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Since the introduction of solid phase synthesis by Dr. R. B.
Merrifield (1), many peptides have been synthesized using this new
technique (2,4%,5,6,7,8,9). In the initial work on solid phase synthesis
(2,4), the use of N-Q-carbobenzoxy (N-x-CBZ) protection (3) was only
partly successful because of Iinsufificient stabilization of the benzyl
ester (2). All subsequent solid phase syntheses reported have utilized
N-q-t-butyloxycarbonyl (N-x-t-BOC) (10), N-x-O-nitrophenyl sulphenyl (11),
or N--p-methoxy-carbebenzoxy {13) protecting groups.

Coupling has been accomplished with active esters {e.g. p-nitrophenyl
(8), N-hydroxy succinimid (14), etc) or N,N'-dicyclohexylcarbodiimide
(DCc) (15). These methods of activation usually require long reaction
times for quantitative coupling (13,18) unless a large excess of reactants
is used.

Mixed anhydride activation, which allows short coupling periods even
at low temperatures (=-15°C) and easy work up procedures (due to easily
separable by-products), and which offers steric advantages (compared to
other activations) has not been reported in solid phase peptide synthesis.

We now report the synthesis of two new types of polystyrene derivatives
useful in conjunction with the readily available and relatively inexpensive

N-2-CBZ-amino acid derivatives and with mixed anhydride activation. The
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first is a peclymer derivative of the type:
R-CHa-?-(CHg)n-OH (R=Benzene ring of polystyrene)

¢=0

(IJH3
For example, amino ethanol and 1,6 amino hexanol derivatives were obtained
by reacting at least a 20 fold excess {based on Cl) of the corresponding
amino algohol with chloromethylated polystyrene resin (Biobeads S-X2 (16)
containing 3-5% C1l) in hot dioxane (10 ml/g) for several hours. The resin
was washed thoroughly to remove excess amino alcohol. Complete substitution
of helogen by amino alcohol was confirmed by elemental anelysis for N and
Cl. Thne resin was then suspended in dioxane and reacted overnight at room
temperature with 80 fold excess of acetic anhydride (based on original Cl1).
The corresponding N-acyl resin derivative was confirmed by a tertiary amide
peak at 1640 cm=' in the infrared spectrum (IR) of the KBr pellet. There
was also a small ester peak at 1750 cm™*, The ester peak disappeared after
saponification for 2 hours at room temperature with 3 moles excess of agqueous
NaOH (diluted in sufficient ethanol:dioxane (1:1) to form a single phase)
while the tertiary amide peak remained. The resin alcohol group was then
esterified with N-0-CBZ phenylalanine using carbonyl diimidazole (12,8).
(Attempts to esterify the resin hydroxyls using DCC or mixed anhydride
activation were not successful.) Incorporation of phenylalanine (0.15 to
0,35 mmoles/gm) was confirmed by amino acid and IR analyses.

The removal of the N-2~-CBZ group with 30% HBr in acetic acid was
complete within 30 minutes. The deprotecting reagent was then filtered off
and the resin was washed thoroughly with acetic acid and then with CHpClz.
The IR of the resin showed disappearance of the urethane absorption at

1720 em~t

and persistence of the ester peak at 1750 em~1, Thin layer
chromatography of the concentrated filtrates failed to show any amino acid,

under conditions in which 0.1% ester cleavage would have been detected,
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The amino acld ester hydrobromide resin obtained above was neutralized
with excess triethylamine, and the product was carefully washed with CHzClo.
Peptide coupling was carried out at -15°C (or as low &s =35°) for 2-3 hours
using one mole excess of the isobutyl chloroformate mixed anhydride of
N-@-CBZ-alanine.

After the peptide coupling, mild saponification (less than 2 fold
excess of 0.05 N aqueous NaOH in dioxane:ethanocl 1:1) gave a 97% yield of
Ala-Phe. The identity of the peptide was confirmed by comparison with
authentic Ala-Phe using thin layer chromatography and retention times on
ion exchange columns of an amino acid analyzer adapted for peptide analysis.
Free alanine was not detected, indicating that none of the second amino
acld was esterified to the unreacted resin hydroxyls. Acid hydrolysis
of the isolated dipeptide showed both amino acids in a 1:1 ratio.

The second polymer derivative prepared for use with N-0~CBZ protection

is of the type: R-ﬁ-(CHa)s-OH (R=Benzene ring of polystyrene)
o]

One of these was synthesized by the Friedel-Crafts reaction of W-chloro-
butyryl chloride (12 mmoles) and AlCls (24 mmoles) with cross-linked
polystyrene resin (6 gm) (Biobeads S-X2 (16)), in 80 ml of nitro benzene
for 1 1/2 hour at 5°C. After washing with AcOH, 6 N HCl-dioxane (1:1),
HpO-dioxane (1:1), dioxane and CHpClp, the product was boiled for several
hours with a large excess of triethylamine (1 gm 10 mmoles) and acetic
acid (1l mmoles) in ethanol (30 ml) for 30 hours. After dioxane washing
and subsequent saponification (see ex. 1) of the ester formed in this
reaction, the alcohol on the resin was esterified with N-x-CBZ phenyl-
alanine using carbonyl diimidazole activation. This type of ester
linkage was stable to the acid reagents used for decarbobenzoxylation,
High yields of peptide coupling (90% Ala-~Phe) were obtained using this
resin and mixed anhydrides.

Work on the synthesis of longer peptides using the above resins,

N-q=CBZ protection, and mixed anhydrides is in progress.
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