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Abstract. Condensation of a properly protected uridylylated nuclcopcptjde with a heptadecapeptide
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Lys-Lys-Pro-Asn-Val-Pro-Thr-Ile-Arg-Thr-Ala-Lys-Val-GIn-OH. © 1998 Elsevier Science Ltd, All rights reserved.

Thus far, the precise function of genome-linked proteins' which are a signature of many mammalian and
plant viruses, has eluded clarification. The terminal protein (so-called VPg) of poliovirus, discovered two
decades ago,’ is a short basic polypeptide consisting of 22 amino acids whose single tyrosine unit is
covalently attached to the 5'-end of the genomic RNA via a O*-(5"-uridylyl)tyrosine bond. It has been
suggested® that the uridylylated form of VPg [i.e. VPgpU (1 in Fig. 1)] is involved in priming of RNA
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synthesis by the viral primer dependent RNA polymerase 3 t was expected that synthetically prepared
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VPgpU (1) would be a useful tool in probing the validity* of the proposed mechanism. Consequently,
Sy i be an invaluable tool to study in detail the validity
mechanism.
We here report that the construction of VPgpU (1) can be achieved by block-condensation (see Fig. 1) of
the uridylylated pentapeptide 2 with the partially protected heptadecameric fragment 3.
A standard step-wise solid support building up of the VPg peptide followed by introduction of uridine 5'-
phosphate would present an ideal and straightforward route to the target molecule VPgpU (1). However,

previous studies on the synthesis of nucleopeptides in solution® and on a solid support’ indicated that a
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»sphate function strongly depends on the length and primary
structure of the peptide substrate. The latter uncertainty can in principle be forestalled using the suitably
protected uridylylated tyrosine building unit 9. On the other hand, block-condensation (see Fig. 1) of the
uridylylated pentapeptide 2 with the partially protected heptadecameric peptide 3, both of which are
accessible via an on-line solid support approach, seemed to be most appropriate. Thus, coupling of 2 with 3
will not only proceed without racemization, but can also be monitored effectively by HPLC. Moreover,
purification of VPgpU (1) was expected to be a relatively simple procedure.
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i (a) CSZCO;; (1 eq) DMF/HZO 10 min, (100%) (b) All-Br (3 eq) DMF, 2 h, (90%) ii. 70% TFA in
CH,Ci,, 15 min, (100 %); Jiii. tetrazoie (3 eq), CHCio/CHaCN, 20 min; iv. m-CPBA (2 eq), 0°C, 20

min ; v. Pd(PPha), (3 mol.%), HSnBus (1.6 €q), ACOH (3.2 eq), THF/CH,Cly, 1 h, 9% (based on 6).

The preparation of the uridylylated derivative 9 started, as depicted in Scheme 1, with the conversion of
PP rupap gy | I nilalhls Beonan Terd s Do MNIT (AN S +h s Alygl A o
COmMErcially availaoie rinoc-1yii-ouj-Un (&) inlo ne uridyiyiatea tyrosine derivative 9 having a free

carboxylic acid group and a B-cyanoethyl protected phosphate function. Treatment of the cesium salt of 4
with ally] bromide and subsequent removal of the rert-butyl protective group of 5 with TFA gave Fmoc-Tyr-
OAIll (6) in a yield of 90%. Phosphitylation of 6 with easily accessible uridine-5'-phosphoramidite 7 afforded,
after in situ oxidation of the intermediate phosphite triester with m-chloroperbenzoic acid, the fully protected
uridylylated tyrosine derivative 8. Palladium(0)-catalysed hydrostannolysis’ of 8 led, after trituration of the
deallylated product with ether and subsequent purification, to the isolation of homogeneous 9* in an overall
yield of 70% based on 6.

The solid phase synthesis of the nucleopeptide fragment 2 was executed (see Scheme 2) using

(10a) as a solid su port. Removal

of the Fmoc-group of 10a with DBU and subsequent elongation of 10b were performed on an ABI 433A
m bl Ay Gremdle anie e £A1T oo 4l Dennn ctentamyy Tm tha finat alanaatinn ctan nartially mratanta ~
peptide synthesizer following the Fmoc-strategy. In the first elongation step partially protected Fmoc-Thr-OH

was preactivated with TBTU/HOBt for 1 min in the presence of DIPEA and subsequently coupled (45 min)
with 10b. Removal of the Fmoc-group from the resulting immobilized dipeptide followed by condensation
with the preactivated uridylylated building unit 9 gave the partially protected trimer 11a. It is evident that the
ensuing removal of the Fmoc-group in 11a will be accompanied by B-elimination of the cyanoethyl group
(CNE). However, it was expected that the presence in 11b of the phosphodiester function would not trigger
the formation of unwanted side products.® Indeed, sequential elongation of 11b with preactivated Fmoc-Ala-
OH and Fmoc-Gly-OH, followed by mild acidolytic cleavage from the solid support gave the partially
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protected nucleopeptide fragment 12 as the main product. Mild deacetylation of purified (RP-HPLC) 12
afforded, after purification (Fractogel® HW-40) homogeneous 2, the structure of which was firmly
established by NMR as well as mass-spectroscopy. '’

The assembly of the partially protected heptadecamer 3 (see Figure 1) could be readily accomplished

(see Scheme 3) using the Rink amide MBHA resin (Novabiochem) as the solid support. Thus, condensation
of commercially available Fmoc-Glu-OAll (13) with 14 under the influence of BOP/HOBt in the presence of
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utamine derivative 15 (loading: 0.43 mmol/g), the side chain of which was
attached to the solid support. Elongation of 15 with the appropriately protected amino acids, following the
same Fmoc-protocol as described for the preparation of fragment 2, led to the immobilized heptadecamer 16.
Subjection of the latter compound to TFA (50 % in CH,Cl,) in the presence of the cation scavenger
triisopropylsilane (TIS) resulted in the removal of the trityl (Trt) groups from the side chains of the two
asparagine residues and cleavage of the peptide from the solid support. Purification of the resulting partially
protected heptadecamer by RP-HPLC furnished the homogeneous fragment 3, the mass-spectrum of which

was in full accordance with the proposed structure.!!
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At this stage, attention was focused on the introduction of the amide bond between fragments 2 and 3.

To this end, a mixture of BOP, HOBt and DIPEA was added to a solution of 3 and a slight excess of 2, and
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{Alloc) and allyl group, gave after purification (RP HPLC) the target moiecule VPgpU (i) in a yield of 17%.
The homogeneity and identity of 1 was unambiguously established by capillary free-zone electrophoresis
(CFZE), Edman degradation, mass-spectrometry and *'P-NMR spectroscopy.'?

A noteworthy feature of our approach to the synthesis of VPgpU (1) is the fact that the protecting groups
(i.e. Alloc, All) in fragments 2 and 3 are fully compatible with the synthesis of DNA as well as RNA. The
latter aspect opens the way to a future synthesis of nucleopeptides of viral origin containing defined
DNA(RNA) sequences.
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. z, CDCL/MeOD/D,0 45/50/5) 8 172.9 (C=0, Tyr); 169.5,
169.4 (C=0, Ac); 163.6 (C-4 uracnl) 155.7 (C=0 Fmoc), HO 0 (C-2 uracil); 148.4, 148.3 (C-4 Tyr); 143.3, 14’% 2 140.7
(C, Fmoc); 139.9 (C-6 uracil); 133.9 (C-1 Tyr); 130.6 (C-2, C-6 Tyr); 128.5, 127.7, 127.2, 126.6 124.8, 124.6 (CH
Fmoc); 119.4 (C-3, C-5 Tyr); 116.4 (CN); 102.6 (C-5 uracil); 87.2 (C-1'); 79.7, 79.9 (C-4"); 72.1 (C-3"); 69.2 (C-2); 66.8,
66.3, 63.0, 62.8 (OCH, Fmoc, C-5; 54.3 («C Tyr); 46.6 (CH, Fmoc); 36.5 (BC‘ Tyr); 19.8, 19.7 (CH,, Ac); 18.8, 19.0

(CH,CN). ESI MS (m/z): 847 (M+H)’ 864 (M+NH4)* 869 (M+Na)*; 886 (M+K)+
9. Wakamiya, T.; Saruta, K.; Yasuoka, J.; Kusumoto, S. Chem. Lett. 1994, 1099-1102.

10. 'H NMR (600 MHz, D,0) 6 7.64 (d H-6 uracil J 8.6); 7.17 (AA’BB’ 2H H-2, H-6 Tyr J 8.6); 7.08 (AA’BB’X 2H, H-3
H-5 Ju 8.7, Y 1); 5.94 (m 2H H-1', CH Alloc); 5.64 (d 2H, H-5 uracil, J 8); 5.30 (d 1H CH=CHH’ Alloc J 17.4); 5.21

1 1TT MET_ LITT? A Tl 1N E\. A £A 733 1LY .. Acc e AT NCLT AN~ TEN- A4 20 ¢4 11T
\Dr ainoen=unn Alloc J 10. J), 4.04 (44 1n aCH Lyl J[ 6. 1 Jz 7) JI3 A0 Q100 WU, Al v J.4), 4.5u (U 111

«CH Thr J 3.7); 4.23 (m 6H H-5'a, H-2', H-3', H-4', «CH Ala, BCH-Thr); 4.14 (m IH H-5'b); 3.79 (AB 2H «CH, Gly);
3.71 (AB 2H «CH, Gly); 3.13 (dd 1H $CHa Tyr Jy, 6.3, J,., -14.0); 2.96 (dd 1H BCHb Tyr Ji, 9.1, Jye -14.0); 1.21 (d

3H, PCH, Ala Jy, 7. 2) 1.13 (d 3H, yCH3 Thr J4 6.5). ESI-MS (m/z): 902.3 (M+2Na-H)", 924.3 (M+3Na-2H)", 946.3
INA L AN 2 _2LTV+ ode: 427.7 A 2H\2 4481 ( HiNaY: 23672 (M HY K787 (MJ_N::_OH\ 900 .3 (M+2Na-

{(M+4Na-3H)"; ncgat tive mode; 427.7 1 (M-3H+Na)w, 8562 (M-HY, 878.2 Na-2i1) , U0 (MI+2INa
3HY.

11. ESI-MS 2364 (M + H)", 2386 (M + Na)* (calculated for M+H 2364.3).

12. CFZE: 10.8 min (20 mM sodium citrate, 20 kV, 72 cm capillary), *'P NMR (D,0) -4.3. ESI-MS (m/z): 665.6 (M+4H)™,
887.2 (M+3H)*, 1329.3 (M+2H)*". MALDI-TOF (mv/z): 2660.6 (M+ H)* (calculated M+H 2659.5).
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