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Peptide Bond Formation via an Intramolecular Rearrangement
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Gorlacus Laboratories, University of Leiden, P.O. Box 9502, 2300 RA Leiden, The Netherlands

Abstract: Intramolecular peptide synthesis could be achieved using tetrahydrophthalazine (1) as template. Peptide bond
formation proceeded via the N-acyl-N'-a-amincacylhydrazine-rearrangement. The feasibility of the approach is illustrated by
the synthesis of the protected tripeptide Z-Val-Gly-Ala-OMe (8).

Peptide bond formation usually entails condensation of the free amino function with the activated
carboxyl group of an incoming N-protected amino acid. This approach may be accompanied, due to
overactivation, by racemization and other side-reactions. In order to circumvent these problems, Brenner!
proposed in the early sixties the so-called ’low power approach’ which combines fast coupling with
low-level carboxyl activation. In this approach, the individual amino and carboxyl components are linked
to a template and peptide bond formation occurs vig intramolecular aminolysis.2 In order to achieve this
goal, Brenner et al. used hydrazine as nemplate.3'4 Thus, easily accessible di-acyl hydrazine A (Scheme 1)
was shown to rearrange via an intramolecular nucleophilic attack of the free amino function on the
neighbouring hydrazide linkage to give dipeptide hydrazide B. This so-called ’N-acyl-
N’-a-aminoacylhydrazine-rearrangement’ is favoured by a six-membered transition state. Moreover, the
use of hydrazine as template allows an iterated process with consequent formation of oligopeptides which,
in contrast to the conventional chain elongation at the N-terminus, proceeds vig extension at the
C-terminus.

Scheme 1
HN-CO-CHR!-NH-Z -CO-CHR!-NH-Z NH,
HZN-CHRZ-CO-ILH -CO-CHR?-NH, l-ﬂL-CO-CHRz-NH-CO-CHR’-NH-Z
’s-trans’ A ‘scis’ A B

A prerequisite for smooth rearrangement is that the di-acyl compound A adopts the ’s-cis
conformation’. However, the presence of the energetically more favourable ’s-trans conformation’ will
have an unfavourable effect on the rate of rearrangement.

We now report that the latter disadvantage can be overcome by using the conformationally rigid
tetrahydrophthalazine (THPhth)® as template for intramolecular peptide synthesis. The viability of this
approach will be exemplified by the synthesis of the protected tripeptide Z-Val-Gly-Ala-OMe (8).

The requisite HCI salt of THPhth (1), prepared according to a slight modification of the procedure
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of Carpino,6 was mono-acylated (Scheme 2) with Z-amino acids by in situ activation with benzotriazol-
1-yl-oxy-tris(dimethylamino)phosplionium hexafluorophosphate’ (BOP) to yield THPhth derivatives 2a-c.
Condensation of the glycine, alanine, and valine derivatives 2a-c (i.e. R! = H, Me, or i-Pr, respectively)
could be effected (entries 1 - 4 in Table 1) using the Fmoc-amino acid chlorides® of glycine and alanine in
the presence of N,N-diisopropylethylamine (DIEA) to afford the di-substituted derivatives 3a-d in an
excellent yield. In contrast, the DIEA-assisted condensation of hydrazide 2a-c with the Fmoc-amino acid
chlorides of (iso-)leucine and valine proceeded unsatisfactory. The latter phenomenon may be explained by
the decreased reactivity of these Fmoc-amino acid chlorides:and their base-catalyzed conversion into the
corresponding less reactive oxazolones. Fortunately, it was found that acylation of 2a-c with the
Fmoc-amino acid chlorides of (iso-)leucine and valine (entries 5 - 7) could be realized using the non-
nucleophilic base 2,6-di-tert-butylpyridine which minimizes oxazolone formation.”

Scheme 2
cNHL i N-CO-CHR\NHZ i _ .00-CHRL-NH-Z
1, 3NH NH .CO-CHRNH-Fmoc
1 2a-¢ 3a-g i
" 1
o :(?-NH-Z
NH Nl v @CN—CO—CHR‘-NH-Z
§CO-CHRZ.NH-CO-CHR\-NH-Z Nl N-CO-CHR.NH,
RZ
Sa-g ﬁ 4a-g

Conditions: ({) Z-NH-CHR'-COOH, BOP, DIEA, CH,Cl,, 30 min, 86-88%; (if) Fmoc-NH-CHR?-COC], DIEA,
CH,Cly; (i) 40% aq. HN(CHy),/THF (1/2, VA¥), 1 h; (iv) 1.5% AcOH/THF

Table 1 Relevant data on the synthesis of THPhth derivatives 3’ and the rearranged products 57/

Entry 2 R! 3 R? Time Yield 5 Time Yield
(min) (%) (min) (%)
1 2a H 3a H <5 85 5a 25 81
2 2a H 3b Me <5 97 5b 20 85
3 2b Me 3¢ H <5 83 5c 45 79
4 2 iPr 3 H <5 86 5d 9h(@2hFf 73 (70F°
5 2a H 3e i-Pr 15° 987 Se 10 70
6 2b Me 3f i-Bu 52 (30)° 974 (81) st 20 ]
7 2 i-Pr  3g sBu  15h*(16h)’ 907 (83" Sg 35h 69

%) In the presence of 2,6-di-tert-butylpyridine *) Without addition of base © Conducted at 40 °C
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In the next step, the Fmoc-protective group of di-acylated THPhth derivatives 3a-g was removed by
treatment with N,N-dimethylamine to provide the amino derivatives 4a-g. Isomerization of the resulting
derivatives 4a-g could be effected, without prior separation from the dibenzofulvene-dimethylamine
adduct,? by the catalytic action of acetic acid!? to furnish the rearranged products 5a-g (see Table 1) in a
yield of 69% to 90%. In most cases, the rearrangement process was complete within 1 h at 20 °C as
gauged by TLC analysis. In this respect it is interesting to note that comparable hydrazine derivatives A
rearranged much slower or not at all? The observed enhanced reaction rates of the THPhth compounds
4a-g are in agreement with the expectation that fixation of the ’s-cis conformation’ of hydrazide A using a
cyclic hydrazine accelerates the rearrangement process. The relatively slow rearrangement displayed by
valine residues 4d and 4g (entries 4 and 7) may be rationalized on steric grounds.

The potential usefulness of the rearrangement procedure is nicely demonstrated by the synthesis of
the protected tripeptide 8 (Scheme 3). Thus, the anchored dipeptide derivative 5d was effectively coupled
with Fmoc-Ala-Cl to afford the di-acylated THPhth derivative 6. Fmoc-deprotection of 6 followed by
acetic acid-catalyzed rearrangement yielded the mono-acylated THPhth derivative 7. Release of the
tripeptide from the template by oxidative treatment of 7 with N-bromosuccinimide’# in the presence of
MeOH resulted in the isolation Z-Val-Gly-Ala-OMe (8)" in 57% overall yield from 5d.

Scheme 3

, -Ala-Fm " -Ala-Gly-Val- ;
w o QUM - QU L s

6 7 8

Conditions: () Fmoc-Ala-Cl, DIEA, CH,Cl,, 5 min, 94%; (ii) 40% aq. HN(CH,),/THF (122, vh), 1 b
(iii) 1.5% AcOH/THF, 35 min, 91%; (iv) NBS, MeOH/CH,Cl, (1/1, v/v), 2 h, 67%

In conclusion, the results presented in this paper clearly show that the THPhth-template approach
may open the way for the future preparation of peptides by an intramolecular peptide bond forming
process. The scope and limitations of this method will be published in due course.
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