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Active ester polymer reagents have been utilized for simplification of the

1,2 Among these reagents, N-hydroxysuccinimide

procedures in peptide synthesis.
ester polymer53_7 are particularly important, since the corresponding monomeric
derivatives have proved potentially useful.8 All the synthetic methods used
for the active ester polymers have required a polymer reaction between an amino
acid component and a hydroxyl polymer as a key condensation step. However,
this kind of polymer reaction sometimes lcaves contaminations which deteriorate
the quality of the resulting polymer reagent.9

We wish to report a new route to the N-hydroxysuccinimide ester polymers.
The route consists of synthesis of N-hydroxymaleimide esters of N-protected
amino acids and copolymerization of these ecsters with suitable vinyl monomers.
The pure active ester polymers will be obtained, and, in contrast to the usual
method, the composition of the polymers can be pre-adjusted, that is, the

regulations of the polymer environment arc possible by proper use of the

COMONOMETS . These are additional merits of this new route.

The preparation of N-hydroxymaleimide 4 once claimed by Russian workerslO was
found to give rather N-hydroxyisomaleimide.11 The present synthesis 1s carried
out successfully by a new protection of the N-hydroxyl group. The reaction
sequence to 4 is shown in Scheme I,
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Compound ls reacted with phenyl chloroformate in DMF at 5°C in the presence of
triethylamine, to give 2 in 95% yield, mp 134-136°C. 12 When 2 was heated in
nitrobenzene at 160°C for 0.5 hr with t-butylcatechol as polymerization inhibitor,
3 was chtained in 78% yield, mp 98-99°C. The phenoxycarbonyl group of 3 was
cleaved cleanly on treatment with boiling methanol for 2 hr, giving 4 in 67%
vield. It was recrystallized from toluene, mp 125-126°C; NMR(acetone—D6) § 6.80
(2H s); IR 3150, 1785 and 1725 e L,

R 0OC-CH DCC R QC-CH ST, CPMI and DVB
Boc -NIICHCOOH + HO-N || ————— Boc-NHCHCOO-N ||
0C-CH  in THF OC-CH  in THF, by AIBN
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Esters 5a-g of 4 with Boc-amino acids were prepared by condensing an equimolar
mixture of the both components with dicyclohexylcarbodiimide(DCC) in THF at ice
bath temperature for 10-20 hr. The common carbonyl absorptions of the esters
were 1810, 1790 and 1740 cm L.

Copolymerization of these purified esters was conducted in THE(30 ml) at 50°C

The results are shown in Table I.

for 4 hr in the presence of divinylbenzene(DVB, 3 mol%) by azobisisobutyronitrile
(AIBN, 6 mol%), using a mixture of 5.0:4.0:1.0 molar ratio of styrene(ST, 1.50 g),
N- (p-chlorophenyl)maleimide (CPMI, 2.50 g) and the ester(5, ca 1 g). The polymer
precipitated was collected and washed in Soxhlet extractor with dichloromethane.
The copolymerization results are summarized in Table II. It is seen that the

copolymer compositions reflect closely the initially feeded monomer ratio.

Table I. Synthesis of Boc-amino Acid N-Hydroxymaleimide Esters
Hydroxymaleimide ester Yie1d® M.p. [u]§7(c=1, THF)
% °C

Sa Boc-L-Pro 37 112-113 -57.0°

5b Boc-L-Ala 35 136-137 -24.0

Sc Boc-L-Phe 38 139-140 -16.8

5d Boc-L-Lue 36 84-85 -22.2

Se Boc-Sar 63 96-97

5f Boc-Gly 51 134-135

5g Boc-L-I1le 22 69-70 -27.3

2The yields were not optimized.
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Table IT. Copolymerization of the N-Hydroxymaleimide Esters
Copolymer Yield Polymer composition, mol% Analyses (Calc.)?
5 ST CPMI Sa-e C, 5 H, % N, %

6a 79 0.49 0.42 0.09P 67.41 5.06 4.68
(67.47 4.86 5.06)

6b 72 0.50 0.41 0,09 67.93 5.05 4.83
(67.83 4.86 5.08)

6c 70 0.50 0.41 0.09 68.56 5.12 4.59
(68.70 4,87 4.87)

6d 75 0.49 0.41 0.10 67..73 5.19 4.86
(67.83 5.11 5.07)

Ge 79 0.50 0.40 0.10 67.82 5.12 4.92
(67.65 4.90 5.15)

4The calculated values are derived on the basis of the composition.
PThe ester content of 0.54 mmol/g from the composition was agreed with

a value 0.52 mmol/g of amino acid analysis.

In order to test these polymer reagents obtained, known peptides were prepared
under conditions of only slight excess Teagents to aminoc components. Thus,
polymer 6c(1.00 g, 0.531 mmol) was suspended in THF (20 ml). To this was added
ethyl glycinate free base in DMF(3.0 ml) which was prepared from the
hydrochloride(0.067 g, 0.48 mmol), and the mixture was stirred for 16 hr at 25°C.
Separation of the wasted polymer by filtration followed by evaporation of the

solvent gave almost pure Boc-L-Phe-Gly-OFEt in 86% vyield. One recrystallization
gave a pure sample. These results are presented in Table IIT,
Table III. Preparation of Peptide Derivatives
Copolymer Peptide formed  Yield  M.p.[lit.] ISR
% °C
6b Boc-L-Ala-1.-Ala-0Bzl 89 70-71 -54.9°(c=1, MeOH)
[73-7412
6¢c Boc-L-Phe-Gly-0OFt 86 89.5-90 b -4.8 {c=1, EtOH) b
[89.5-90] [-4.3 {c=2, EtOH)]
6d Boc-L-Leu-L-Val-OMe 99 143-144 c -40.0 {(c=1, MtOH) c
[144-147] [-41.1 (c=0.5, MeOH)]
6d Boc-L-Leu-Gly-0FEt 94 80-81 a -25.7 (c=1, EtOH)
[78-79)
®Ref. 3.  PG. W. Anderson and A. C. McGregor, J. Am. Chem. Soc., 79, 6180

(1957).  °D. A. Laufer and E. R. Blout, J. Am. Chem. Soc., 89, 1246 (1967).
d
Ref. 7.
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Partial replacement of the ester unit by CPMI made the polymers sufficiently

to swell in dichloromethane or THI as well as DMF, and served to prevent their

drastic solubility changes during peptide forming reactions.

In conclusion, once N-hydroxymaleimide is secured, its amino acid or peptide

esters may be readily prepared and purified. The subsequent rather mild

polymerization does not harm the amino acid moiety, and the polymer reagents

derived will have well defined structures and provide potential advantages in

handling during peptide synthesis.
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Further studies on these polymerizable active esters are now in progress.
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