N). with water until the chloride 
ions disappeared in the washing solution, with ethanol, ether, then dried under vacuum. 
Titration is carried out by the Charpentier-Volhard's method'5. 

Titration of carboxylic acid functions 
A resin aliquot was saponified at room temperature for 4 hours with a NaOH solution 

(0.5 M), then abundantly wmshed with water until neutrality, with ethanol followed by ether 
and finally dried under vacuum at room temperature. Carboxylic acid functions were titrated 
with a NaOH solution (0.1 N). 
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Coupling of aminoacids 
A slurry of the latter resin (1 g) with the cesium salt of a Boc-aminoacid (5 equiv) 

in DMF (15 ml) was stirred for 48 hours at WC. The resin was then filtered, abundantly 
washed with DWF. CHzCl?, ether and dried under vacuum at room temperature. 

Reaction of 5 with me~thyl acrylate 
A slu&y of resin 5 (1 g. 0.8 mequiv NRz) in DWF (30 ml) containing methyl acrylate 

(0.2 8. 2.5 equiv) was-stirred under nitrogen at room temperature for 12 hours. The resin 
was filtered and successively washed as above. then dried. After saponification with a NaOH 
solution (1 W). the liberated carboxylic functions were titrated as described above. 

Preparation of resin 16 + 17 and/or 18 
After saponifi&ionof resin-4 as already described, a product containing 0.8 mequiv 

of carboxylic acid function per -pamme was obtained. To a stirred slurry of 1 g of this 
material in 15 ml of anhydrous CHzCla. were successively added a solution of 3 equivalents 
(0.25 g) of methyl lactate in 10 ml of CHzClz, 1 equivalent (0.1 g) of DIC and 0.1 
equivalent (0.01 g) of DWAP. Stirring was continued for 1 hour at room temperature. After 
filtering and washing the resin with CR~Cl~. a second similar coupling was carried out. 
Resin 14 was then filtered, abundantly washed as above, and dried under vacuum at 20°C. 
Titration with a NaOH solution (0.1 N) showed that the initial carboxylic acid functions had 
disappeared. Resin 15 was nou obtained by stirring 14 with ethylenediamine (30 ml/g) for 24 
hours at room temperature: after filtration the re& was successively washed with 10% HCl 
and water until neutrality of the washings, then with ethanol and ether, and dried under 
vacuum at room temperature. Chloride ions were titrated with the Charpentier-Volhard's 
method',. The final coupling with o-bromo propionic acid anhydride was carried out as 
described above. 
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