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Abstract: We have developed an acid/base stable aryl hydrazide linker which is readily
coupled to solid phase resins. Cleavage is specific and facile, requiring a copper (II)
catalyst, base and a nucleophile to proceed. The conditions are compatible with all 20
proteinogenic amino acids and quantitative cleavage is achieved within 2 hours at 20°C
to give peptides with C-terminal acid, amide or ester functionalities. Aryl hydrazides
also offer scope as simple "traceless" linkers. © 1998 Elsevier Science Ltd. All rights reserved.
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The widespread acceptance of combinatorial chemistry as a means of generating lead compounds for
biological targets! is placing new demands on solid phase resins and linker chemistry.2 There is a niche for a
versatile linker allowing the partial or complete release of products into solution for bioassays which is
orthogonal to the conventional acid or base deprotection strategies. This paper reports a versatile linker which is
readily prepared in high yield and easily attached to functionalised solid supports. The linker which is stable to
acid and bases is cleaved with high specificity under mild oxidative conditions in the presence of base and a
nucleophile, yielding a range of C-terminal functionalities. The linker may be used to synthesise fully or partially
protected peptides for fragment coupling.

Dehydrogenation of aryl hydrazines by a variety of oxidants has long been known to produce arenes and
nitrogen via a transient aryl diazene.3 An aryl hydrazide linker is formed by coupling a carboxylic acid to an
aryl hydrazine. This may be cleaved oxidatively by a range of reagents including Fehling's solution, Tollen's
reagent, N-bromosuccinimide/pyridine and periodic acid (Scheme 1).
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Scheme 1: Oxidative cleavage of an aryl hydrazide

Initial experiments were carried out in solution cleaving the model linker (1) with Fehling's solution?.
Reactions proceeded completely within 2 hours at 20°C to yield only the product (2) and nitrobenzene (detected
by GCMS). The facile cleavage of the hydrazide by this oxidant encouraged its development in preference to the
other reagent combinations mentioned above (Scheme 2).
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Scheme 2: Solution phase cleavage of a model hydrazide

Further solution phase investigations showed copper(Il) to be required only in catalytic quantities due to
rapid aerial oxidation of Cu(I) ions. This demonstrated the dual function of the nitrogen base, being required
both for proton abstraction and copper ion complexation. Without a complexing agent, copper(l) oxide
precipitated from solution. The system provides more rapid and efficient cleavage than other oxidative
methods,> and allows a range of nucleophiles to be used (Table 1). Unsuccessful cleavages using tBuOH,
ArOH, pentafluorophenol, p-cresol and benzyl alcohol revealed that the choice of HNuc is constrained by
nucleophilicity and steric factors.

Table 1: Range of nucleophiles employed in solution phase cleavage of the model hydrazide (1)

HNuc Base Yield
2a (free acid) HO DBUS 90%
2b (methyl ester) MeOH pyridine? 95%
2¢ (ethyl ester) EtOH DBU 93%
2d (prop-2-yl ester) iprOH DBU 89%
2e (N-propylamide) H)NPr - >95%

Having established successful conditions in solution, the system was transferred to the solid phase and
N-Fmoc-4-hydrazino-benzoic acid (Fmoc-HBA)® was coupled to TentaGel resin.? Coupling was inefficient
probably due to the poor electrophilicity of the activated Fmoc-HBA. It is thus preferable to couple Fmoc-HBA
to a reference amino acid in solution, e.g. p-chlorophenylalanine (3).10 The linker-reference (4) was prepared
as shown in Scheme 3.
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) Boc0 (1 equiv.) /'BuOH / 4% NaOH (aq) / RT /24 h

(i) PhaCNy (1.2 equiv.) / EtOAc/RT /12 h

(iii) PTSA (3 equiv.) / CHCN /RT /3 h

(iv) Fmoc-HBA (1.2 equiv.) / DCCI (1.2 equiv.) / HOBt (1.2 equiv.)/DMF /RT /48 h
{v) TFA (5-10 mi/mmol) / anisole (50 uVml of TFA)/RT/2.5h
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Scheme 3: Synthesis of the linker-reference system
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Compound (4) was coupled to TentaGel in excellent yields using 3 equivalents each of (4), DCCI and
HOBt in DMF. It was shown to be completely stable to all standard solid phase peptide protocols (including
Field's cleavage reagent!!) and compatible with all 20 proteinogenic amino acids. Peptides were synthesised
using Fmoc methodology.12

Following cleavage from the resin, copper(II) was removed from the peptidic products using either
Chelex resin13.14 or a simple DCM/dilute acid extraction.15 Table 2 shows the range of peptides successfully
synthesised and cleaved from TentaGel resin functionalised with the hydrazide-linker (4). All gave near
quantitative cleavage within 2 hours at 20°C based on amino acid analysis. The molecular ions were detected by
electrospray mass spectrometry and the crude products were between 70-90% pure by HPLC analysis at 214
nm.

Table 2: Peptides cleaved from TentaGel functionalised with the hydrazide-linker (4)

Successful Cleavages (HNuc/base)
Sequence Fully Protected!6 Unprotected
LVA No protecting groups necessary H;O/pyridine and MeOH/pyridine
Ac-ICM H2NPr/-- and MeOH/pyridine H;NPr/-- and MeOH/pyridine
ERN H3NPr/-- and MeOH/pyridine HoNPr/-- and HyO/DBU
KHP H,NPr/-- and HoO/DBU HNPr/-- and EtOH/pyridine
YWTS HoNPr/-- and EtOH/DBU H3NP1/-- and MeOH/pyridine
FQDG H)NPr/-- H)NPr/--

In a broader context, the linker system offers scope for solid phase organic synthesis. Here it could be
used to give the range of C-terminal functionalities described above or by reversal to give a "traceless” linker
(Scheme 4). Cleavage of such a system would leave a proton at the original point of attachment to the resin,
giving results comparable to Ellman's elegant but complex silicon- and germanium-based linkers.!7 The
acid/base stability of the system and initial solution phase experiments have shown that the hydrazides should
provide a simple and novel "traceless” linker.
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(i) copper (ID) acetate (0.1 equiv.) /NH ;Pr /RT / 2h

Scheme 4: A hydrazide-derived "traceless" linker
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In summary, aryl hydrazides are simple, versatile linkers for use in solid phase peptide synthesis, cleaving

under highly specific oxidative conditions to yield acids, amides or esters.1® They also have potential in a
reversed form as a "traceless” linker for solid phase organic synthesis.
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