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Abstract: The synthesis, characterization, and application of a poly(N-acrylylpyrrolidine) resin as an improved insoluble sup-
port for the preparation of peptides is described. The three-dimensional polymer was obtained by reverse-phase suspension co-
polymerization of the water-soluble monomers N-acrylylpyrrolidine, N,/NV’-bis(acrylyl)-1,2-diaminoethane, and N-acrylyl-
1,6-diaminohexane hydrochloride to yield a resin in beads of predetermined size. This method of polymer preparation appears
to be generally applicable for water-soluble monomers. The particular resin studied contained 4.4% cross-linking, 0.7 mmol
of primary amine per g of polymer and was prepared with a monomer-to-solvent dilution ratio of 1:4. The resin has favorable
swelling properties in solvents covering a broad range of polarities (CH,Cl, alcohols, AcOH, DMF, and H»0), which allow
the adaptation of most of the techniques developed for the Merrifield method of solid-phase peptide synthesis as well as the use
of procedures not previously compatible with polystyrene. The feasibility of amino acid and peptide attachment and detach-
ment has been demonstrated with three types of polymer-to-peptide bridging groups: (1) a new S-carbamoyl group for the
side-chain attachment of cysteine was used for a high yield bidirectional synthesis of deaminooxytocin, a potent biologically
active analogue of oxytocin; (2) the dinitrophenylene group for the side-chain attachment of histidine was used for the bidirec-
tional synthesis of thyrotropin-releasing hormone; (3) the benzyl ester group for COOH-terminal attachment and, moreover,
for the side-chain attachment of glutamic acid. N-Benzyloxycarbonylprolylglutamyl-O3-[4-(oxymethyl)phenylacetamido-
poly(N-acrylylpyrrolidine)]glycinamide was assembled bidirectionally to demonstrate the feasibility of preparing both glu-
tamic acid and glutamine-containing peptides from the same polymer-attached peptide intermediate; saponification and am-
monolysis were the respective methods of choice for the liberation of the Z-Pro-Glu-Gly-NH; and Z-Pro-Gln-Gly-NH; model
peptides. Reaction conditions used for detachment are nonacidic and different from those normally used for removal of N«-
amino group protection. Coupling reactions on the resin have been demonstrated in such diverse solvents as CH,Cl,, DMF,

and aqueous media.

The introduction of the principle of peptide assembly on
insoluble supports marked a milestone for the field of peptide
synthesis.?2 When the term “solid-phase peptide synthesis” was
originally introduced, it was generally felt that the polymer
would act only as an inert, solid support. However, during the
last decade extensive experience with polystyrene-based resin
beads has shown that the insoluble support does actually have
a dynamic influence on the synthesis of the peptide. Unfortu-
nately, the influences on mass transport of reagents, solvation
of polymers as well as peptide, and reaction rates of acylation
as well as deprotection have been mostly negative because of
physicochemical incompatibility of polystyrene with the at-
tached peptide.>* Emphasis to overcome these problems has
focused on making the growing peptide more compatible with
the polymer through the application and development of ap-
propriate protecting groups.>:®

0002-7863/79/1501-5383$01.00/0

Instead of attempting to make the growing peptide chain
conform to the requirements of a polystyrene-based resin, there
appears to be a greater potential to improve the techniques of
peptide synthesis by developing insoluble polymeric supports
which are physicochemically compatible with the backbone
structure of a peptide.?* Ideally, a new polymer would influ-
ence the course of the synthetic reactions in a positive manner
by providing an environment more favorable for the reac-
tions.

Several proposals have been made for the development of
insoluble polymeric supports with chemical structures re-
sembling those of polypeptides. For example, Anfinsen’ sug-
gested the use of a polypeptide per se as a polymeric support.
A cross-linked poly(L-lysine) has been reportedly used for
oligonucleotide synthesis.! Inman and Dintzis proposed the
use of cross-linked polyacrylamide for peptide synthesis,’ but,

© 1979 American Chemical Society
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Figure 1. Poly(N-acrylylpyrrolidine)-co-4.4 mol % N,N’-bis(acrylyl)-
I.2-diaminoethane-co-9.9 mol % N-acrylyl-1,6-diaminohexane hydro-
chloride (PAP) beads as obtained after drying to constant weight in vacuo
at 40 °C over P;0s. Unsized beads photographed at S0X magnifica-
tion.

since such a polymer only swells in water and highly polar
media unsuited at the time of suggestion for peptide synthesis,
the proposal was considered untenable. A poly(/N,N-di-
methylacrylamide) resin has been prepared and used for
peptide synthesis.'® '> However, this resin has been synthesized
in only a partially beaded form'? and attempts to scale up the
procedure resulted in totally amorphous polymer.''-* While
the physical form of the polymer does not change its chemical
properties that make it useful for peptide synthesis, in our
experience the handling of amorphous polymer poses problems
and requires special techniques. Filtration of a polymer prep-
aration containing even a small percentage of amorphous
material was found to be impractically slow and alternate
procedures such as centrifugation during the many steps of
peptide synthesis are cumbersome at best.

Polymer Design

In our view two factors, chemical nature and topographical
structure, determine the physicochemical properties that
render a polymer matrix favorable for peptide synthesis. The
present study deals primarily with the first factor; the evalu-
ation of topographical contributions to peptide synthesis must
be delayed and would become meaningful only after a suitable,
beaded polymer has been obtained and studied in some detail.
Three specific issues are the focal points of the current study:
(1) search for a monomer which gives a polymer with a broad
spectrum of solvent interactions. While polystyrene does not
swell appreciably in polar solvents, acrylamide polymers have
been reported to interact well only with polar solvents such as
water, dimethylformamide (DMF), and certain alcohols but
less well with CH>Cl; and CHCI3.%:10 (2) Development of a
reproducible procedure for obtaining beaded resin in large or
small scale preparations. (3) Investigation of peptide-to-
polymer bridging groups used previously and of new bridging
groups. When the physicochemical properties of a new polymer
differ dramatically from those of polystyrene, it is necessary
to reexamine the behavior of well-established bridging groups
as well as to develop new bridging groups which would take
advantage of the ability of the new polymer to interact with
both aqueous and nonaqueous media.

Addressing the first point of the above stated goals, the
monomers desired should contain a carboxamide moiety, must
be polymerizable by free radical initiation, and should be sol-

* Added in proof: A new procedure for the preparation of beaded polydimeth-
vlacrylamide resin has just been described (Arshady, R.; Atherton, E.; Gait, M. ).
Lee, K.: Sheppard, R. L. J. Chent. Soc.. Chem. Comniun. 1979, 423,
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uble both in organic and aqueous media so that the resulting
polymer will have a wide range of solvent interactions. In ad-
dition, the solubility and reactivity of each monomer toward
radical polymerization must be near those of the other mono-
mers so that its uniform distribution in the polymer is likely.

H

On this basis, N-acrylylpyrrolidine'? (1) became the monomer
of choice.

In order to introduce a chemical functional group into the
polymer onto which the amino acid or peptide would eventually
be attached, 1 was copolymerized with the functionalizing
agent, N-acrylyl-1,6-diaminohexane hydrochloride (2), which
is casily prepared in high purity and yield by a method recently
developed in this laboratory.'4
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CH,=C
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N,N’-Bis(acrylyl)-1,2-diaminoethane (3) was selected as
the cross-linking agent because a conformationally flexible
cross-link is required in order that all reaction sites in the

/H

\C=O

I
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CH,=C

matrix are as sterically equivalent as possible and not subject
to the constraints imposed by the cross-link.

The topography of the polymer matrix is determined by the
chemical nature of the monomers, the molar percentage of
cross-link and the monomer dilution ratio. In this study the
molar percentage of cross-linking agent to base monomer was
set at five. This degree of cross-linking (DC) provided the
desired mechanical integrity for the resin. The monomer
dilution ratio (MDR: ratio of the amount of inert solvent, i.e.,
water, to the amount of monomers by weight in the polymer-
ization mixture) was set at four. When combined with a DC
of five, a three-dimensional polymer resulted that posessed a
high degree of flexibility as revealed by its good swelling
properties.'> The schematic structure of the polymer is de-
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Table I. Comparison of the Swelling Properties of Poly(/NV-
acrylylpyrrolidine) (PAP) and Polystyrene Resin

spec vol (mL/g)
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they can be used directly for peptide synthesis without any
sizing at all (Figure 1). Individual batches with average dry
bead diameters of 200 um down to 10 um have been attained.
Virtually quantitiative conversions have been obtained with

solvent PAP-HCl¢ B(,’,;,Ci'by' po}?;)sc{ycrig];,‘ batch sizes varied from 2 to 30 g without deleterious effect on
the bead quality of PAP.
dry resin .5 15 1.6 Although the present composition and topography of PAP
tectone 1.5 24 38 (DC of 4.4, MDR of four and having 0.7 mmol/g of amino
methanol 23 6.6 1.6 imal for polymer-assisted
thanol 81 73 s group) may not yet be the optimal one poly ‘
:l ropanol 7 65 2 peptide synthesis, the new resin shows remarkable promise.
&il?ictr;lylformumidc 6.4 5> S In either its prqtonated or ac‘:yl.ated .form, thg resin exhibits
N-methylpyrrolidinone 5.4 6.2 6.5 favorable swelling characteristics with a variety of solvents
Cl1,Cl, 6.4 7.5 7.6 ranging in polarity from water to CH;Cl, (Table I). Boc-
CHCl; 6.8 8.7 9.5 Gly-PAP is superior to Boc-Gly-polystyrene in its ability to
E10Ac 1.9 1.9 4.7 interact with polar solvents such as CH;0H, CH3;CH,0OH,
l/\ich |SZ 2; 2.5 CF3;CH>0H, AcOH, and H,O; all of these solvents are useful
2 . . 1.6 ; ; ; H R R

CF1CH,OH Iy s e for peptide synthesis with PAP. In addition, Boc-Gly-PAP

¢ Poly(N-acrylylpyrrolidine) with DC 4.4, MDR 4, and 0.7 mmol
of amine hydrochloride as determined by chloride titration.'8 # Same
resin as in @ fully acylated by Boc-Gly by using DCC/HBT cou-
pling.'® Amino acid analysis after 24, 48, and 72 h of hydrolysis at |10
°Cin 6 M HCl gave 0.58 £ 0.01 mmol of Gly/g of resin. ¢ Prepared
from Lab-Systems polystyrene-1% divinylbenzene nominally chlo-
romethylated to 0.75 mmol/g. Exhaustive acylation with Boc-Gly by
using the cesium salt method of Gisin?® gave 0.57 mmol of Gly/g of
resin by amino acid analysis after hydrolysis of an aliquot in propionic
acid/12 M HCI (1:1) for 24 h at 130 °C.

picted below and referred to hereafter as poly(/N-acrylylpyr-
rolidine) (PAP), 4.17

[ em(— CH,CH—)—(— CHZ(ITH—);;,—"(—CH.ZCH—)W
|

C=0 C=0 C=

exhibits swelling properties that are nearly identical with those
of Boc-Gly-polystyrene in DMF, N-methylpyrrolidinone,
CH,Cl,, and CHCl; solvents commonly used in the Merrifield
method. These especially favorable swelling properties of PAP
should allow the use of most of the techniques developed for
the solid-phase method as well as the development and em-
ployment of new techniques that rely on aqueous or other polar
solvents (e.g., liquid NH3), the use of which are precluded for
polystyrene by its poor swelling properties in such solvents.

Peptide-to-Polymer Linking Groups for Amino Acid
Attachment

Attachment of an amino acid to a resin via its side chain?!
was the first step in the development of the flexible bidirec-

=

N NH NH
O | |

Polymer Synthesis

The synthesis of PAP was achieved by a system of reverse-
phase suspension polymerization, which on the basis of our
experience appears to be a general procedure for the prepa-
ration of polymers in beads of nearly any desired size starting
with water-soluble monomers. An aqueous solution of mono-
mer (1), functionalizing agent (2), and cross-linking agent (3)
in appropriate ratios along with the first component of the
redox initiator system, ammonium peroxydisulfate, was sus-
pended in a mixture of hexane and carbon tetrachloride; im-
portantly, this nonpolar solvent mixture prevents partitioning
of the monomers into the organic phase. The density of the
organic phase can be adjusted by addition of either the light
or heavy solvent until the aqueous phase sinks only very slowly
in the organic phase. Droplet size of the aqueous suspension
is regulated by the addition of sorbitan sesquioleate and by the
stirring rate of the mixture. Once the desired bead size has been
obtained, the second half of the redox initiator system,
N,N,N’,N’-tetramethyl-1,2-diaminoethane, was added, The
beads thus secured in high yield are of such uniform size that

(CH,)% CH, NH,*Cl™
NH,*CI™ CH, (CHye
0= | o=(|: '

I
~—(— CHCH,— ¥y (— CHCH,—J-—<—CHCH,~ i~ |

tional procedure of peptide synthesis on a polymer.2? Side-
chain functional groups offer an opportunity to use peptide-
to-polymer linking groups that can be cleaved by methods
distinct from those used during the elongation of the poly-
peptide.

S-Carbamoyl Group for Cysteine Side-Chain Attachment.
A new polymer-to-peptide bridging group for the attachment
of cysteine via its side-chain sulfhydryl moiety by using a S-
carbamoyl (Scam) linkage to the hexamethylamino function
of PAP was synthesized and its feasibility for bidirectional
peptide synthesis was evaluated. The Scam group is a modi-
fication of the S-ethylcarbamoyl (Ec) side-chain protecting
group introduced for cysteine by Guttmann.?* On the basis of
past experiences, the S-carbamoyl moiety has several features
desirable for a polymer-to-peptide bridging group. It is acid-
resistant, withstanding treatment with 2 M HBr/AcOH, does
not undergo S — N migration or 3-elimination when treated
with tertiary amine.

Scam was synthesized as depicted in Scheme I by treatment
of the free base of PAP with a 10-fold excess of 1,6-diisocy-
anatohexane followed by the addition of a 3-fold excess of
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Scheme 1
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Boc-Cys. Boc-Cys(Scam-PAP) resin had a substitution of 0.23
mmol/g of Cys as determined by amino acid analysis after acid
hydrolysis, In an attempt to eliminate intrachain cyclization,?*
Scam was also synthesized by an alternate procedure depicted
in Scheme I1. The fact that the resulting Boc-Cys(Scam-PAP)
resin still had a substitution of only 0.25 mmol/g of Cys was
most likely due to the fact that it proved impossible to com-
pletely remove all of the excess |,6-diisocyanatohexane which
competed for available amino groups.

Scam may be cleaved by a variety of base treatments such
as 2 equiv of aqueous NaOH added to a methanol suspension
of the resin or simply by refluxing the resin in liquid NH3. It
may also be cleaved by treatment with Na in liquid NH3, if
such treatment is desired to remove other protecting groups
simultaneously.

Dinitrophenylene Group for Histidine Side-Chain Attach-
ment. The side chain of histidine has been protected and at-
tached to resins for bidirectional peptide synthesis by the di-
nitrophenyl polymer-to-peptide linking group.?® The versatility
of this group??2% warranted its application to the new PAP
resin as well. Scheme 111 illustrates the attachment of the group
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Scheme NI
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to the resin and the subsequent incorporation of Boc-His onto
the resin. In brief, PAP-HCI was neutralized with 10% tri-
ethylamine and allowed to react with an excess of 1,5-di-
fluoro-2.4-dinitrobenzene plus triethylamine. The resin was
then reacted with Boe-His in the presence of diisopropyl-
ethylamine to yield Boc-His(DNP-PAP). The detachment of
Boc-His from the resin by thiolysis?> demonstrated that Boc-
His(DNP-PAP) had a substitution of 0.47 mmol/g.

4-(Oxymethyl)phenylacetamido Bridging Group. In order
to test the applicability of the more usual benzyl ester-type
bridging group to PAP, the 4-(oxymethyl)phenylacetamido
group?$-28 (OPA) was chosen. OPA was synthesized by two
approaches. The pathway depicted in Scheme IV is similar to
that used for the introduction of this group onto a polystyrene
resin.?® 4-(Chloromethyl)phenylacetic acid?® (7) was coupled
to the PAP resin by using dicyclohexylcarbodiimide (DCC)
and 1-hydroxybenzotriazole!® (HBT). The resulting 4-
(chloromethyl)phenylacetamido resin was reacted with the
cesium salt of a tert-butyloxycarbonyl (Boc) amino acid in
DMF?0 to yield Boc-aminoacyl-4-(oxymethyl)phenylaceta-
mido-PAP resin (Table II). As discussed by Mitchell et al.,28
this route either may lead to N-benzylation of some hexa-
methylamino sites or residual chloromethyl groups, which did
not react with the first Boc-amino acid, or may participate in
undesirable benzylation reactions at a later stage of a synthesis.
Therefore, this route may not be desirable for an extensive
synthesis, but it is most general and convenient for the at-
tachment of a number of different amino acids for feasibility
studies.

In a second approach Boc-aminoacyl-OPA-PAP was pre-
pared via Boc-aminoacyl-4-(oxymethyl)phenylacetic acid
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Table IL. Percent of Substitution of tert-Butyloxycarbonyl Amino
Acids on 4-(Oxymethyl)phenylacetamido-PAP

substitution¥
(mmol of amino

amino acid acid/g of resin)
Boc-Ala- 0.30
Boc-Glu(=)-O«Bu' 0.35 (0.42)%
Boc-Gly- 0.26 (0.60)%
Boc-lle- 0.35
Boc-Phe- 0.30
Boc-Val- 0.29

¢ Values obtained by treatment of 4-(chloromethyl)phenylaceta-
mido-PAP with Boc-amino acid cesium salt. # Values obtained by
coupling Boc-aminoacyl-4-(oxymethyl)phenylacetic acids onto
PAP.

phenacyl ester intermediates.?® It was found that coupling
Boc-Gly-4-(oxymethyl)phenylacetic acid or Boc-Glu-03-
(4-(oxymethyl)phenylacetic acid) O-tert-butyl ester to PAP
gave higher substituted resins than by Scheme IV (Table IV).
An inherent disadvantage of the second route is that it requires
a number of synthetic steps for each individual amino acid with
intermediates often difficult to purify.

The OPA bridge has been shown to be more stable to acid
hydrolysis than the standard benzyl ester.27-?® This was found
also to be the case for this bridge attached to the PAP resin as
well, since a 1:]1 mixture of trifluoroacetic acid and meth-
anesulfonic acid, which cleaved Gly-Ala from the standard
Merrifield resin,?® fajled to cleave any amount of amino acid
that could be detected by TLC from either Boc-Gly or Boc-
Val-OPA-PAP resin. However, as the design of PAP was di-
rected toward the removal of the product under mild reaction
conditions, other methods were tried for the cleavage of the
amino acid from the OPA-PAP resin.

Sapoenification. The inadequacy of OH™ to detach peptides
from polystyrene polymer has been attributed to exclusion of
these ions from this kind of polymer matrix.3! Such is not the
case for PAP, since its hydrochloride can easily be converted
to the free base by treatment with an equivalent amount of
aqueous NaOH. While cleavage of a Boc-amino acid from a
Boc-aminoacyl-OPA-PAP by 2 equiv of NaOH in water was
generally found to proceed too slowly to be of practical value,
addition of methanol or ethanol to the reaction medium greatly
enhanced the rate of cleavage. In the case of sterically hindered
COOH-terminal amino acids, the cleaved product was con-
taminated with the corresponding methyl or ethyl ester. Use
of branched chain alcohols eliminated this difficulty; terr-butyl
alcohol or isopropyl alcohol-H,O (7:3, v/v) was found to be
the solvent of choice. Rates of saponification for Boc-Glu-
(OPA-PAP)-O-Bu' in these two solvents are shown in Figure
2A. Cleavage was quantitative in 4 h in either solvent by ad-
dition of 2 equiv of | M NaOH (0.07 M maximum initial
concentration) and no detectable ester formation was seen
when 50-ug samples of cleaved products were applied for TLC.
The Boc-amino acids—Gly, Ala, and Phe-——were all cleaved
quantitatively by using the above conditions. Even the hy-
drophobic, sterically hindered dipeptide Boc-Leu-lle-OPA-
PAP was cleaved 72% and Boc-Leu-Val-OPA-PAP was
cleaved 95% when | equiv more of | M NaOH was added after
4 h and the reaction allowed to proceed an additional 2 h. In
all examples, no contamination by ester was detected. The
extent of racemization of the Boc-Leu-Val thus obtained was
determined by analyzing for L-Leu-D-Val?? after removing the
protecting groups with CF3;CO,H. The dipeptide contained
0.7% of the L,D diasteroisomer. When in a control experiment
crystalline Boc-L-Leu-L-Val-OMe33? was subjected to identical
saponification conditions, 0.2% L-Leu-D-Val was found after
removal of the Boc protecting group. The additional 0.5% L-
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Figure 2. Rales of saponification and ammonolysis of Boe-Glu(OPA-
PAP)OBu'. (Panel A) Saponification in 70% 2-propanol in water by 2
¢quiv of | M NaOH (0—0). Saponification in tert-butyl alcohol by 2
cquiv of 1 M aqueous NaOH (@—@). (Panel B) Ammonolysis in
CF3CH,OH at 25 °C; solution was saturated with ammonia at 0 °C.

Leu-D-Val may be partially the result of the presence of the
resin during saponification or may be formed during the at-
tachment of Boc-Val to the resin or during subsequent syn-
thetic procedures.

Reducing Techniques. The well-known cleavage reaction of
benzyl ester with sodium in liquid ammonia®* and the suc-
cessful cleavage of Scam with this reagent prompted us to try
the technique with the OPA linkage. Surprisingly it was found
that neither Boc-Val-OPA-PAP nor Val-OPA-PAP was
cleaved to any detectable degree by such treatment, despite
the observation that PAP swells in ammonia and the charac-
teristic blue color of dissolved sodium metal fades. A com-
petitive reductive cleavage of the polylacrylylpyrrolidine amide
bond, similar to that observed for X-Pro bonds,?? is one possible
explanation for this finding.

It has been demonstrated that Pd(II) gcetate dissolved in
DMF can penetrate polystyrene resin and be converted into
an active catalyst for hydrogenolysis.3¢ The favorable solvation
properties of PAP in solvents that would be potentially useful
for hydrogenolysis (e.g., alcohols, acetic acid, water, and sec-
ondary amides) lead us to test the feasibility of the technique
for the detachment of protected amino acids from various
Boc-aminoacyl-OPA-PAP resins. Table 111 shows the results
of some of our experiments with various solvents and differing
concentrations of Pd(11) salts. Pd(II) acetate was soluble in
DMF and CF3CH,OH, but hydrogenolysis proceeded only in
DMF. By using dimethylamine-free DMF with two additions
of catalyst, Boc-Ala, Boc-Phe, and Boc-Glu-Oa-Bu'! have been
successfully detached. The desirability of such a mild proce-
dure as catalytic hydrogenolysis for peptide detachment and
the positive results of these initial experiments warrant further
investigation.

Ammonolysis. Boc-amino acids, in all but the most sterically
hindered examples, were readily cleaved as their amides from
Boc-aminoacyl-OPA-PAP resins quantitatively by ammono-
lysis in methanol?’ (Table 1V). It was found that with some
sterically hindered amino acids a significant contamination
occurred due to concurrent formation of the methyl ester. This
difficulty was circumvented through the use of CF3CH>OH
as the solvent. This solvent swells Boc-amino-acyl-OPA-PAP
resins almost 10-fold (Table 1) and absorbs ammonia at 0 °C
to cause a 50% increase in total solution volume. 1n addition,
reaction temperatures may be increased to as high as 40 °C
without dangerously increasing the pressure within the sealed
reaction vessel. The rate of ammonolysis for Boc-Glu(OPA-
PAP)-OBu’ in CF;CH;OH is shown in Figure 2B. Thus, even
the sterically hindered hydrophobic protected dipeptide Boc-
Leu-Val- was detached smoothly and free from ester con-
tamination.
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Table II1. Percent Cleavage of tert-Butyloxycarbonyl Amino Acid from tert-Butyloxycarbonylaminoacyl-4-(oxymethyl)-

phenylacetamido-PAP by Hydrogenolysis?

conditions?
N-methylpyr-
rolidinone DMF DMF DMF 10% HOAc-DMF H,O
amino acid Pd(11)OAcc Pd(11)OAc* Pd(11)OAc? Pd(11)OAc¢ Pd(11)OAc* PdCly/
Boc-Gly 47 57 74
Boc-lle 46 58 70 24 48

9 Amino acid analysis cannot be performed on the catalyst impregnated resins. Yields are of amino acids actually isolated. » Reactions were
conducted at | atm of H; pressure at 45-50 °C for 24 h, ¢ Catalyst concentration 20 mg/mL. ¢ Initial catalyst concentration 20 mg/mL; second
addition of 20 mg/mL catalyst after 8 h. ¢ Initial catalyst concentration 20 mg/mL; doubled after 4 h and tripled after 6 h. / Resin initially
wetted with EtOH, catalyst concentration 20 mg/mL, made acid with | drop of concentrated HCI.

Table 1V. Percent Cleavage of tert-Butyloxycarbonyl Amino Acid
or Peptide from tert- Butyloxycarbonylaminoacyl-4-(oxymethyl)-
phenylacetamedo-PAP by Ammonolysis

amino acid % cleaved % cleaved time (h)

or peptide (MeOH) (CF;CH,OH) (at 25°C)
Boc-Ala- 100 100 72
Boc-Glu(-)-OBu' 100 100 48
Boc-Gly- 100 99 72
Boc-Leu-Ala 98 99 72
Boc-Leu-Val- 564 7446 72
Boc-Phe- 100 100 72
Boc-Val 85 726 72

Table V. Sequence of Operations Used for Each Deprotection and
Coupling Cycle

step repeti- time
no. reagent tions (min)
I CH,Cl, 4 2
2 CF3CO;H/CH,Cl,/anisole (49:49:2, v/v/v) | 30
3 CH,Cl, 5 2
4 DMF 3 2
5 preactivated Boc-amino acid plus 1 120
diisopropylethylamine®
6 DMF 4 2
7 EtOH 3 2

¢ Reaction period was 24 h. Product contaminated with approxi-
mately 50% methyl ester. » Reaction temperature was 40 °C.

Coupling Reactions in Aqueous and Nonaqueous Solvents

Coupling reactions to lle-OPA-PAP in solvents with dif-
ferent polarities were investigated. First, the symmetrical
anhydride?® of Boc-Leu (3 equiv) was prepared and added to
Ile-OPA-PAP suspended in CH»Cl». The reaction was com-
plete in less than | min as monitored by the ninhydrin®® and
picrylsulfonic acid*C tests. Second, Boc-Leu-H,O (3 equiv) in
DMF was preactivated*! by DCC, mediated by HBT,!® and
added to lle-OPA-PAP suspended in DMF. The reaction was
completed within 5 min. Third and most importantly, a sus-
pension of lle-OPA-PAP in 5% aqueous NaHCO3, when
treated with an equal volume of ethanolic Boc-Leu-OSu#2 (4
equiv), was also coupled in less than 5 min. The lle-Leu ratio
determined by amino acid analysis for all three Boc-Leu-Ile-
OPA-PAP resins was 1:1. Thus, efficient coupling reactions
even to sterically hindered lle have been demonstrated on PAP
in solvents of widely different polarities including aqueous
media.

Bidirectional Synthesis of Polypeptides

Some years ago the method of bidirectional solid-phase
peptide synthesis?? was introduced with the preparation of the
tripeptide, thyrotropin-releasing hormone (TRH).?* It was
concluded that the attachment of an amino acid residue toan
insoluble polymer by its side chain allows flexible bidirectional
schemes of synthesis, usually restricted to classical solution
techniques, to be combined with advantages of polymer-sup-
ported peptide synthesis. It is also recognized that the chemi-
cally different functionalities of amino acid side chains provide
an opportunity to explore peptide-to-polymer linking groups
that can be cleaved by methods specific and distinct from
conditions used for protecting-group removal during peptide
chain elongation.

Now we report on an extension of the bidirectional method
of peptide synthesis to include the use of the newly developed
poly(~N-acrylylpyrrolidine) (PAP) type resin!” in combination
with the use of the Cys, His, and Glu amino acid side chains

¢ See Experimental Section.

as anchoring moieties to the polymeric support, and the S-
carbamoyl (Scam), dinitrophenyl (DNP),2% and 4-(oxy-
methyl)phenylacetamido (OPA)26.28 groups as peptide-to-
polymer bridging groups.

Bidirectional Synthesis of Deaminooxytocin Using the
Cysteine Side Chain as Attachment Point. By using the Scam
moiety as peptide-to-polymer linking group, Boc-Cys was at-
tached to PAP to yield Boc-Cys(Scam-PAP) (5). This inter-
mediate served in this study as starting material for the syn-
thesis of deaminooxytocin,*? a potent analogue of the posterior
pituitary hormone oxytocin.* The approach used in the bidi-
rectional synthesis of the analogue is summarized in Scheme
V.

Intermediate § was extended in the COOH-terminal di-
rection by the coupling of Pro-Leu-Gly-NH>-0,5H,0% by
using DCC in the presence of HBT.!® Boc-Cys-(Scam-PAP)-
Pro-Leu-Gly-NH,, after removal of the Boc-protecting group,
was elongated in the NHj-terminal direction in a stepwise
manner according to the schedule of procedures given in Table
V. The usual step of washing with tertiary amine was omitted
to ensure that no cleavage of the Scam group occurred by the
hydroxide produced from trace amounts of water in the sol-
vents. Instead, diisopropylethylamine was added during the
coupling reaction. Boc-protected amino acids were coupled
cither as their p-nitrophenyl esters mediated by HBT*® or as
free acids preactivated by DCC/HBT.*' The sulfhydryl group
of B-mercaptopropionic acid (8-Mpr) was protected by the
S-ethylcarbamoyl (Ec) group?? and the tyrosine hydroxyl
group was left unprotected. Coupling occurred rapidly; the
nitrophenyl ester couplings were completed in 60 min, and most
reactions were finished before 5 min, when the first test sample
was withdrawn from the reaction mixture. Completeness of
coupling was evaluated most reliably by a modified version of
the procedure of Hancock and Battersby*® rather than the
ninhydrin test.>>47 The amino acid composition of the peptide
intermediate attached to the resin is given in Table VI (step
7). Note that the substitution of cysteine after the final cou-
pling step corresponds to the degree of substitution expected
for complete incorporation of all residues in the absence of any
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Scheme V
$5-Mpr Tyr Ile Gln Asn Cys Pro Leu Gly
Scam-PAP
Boc—+OH H NH,
Scam-PAP
Boc NH,
Scam-PAP
Boc—ONp H NH,
Scam-PAP
Boc NH,
Scam-PAP
Boc——-ONp H NH,
Scam-PAP
Boc NH,
Scam-PAP
Boc—+—OH H NH,
Scam-PAP
Boc NH,
Scam-PAP
Boc—+OH-H NH,
Scam-PAP
Boc NH,
/EC Scam-PAP
[OH H NH,
Ec Scam-PAP
NH,
NH,

cleavage of the Scam peptide-to-polymer linkage. The peptide
was removed from the resin by treatment of a slurry of the
polymer in methanol under a nitrogen atmosphere with 3 equiv
of aqueous NaOH. The liberation of sulfhydryl groups was
measured by the Ellman method*® and it was found that
cleavage was complete and quantitative after 15 min. The so-
lution was then diluted with MeOH/H,0 (1:1) and the di-
sulfide bond formed by oxidation with ICH,CH>1.4° The
product was purified by gel filtration on Sephadex G-135, first
in 50% AcOH, then in 0.2 M AcOH, and was finally isolated

by lyophilization. The overall yield of deaminooxytocin based
on the initial substitution of cysteine from step | on the resin
was 59%. The product possessed the full biological potency of
deaminooxytocin lyophilizate of 690 %+ 40 units/mg (lit.*3 684
+ 32) uterotonic activity determined on the isolated rat uterus.
The peptide produced a single spot on thin-layer chromatog-
raphy in two solvent systems and had the expected amino acid
analysis (Table V1). The yield of deaminooxytocin obtained
with this PAP resin is higher than the overall yield obtained
from the best solid-phase syntheses of neurohypophyseal

Table VI. Amino Acid Analysis Data for Bidirectional Deaminooxytocin Synthesis?

coupling cycle no.: 1 2 7
residue no. in final
the peptide: 6 6-9 1-9 theory# product
Cys substitution® 0.234¢ 0.19¢ 0.16¢ 0.16
ratio 0.82 0.89 1.00 1.03¢
Pro substitution 0.23 0.18 0.16
ratio 1.00 1.00 1.10 0.97
Leu supstitution 0.23 0.18 0.16
ratio 1.00 1.00 1.00 1.02
Gly substitution 0.23 0.18 0.16
ratio 1.00 1.00 1.00 1.03
NH; substitution 0.22 0.58 0.48
ratioA 0.94 3.22 3.00 2.83
Asp substitution 0.17 0.16
ratio 0.94 1.00 1.00
Glu substitution 0.18 0.16
ratio‘ 1.00 1.00 1.05
le substitution 0.16 0.16
ratio 0.89 1.00 0.95
Tyr substitution 0.15 0.16
ratio 0.83 1.00 0.96/
B-Mpr
|
Cys ratio 0.46
' cystine ratio 0.4]

¢ Staqdard hydroly§is conditions (see Experimental Section) were used unless otherwise indicated. # Based on an initial substitution of 0.23
ml.nol of Cys/g of resin corrected for theoretical weight gain. © Substitution in mmol/g. ¢ Determined as cysteine. ¢ Determined as cysteic
acid. / Phenol, 0.2%, added to hydrolysis mixture.
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hormones.*?3! Solution-phase synthesis of these hormones
generally give poorer yields than those achieved by the solid-
phase method.>!

Synthesis of Thyrotropin-Releasing Hormone (TRH) with
His Side-Chain Attachment. In this study the use of the dini-
trophenylene polymer-to-peptide bridging group (6) was ap-
plied for bidirectional synthesis on PAP. N*-Boc-Ni™-(2,4-
dinitro-5-PAP-phenyl)histidine [Boc-His(DNP-PAP)] was
first extended in the COOH-terminal direction by the addition
of proline amide. After removal of the Boc group with 50%
CF3CO,H in CH,Cl,, the resino dipeptide was acylated at the
NH; terminus by pyroglutamylpentachlorophenyl ester>?
{<Glu-OPhCls}. The product was liberated from the resin by
thiolysis,2® precipitated, and purified by a single high perfor-
mance liquid chromatography step on silica gel by using
aqueous 70% ethanol. The purified TRH (48% yield based on
the histidine content of the resin) released 14 873 £+ 774
Ang/mL of medium of TSH from female rat pituitaries in vitro
as compared with 15 167 + 695 Ang/mL for the standard
preparation of Bowers et al.>3

Synthesis of a Model Tripeptide with Glutamyl Side-Chain
Attachment.  N*Boc-glutamyl-O°-(4-(oxymethyl)phe-
nylacetamido-PAP) O-tert-butyl ester (Boc-Glu-(OPA-
PAP)-OBu') (8) was converted by treatment with CF3CO,H
to Glu(OPA-PAP). Next the liberated NH; terminus of this
intermediate was acylated by Boc-Pro-OSu. The resulting
resino dipeptide was activated with DCC, mediated by HBT,
and extended with glycinamide at the COOH terminus. This
tripeptide resin served as a convenient intermediate for the
synthesis of both Z-Pro-Gln-Gly-NH, and Z-Pro-Glu-Gly-
NH;. Z-Pro-Gln-Gly-NH; was obtained by ammonolysis of
the substituted resin in CF3CH,OH in 74% yield after puri-
fication. The product was identical with a sample prepared by
solution techniques. Purified Z-Pro-Glu-Gly-NH; was ob-
tained in 53% yield after saponification of the resin with 0.14
M NaOH in t-BuOH-H,O0 (6:1, v/v) for 4 h.

In summary, a general method is reported by which three-
dimensional polymers may be prepared from water-soluble
monomers (which may also possess an appreciable solubility
in organic solvents) in a beaded form of predetermined size.
The synthesis of poly(N-acrylylpyrrolidine) (PAP) allows
precise control of the extent of substitution by regulation of the
quantity of functionalizing agent, N-acrylyl-1,6-diamino-
hexane hydrochloride, which is copolymerized. The new resin
possesses a broad range of solvent interactions enabling use of
most of the techniques developed for the Merrifield method
of solid-phase peptide synthesis as well as allowing the appli-
cation of procedures not possible on polystyrene based supports.
The feasibility of amino acid and peptide attachment and de-
tachment has been demonstrated by using S-carbamoyl, di-
nitrophenyl, and benzyl ester polymer-to-peptide bridging
groups. By using these bridging groups the bidirectional syn-
thesis of deaminooxytocin, TRH, Glu- and Gln-containing
model peptides has been achieved. Moreover, the conditions
used for detachment take advantage of the physicochemical
properties of the new polymer and are not only mild, but are
different from the acidic conditions employed for the removal
of N“-protecting groups during the course of peptide chain
elongation.

Experimental Section

General Procedures. All melting points were determined in open
capillary tubes and are reported uncorrected. Thin-layer chroma-
tography wus performed on precoated plates of silica gel G-60 F-254
(E. Merck). Compounds were applied in loads of 20, 40, and 60 ug
sind chromatograms were developed for 10-15 ¢m in the following
solvent systems (all by volume): (A) acetone-AcOH-H,0 (18:1:1);
(B) acctone-AcOH (9:1); (C) CHCl;-MeOH-AcOH (18:1:1); (D)
CHCI3-MeOH (18:1); (E) CHCI3-MeOH-38% NH4OH (10:4:0.4);
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(F) 1-BuOH-AcOH-H,0 (4:1:1); (G) EtOAc-pyridine-AcOH-
H>O (5:5:1:3); (H) EtOH-H,0 (7:3); (I) CHCl3-MeOH-38%
NH4OH (5:5:1): (J) CHC13-MeOH-AcOH-H,0 (7:3:0.5:0.1); (K)
CHCI3-MeOH-AcOH (9:1:1). Visualization was performed by
treatment with Cl; followed by starch-K1 spray. Amino acid analy-
ses> were performed on a Durrum Model 500 amino acid analyzer
following hydrolysis in degassed 6 M HCl at 110 °C for 22 h. Most
of the reactions on PAP resin were performed with a Schwarz/Mann
sutomated peptide synthesizer. Optical rotations were taken on a Zeiss
0.01° circle polarimeter.

Completeness of coupling reactions was measured by a modified
version of the procedure of Hancock and Battersby.4® A 1% solution
of picrylsulfonic acid (PSA) (Chemical Dynamics) was prepared in
distilled N-methylpyrrolidinone or DMF. A 1-10-mg portion of
peptide resin was placed in a small test tube and 2 drops (Pasteur
pipet) each of PSA solution and 10% diisopropylethylamine in CHCl3
were added. After 10 min at room temperature, | mL of EtOH was
added and the resin beads were viewed through a 10X magnifier. All
the color was on the beads and ranged from bright red for a very
positive test (0.5 mmol of free amine/g) to faint yellow for approxi-
mately 0.001 mmol of free amine/g.

N, N'-Bis(acrylyl)-1.2-diaminoethane (3). A solution of acrylyl
chloride (16.6 mL, 0.20 mol) in CHCl; (150 mL) was cooled to —30
°C. A solution of 1,2-diaminoethane (6.1 mL, 0.091 mol) and tri-
cthylamine (26 mL, 0.19 mol) in 150 mL of CHCI; was added drop-
wise while keeping the reaction temperature at =30 t0 =40 °C. After
2 hat 23 °C, the mixture was filtered, the filtrate evaporated to 10
mL. and the product precipitated with hexane. The precipitate was
dissolved in MeOH (200 mL) and passed through a 3 X 60 cm column
of Rexyn 201 (OH~ cycle). The eluate was treated with decolorizing
charcoal, the solvent evaporated, and the product crystallized from
E10Ac-hexane: 10.5 g (62%); mp 142-143 °C. Recrystallization with
88% recovery; mp 144-145 °C; (lit. mp35 144-145 °C). Single spot
on TLC Ry (A) 0.76. Anal. Caled for CgH 2N302: C, 57.1, H, 7.19;
N, 16.6. Found: C, 56.9; H, 7.10; N, 16.6.

Poly(N-acrylylpyrrolidine) (PAP) (4). n a typical experiment, a
solution of N-acrylylpyrrolidine!3 (22.3 g, 180 mmol), 3 (1.5 g, 9
mmol), N-ucrylyl-1,6-diaminohexane hydrochloride'* (4.3 g, 20.7
mmol), and (NH4)2S;0¢ (0.48 g) in H,O (110 mL) was added to an
organic phase of hexane (575 mL) and CCly (265 mL) in a 1-L
wide-mouth reaction vessel fitted with a mechanical stirrer. The
density of the organic phase was adjusted by addition of 20 mL more
CCly so that the aqueous phase sank slowly when stirring was stopped.
With the stirrer at 600 rpm, 0.3 mL of sorbitan sesquioleate was added
and the mixture flushed for 20 min with N-saturated with vapor of
the same composition as the suspension. Finally, NN N'N’-tetra-
methyl-1,2-diaminoethane (0.96 mL) was added and, after an in-
duction period of 3 min, the reaction temperature rose from 23 to 30
°C in a span of 5 min. Stirring was continued for 30 min; the beads
were filtered and washed with 2-propanol, MeOH, H-O, EtOH,
CHCl;, EtOAc, and dried in vacuo at 80 °C to constant weight: 28.0
2 (99.6% conversion). The dry bead diameler of 1he batch was 150 &
25 um measured by a vernier equipped microscope. Titration for
chloride'® gave a substitution of 0.69 mmol/g. A 1.0-g portion of the
resin was neutralized with 10% diisopropylethylamine in CH,Cl,. A
solution of Boc-Gly (0.37 g, 2.1 mmol) and HBT-H,0 (0.64 g, 4.2
mmol) in DMF was preactivated with DCC (0.43 g, 2.1 mmol) for
50 min, filtered and added to a DMF suspension of the resin, After
15 min, diisopropylethylamine (0.1 mL, 0.6 mmol) was added and the
reaction continued for 4 h. This procedure was repeated for an addi-
tional 4 h after which the resin was negative to the ninhydrin test and
10 PSA. Amino acid analysis after 24-, 48-, and 72-h hydrolyses of
sliquots revealed a substitution of 0.58 £ 0.01 mmol of glycine per
g of resin (94% of theoretical). The hydrochloride and Boc-glycine-
PAP resin were used to determine the specific volume in various sol-
vents shown in Table 1. Dry resin (70 mg) was packed ina 3 X 170 mm
colnmn having 0.01-mL graduations. The volume of the packed resin
was determined while dry, and after thorough equilibrition with cach
solvent.

Ne-tert-Butyloxycarbonyl- S-[carbamoyl-poly( N-acrylylpyrroli-
dineijcysteine, Boc-Cys(Scam-PAP)-OH (5). A 7.1-g portion of 4 (4.2
mmol of amino group) was washed thrice with 100-mL portions of
the following: CHCl3, CHCl3-diisopropylethylamine (9:1), CHCl3,
and DMF. To an agitated suspension of the resin in DMF was added
1 ,6-diisocyanatohexane (Polysciences) (7.06 g, 42 mmol) und diiso-
propylethylumine (.4 mL, 8.4 mmol). After 2 h, 1he reaction mixlure
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wus drained and the resin washed with DMF (3 times, 100 mL). The
resin was then treated for 18 h with a DMF solution (100 mL) of
Boc-Cys#? (13 mmol), after which the resin was washed with DMF,
EtOH, and DMF again (thrice each, 100 mL). Finally the resin was
suspended in DMF and acetic anhydride (1.0 mL) and diisopro-
pylethylamine (0.7 mL, 4.2 mmol) were added. After 60 min, the
reaction vessel was drained and the resin washed with DMF (100 mL),
10% aqueous AcOH (3 times, 100 mL), EtOH (three times, 100 mL),
and CHCl; (three times, 100 mL). Amino acid analysis gave a sub-
stitution of 0.23 mmol of cysteine per g of resin.

Alternate Preparation for (5). A solution of Boc-Cys (10 mmol) in
N-methylpyrrolidinone was added dropwise with stirring to a solution
of 1,6-diisocyanatohexane (5.0 g, 30 mmol) in /V-methylpyrrolidinone.
After 30 min, the solvent was removed by evaporation (0.04 mmHg,
52 °C), and the resulting oil triturated with hexane (20 mL, four
times). When the last hexane wash was cvaporated, only a few drops
of 1,6-diisocyanatohexane were present. but TLC in system B still
showed significant contamination by the diisocyanate. When repeated
attempts to crystallize /N-Boc-S-(1-carbamoyl-6-isocyanatohex-
ane)cysteine failed, the crude product was dissolved in DMF (450 mL)
and added to 3.8 g of PAP which had been previously ncutralized as
for 5. Diisopropylethylamine (0.43 mL) was added and the reaction
allowed to proceed overnight. The resin was washed and acetylated
as above; amino acid analysis gave 0.25 mmol of cysteine per g of
resin.

Cleavage of Boc-Cys(Scam-PAP). A, Reaction with Sodium Hy-
droxide. Boc-Cys(Scam-PAP) (0.50 g, 125 umol) was suspended in
N-flushed MeOH (9 mL) and 0.25 mL of I M aqueous NaOH so-
lution added. Aliquots of 10 uL were withdrawn at 3-min intervals
and the amount of sulfhydryl was determined by the method of Ell-
man.*8 Cleavage was complete and quantitative in 15 min. TLC of
the acidified solution in system C showed only Boc-Cys. Amino acid
analysis of the resin showed <0.001 mmol Cys/g.

B. Reactions with Sodium in Liquid NH3. Boc-Cys(Scam-PAP) (0.3
g. 69 umol) was suspended in refluxing anhydrous liquid NH3 (70 mL
of freshly distilled from Na) and a glass-encased stick of sodium metal
(freshly cut surface) was introduced until the blue color of dissolved
sodium persisted for 30 s without additional sodium. The excess so-
dium was discharged with a drop of AcOH and the NH; was removed
by evaporation and lyophilization. The residue was dissolved in SO mL
of MeOH-H»0 (1:1, v/v) and a 200-uL aliquot withdrawn for
quantitative sulfhydryl group determination showed 60% of the the-
oretical amount. Amino acid analysis of the resin revealed 0.07 mmol
of Cys/g (70% cleaved). Longer treatments with sodium (up to 30
min) did not substantially improve the yield. As above, TLC showed
only Boc-Cys and a trace of (Boc-Cys)a.

C. Reaction with Liquid NH3. Boc-Cys(Scam-Pap) was suspended
in anhydrous liquid NH3 and refluxed for 3 h. The NH3 was removed
and, when the residue was dissolved in MeOH-H,0 (50 mL, 1:1,v/v),
quantitative determination of sulfhydryl groups showed 74% of the-
oretical amount.

Ne-tert-Butyloxycarbonyl- ¥™-(2,4-dinitro-5-PAP-phenyhisti-
dine, Boc-His(DNP-PAP) (6. Pap-HCl (1.0 g, 0.7 mmol) was treated
with 10-mL portions as follows: CHCI; (five times), 10% triethylamine
in CHCl; (four times), and CHCI; (five times). A solution of 1,5-
difluoro-2,4-dinitrobenzene (2.5 g, 12.2 mmol) in CHCIl3 (15 mL)
was added to the resin and shaken. At 45-minintervals, 50 uL of tri-
ethylamine was added until 250 uL total. After shaking 18 h, the resin
was ninhydrin negative. The reaction mixture was drained and the
resin washed five times which 10-mL portions of CHCl3 and DMF.
A solution of Boc-His (0.9 g, 3.5 mmol) and diisopropylethylamine
(0.6 mL, 3.5 mmol) was prepared in warm (50 °C) DMF (15 mL) and
added to the resin. After shaking for 2 days, the reaction mixture was
drained and the resin washed five times with 10-mL portions of DMF,
CHClIs, and EtOAc. Thiolysis with mercaptoethanol?’ showed the
resin to contain 0.47 mmol of His per g of resin.

4-(Chloromethyl)phenylacetic Acid (7). The procedure of Bogdanov??
was followed. A suspension of phenylacetic acid (32 g, 0.28 mol),
ZnCl; (12.5 g,0.08 mol), and aqueous 37% formaldehyde (110 mL,
1.5 mol) was warmed to 75 °C and HCI was slowly bubbled through
the stirred solution for 12 h while maintaining a 75-80 °C tempera-
ture. The reaction mixture was cooled to room temperature and the
insoluble material removed by filtration and washed with CHCl3. The
washed product (6.5 g) was crystallized from CHCl; (100 mL) to yield
4.7 g, mp 155-156 °C. From the mother liquor and previous washings,
another 5.84 g of crystalline product was obtained: total yield, 9.84
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2 (23%): mp 155-156 °C (1it.27:29 [52-153 °C, 153-154 °C).
N-tert-Butyloxycarbonylaminoacyl-4-(oxymethyl)phenylacetami-
do-poly(N-acrylylpyrrolidine) Resin (8). The glycine resin is typical.
A sample of 4 (2.0 g, 1.2 mmol of amine) was washed with CHCl; (20
mL, twice), 7% diisopropylethylamine in CHCl3 (20 mL, thrice), and
CHCl; (20 mL, four times). A solution of 7 (660 mg, 3.6 mmol), DCC
(741 mg, 3.6 mmol), and HBT (550 mg, 3.6 mmol) in DMF (20 mL)
was added and after shaking for 10 min diisopropylethylamine (0.21
mL, 1.2 mmol) was added. After 15 h, the resin was checked by the
ninhydrin test and estimated to be 90% acylated.’® The resin was
washed with DMF (20 mL, twice), EtOH (20 mL, thrice), and DMF
(20 mL., four times). The remaining amino groups were acetylated
with acetic anhydride (2 mL) in DMF (20 mL) and diisopropyl-
cthylamine (0.2 mL) for 15 h. The ninhydrin negative resin was then
washed with DMF and CHCl3 and dried in vacuo at 35 °C. A sample
(1.00 g) was suspended ina DMF (10 mL) solution of Boc-Gly Cs* 20
(307 mg, 3.0 mmol) and shaken for 24 h. The resin was filtered,
washed with DMF, water, and MeOH, and dried in vacuo at 50 °C.
Amino acid analysis gave a Gly value of 0.26 mmol/g of resin, Results
for resins substituted by Boc-Ala, Boc-Glu(—)-O<-Bu’, Boc-lle,
Boc-Phe, and Boc-Val, all prepared in the same manner, are given in
Table I1.
N-tert-Butyloxycarbonylglycyl-4-(oxymethyl)phenylacetic Acid,
Boc-Gly-OPA (9). This compound was prepared by the general method
of Mitchell et al.2* from Boc-Gly-DCHA (14.3 mmol) and 4-(bro-
momethyl)phenylacetic acid phenacyl ester (7.3 mmol). Boc-Gly-
OPA phenacyl ester crystallized from EtOAc-hexane: 1.42 g (44%
yield):; mp 64-69 °C; TLC (D) single spot Ry 0.65 (Rr 0.70 for 4-
(bromomethyl)phenylacetic acid phenacyl ester and Ry 0.09 for
Boc-Gly). The phenacyl ester (1.10 g, 2.5 mmol) was reduced with
zinc in aqueous 85% AcOH and isolated as its DCHA salt:22 1.06 g
(84%, 37% overall); mp 149-151 °C; TLC (E) two spots R, 0.76 for
DCHA and Ry 0.34 for Boc-Gly-OPA. Anal. Caled for Co3HaaN2O:
C,66.6, H, 8.79; N, 5.55. Found: C, 66.5; H, 8.85; N, 5.17.
N-tert-Butyloxycarbonylglutamyl- O5-(4-(oxymethyl)phenylacetic
Acid) O-tert-Butyl Ester (10). Boc-Glu(O~Cs*¥)-O-Bu’ (10 mmol)
in DMF (50 mL) was treated with 4-(bromomethyl)phenylacetic acid
phenacyl ester (7 mmol) at 50 °C for 5 h and overnight at room
temperature. Precipitated CsBr was filtered off and the filtrate
cvaporated. The residue was dissolved in EtOAc and washed with
H,0, 5% NaHCOQs, saturated NaCl (thrice each). After drying the
E10Ac solution with NasSQy, the solvent was evaporated leaving the
crude product. The phenacyl group was cleaved by reduction in
saqueous 85% AcOH (90 mL) with Zn (147 mmol) and Boc-Glu-
(OPA.DCHA)-O-Bu’ isolated as in the general procedure described
by Mitchell et al.28: 2.8 g (63%): mp 136 °C softening from 100 °C.
TLC (C.E) showed contamination by two impurities. Recrystallization
from isopropyl ether gave no improvement. The crude product was
parlitioned between EtOAc and 10% aqueous citric acid. After drying
the EtOAc phase and evaporating the solvent, the residual oil was
dissolved in 3 mL of CHClI;s and applied to a Merck Lobar size C
column which had been previously equilibrated with CHCl; for pu-
rification by high performance liquid chromatography.®” The column
was cluted at 5 mL/min first with CHCI3 then with CHCl;-
McOH-ACOH (20:1:1) and the eluate collected in 15-mL fractions
sfter 335 mL had cluted. Two peaks were detected by monitoring at
254 mni, & minor peak in fractions 6-16 and a major one in fractions
19--26. Fructions 19-26 were pooled and evaporated; the residue was
dissolved in benzene und evaporated thrice more. The straw-colored
oil was dried in vacuo overnight over NaOH. The oil was dissolved in
1:t50 (40 mL) and DCHA (4.1 mmol) added. The resulting crystals
were filtered, washed with Et;0, and dried: 1.72 g (39%). mp
138.5-141 °C; [@]?*p =21° (¢ I. DMF); TLC (C) R, 0.58, (E) R
0.70. Anal. Caled for C3sHsgN>O3:0.25H,0: C, 65.9; H, 8.94; N,
4.40. Found: C, 65.9; H, 8.67; N, 4.26.
N-tert-Butyloxycarbonylglutamyl- O3 -(4-(oxymethyl)phenylacet-
amido-PAP) O-tert-Butyl Ester: Alternate Preparation of 8. Boc-
Glu(OPA-PAP)-O-Bu! is typical. PAP-HCI (1.0 g, 0.7 mmol amino
group) was washed with 20-mL portions of solvent as follows: CHCl3
(thrice): 10% triethylamine in CHClj3 (four times), CHCl; (thrice),
FE1OH (thrice). CH,Cly (four times). Boc-Glu(OPA)-O-Bu’ (1.1
mmol freed of DCHA by aqueous citricacid) in DMF (10 mL) with
1IBT (185 mg, 1.21 mmol) was addced to the resin followed by DCC
(250 mg, 1.21 mmol) in DMF (8 mL). After 1 h, triethylamine (0.3
mmol) and DCC (0.7 mmol) were added, and after 18 h the reaction
wils complete as monitored by the ninhydrin test. The reaction mixture
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was drained and the resin washed with CH;,Cl, (thrice), EtOH
(thrice), EtOAc (thrice) and dried in vacuo. Amino acid analysis
showed 0.42 mmol of Glu per g of resin. The results of Boe-Gly-
OPA-PAP prepared this way are shown in Table 1],

Saponification of Boc-Aminoacyl-OPA-PAP Resins. A portion of
Boc-aminouacyl-OPA-PAP resin was suspended in rert-butyl alcohol
(20 mL/g) or 70% aqueous isopropyl alcohol (10 mL/g) and 2 equiv
of I M NaOH solution added. For a substitution of 0.4 mmol of amino
acid per g of resin, a maximum concentration of 0.07 M is achieved.
Afler the desired reaction times (most cleavages were 90% complete
in 4 h), the reaction solution acidified with AcOH; samples were
withdrawn for TLC and compured in system F with the respective
authentic Boc-amino acids or peptides. The resin was then filtered and
washed with H,O, EtOH, EtOAc (thrice each). After drying in vacuo
the resin was subjected to hydrolysis for amino acid analysis.

Test for Racemization. The filtrate obtained from the saponification
of Boc-Leu-Val-OPA-PAP was evaporated and the residue redissolved
in neat CF3CO3H for 30 min. The CF3CO,H was evaporated and the
residue dissolved in 50% aqueous MeOH and neutralized with | M
NaOH. Aliquots of the solution were applied to the amino acid ana-
lyzer and eluted with pH 4.25 buffer (0.2 M Na*) at 65 °C and 8.3
mL/min. Under these conditions, L-Leu-D-Val and L-Leu-L-Val
emerged at 35 min 39 s and 39 min 58 s, respectively, with a ratio of
0.007:1. The limit of detection for the L,D diasterioisomers was 0.1%.
When Boc-L-Leu-L-Val-OMe was subjected to saponification as
above, 0.2% of L,D diasterioisomer was detected.

Treatment of Boc-Val-OPA-PAP and Val-OPA-PAP with Sodium
in Ligquid Ammonia. A 100-mg portion of Boc-Val-OPA-PAP or
Val-OPA-PAP was suspended in 25-50 mL of anhydrous refluxing
liquid ammonia and treated with sodium metal as described for
Boc-Cys(Scam-PAP). After removal of ammonia, the resin was
resuspended in MeOH, acidified with AcOH, and an aliquot of the
solution spotted for TLC (system F). No trace of Boc-Val or Val was
detected. The resin was filtered and washed as described for the sa-
ponification procedure. After hydrolysis the substitution of sodium-
treated resin was identical with that of untreated resin (0.29 mmol/
g).

Hydrogenolysis. An aliquot of Boc-aminoacyl-OPA-PAP (50-150
mg) was suspended in 2 mL of solvent (for H,O the resin was wetted
with EtOH) and flushed with N5 for 30 min at 45-50 °C. At that time,
Pd(11) acetate (40 mg), or PdCl; for aqueous solvent, was added and
the mixture stirred for another 30 min under N, before H, was started.
In experiments where subsequent additions of catalysl were made,
the vessel was flushed with N for 15 min both before and after ad-
dition of another 40 mg of Pd(11) acetate. Additions of catalyst were
performed after 8 h if only once and after S and 10 hif two additions
were made. Total exposure of the reaction to Ha was 24 h in all cases.
The reaction was then flushed with N, the black resin filtered, washed
with MeOH (four times, 5-mL portions each) and the filtratcs were
pooled. The solvents were removed under reduced pressure and the
residue was treated with CF3CO5H (0.5 mL, 30 min). The solution
was evaporated to dryness and the residue dissolved and diluted to 5.0
mL. The concentration of amino acid in solution was determined by
quantitative amino acid analysis of an aliquol of the solution (Table
111). In experiments where two additions of catalyst were made and
the reaction solvent was DMF, the yiclds of other Boc-amino acids
cleaved were: Boc-Ala, 72%; Boc-Glu-O-Bu?, 54%; Boc-Phe, 54%.

Ammonolysis of Boc-Aminoacyl-OPA-PAP Resins. A portion of
Boc-aminoacyl-OPA-PAP resin was suspended in MeOH or prefer-
ably CF3CH,OH (1 g of resin to 20-50 mL of solvent) and the sus-
pension was saturated with anhydrous NHj3 at 0 °C. The reaction
vessel was sealed and the suspension stirred or shaken for the desired
reaction period (usually 72 h). The vessel was cooled before opening,
the solvents were evaporated thoroughly, and the resin was resus-
pended in EtOH, filtered washed with EtOH, EtOAc, and dried in
vacuo for hydrolysis and amino acid analysis (Table 1V), The filtrate
was evaporated, and, after several additional evaporations from EtOH
to eliminate excess NHj, the crude product was isolated by lyophili-
zation from AcOH or dioxane. In system F, TLC showed the major
portion of the crude product to correspond to the Boc-amino acid
amide. After hydrolysis, amino acid analysis of crude amides all had
1:1 ratios of umino acid to ammonia.

Model Coupling Reactions. Boc-1le-OPA-PAP (1.0 g, 0.35 mmol
of lle/g) was treated with 20-mL portions as follows: CH,Cl, (thrice),
CF3;CO5H-CH;Cly-anisole (49:49:2), CH,Cl, (five times), 10%
diisopropylethylamine in CH»Cl; (twice), CH,Cl; (four times). The
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resin was divided into three equal portions.

A. Coupling in CHxCl;. To one portion of lle-OPA-PAP was added
0.35 mmol of symmetrical anhydride of Boc-Leu3® in 4 mL of CH,Cl,.
Small portions of resin were withdrawn and washed immediately with
EtOH atintervalsof 1, 3, 5, 10, 20 min after addition of the anhydride.
All of the test aliquots were negative to ninhydrin and PSA. The re-
action mixture was drained and the resin washed thrice with 5-mL
portions of CH,Cl,, EtOH, EtOAc and dried in vacuo. After hy-
drolysis, amino acid analysis of the resin showed a Leu to lle ration
of 0.96:1.00.

B. Coupling in DMF. To a second portion of lle-OPA-PAP which
had been washed thrice with DMF was added a filtered solution, which
had been preactivated®! for 45 min, of Boc-Leu-H,O (87 mg, 0.35
mmol), HBT-H,0 (53 mg, 0.35 mmol) and DCC (74 mg, 0.36 mmol)
in DMF (4 mL). Small portions were withdrawn as in A above with
the 5-min sample being the first one to give negative ninhydrin and
PSA tests. The reaction mixture was drained and the resin washed
thrice with S-mL portions of DMF, EtOH, and EtOAc. After drying
and hydrolysis, the resin showed a Leu to lle ratio of 0.96:1.00.

C. Coupling in Aqueous Solution. The third portion of lle-OPA-PAP
was washed thrice with 4-mL portions of EtOH and 5% aqueous
NaHCO; (I:1). To the resin suspended in 2 mL of 5% aqueous
NaHCOj; was added Boc-Leu-OSu?#? (162 mg, 0.5 mmol) in EtOH
(2 mL). Samples were withdrawn as in A above with the 5-min sample
the first to give a negative PSA test. The reaction mixture was drained
and the resin washed thrice with 4-mL portions of 50% aqueous EtOH,
EtOH, EtOAc, and dried in vacuo. After hydrolysis, amino acid
analysis gave a ratio of Leu to lle of 0.96:1.00.

B-Mpr(Ec)-Tyr-1le-Gln-Asn-Cys(Scam-PAP)-Pro-Leu-Gly-NH,
(11). Compound 5 (2.03 g) was washed with DMF (three times, 40
mL). A solution of Pro-Leu-Gly-N H3:0.5H,0'° (0.43 g, 1.5 mmol)
and HBT-H,0 (0.37 g, 2.4 mmol) in DMF (30 mL) was dried over
activated 4-A molecular sieves and added to the resin. DCC (0.14 g,
0.67 mmol) in DMF (5 mL) was added and the mixture shaken [2 h.
An additional 25 mg (0.12 mmol) of DCC was added and the reaction
was allowed to continue 2 h longer. The mixture was drained and the
resin washed with DMF, EtOH, and CHCIs (three times, 40 mL
cach). The amino acid analysis value at this step is shown in Table
VI.

The synthesis was continued in a stepwise manner by using the
procedures illustrated in Table V. Asparagine and glutamine were
introduced as their p-nitrophenyl esters (2.4 mmol, each) with the
reactions mediated by HBT-H,O (2.4 mmol).*¢ Boc-lle:0.5H,0,
Boc-Tyr, and 3-Mpr(Ec)38 were coupled by preactivating®' the pro-
1ceted acid (1.5 mmol) and HBT-H,0 (2.25 mmol) with DCC (1.5
mmol) for 60 min and adding the filtered solution to the resin. As soon
as the activated amino acid solution was added to the resin, diiso-
propylethylamine (0.87 mmol) was added. Reactions were allowed
to proceed for 2 h and in all cases were complete as measured by the
modified picrylsulfonic acid test.*® The amino acid analysis for the
completed resino peptide is shown in Table VI.

Deaminooxytocin (12). Compound 11 (522 mg, corresponding to
94.0 umol of peptide) was suspended in 9.0 mL of MeOH, flushed
with MeOH-saturated N> and 1.0 mL of 1 M NaOH added. Aliquots
of 10 uL were withdrawn at intervals and developed by the Ellman
mcthod.*® Sulfhydryl group concentration was quantitative after 15
min. The solution was diluted with MeOH/H,0 (240 mL, 1:1,v/v)
and ICH2CH3l (34 mg, 120 umol) was added. After 5 min, the Ell-
man test demonstrated the absence of sulfhydryl groups; 5 mL of
AcOH was added and the volume reduced to ~4 mL by rotary evap-
oration, AcOH (4 mL) was added and the solution applied toa 2.15
X 112 ¢cm column of Sephadex G-15 (fine) equilibrated in 50% AcOH.
The column was eluted with 50% AcOH and colleeted in 2.4-mL
fractions. Peptide material was detected by monitoring the UV ab-
sorbance at 280 nm, fractions comprising the main peak were pooled,
;sind the material was isolated by evaporation and lyophilization: wt
64 mg. The entire batch was subjected to a second gel filtration on the
same column in 0.2 M A¢OH. The product emerged as a single peak.
Fractions (4.0 mL) comprising the peak area (76-96) were pooled and
the product was isolated by Iyophilization: wt 53 mg (59%): TLC R,
G 0.82, Ry F0.43. Results of amino acid analyses are shown in Table
VI,

Rut uterine assays were performed on isolated horns from virgin
riits in natural estrus according to the method of Holton’® as modified
by Munsick®® with the use of Mg?*-{rce van Dyke-Hastings solutions
s1s bathing fluid. The four-point design of Schild®' was used to obtain
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specific activities as compared with USP posterior pituitary reference
standard. A value of 690 + 40 units/mg was obtained.

<Glu-His(DNP-PAP)-Pro-NH; (13). A solution of HBT (92 mg,
0.6 mmol) in DMF (10 mL) was added to 6, Boc-His( DNP-PAP) (1
g.0.47 mmol of His per g), and after shaking 2 min DCC (97 mg, 0.47
mmol) was added. After | h HCI-Pro-NH; (219 mg, 1.4 mmol) in
DMF (5 mL) was added followed by diisopropylethylamine (0.25 mL,
1.4 mmol). After shaking | h another equiv (0.4 mmol) of diisopro-
pylcthylamine was added and the mixture shaken overnight. The re-
action mixture was drained, the resin was washed with DMF, and the
coupling procedure was repeated. After hydrolysis in 6 M HCI, amino
acid analysis showed the substitution of Proand NHjto be 0.41 and
0.45 mmol per g resin, respectively.

The dipeptide resin was treated as shown in Table V, steps 1-4, A
solution of NV-methylmorpholine (0.1 mL, 0.89 mmol) in DMF (15
mL) was added followed by <Glu-OPhCls (530 mg, 1.4 mmol). After
1% h the resin was ninhydrin negative.3® The reaction mixture was
drained and the resin was washed with DMF and EtOAc five times
cach and dried in vacuo: 1.17 g (uncorrected for samples withdrawn
for analysis). After hydrolysis in 6 M HCl amino acid analysis showed
the substitution of Glu, Pro,and NH; to be 0.40, 0.37, and 0.44 mmol
per g of resin, respectively, for a ratio of 1.0:0.92:1.1.

<Glu-His-Pro-NHz (TRH, 14). To a suspension of 13 (1 g) in DMF
(8 mL) was added triethylamine (0.05 ml) and 2-mercaptoethanol
(0.8 mL). After stirring 12 h, the suspension was filtered and the resin
washed with DMF, MeOH, and EtOAC. After drying and hydrolysis
in 6 M HCI, amino acid analysis of the polymer showed a residual
substitution of 0.07 mmol of peptide/g of resin indicating that 82%
of TRH was liberated. The combined filtrates were evaporated under
reduced pressure to ca. | mL and added to Et;0 (50 mL). The pre-
cipitate was collected by centrifugation, washed with Et,0, and dried
in vacuo: yield 139 mg. After hydrolysis amino acid analysis gave the
following molar ratios: Glu, 1.00; Pro, 1.05; His, 0.98; NH3, 1.03. The
peptide (137 mg) was dissolved in MeOH (0.5 mL.) and 0.04 mL of
AcOH added to form the acetate salt for purification by high per-
formance liquid chromatography.3? This solution was applied to a
Merck Lobar size B column which had been equilibrated with 95%
E1OH-H,0 (7:3, v/v). The column was eluted with the same solvent
a1 a rate of 2 mL/min. The product eluted witha peak maximum at
f95 mL (Ry 0.46). Fractions containing TRH were pooled, the sol-
vents were evaporated, and the residue was lyophilized from 0.2 M
AcOH:-82 mg (48% yicld based on His content of resin): TLC, Ry H
0.37. Ry 1 0.48. Following hydrolysis amino acid analysis gave the
following molar ratios: Glu, 1.00; Pro, 1.00; His, 1.00; NHs3, 0.97.

Z-Pro-Glu(OPA-PAP)-Gly-NH; (15). Boc-Glu(OPA-PAP)-OBu’
(1.0 g, 0.42 mmol of Glu per g of resin) was treated with 20-mL por-
tions of the following: CH-Cl; thrice, 2 min each; CF3;CO;H-
CH,Cly-anisole (49:49:2) twice, 30 min each; CH,Cl, five times, 2
min each; diisopropylethylamine-CH,Clz (1:9) twice 2 and 5 min;
CH,Cl5 four times, 2 min each; and DMF thrice, 2 min each. A so-
lution of Z-Pro-OSu (0.57 g, 1.65 mmol, 4 equiv) and HBT-H,0 (0.25
g, 1.65 mmol, 4 equiv) in DMF (20 mL) was added. After shaking 4
h, diisopropylethylamine (0.4 mL) was added and the plH (Fisher
Indicator Solution) was found to be 5-6. After 12 h, the reaction
mixture was drained and resin (ninhydrin negative) was washed with
20-mL portions of the following: DMF thrice, 2 min each; EtOH
thrice, 2 min each; CH»Clj thrice, 2 min each; AcOH-CH;Cl, (1:9)
once, 10 min; CH,Cl5 thrice, 2 min each. A portion of the resin was
withdrawn, dried, and after hydrolysis showed a ratio of Pro:Glu of
1.01:1.00 by amino acid analysis. The substitution of the resin was 0.41
mmol of Glu per g of resin.

After washing the resin with DMF (thrice, 20 mL, 2 min), a solution
of Gly-NH; (90 mg, 1.2 mmol, 3 equiv), HBT-H,0 (275 mg, 1.8
mmol), and DCC (125 mg, 0.6 mmol, 1.5 equiv) in DMF (20 ml) was
added. After 24 h, the reaction mixture was drained and the resin
washed with DMF, EtOH, and CH,Cl; thrice each. After drying,
hydrolysis of a portion of the resin gave amino acid ratios as follows:
Glu, 0.95; Pro, 1.02; Gly, 1.00; NHj3, 1.08. Substitution of Glu had
remained at 0.41 mmol per g of resin.

Z-Pro-GIn-Gly-NH3 (16). One portion of 15 (515 mg, 0.216 mmol
of peptide) was suspended in CF3CH>OH (20 mL) and saturated with
NH3at0°C. After 48 hat 23 °C the sealed flask was opened and the
solvents evaporated. The resin was extracted with CF3CH;OH and
filtered. Amino acid analysis of the resin showed that 95.6% of the
tripeptide had been removed (residual substitution was 0.02 mmol
Glu per g of resin). The filtrate was evaporated and the residue dis-
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solved in 0.25 mL of CHCl; and applied to a Merck Lobar size A
column that had been previously equilibrated with CHCls. The col-
umn was eluted at a rate of 2 mI/min with CHCl; for 12 min, then
with CHCl3-MeOH-AcOH-H,0 (8:2:0.5:0.1, by volume) at the
same rate. The eluate was collected in 4-mL fractions and peptide
material was detected by monitoring the absorbancy at 254 nm.
Fractions comprising the major peak (14-16) were pooled, evaporated,
and the residue isolated by lyophilization from AcOH: 69.5 mg (74%);
[@]?5p ~37° (¢ 0.9, DMF); TLC Ry F 0.37, Ry J 0.43. Anal. Caled
for Co0H27N506:0.5AcOH: C, 54.4; H, 6.31; N, 15.1. Found: C, 54.0;
H, 6.15; N, 15.1. Amino acid analysis: Glu, 1.05; Pro, 0.98; Gly, 1.00;
NH3 2.10. A small portion crystallized from MeOH had mp 218-220
°C.

As a control, compound 16 was also prepared by solution tech-
niques. To a cold (0 °C) solution of Z-Pro-GIn®2 (1.13 g, 3 mmol),
HCI-Gly-OEt (0.56 g, 4 mmol), and HBT (6 mmol) in DMF (10 mL)
was added diisopropylethylamine (0.68 mL, 4 mmol) and DCC (0.68
g, 3.3 mmol). After 22 h, the solution was filtered and the filtrate
evaporated to dryness. The residue was slurried in Et,0, filtered,
washed with 5% NaHCO;, H,0, | M HCI, H,0, and dried in vacuo.
The precipitate was crystallized from MeOH to yield 0.75 g (54%)
of Z-Pro-GlIn-Gly-OEt: mp 201-202.5 °C; [a]®p —46° (¢ 0.5,
DMF): single spot by TLC Ry K 0.5. Anal. Caled for Cy3H30N407:
C,57.1; H,6.54; N, 12.1. Found: C, 56.9; H, 6.47: N, 11.8. The tri-
peptide ester (0.73 g, 1.6 mmol) was suspended in MeOH saturated
with NHj for 18 h. The NHj; was evaporated and the solid amide
isolated by filtration. Crystallization from MeOH gave 0.50 g (74%)
of Z-Pro-GIn-Gly-NHy: mp 220-222 °C; [a]?5p —38° (¢ |, DMF):
TLC Ry F0.37, R, J 0.43. Amino acid analysis: Glu, 0.98; Pro, 1.02;
Gly. 1.00: NHj, 1.93. Note: products of both syntheses were also
identical by TLC.

Z-Pro-Glu-Gly-NH; (17). A second portion of 15 (500 mg, 0.21
mmol of peptide) was suspended in ¢-BuOH (2.5 mL) and | M NaOH
(0.42 mL, 2 equiv) was added. After 4 h, 70 uL of 6 M HCl was added
and the suspension diluted with AcOH (2 mL). The resin was filtered
and washed thrice with HOAc and the combined filtrates evaporated.
The resin was washed further with EtOAc, dried in vacuo, and after
hydrolysis amino acid analysis revealed only 0.036 mmol of residual
Glu per g of resin corresponding to a liberation of 91.4% of 17. The
product was dissolved in AcOH (3 mL) and filtered to remove insol-
uble NaCl. After evaporation of the AcOH, the desalting process was
repeated and finally the product was dissolved in 0.5 mL of
CHCI3-M¢OH (1:1, v/v) and applied to the column described for the
purification of 16. The column was eluted with CHCl3 at a rate of 2
mL/min for 18 min and then with CHCl3-MeOH-AcOH-H,0
(8:2:0.5:0.1, by volume). The eluate was monitored it 254 nm and
collected in 4-m1. fractions. The fractions comprising the main peak
(18 and 19) were pooled and evaporaled. TLC (J) reveuled a small
inpurity. The product was rechromalographed as described above,
but the column was preequilibrated and eluted with CHCl;-
McOH-AcOH-H,0 (9:1:0.5:0.1, by volume). Fractions 14-18 were
pooled und evaporated, and the product was isolated by lyophilization:
48.7 mg (53%); [@]®’p =26° (¢ 1, DMF); TLC Ry J 0.31. Anal. Caled
for C3(1H26N407'ACOHZ C, 53.4: H, 6.|2', N, 11.3. Found: C, 53.7:
H, 6.16;N. 11.7.
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