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Abstract: New aminoacyl-adenylate analogs (aa-AMPNs), in which the oxygen atom of the mixed
anhydride bond of aminoacyl-adenylates is replaced by an NH group, were synthesized by the reaction of
an adenosine 5'-phosphoramidite derivative with appropriately protected amino acid amides. Among
various reagents studied for activation of the 5'-phosphoramidite derivative, 5-(4-nitrophenyl)-1H-
tetrazole was found to give N-acyl phosphoramidate derivatives in good yields. © 1998 Elsevier Science Ltd.

All rights reserved.

In protein biosynthesis, the aminoacyl-tRNA synthesis is a very important step. This reaction is performed

via two steps catalyzed by cognate aminoacyl-tRNA synthetases (ARSs). The first stage is the ATP-dependent

activation of amino acids, giving rise to aminoacyl-adenylates (aa-AMPs), which exist as complexes with

cognate ARSs.! The second involves the 2'- or 3'-aminoacylation of the 3'-terminal CCA end of tRNAs.2

However, aa-AMPs are extremely unstable under aqueous conditions. To clarify the three-dimensional
structures of tRNA-ARSs or ARSs in the presence or absence of aa-AMPs, more stable aminoacyl-adenylate
analogs are required. Such stable analogs are also useful for inhibitory studies of the peptide synthesis.

Therefore, some modified aa-AMP analogs have been reported to date.3-7 In these cases, however, the amino

acid residue or the mixed acid anhydride bond was changed to a stable structure such as an

aminoalkylphosphoryl34 or aminomethylphosphonyl3 group, and an N-acylsulfonamide linkage. The

structures of these analogs deviate far from those of aa-AMPs since they lack the C=0 double bond, gain an

additional minus charge, or lose a phosphate charge.
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In this paper, we report the synthesis of new aa-AMP analogs which have an N-acyl phosphoramidate
linkage capable of preserving the original zwitter ion structure and almost the same distance between the
phosphorus and amino groups. These simplest aa-AMP analogs are of great importance to elucidate the
recognition mechanism of amino acids by cognate ARSs.

Moreover, natural products such as Phosmidosine® and Agrocin 84,9 which have an N-acyl
phosphoramidate linkage at the 5'-position of adenosine derivatives, have been reported. Therefore, exploration
of new methods for the construction of N-acyl phosphoramidate linkages is important also for the synthesis of
these natural products. Synthesis of N-acyl phosphoramidate derivatives have previously been reported.10-14
Recently, Grandas et al. reported the synthesis of DNA-peptide hybrids having an N-acyl phosphoramidate
linkage!5 by condensation of N-phosphitylated carboxamides with alcohols, or carboxamides with O-
phosphitylated alcohols in the presence of 1H-tetrazole.

First, we attempted to synthesize an N-acyl phosphoramidate derivative 10a by the 1H-tetrazole promoted
reaction of the carboxamide 4e with an adenosine 5'-phosphoramidite derivative 2, which was prepared by the
reaction of N-benzoyl-2',3'-di-O-benzoyladenosine (1) with 2-cyanoethyl N,N,N’ N'-
tetraisopropylphosphorodiamidite in the presence of diisopropylammonium tetrazolide. However, the fully
protected N-acyl phosphoramidate derivative 8e, which was obtained by oxidation of the condensation product
6e with :-BuOOH, was extremely unstable to decompose with the cleavage of the P-N bond during silica gel
column chromatography. Grandas ef al. reported that removal of the phosphate protecting group from this type
of compound led to considerable stabilization of the P-N bond.!5 Therefore, the 2-(trimethylsilyl)ethyl (TSE)
group!6 was used as the phosphate protecting group that can be removed selectively by treatment with BuyNF.
The starting material 3, obtained from 1 in a similar manner, was allowed to react with N-Fmoc-L-
phenylalaninamide (4d) in the presence of 3 equiv of 1H-tetrazole or pyridinium chloride!? in CH;Cl; or
acetonitrile. However, the condensation sluggishly proceeded because of the poor solubility of 4d in these
solvents. Accordingly, a more soluble N-Tr derivative 4e in the place of 4d was used. This reaction gave the
N-acyl phosphoramidite intermediate Se (133.2 ppm in 3!P NMR spectrum) in ca. 10% yield. The successive
oxidation of this intermediate with -BuOOH followed by treatment of the oxidation product 7e with
BuyNF+H,0 gave the desired N-acyl phosphoramidate derivative 9e in a low yield.

When the condensation was carried out in the presence of 5-(4-nitrophenyl)-1H-tetrazole,!8 the reaction
proceeded very fast, and the yield of 9e was improved up to an overall yield of 55% from 3. Since it was
expected that the acidic treatment for detritylation caused the competitive P-N bond cleavage, !5 another type of
liphophilic protecting group that can be removed without acidic conditions was required. For this purpose, the
base-labile 4,4',4"-tris(benzoyloxy)trityl (TBTr) group!9:20 was chosen to meet these criteria. This TBTr
group was used for protection of the primary hydroxyl group of deoxynucleosides!? and the exo-amino group
of deoxyadenosine, deoxycytidine and deoxyguanosine in DNA synthesis.20

The starting material, N-TBTr-L-phenylalaninamide, was synthesized by the reaction of L-phenylalaninamide
with TBTrBr in the presence of triethylamine at 60 °C in 95% yield.20 This N-TBTr derivative 4a was allowed
to react with the 5'-O-phosphoramidite derivative 3 in the presence of 5-(4-nitrophenyl)-1H-tetrazole. After
oxidation of the resulting N-acyl phosphoramidite intermediate 5a with +-BuOOH and removal of the TSE group
from the product 7a, the desired N-acy! phosphoramidate derivative 9a was obtained in 62% yield by silica gel
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Scheme 1

i) TSEOP(N(i-Pr),), (1.2 eq), diisopropylammonium tetrazolide (0.5 eq), CH,Cl, it, 2 h; ii) 2 or 3 (1.5 eq),
5-(4-nitrophenyl)-1H-tetrazole (3 eq), CH3CN, rt, 10 min; iii) +-BuOOH (5 eq), CH3CN, f, 5 min; iv) TBAF-H,O (3
eq), AcOH (3 eq), THF, rt, 12 h; v) conc.NHj3 - dioxane (1:1, v/v), t, 8 h.
column chromatography. Finally, all the protecting groups were removed by treatment with aqueous ammonia
to give the desired product 10a in 52% yield.2!

L-Valine and L-proline aminoacyl adenylate derivatives 10b and 10c¢ were also synthesized in a similar
manner. The N-TBTr derivatives 4b and 4¢ were synthesized in 68% and 90% yields, respectively, from the
corresponding N-unprotected amino acid amides. In the case of the L-valine derivative, the condensation with
4b, followed by oxidation of the product 5b and removal of the TSE group from 7b, gave the condensed
product 9b in an overall yield of 55% yield from 3.22 All the protecting groups were removed by treatment
with aqueous ammonia to give the desired product 10b in 77% yield. Similarly, the L-prolinamide derivative
10c was obtained in 65% yield from 7¢, which was prepared in an overall yield of 57%.23

In summary, we successfully synthesized new aminoacyl-adenylate analogs, which have an N-acyl
phosphoramidate linkage. The present method would provide a clue for the total synthesis of some natural
products which have the N-acyl phosphoramidate linkage, such as Phosmidosine and Agrocin 84. Studies
toward the total synthesis of these natural products are now in progress.
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10a: 31P NMR (D;0) & -5.37; FAB MS Calcd for m/z C19HsN7;07P (M+H)*+ 494.1553. Observed for
m/z 494.1552.

10b: 3!P NMR (D,0) 6 -5.21; FAB MS Calcd for m/z CysHy5N707P (M+H)*+ 446.1553. Observed for
m/z 446.1560.

10c: 31P NMR (D,0) 6 -5.26; FAB MS Calcd for m/z C15H23N70,P (M+H)*+ 444.1397. Observed for
m/z 444.1402.



