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A Modified Benzhydrylamine as a Handle Reagent for the Solid Phase Synthesis of
Peptide Amides Based on the Fluorenylmethoxycarbonyl Method

Susumu Funakoshi, Eigoro Murayama, Lili Guo, Nobutaka Fujii, and Haruaki Yajima*
Faculty of Pharmaceutical Sciences, Kyoto University, Kyoto 606, Japan

An easily preparable dimethoxybenzhydrylamine derivative, 3-(a-Fmoc-amino-4-methoxybenzyl)-4-methoxyphenyl
propionic acid (Fmoc = fluoren-9-ylImethoxycarbonyl) is a useful precursor of the C-terminal amide, when applied to
Fmoc-based solid phase peptide synthesis; as a cleavage reagent from the resin, thioanisole-mediated trimethylsilyl

bromide in trifluoroacetic acid is recommended.

We report that a modified dimethoxybenzhydrylamine, 3-(o-
Fmoc-amino-4-methoxybenzyl)-4-methoxyphenylpropionic
acid(Fmoc-NH-DMBH-CH,CH,CO,H), can be applied to
the Fmoc (fluoren-9-ylmethoxycarbonyl, based solid phase
synthesis of peptide amides, when acylated onto a polystyrene
support.

Recently, the base-labile N*-Fmoc protecting group! has
been used in automated solid phase peptide synthesis? in
conjunction with acid-labile side-chain protecting groups, e.g.
Boc and But esters, which can be removed in the final step by
mild acid treatment, e.g. trifluoroacetic acid (TFA).
However, the preparation of peptide amides by this Fmoc
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Scheme 1. Preparation of the modified dimethoxybenzhydrylamine
(DMBH) resin, PAM = 4-(oxymethyl)phenylacetamidomethyl.
Reagents and conditions: i, p-MeOC,H,COCI, AICl,; ii, NaOH,
NH,OH; iii, Zn/AcOH, Fmoc-OSu; iv, resin, DCC + HOBt, 20%
piperidine/DMF.

strategy seems not to be well established, since suitable
precursors of the amide function are required which are
preferably more acid-labile than those hitherto employed in
Merrifield solid phase synthesis.? Several resins based on
benzylamine* or benzhydrylamine’ have been introduced, but
for practical applications the use of precursors, named handle
derivatives, which can be directly introduced onto the
commercially available polystyrene resins, is attractive, and a
modified benzylamine, 5-[(2' or 4')-Fmoc-aminomethyl-3’,5'-
dimethoxyphenyl]valeric acid (overall yield 15%, after 7
steps) has been introduced.® We modified the benzhydrylam-
ine moiety by introducing two methoxy groups at both sides of
the aromatic rings to make the C-N linkage acid-labile and
further by adding the propionic acid group as an attachment
site onto the polystyrene resin.
Fmoc-NH-DMBH-CH,CH,CO,H was prepared easily by a
five-step sequence starting from methyl 3-p-methoxyphenyl-
propionate (Scheme 1, overall yield 68%). The resulting
Fmoc-handle reagent was loaded on the aminomethylpoly-
styrene resin® (amino content 0.72 mmol/g) by condensation
with dicyclohexylcarbodiimide (DCC) in the presence of
N-hydroxybenzotriazole (HOBt)® until the resin became
negative to the Kaiser test.!” The Fmoc group attached was
removed by treatment with 20% piperidine in dimethylfor-
mamide (DMF), before use. Thus, the 2,4'-dimethoxy-
benzhydrylamine resin anchored with the propionyl linkage
(resin A), was readily prepared. In addition, we condensed
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Scheme 2. Fmoc based solid phase synthesis of Arg-vasopressin, Acm
= acetamidomethyl, Mtr = 4-methoxy-2,3,6-trimethylbenzenesul-
phonyl. Reagents and conditions: i, 20% piperidine/DMF; ii,
(CF3CO,);TI/TFA; iii, 1M Me;SiBr-thioanisole/TFA; iv, Gel filtra-
tion on Sephadex G-10.
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Figure 1. H.p.l.c. of the gel-filtered sample: column: Cosmosil 5C18
(4.6 x 50 mm); buffer: gradient of MeCN (15—30%, 45 min) in 0.1%
TFA,; flow rate: 1 ml/min; o.d.: 275 nm; retention time: 40.2 min.

the Fmoc reagent onto the H-Ile-PAM-resin!! (Ile content
0.76 mmol/g), then the Fmoc group was removed as described
above. In this resin (resin B), Ile served to monitor the
progress of reactions, after acid hydrolysis.

The usefulness of these new supports for the solid phase
synthesis of peptide amides was demonstrated by several
mode! experiments. Condensation of Fmoc-Phe-OH with the
resin (A or B) via the pentafluorophenyl ester'2 was complete
within 60 min. After Fmoc cleavage, H-Phe-NH, was
obtained in ca. 100% yield in both cases by treatment (25 °C;
60 min) of the resin with TFA in the presence of thioanisole!3
(conc. 1 m). When the treated resin B was hydrolysed with 6 M
HCI, no Phe was detected on an amino acid analyser
indicating that Phe was completely cleaved from the resin by
the above TFA-thioanisole treatment. In this deprotection,
the role of thioanisole is significant, since Phe was liberated in
only 2% yield from resin B by treatment (25 °C, 60 min) with
TFA-CH,Cl, (1:1).

By using resin B, tetragastrin!4 was then synthesized.
Fmoc-Trp-Met-Asp(OBut)-Phe-resin B, prepared manually
according to the principle of the Fmoc strategy,? was first
treated with 20% piperidine in DMF, then with 1M thio-
anisole/TFA (28 °C; 60 min). After purification by h.p.l.c., the
product with an identical retention time on h.p.l.c. with that of
an authentic sample of synthetic tetragastrin (purchased from
Peptide Institute Inc., Osaka, Japan) was obtained in 41%
yield (cleavage yield 60%, based on Ile in the resin B).
Neuromedin B!5> was also synthesized. Fmoc-Gly-Asn-Leu-
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Trp-Ala-Thr(But)-Gly-His(Boc)-Phe-Met-resin B prepared
as described above was treated with 20% piperidine in DMF,
then with 1M thioanisole/TFA (28 °C, 60 min). After h.p.l.c.
purification, the product was obtained in 21% yield (cleavage
yield 43%). In this synthesis, we were able to demonstrate that
the peptide could be cleaved from the resin, together with the
protecting groups employed, by treatment (0°C, 60 min) with
1M trimethylsilyl bromide-thioanisole/TFA!¢ more effec-
tively than with thioanisole/TFA (yield 36% after h.p.l.c.
purification, cleavage yield 70%).

The useful combination of this handle reagent and the
Me;SiBr/TFA deprotecting reagent for the solid phase syn-
thesis of peptide amides was demonstrated by the synthesis of
Arg-vasopressin!? as an example (Scheme 2). In this synthesis,
we were able to establish the disulphide bond on the resin by
treatment with thallium trifluoroacetate!® and deprotect
Arg(Mtr)1® completely with 1M Me;SiBr/TFA. Fmoc-
Cys(Acm)-Tyr (But)-Phe-Gln-Asn-Cys (Acm)-Pro-
Arg(Mtr)-Gly-resin A, prepared manually as above, was first
treated with 20% piperidine, then with thallium trifluoro-
acetate in TFA (0°C, 60 min), and finally with 1 M Me;SiBr—
thioanisole/TFA (0°C, 60 min). H.p.l.c. of the crude product
showed a main peak (Figure 1) possessing an identical
retention time with that of an authentic sample of Arg-
vasopressin (purchased from Peptide Institute Inc.). Its
isolation yield by h.p.l.c. was 30%.

The easily preparable handle reagent introduced here may
thus be of wide applicability in solid phase synthesis of
C-terminal peptide amides. The use of Me;SiBr-thioanisole/
TFA as an alternative deprotecting reagent to TFA-thio-
anisole may lead to the possibility of applying a variety of
amino acid derivatives for the Fmoc based solid phase peptide
synthesis, since this reagent can cleave various protecting
groups currently employed in peptide chemistry under rela-
tively mild conditions.
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