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In the synthesis of peptides by the solid phase procedure as described by Mevrifield,! the
first step involves attachment of an N-protected amino acid to a chloramethyl polystyrene-co
divinylbenzene resin to form a benzyl ester. Several common methods of esterification involve
1) the use of triethylammonium salts of amino acid derivatives in refluxing ethanol,2 2) the
modified Loffett procedure involving reaction of the tetramethylammonium salt in dimethyl-
formamide at room 'l:enper\'-n:ur'e,3 and 3) the method of Gisin utilizing the cesium salts of Boc
amino acids in DMF at s0oc. Complete reaction of chloromethyl groups (quantitative esterifi-
cation) is usually desirable in order to avoid side reactions of r'eagentsu or amino acid side
chains5 with any remaining chloromethyl groups; however only the cesium salt method results
in a nearly quantitative esterification.

The ability of compounds known as crown ethers to bind cations is well documented by sev-
eral recent r'ev:'uaws.6 This ability to bind cations will often allow the corresponding anionic
canponent to function as an improved nucleophile. Notable in regard to esterification is the
report by Liotta et £.7 that the complex of 1l8-crown-6 and potassium acetate will react quan-
titatively with benzyl bromide in acetonitrile at 25°C to form benzyl acetate, whereas little
or no reaction occurred in the absence of crown ether.

Although Gisin found that cesium salts of Boc amino acids are more reactive with a chloro-
methyl resin than are the other alkali metal sal’cs,8 we used the potassium salts because they
have higher association constants with the crown ethers that are readily ava:i_lable.9

We now report the use of 18-crown-6 to catalyze the quantitative displacement of chloride
from a chloromethyl resin by the potassium salts of Boc amino acids in IMF at 50°C and at room
temperature.

Preliminary results using 1.0 equivalents each of 18-crewn-8, the potassium salt of Boc
heu,l‘J and the chloromethyl resin at 100°C for 18 hr'll resulted in virtually complete esteri-
fication in several solvent systems; acetonitrile (96%), ethyl acetate (91%), and dimethyl-
formamide (100$).2? Lowering the temperature to 50°C gave the following results: ethanol
(5%), dimethylsulfoxide (7%), chloroform (11%), dioxane (20%), benzene (23%), acetonitrile
(27%), ethyl acetate (32%), tetrahydrofuran (35%), acetone (56%), methylene chloride (92%),
and dimethylformamide (96%). Although initially promising, the high incorporation values de-
termined for CH,Cl, were later found to be an artifact caused by reaction of Boc Leu 0~ with
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C!H?Cl2 in the presence of 1B-crown-6. (See Table I.) The product of the reaction is presum-
ably the chloremethyl ester of Boc Leu, but we made no attempt to establish this.

Table I. Chloride liberation during reaction in CHCl, at 50° for 18 hours.

Reagents (mmoles) C1l™ liberated
Boc Leu OK 18-Crown-6 Resin CHC1 (mmoles)®
0.192 0.195 0.161 0.165
- 0.197 0.168 0.008
0.203 - 0.203 0.012
0.202 0.199 - 0.160
- - — 0.008"

2 The amount of C1~ liberated at 35° and at room temperature was 50% and 28%, respectively,
of that liberated at 50°.
b Fram titration of CH2C12 and washings.

Since DMF was the best solvent for the reaction, studies varying the temperature, time and
molar ratios of reactants were undertaken in DMF with the potassium salt of Boc Leu in order
to determine the minimun requirements for quantitative esterification. It was found that at
room temperature (18 hr) Boc Leu OK could displace all of the chloride if 2.0 equivalents of
both the salt and the crown ether (relative to the chloromethyl resin) were used. (See Table
I1.) When 11 cother Boc amino acid potassium salts were subjected to the same reaction condi-
tions, four (Pro, Phe, Val, and Sar) gave quantitative esterification. However, all of the
Boc amino acids tested could completely displace the chloride fram the chloramethyl resin in
IMF at 50°C by using 1.2 or, in some cases, 1.5 equivalents of both the potassium salt and the
crown ether. (See Table IIIL.)

Table II. Reaction of Boc Leu potassium salt with chloramethyl polystyrene in DMF at room

temperature.
equivalents of % reaction equivalents of % reaction
crown salt crown salt
0 2.0 33 1.0 1.5 85
0 3.0 37 1.0 2.0 91
0.1 1.0 65 1.2 1.0 79
0.25 1.0 72 1.2 1.2 0
0.5 1.0 80 1.5 1.5 92
0.5 2.0 81 1.75 1.75 97
1.0 1.0 83 2.0 1.0 77
1.0 1.2 88 2.0 2.0 101

3.0 3.0 99
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Table III. Percent incorporation of Boc amino acids into a chloromethyl resin in IMF with
varying equivalents of the K salt and crown ether.

Boc AA OK Room temperature, 18 hr, 50°, 16 tr, LS 500, 18 hw, 50°, 18 hr,
2.0 eq. 1.0 eq. 1.2 eqg. 1.5 eq.
Boc-Leu 101 96 101 -
Boc-Pro 99 96 9 -
Boc-Phe 87 96 99 -
Boc-Val 9 93 9 -
Boc-Sar 96 89 97 -
Boc-Tle 85 93 93 a7
Boc~e~Z-Lys 85 g5 99 -
Boc-D-Ala 84 88 92 97
Boo-N™Tos-His 79 8y 100 -
Boo-Gly 78 91 9 -
Boc-Ser (OBzl) 7 89 92 95
Boc-Tyr (0Bzl) 67 85 89 99

Boc = t-butyloxycarbonyl; Tos - p~toluenesulfonyl; Z = benzyloxycarbonyl; Bzl = benzyl

In solid phase synthesis, sometimes it is desirable to ensure complete reaction of a Boc
amino acid (e.g. if it is isotopically labeled) rather than camplete reaction of all chloro-
methyl groups. In the present work, this was accomplished at room temperature by using one
equivalent of the potassium salt of Boc Gly or Boc Leu, ohe equivalent of 18-crown-6 and a
5-fold excess of chloromethyl resin in IMF for 18 hours. .

Finally, a comparison of the relative reactivities of the Cs, Rb, and K salts of Boc Leu
with an equivalent of 18-crown-6 gave the following results at room temperature, DMF, 18 hr:
Cs-75%, Rb-75%, and K-83%; and at 50°C, IMF, 18 hr: Cs-87%, Rb-89%, and K-96%, thus confirm-
ing the rationale for used K rather than Cs or Rb salts.

In conclusion it has been demcnstrated that 1B-crown-6 will function as a catalyst in the
quantitative esterification of a chloramethyl resin by the potassium salt of a Boc amino acid
under mild reaction conditions. The catalysis, though useful, is less dramatic than we antic-
ipated, probably because the reaction takes place too close to the backbone of the polystyrene
to allow unhindered approach of the crown ether.
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