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Abetract- The use of the 2-nitrophenylsulfenyl group for the protection of
the N-terminus of peptides and the exocyclic-amino function of deoxyadeno-
sine will be 1llustrated in the assemblage of the nucleopeptides H-Phe-Tyr
(PATAT)-NH2 and H-Ala-Ser (pATAT)-Ala-0Allyl via phospho- and phosphitetri-
ester intermadiates.

Nucleoproteins (peptides) are naturally oceurring polymers im which the hydroxy groups of the
L-amino acids serine, threonine or tyrosine i{n the protein (peptide) part are covalently
attached via a phosphodiester linkage to the 5'-end of bucleic acids (DNA or RNAL). The
introduction of the phosphodiester bond between the nucleic acid and peptide units can be
most conveniently achleved by usiag one of the several phosphorylation methods thus far
developed in nucleic acide chemietry. Indeed, in earlier studies on the preparstion of
nucleopeptides we showed that a pho-phouhlurz or & H-phoophomtodluur3 approach could be
successfully applied for the formation of the required phosphodiester bond. However, this
synthetic route gave only access to nucleopeptides, the nmucleic acids moiety of which
consisted solely of nucleobases lacking exocyclic-amino functions (e.g., thymidine or
uridine). The reason for this limitation is as follows. Basic hydrolysis of the cocmonly used
N-acyl groups for the protection of the exocyclic-NH; functioss of the purine and pyrimidine
bases, adenine, guanine and cytosine is not compatible with the presence in a nucleopeptide
of serininyl (threoninyl)nucleotidyl phosphotri- or diester linkages: in both cases f-elimi-
pation results® in the formation of dehydro-peptide derivatives and the corresponding nucleic
acids S'-phosphates. Further, basic deblocking conditions may have a deleterious effect on
the chiral integrity of the peptide part in the nucleopeptide.

We now report that protection of the exocyclic-amino function of adenosine with the 2-
nitrophenylsulfenyl group enabled us to prepare the nucleopeptide fragments, H-Phe-
Tyr(pATAT)-NH; and H-Ala-Ser(pATAT)-Ala-OAllyl.

In a recent communication it was roporud5 that the 2-nitrophenylsulfenyl (NPS) group
wvas sultable for the protection of the exocyclic-amino group of de..., and ribonucleosides.
Thus, apart from its esse of introduction, it was fllustrated that the NP3-group survived
commonly used phosphorylation methods, and that its removal could be effected Dby simple
thiolysis. Another interesting feature was that the presence of an NPS-group increased the
stability of the N-glycosidic bond in purine deoxyosucleosides towards acidic hydrolysis
(depurination). The above mentioned favorable properties of the NPS-group, together with the
interesting observation that this N-protecting group vas compatible with the use of the acld-
labile 4,4'-dimethoxytrityl (DMT) group for the protection of the 5'-hydroxyl function in
DNA, urged us to employ the NPS protecting-group-strategy in the synthesis of the
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nuclecpeptide fragment H-Phe-Tyr(pATAT)-NH; (8d). The steps involved {n tha assemblage of
this nucleopeptide, which is a naturslly occurring !rl.unt" of the nucleoprotein formed (n
the initial stage of the rolling circle replicstion of doudble stranded circular DNA of
bacteriophage ¢X 174 by gene A protein, is illustrated {n Scheme 1l and 2.

The preparation of tetramer 6b having s free 5'-hydroxyl group is outlined in Scheme 1.
Phosphorylation of $'-O-dimethoxytrityl-6-N-(2-nitrophenylsulfenyl)adenosine (1), obtained L
a slight modification of a literature procoduros, with the bifunctional reageat O-(2-
chlorophonyl)-o.o-bu(l-bon:otru:olyl)pho.phuo7 (2) gave intermediate 3. Regloselective
coupling of 3 with & slight excess of thymidine & afforded key dimer 5s in a yield of 70I.
The latter was quantitatively converted into tha 3'-O-levulinoyl derivative 5b by acylation
with levulincic acld nnhydrldoa. Acldolyulo’ of the 4,4'-dimethoxytrityl group (Rl) from 5b
gave dimer 5c having a free 5'-hydroxyl group. Oo the other hand, phosphorylation of 5a with
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N-Methylimidazole-mediated condensation of dimer 5d with dimer Sc, resulted in the fully-
protected tetramer 6a, which was detritylated, to give 6b io an overall yield of 871 (based
on Sa).

The coupling of dipeptide NPS-Phe-Tyr-NH; (7a) with tetramer 6b is depicted in Scheme 2.
Dipeptide 7a, prepared by HOBT/DCCI-mediated condensation!® of NPS-Phe-OH!! with N-‘nr-ﬁ'ﬂzu
was phosphorylated with 2 to yleld intermediate 7b. Tha latter was then coupled, as mentioned
before, with tetramer 6b to furnish fully-protected nucleopeptide 8a in an excellent yleld.
The favouradle outcome of the oxybenzotriszolide phosphotriester approach indicates that the
concomitant release of l-hydroxybenzotrliazole in the two-step phosphorylation procedure ls
compatible with the presence of the NPS—;roupn”.

Complate deblocking of nucleopsptide 8a wae effected in three consecutive steps. The 2-
chlorophenyl (R2) groups were removed with oximate-ionsl® to glve, after work-up end
purification by Sephadex LH-20 chromstography, partially-protected 8b. The NPS (R*) groups
were then removed under very mild conditione with tri-n-butylphosphine in dioxane-vater. The
ssme procedure has besn used before for the removal of the 3-nitro-2-pyridinesulfenyl group
from cysteine derivativesl®. In this respect it is interesting to note that the reaction of

tri-p-butylphosphine with 8b results in the formation of a yellow non-charged NPS derivative
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Scheme 2

(presumably the corresponding disulfide) and the simultanecus discoloration of the starting

product, the progrees of which can easily be judged dy TLC-snalyeis. Floally, hydrazinolyeis

of Bc ylelded, after work-up and purification, homogensous 84. The lH-, l3c- anda 3lp yunr

spectra of 84 (Na®-salt) thus obtained were in full accord with its proposed atructure (see

rig. 1).

the first etep tetra-n-butylammonium fluoride

instead of the oximate procedure.

The above mentioned three-step deblocking procedure was also executed by using in

The net

result of this alternstive step was a lower yield of 8b which is mainly due to the non-

selectivity of the fluoride-ions prowoted cleavage of the 2-chlorophenyl groupolb.
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Figure 1. A. Low-field lH MR
spectrum of fully deprotected

nucleopeptide H-Phe-
Tyr(pATAT)-NH; (8d) showing
resonances of: H-1' protons

of the deoxyriboses (6 ppa
region); H-6 of the thymines
and aromatic protons of Tyr
and Phe (7 ppa region); H-2
and H-8 protons of the
adenines (8 ppa reglon). B,
3lp  um spectrum of 8d
showing tvo resonances in the
ratio 1:3. The rescnsnce at-
4.0 ppm may be attribduted to
the phosphodiester bond
betveen the phenolic hydroxyl
group of Tyr and the 5%'-end
of the tetramer.
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The successful assseadblage and deblocking of aucleopeptide 84 stimulated us to prepare the
oucleopeptide H-Ala-Ser(pATAT)-Ala-OH (12¢c {n Schems 3). To schieve our goal two different
fde @ with tetramer &b ware

oha
phesphory atlion =ethole £

explored. Further, the highly advocated!
C-terminus of alaniae in the tripeptide.

In a tirst approach tripeptide 9, obtained Dby condensing NPS-Ala-3er-OH with H-dla-
OAllyl”‘. in the presence of isobutyl chloroformate and N-methylmorpholine, was coupled with
intermediate 6c prepared ia situ by phosphorylation of 6b with 2 (see Scheme l). Vork-up and
purification afforded homogeneous 12a, as judged by TLC-analysis and Sip MR spectroscopy, {n
a yield of 64X (based on 6b). The alternative assemblage route (ses preparstion of 8a {n
Scheme 2) consisting of phosphorylation of tripeptide 9 with 2 followed by the addition of
tetramsr 6b proved to be not successful. Ino this particular case, the primary hydroxyl group
of the serine molety in 9 reacted two times with 2 to give a consideradble amount of the

undesired symmetrical product. On the other hand, the formation of this unwanted product
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could de eliminated by the following phosphite-triester method. To & solution of tripeptide 9
in acetonitrile was added equimolar amounts of |-H-tetrazole and the phosphitylating reageat
10 which was prepared by a slight modification of & literature procedurel®. TLC-amalysis,
after 30 min at 20°C, indicated the absence of 9 and the presence of a higher-running product
(presumably 11). An equimolar amount of tetramer 6b together with l-H-tetrazole were now
added to the reaction luturolfollovod, after 18 h at 209C, by oxidation of the intermediste
formed phosphitetriester with t-butyl hydroparoxldo"‘ Work-up, after 30 min at 0°C, and
purification furnished nucleopeptide 12f in a yileld of 90%. Deblocking of 12a to give 12
st{ll having the allyl group at the C-terminue of alanine was performed by the second
protocol mentioned earlier for the removal of the protecting groups from 8a. Unfortunately,
any attempt to remove the remsining allyl group (Rl) in 12d to yleld 12c using well-
estadblished procedures iavolving ngdle metal caulyuto” failed.

The above described phosphitetriester approach has, apart from the high coupling
efficiency, the additional advantage that the allyl-phosphate protecting group (R3) of the
extremely base-labile nucleotidyl-peptidyl phosphotriester bond in 12f can be quantitatively
removed in pyri{dine-water. Thus monitoring of this process by 3p ar shoved, after 48 h at
20°C, complete disappesrance of one phosphorus resonance and the reappesrance of a
characteristic phosphodiester resonance. Further deblocking of l2g, io the ssme fashion as
nentioned for 12a, afforded homogensous 12d. The integrity of 124, obtained by the tvwo
different routes, was unambiguously ascertalned bdy 1}1-, 13¢c. gpa 3P wdm spectroscopy (see
Fig. 2).

AN o

Figure 2. A. Lov-field 1y R spectrum of partially-deprotected nucleopeptide H-Ala-
Ser(pATAT)-Ala-0-Allyl (12d4) showing resonance of: BH of allyl group and H-1' protoos of the
deoxyriboses (6 ppm region); H—OBYrotonl of thyaines (7 ppm region); H-2 and H-8 protons of

the adecines (8 ppm region). B. P NMR gpectrum of 124 showiag twvo resonancee in the ratio
1:3.

KXFPER IMENTAL

Pyridine, dioxane, tetrahydrofuran (THF) and acetonitrile were dried Dby refluxing with
calcium hydride for 16 h and then distilled. Pyridine was redietilled from p-toluenesulfonyl
chloride (50 g/1) and etored over molecular sieves 4A. Dioxsne and THF were redistilled from
LiAlHy (5g/1) and stored over molecular sieves 4A. N-methylimidazole was distilled from
calcium hydride under reduced pressure and stored over molecular sieves 41. Dimethylformamide
vas dried by etirring with calcium hydride overnight at 20°C, distilled under reduced
pressure and stored over molecular sieves 4A. Dichloromethane and methanol were used without
further purification. HCl-Tyr-NH; was purchased from Movabiochem. 2-Nitropheaylsulfeayl
chloride and l-hydroxy-bemzotriazole were purchased from FLUKA. The latter compound was dried
over phosphorus pentoxide for 70 h at 50°C. Lavulinoic acid anhydride was prepared by
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condensing levulinoic acid with DCC.

Tristhylassconius bicarbonsts buffer (TEAB) wvas prepsred by passiog & strs

through a cooled (ice water bath) solution of triethylamine (823 ml) in water (2175 wml) until
a neutral solution was obtained. Schleicher and 8Schtll DC Pertigfolien F 1500 L8 254 were
used for TLC analysis in the solvent systems: A) 8% HeOM i{n CH3Cly; B) 6% MeOH §n CH3Cla; C)
4 MeOH in CHaCly. Short column chromatography was performed on Kieselgel 60 (230-400 mesh).
The column was eluted with CH3Cly applying a methancl gradient 0-10%. Sephadex LH20 suspended
in CH3C12/MeOH (1/2, w/v, column: 150 c¢cm x ! cm), end Sephadex G-25 suspended in aqueocus
NH,OAc (0.03 M) at pH 6 wera slso used as chromatography material. FPLC asnalysis was carried
out oo s Pharmacia FPLC system using a Mooo Q HR (5/5) column. Gradient elution was performed
st 20°C, by bullding up a gradlest, starting with butfer A& (0.05 W NaMaPO,, pH 6) and
applying buffer B (0.035 M NaHPO,, 1.2 M MaCl; pH 6) with a flow rate of 2.0 ml/min.

lM. Hp and 3¢ rr spectra were measured at 200 MHz, 20.7 MHz and 50.3 MHz respectively,
using a JBOL JNM-FX 200 spectrometer. Chemical ehifts are given in ppm (§) relative to
totrmthyl.lhno for !H 1R and relative to 853 HyPO, (external standard) for 31p MuR.

Iy o spectra were also recorded at 300 MHe using & Bruker WN-300 spectrometer intarfaced
with an ASPECT-2000 computer. NMR unpln were lyophilized three times from D30 (99.75%) and
finally dissolved in D30 (99.95%). [a]ﬂ values were measured using a Perkin-Elmer 14l
polarimeter.
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5'-0-{Dimethoxytrityl)-6-N-(2-nitr lsulfenyl)-deoxyadenosine 1

Deoxyadenosine (20.0 mmol, 5.02 g) was cosvaporated with acetonitrile and subsequeatly
dissclved in anhydrous acetonitrile (100.0 ml). After sddition of hexamethyldisilazane (80.0
mool, 16.9 ml) and trimethylsilyl chloride (1.0 ml), the mixture was left at 20°C for 1 h.
Ammonium chloride was removed by filtration under a strean of nitrogen, and the filtrate was
concentrated, and coevaporated with xylene (2 x 50.0 ml). Addition of acetonitrile and
pyridine (1/1, v/v, 100.0 ml) to the residus afforded a 0.2 M stock solution of silylated
deoxysdenosine. A part of the above obtained stock solution (5.0 mmol, 25.0 ml) wae treated
with 2-nitrophenylsulfenyl chloride (5.5 mmol, 1.05 g) snd the mixture was left for 16 h at
20°C.

The TMS groups wers hydrolyzed with methanol/water (l/1, v/v, 5.0 =ml). The solution was
concentrated and the residue was disscolved in ethyl acetate (100.0 ml), washed with water (2
x SO0 ml), concentrated and finally dissolved in dioxane. After refluxing for 20 wmin,
undissoived material was removed by filtration. The solution was concentrated and the residus
was coevaporated with pyridine (3 x 30.0 ml), redissolved in pyridine and treated with &,4'-
dimethoxytrityl chloride (6.0 amol, 2.03 g). After 2 h, the reaction mixture wvas quenched
with methanol (0.5 ml), concentrated, dissolved in CHyCl; (50.0 ml) and washed with NaHCOjy (!
M, 50.0 ml) and by brine (50.0 ml). The organic phase was dried (MgSO,), concentrated, and
the crude residue was purified by short-column chromatography, applying & 0-10% gradient of

MeOH in CHyClj. Yield 2.29 g (3.25 mmol, 65%). Rf 0.72 (A), 0.61 (B), 0.32 (C).

Iy MR (200 MHz) in CDCly: & 8.46 (s, 1H, H-8), 8.3é and 8.30 (4, IH, J 8.28 Hz, NPS), 8.09
(s, IH, H-2), 7.44 - 6.77 (m, 13H and 2 x 8, 4H, aromatic H of DMT and NPS), 6.46, 6.43 end
6.40 (v, lH, H-1'), 4.80 - &.60 (broad, 1H, H-3'), 4.1& - 4.12 (&, 1H, H-4'), 3.76 (s, 6H,
OCHy of DMT), 3.43 - 3.41 (d, 2H, H-5' and H-5" J 4.87 Hz), 2.93 - 2.56 (2 x m, 2H, H-2' and
H-2").

Anal. Caled. for CyjH3(NgO78: C 62.88, H 4.85, N 11.89; found C 62.78, H 5.30, N 11.333.

Preparation of dimer Sa

Coapound 1 (5.0 mmol, 3.53 g) was dissolved in anhydrous pyridine (25.0 ml) and coevaporated
to dryness. O-{2-chlorophenyl)-0,0-bis(l-benzotriazolyl)phosphate 0.2 M solution in dioxane
(5.75 mmol, 28.8 ml) was added and the mixture was stirred for 20 mim at 20°C. TLC acelyais
(system A) showed that monomer ! was completely converted to intermediate 3 (Rgy 0). Thymidipe
(6.25 mmol, 1.51 g) in aepohydrous pyridine (30.0 ml) was added to intermediate 3. After
stirring for 2 h at 20°C, TLC analysie (eysteme A,B and C) indicated the sbsence of 3. The
mixture was diluted with CHaClz (300.0 ml) amd subsaquently wvashed with TEAB (1IN, 100.0 ml)
snd water (100.0 ml). The organic layer wvas dried (MgS0,) and concentrated to gilve an oil.
The crude dimer was triturated with petroleum—ether (40-60°C) and purified by column-
chromstography (stlica gel {n CH,Cly), applying a 0-10% gradient of MeOH in CHCly. Tield
3.92 g (3.50 mmol, 70X). Rf 0.57 (A), 0.38 (B), 0.17 (C). 3lp MMR in CHaClg: 8§ -7.43 and-
8.34,

Syathesis of dimer Sc

Levulinoic acid ashydride in dioxane (1l MW, 1.5 mmol, 1.5 ml) and N-methylimidazols (0.5 mmol,
0.04 ml) were added to dimer 5a (1.0 mmol, 1.12 g) in anhydrous pyridime (1.0 =l) at 0°C.
After stirring for 2 h, TLC analysis (systems A, B and C) indicated cooversion of 3a into 5b.
The mixture was diluted with CHaClj (50.0 ml) and extracted with TEAB (1 M, 50.0 ml) and with
water (50.0 ml). The solution was dried (MgS0,), concentrated and dissolved in a minimsl
smount of CHC12/MeOH (7/3, v/v) to which p-toluenesulfonic acid (2X) in CHCl/MeOH (7/3,
v/v, 12.0 m1) was added at 0°C. Vhen TIC analysis indicated complete detritylation, the
reaction was quenched with aqueous NaHCO3 (1 M, 5.0 ml), diluted with CHaCly (50.0 ml) and
extracted with NaHCO3 (25.0 ml). The organic layer was dried (MgS0,), concentrated and the
crude residue was purified by short column chromatography. Yield 0.83 g (0.9 mmol, 90X). Rt
0.63 (A), 0.52 (B), 0.22 (C).

31p MHR 1o CH3Cl,/MeOH: & -7.13, -7.22 and -7.68.

Synthesis of tetramer 6d
Dimer Sa (1.44 mmol, 1.62 g) was dlesolved ino anhydrous pyridioe apd coevaporatad to dryness.

Phosphorylating agent 2 (1.74 mmol, 8.7 ml) was added, and after 20 min, TLC analysie
(system A), showed complete conversion of Sa into 3d. Introduction of dimer S5c (1.8 amol,
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1.65 g) and M-methylimidezole (6.0 mmol, 0.48 al) followed by stirring at 20°C for 2 1
yielded crude tetramer 6a. After standard work up procedure detritylation and purification as
described for dimsr 5c, pure tetramer &b vas odtained. Yield 2.36 g (1.24 mmol, 86X), Rt 0.56
A), 0.36 (B), 0.11 (C).

lp MR n CHaCly: & -7.07, -7.28, -7.77 and -7.89.

Synthesis of dipeptide 7a

To a solutiea of NP8-Phe-OH (5.0 mmol, 1.6 g) in DMF (25.0 ml), HCl-Tyr-WH3 (3.0 mmol, 1.1
g), triethylamine (5.0 mmol, 0.7 ml) and hydroxybeanzotriagole (6.0 mmol, 0.8l g) were added.
The solution was cooled to 0°C and dicyclohexylcarbodiimide (5.5 mmol 1.13 g) was added.
After stirring at 0°C for 1 h, the cooling was removed and the mixture was left 18 h at 20°C.
Dicyclohexylurea was removed by filltration over s small layer of celite and the filtrate was
concentrated. The residue was diluted with CHyClz (100.0 ml) and extracted with aqueous
KHaPO, (1 M, 2 x 25.0 ml, pH 3.8), water (25.0 ml), aqueous NaC03 (1 M, 2 x 25.0 =l) and
finally with water (25.0 wml). The organic phase was dried (MgS80,), and subsequently
concentrated to drynmess. Crystallization of the residue from ethyl acetate nffo:dod pure
dipeptide 7a. Tield: 1.92 g (4.0 mmol, 80%3), Rge 0.54 (A), 0.31 (3), 0.17 (C), [a] B +5,8 (¢
1, MeOH), mp. 119-121°C. !H MR (200 WHz) 1o DMSO/CDCly: & 0.12 - 6.68 (13H, aromatic), 4.70
and 4.65 (broad d, 1H, J 8.53 Hz, CH), 4.39 and 4.34 (d, IH, J 8.53 He, CH), 3.0l (m, &M, CH;
of Tyr acd Phe).

13¢c NMR tn DM30/CDC1y: & 172.48 and 171.90 (2xC=0 of Tyr and Phe), 154.91 - 114.17 (aromatic
C of NPS, Tyr and Phe), 53.12 and 51.54 (oCH of Tyr and Phe), 38.7%5 and 35.96 (BCHy of Tyr
and Phe).

Fully protected aucleocpeptide 8a

The synthesis of 8a was performed in a similar feshion as descrided for the synthesis of
tetramer 6b starting from dipeptide 7a (0.5 mmol, 0.24 g) and reagent 2 (0.6 =aol, 3.0 ml) in
anhydrous dioxane, followed by the addition of tetramer &b (0.62%5 mmol, ).19 g) in the
presence of N-methylimidazole (2.08 mmol, 0.17 ml). Yield of pure 8a was 1.12 g (0.44 mmol,
88%), Ry 0.55 (A), 0.32 (B), 0.07 (C).

3lp MR in CH3Clp: & -6.47, -6.92, -7.22, -11.85, and -12.06.

Partislly dedlocked nucleopeptide 8d

The removal of the 2-C1CgH,0 group was performed following two procedures:

a) Nucleopeptide 8a (0.04 mmol, 102 mg) was treated with syn-d-nitrobensaldoxime (1.6 mmol,

0.266 g) and N} Ml N3 N3_tetramethylguanidine (1.26 mmol, 0.147 g) in anhydrous THF (4.0 m1).
P NMR spectroscopy revealed complete conversion of “ to 8b withio 18 h at 20°C. The

reaction was quenched by adding acetic scid (1.58 mmol, 0.09 ml) and the solvent was removed

under reduced pressure. The residue was diluted with CH3Cly/MeOH 1/2, v/v and applied to a

Sephadex LH-20 coluamn which wase eluted with the same sluent.

lp MMR 1o THF: & -1.30, -1.51, -1.60, -5.68 and -5.77.

b) Nucleopeptide 8a (0.02 mmol, 51.2 mg) was dissolved in & solution of tetradbutylasmonium

fluoride in pyridine/water (1/1, v/v, 0.25 M, 3.2 ml) and the mixture was stirred for 24 h st

20°C. Removal of 2-ClCgH,0O from 8a was mooitored by 3lp WR. Crude 8b thus obtaiped wvas
urified as described uander a).

1p R in prridine/water: & -0.24, -0.44, =-0.59 and -4.43,

Partially deblocked nucleopeptide 8c

Coapound 8b obtained above was dissolved in a minimum amount of dioxane/water (9/1, v/v) and
treated with tri-n-butylphosphine (5.0 eq). After 20 min at 20°9C, TLC analysis indicated
coaplete conversion of 8b to 8c (system A). After removal of the solvent, the residus was

dissolved in CH3Cl3/MeOH (30 ml, 1:2 v/v), and applied to a Sephadex LH-20 column which was
eluted with the same solvent.

Completely deblocked nucleopeptide 84

A solution of hydrazine hydrate in pyridine/acetic acid (3/2, v/v, 0.5 M, 5.0 eq) was added
to nucleopeptide 8c. After 20 min, the reaction was quenched with acetylacetons (0.97 mmol,
0.1 @al) and crude 8d was applied to a Sephsdex G-25 columa. The fractioas, containing fully
deblocked nucleopeptide 84 were concentrated and aspplied to a column of Dowex SOV cation
exchange resin (Na® form). The UV-positive fractions were collected, pooled, concentrated to
small volume and finally lyophilized. Yield of pure 84 wae 39.6 mg (0.023 mmol, 58%) by using
oximate-{ons aseisted deblocking of 8a, and 14.0 mg (0.008 mmol, 41%), by using fluoride lons
for the removal of 2-chlorophenyl groups from 8a, [a] 8 +38.7 (c 1, H0), retention tiee
(FPLC-analysis) 5.2 min.

Aoal. Caled. for CeqHy7 N 7029P4Nag: P 7.24; found P 7.10%.

14 MR (300 MHz) (n D20: § 8.33 and 8.11 (2xs, 2H, 2xH-8 dA), 8.03 and 8.0! (2xe, 2H, 2xH-2
dA), 7.44 and 7.28 (2xs, 2K, 2xH-6 4T), 7.23 and 7.21 (d, 2H, J 7.38 Mz, Tyr), 7.05 and 7.03
(d, 2H, J 6.61 Hz, Tyr), 6.83 and 6.82 (SH, Phe), 6.29 - S.95 (3xt, &4H, 4xH-1', J 6.8, 7.2,
6.8, 5.8 and 5.6 Hz), 4.96 - 3.58 (4xH-3', 4xH-4', 2x a H, 4xH-5' and 4xH-3°), 2.97 - 2.12
(12H, 4xH-2', 4xH-2" and 2x BPCHy dd at 2.97 - 2.95 J 6.3 He and 2.93 - 2.91 J S.9 Hz), 1.69
nnd 1.66 (hl, 6H, 2xCHj dT).

13¢ »ur D20: & 177.36 and 176.17 (C=O of Tyr aad Phe), 157.07 - 112.48 (C-4, C-2, C-6, C-S of
4T, C-6, C-2, C-4, C-8, C-5 of dA and aromatic C of Tyr and Phe), 86.08 - 84.22 (C-4' and C-
1' of dA and 4T), 77.44 - 65.67 (C-3' and C-5' of dA and 4T), 57.0) and 55.10 (aCH of Tyr and

Phe), 41.29 - 37.23 (C-2' of dA and 4T and PCH; of Tyr and Phe), 13.79 and 13.29 (2xCH3 4T).
3p MR 1o D20: § -0.60, -0.66 and -3.96.

Syntbesis of tripeptide 9
To a solution of H-Ser-OH (7.5 mmol, 0.79 g) in dimethoxyethane (10.0 mmol) and aquecus
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NeHCO3 (1 M, 10.0 mmol, 10.0 ml), NPS-Al1a-0Su (5.0 mmol, 1.70 g) was added {n five portions
over a period of 30 min. After 24 h at 20°C, the dimethoxyetbane vas removed under reduced
pressure. Addition of water (50.0 ml) and ethyl scetate (100.0 ml) followed by acidification
(1 N HaS80,, pH 3), afforded, after removal of the aqueocus layer, a solution of the crude
dipeptide in ethyl acetate. Subsequently, the water layer was washed twice with ethyl acetate
(2 x 20 ml), and the combined organic layers were washed with brine (100.0 ml). The yellow
organic phase was dried (Mg30,), concentrated to emall volume and diluted with petroleus
ether. TYield of the crystalline dipeptide was 1.32 g (4.0 ommol, 80%), Re 0.27
(CH2C17/MeOH/ACOH, 85/10/S, w/v/v), mp. 112-115°C, I of NPS-Ala-Ser-OH (ref. Glu) 0.93, pH
4.80,

To a solution of dipeptide NPS-Ala-Ser-OH (3.0 wmol, 0.99 g) in THF (50.0 ml) N-me-
thylmorpholine (3.2 mmol, 0.35 ml) was added and the mixture was cooled to -1%5°C. Isobutyl
chloroformatell (3.15 =mmol, 0.42 ml) was added, and the mizture was left for 10 min at-
15°C. p-Toluenesulfonic acid salt of H-Ala-OAllyl (3.0 mmol, 0.9 g) and N-mathylmorpholine
(3.0 mmol, 0.33 nl) were ,nov added. The mixture was stirred for 15 wmin at -1%°9C and
subsequently for | h at 20 C. The solution was concentrated, the residue wvas diluted with
CH3Cly (100.0 ml) containing MeOH (2.0 ml) and extracted with aqueocus NayCOy (1M, 2x50.0 ml),
water (50.0 ml) and fiscelly KHjPO, buffer (1M, 2x50.0 ml, pH 3.8). The orgaanic layer wvae
wvashed with water (50.0 ml), dried (Mg304), concentrated and the tripeptide was crystallized
from EtOAc/CHaClz/hexane. Yield of 9 was (.15 g (2.61 mmol, 87X), RZ 0.65 (A), mp. 116-118°C,
(a)2f -59.2 (c 1, dioxane). !H NMR (200 MHE) in DMSO: & 8.20-7.32 (4H, aromatlic NPS), S.94-
5.77 (m, lH, CH=, Allyl), 5.32-5.08 (m, 2H, CHay=, Allyl), 4.89-3.55 (TH, 3IxaCH, PCH; Ser, and
CHy Allyl), 1.31-1.28 (4, 6H, 2xCH3, Ala).

13¢ MR {n DMSO: & 173.53, 171.95 and 169.76 (3xC=0 of 2xAla and Ser), 145.61-124.79
(aromatic C), 134.28 (CH=, Allyl), 117.61 (CHze, Allyl), 64.62 and 61.72 (CHz, Allyl and
OCHy, Ser), 58.86, 54.86 and 47.68 (3IxaCH, of 2xAla and Ser), 19.21 and 17.08 (2xpCH3, Als).

Fully protected nucleopeptide 12¢

Tripeptide 9 (0.227 wmol, 99.7 =mg) i{n anhydrous acetositrile (3.0 ml) containiag 1l-KH-
tetrazole (0.227 mmol) was phosphorylated with allyl-bis(diisopropylamino)pbosphine §n
acetonitrile (1.25 M, 0.18 ml). TLC analysis (systems A and B), after 30 min, indicated
complete conversion of compound 9 to intermediate 1!. Sudbsequently, tetramer 6b (0.227 mmol,
433 mg) and lH-tetrazole (0.227 mmol) were added and the mixture wae left for 18 h at 20°C.
Oxidation at 0°C for 30 min. with t-butyl hydroperoxide (4.0 mmol, 0.% ml, 80X solution in
di-tert-dutylperoxide), afforded crude nucleopeptide 12f. The solution was diluted with
CHaCly (50.0 ml), washed with water (30.0 ml), dried (NHgS80A) and conocentrated. The oily
residue was then dissolved in CH3Cly/MeOM (1/2 v/v) and applied to a Sephadex LH-20 column
which was eluted with the same solvent. PFurther purification was obtained by short column
chromatography. Yield of 12 wae 500 ag (0.204 mmol, 90%), Rf 0.6) and 0.48 (A). 3!P MR in
CHaClg: & -0.66, -7.31 and -7.4).

Pully protected nucleopeptide 12a

Tetramer 6b (0.227 amol, 433 mg) vas dissolved in anhydrous pyridine snd coevaporated to
dryness. Phosphorylating reagest 2 (0.26]1 mmol, 1.3] ml) was added and TLC analyeis (system
A) after 20 min showed complete conversion of 6b into intermediate 6¢. Tripeptide 9 (0.283
mmol, 124 mg) in anhydrous pyridice (1.5 ml), which was previously dried by coevaporation
with pyridine (2x3.0 ml), was added to intermediate 6b. After stirring for 2h at 20°C, TLC
analysis (CHaCly/MeOH 9/1 w/v) indicated the absence of compound éc. Work up and purification
procedures weare performed in a similar fashion as described for campound 12f. Yield of l2a
vas 366 mg (0.145 mmol, 64%), R 0.46 (CHyCly/MeOH, 9/1, v/v). Ilp MuR 1n CHaClys & -6.89,-
7.28 and -7.43,

Partially deblocked nucleopeptide 12>

Fully protected heptamer l12s (0.04 mwaol, 100 mg) was treated with tetradutylammonium fluoride
{n a similar way ae descrided for the deblocking of nucleopeptide 8a (method b). 3lp MR in
pyridine/water: & 0.97, -0.24, -0.48 and -0.57.

Partiplly deblocked nucleopeptide 12g

Nucleopeptide 12f (0.02 mmol, 50 mg) was dissolved in pyridine/water (1/1 v/v, 2.5 ®l) and
wvas left at 20°C for 48 h, after which time 3lp MMR showed the reaction to be coaplete
(pyridine/water: & -0.91, -7.10 and -7.40). To a solution of 12g thus obtained in

pyridine/H0 tetrabutylammonium fluoride was added to aefford partislly dedlocked
nuclecpeptide 12b.

Partially deblocked nucleopeptide l2c
Nucleopeptide 12b was treated with tri-a-dbutylphosphise in a similar fashion as describded
above for the synthesis of compound 8c.

Partially deblocked mucleopeptide 124

Hydrazinolyeis of the lewvulinoyl group and purification of crude compound 124 were
accomplished in a similar manner as described above for the synthesis of ¢ letely deblocked
nucleopeptide 8d4. Yield of 124 was 23.4 mg (0.014 wmmwol, 701). ([a)f0 -10.1 (¢ 1,
dioxane/water, 1/1, v/v), retention time (FPLC-analysis) 3.2 =min, Anal. Calcd. for
CoaHy N1 70y P Nay1 P 7.42; found P 7.39%. 14 am (300 MHg) in D20: § 68.34 and 8.33 (2xs, 2H,
2xH-8, dA), 6.10 and 8.05 (2xe, 2MH, 2xH-2, dA), 7.46 and 7.31 (2xs, 2H, 2xH-6, dT), 6.35-
5.98 (4H, &xH-1'), 5.85-5.76 (m, lH, CH=, Allyl), 5.23-5.16 (m, 2H, CHze, Allyl), 4.97-3.51
(23H, 4xH-3', 4xH-4°', IxaCH, PCHy Ser, CHj Allyl, 4xH-5' and 4xH-5''), 2.81-1.91 (8H, 4xH-2'
and 4xH-2''), 1.69 (8H, 2xCHy, dT), 1.35-1.24 (6H, 2xpCHI, Ala).

13¢ MMR 18 D20/TMA: & 174.55, 171.89 and 170.96 (C=0, of 2zAla and Ser), 166.49 - 112.24 (C-
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4, C-2, C-6, C-5 of 4T and C-6, C-2, C-4, C-8, C-5 of dA), 134.43 (CHe allyl), 119.27 (CHye
allyl), 85.75 - B84.61 (C-4° snd C-1' of dA and dT), 77.19 - 70.71 (C-3' of dA and dT). 67.33
- 60.78 (C-5' of dA and 4T, BCH; Ser and CH; allyl), 55.03, 54.19 and 49.9% (3xaCH, of 2xAls
and Ser), 44.49 - 39.26 (C-2' of dA and dT), 17.48 and 16.99 (2xBCHy Ala), 13.83 and 12.55 (2
x CHy dT).

3lp NMR {n D30: § 0.39 and -0.63.
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