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Interest in Polyamide (or Peptide) Nucleic Acids (PNAs) has grown exponentially since they were first 

reported by Nielsen et aL t in 1991. PNAs are oligonueleotide analogues composed of oligomers of nueleobase- 

derivatized N-(2-aminoetbyl)glycine, which recognize and bind strongly to specific DNA or RNA seqmmces. 

PNA oligomers have a number of properties which make them ~tentially extremely useful as antisense 

therapeutics and as diagnostic tools. 2 

The first synthetic strategy reported for PNA synthesis was Merrifield solid-phase symhesis using a 

Boc/benzyloxycarbonyl protecting group strategy. 3"4'5 The repeated treatment with TFA required for Boc- 

deprotection, and the harsh HF or TFMSA treatment required for cleavage from the resin and deia'ote~on 

render this strategy incompatible with the synthesis of many types of modified PNAs. The synthesis of PNAs 

using Fmoc/benzyloxycsrixmyl 6 and Fmoc/Mint 7 protected PNA monomers has also been reported. However, 

all of these methods have serious drawbacks in terms of monomer solubility and preparation, harsh reaction 

conditions, and side-reactions either during monomer synthesis and/or PNA oligomer synthesis. More recently 

we described a novel protecting-group strategy for the synthesis of PNAs utilising the Mint group as an N- 

terminal temlx>rmy protecting group and base-labile acyl protecting groups for the exocyclic amino functions of 

the nucleobases s. The Mrnt group can be removed under mild acidic conditions (3% trichloroa(mfic acid), and 

the nucleobase protecting groups are removed at the end of synthesis using cone. aqueous a m m o , ~  This highly 

efficient and flexible strategy allows the automated synthesis of PNAs a using equipment and conditictm very 

~milar to those employed in standard DNA synthesis. It also evables the preparation of chimeric DNA-PNA 

oligomers 9'1° with interesting properties (Figure 1). The linkers between the PNA part and the DNA part of the 

chimeric oEgomees are Dmt-O-pfotected nucleobase-derivatiz~ hydroxyethylglycine derivatives. 
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B=adenine, guanine, cytosine or thymine. 

Figure 1: DNA-PNA chimeric oligomer with a hydroxyethy]giycine-based linker. 

Here we report a new synthetic route to all four Mint-protected PNA monomers, which is more efficient 

than the previously reported procedure s . The main advantage of the new procedure is the introduction of the 

very acid labile Mint protecting group in the final step, which simplifies the handling of the intermediates and 

minimises the use of chromatographic purification steps. It is thus especially suited to the large scale preparation 

of PNA building blocks. We also report for the first time experimental procedures for the synthesis of suitably 

protected hydroxyethylgiycine PNA-DNA linker derivatives of adenine, guanine, thymine and cytosine by a 

novel route. 

RESULTS AND DISCUSSION 

Mint-Protected PNA Monomer Synthesis 
The key intermediate in our new synthetic route to PNA building blocks is N-(tert-butyloxycadxmyl- 

aminoethyl)glycine tert-butyl ester 1. A very simple and effective method to prepare this compound on a large 

scale is shown in Scheme 1. Thus diaminoethane was mono-Boc-protected using tert-butyl dicarbonate in 

dichlommethane 11, to give Boc-diaminoethane. Following removal of excess diarninoethane by aqueous 

extraction, the crude intermediate was directly alkylated using tert-butyl chloroacetate and lriethylamine in 

dichloromethane. Removal of polar impurities by passage through a short silica gel column gave 1 in excellent 

purity from readily available and inexpensive starting materials. 

O 

H2N ~ / N H ,  (a) -- ~ BOC--N / ~ / N H 2  (b) ~ BOC-- ~ / ~  ~ ~ OtBu 

1 

Reagenls and Conditions: (a) tert-Butyl dicar~nate, CH2C12; (b) tert-Butyl chloroacetate, KI, NEq, CH2C12. 

Scheme 1: Synthesis of of N- (tert-buty loxycarbonylaminoethyl) glycine tert-butyl ester. 

Nl-carboxymethylthymine was synthesized according to the procedure of Kosynklna et al. 12. N6-(4- 

methoxybenzoyl)-9-(carboxymethyl)adenine and N2-(isobutyryl)-9-(carboxymethyl)guanine were synthesized as 

described ixeviously s. 1-(Carboxymethyl)-N4-(4-methoxybenzoyl)cytosine was synthesized analogously to 1- 

(~ethyl)-N4-(4- ter t -butylbenzoyl)cytosine described previously s, but using anisoyl chloride in~_ead of 4- 

tert-butylbemmyl chloride. 
Direct alkylafion of N2-acyl-guanine results in poor regioselectivity at the N7 and N9 positions. 

Therefore, N2-acetyl-O4-diphenylcarbamoyl-9-caxboxymethylguanine 4 was synthesized by alkylation of N2- 
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acetyl-O4-diphe~ylcaxbamoylguanine ~3 2 with methyl bromoacetate in DMF in the presence of 

diisopmpylethylamine to give 3, followed by sap(mification of the methyl ester using sodium hydroxide in a 

dioxan/ water/ methanol mixture (Scheme 2). The alkylatice of the doubly-protected guanine derivative was 

highly selective for the N9 position of the guanine, and no chromatographic purification of 3 or 4 was necessary. 

, Lro > o  
OMe OH 

Reagents and Conditions: (a) Methyl bromoacetate/DMF/DIEA. (b) NaOH/MeOH/dioxan/H20. 

Scheme 2: Synthesis of N2-acetyl-O4-diphenylcarbamoyl-9-carboxymethylguanine. 

The carboxymethylated nueleobases were coupled to backbone synthon 1 using the peptide coupling 

agent O-[(cyano(ethoxycarbonyl)methylene)amino]-l,l,3,3-teUmnethyluronium tetrafiuoroborate (TOTU) 14 ill 

DMF in the presence of a tertiary amine, to give 5a-e in 64-91% yield (Scheme 3). 

B 

o (,) 

Boc ~ N ~ ~ OtBu -'- (b) : H 
1 5 

B B Wo 
O O 

Mmt--N~NvJL"  O- H~iEta (c) 
He N ~ N - O H  • H 

6 7 

HN I N jN~I N ~ N  N~ID~N_~ HN N HN N~ 

Sa, 6a, 7a $b, 6b, 7b 5e, 6e, 7e 5d 6d, 7d 5e, 6e, 7e 

Reagents and Conditions: (a) B-CH2-COOH + TOTU, NEt3, DMF; or propylphosphonic anhydride, EtOAc, 

NEt3 (b) TFA, CH2CIz; (c) Mmt-Cl, NEt3, DMF. 

Scheme 3: Synthesis of Mint-protected PNA monomers. 
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For the large-scale synthesis of Sa and Sb the inexpensive peptide coupling reageat txopylpimsphomc 

anhydride ~5 was used as an alternative to TOTU. All comix3cmds were very easily isolated from the reaction 

mixture by precipitation during workup and no chromatographic purification was necessary. This is a maj~- 

advantage over our previously described procedure s, which utilized Mmt-protected aminoethylglycine methyl 

ester inticmediates, especially for large scale monomer preparation. In the next step the Boc and tert-butyl 

groups were removed simultaneously by treatment with lrifluoroacetic acid flTA) in dichloromethane. During 

this step the diphenylcarbamoyl protecting group of 5d was also removed, and the N2-acetyl protecting group 

remained intact as desired. Simple trituration with diethyl ether gave the deprotected aminoethylglycine 

derivatives 6 in almost quantitative yield. Reaction with (4-methoxyphe~yl)-diphenylmethyl chkride (Mmt-Cl) hi 

DMF / triethylamine gave, after ~turation with diethyl ether, the fully protected PNA monomers 7 in good yield, 

and without a single chromatographic purification step. The monomers can then be used in PNA synthesis as 

p do ly 

PNA-DNA Linker Sffnthesis 

We and others recently described the synthesis and properties of chimeric DNA-PNA oligomers using the 

Mint synthesis strategy 9a°. The linkers between the PNA part and the DNA part of the chimeric oligomers are 

Dmt-protected nucleobase derivatized hydroxyethylglycine. The synthesis of the thymine hydroxyethylglycine 

derivative has been reported treviously by Petersen et al. using an eight step low yielding synthetic mum re. We 

employed a completely diffe~nt, and simpler, method for the synthes~ of the ttnke~ molecules, making use of a 

similar synthetic strategy to that described above for the aminoethylglycine PNA monomers. 

B 

HO ~NI'Lz'V (a) ~ (b) 
OtBu 

HO OtBu 
8 9 

O 0  B 
0 o 0 

_ + (e) (d) 
DmtO O HNEt 3 ~ ~ N C 

12 11 10 O 0 

9a, 10a, l la ,  12a: B---thymine; 9b, 10b, l ib ,  12b: -B=N4-anisoyl cytosine; 9c, 10c, l lc ,  12c: -B=N6-anisoyl 

adenine. 

Rea~ems and Condificms: (a) tert-Butyl Ixomoacetate, DMF; DIEA. (b) B-CHzCOOH, TOTU, DMF, NEh. (c) TFA:H20/ 

95:5, CH~I2. (d) NF.,h, Hz£), dioxan. (e) Dmt-Cl, pyridine or DMF, NEh. 

Scheme 4: Synthesis of Dmt-protected PNA-DNA linkers. 
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Thus 2-aminoethmml was monoalkylated using tert-butyl tmmmacetate in DMF/DIEA to give N-(2- 

hydroxyethyl)giycine tert-lmtyl ester 8. The carboxymethylated nucleobases were coupled to 8 using TOTU h 

DMF I NEt3, to give 9 (Scheme 4). The tert-lmtyl groups were t~wved by treatmem with TFA in 

d i c h l ~ J m n e .  During this acid lreamant various amounts of lac~tes 10 were formed. Removal of the TFA bl 

mcuo and treatment with Iriethylamine in dioxan/water converted the lactones to the desired hydmxyacid 

Wiethylammonium salts 11. These were then treated with Dmt-Cl in pyridm" e, or DMF / NEt3, to give the PNA- 

DNA linkers 12 which were then used in the synthesis of DNA-PNA chimeras as described previously 9. 

For the synthesis of the Dmt-protected guanine PNA-DNA linker 18 we used as an alternative strategy the 

procedure outlined in Scheme 5. The hydroxyl function of ~ y  available N-hydroxyethylphthalimide 13 

was protected by Ireatment with Dmt-Cl in pyridine / NEt3 to give 14 in 70% yield. Removal of the phthalimido 

protection with hydrazine hydrate gave 15 which then was alkylated with allyl chloroacetate to give 16. 

N2-isobutyryl-9-carboxymethylguanineS was coupled to this backbone synthon using 

diisoIx~ylcarbodiimide/HOObt. After chromatographic purification of 17 the allyl group was removed by 

~reatment with telrakis(Iriphenylphosphine)paUadium(0) and triphenylphosphine to give the guanine PNA-DNA 

linker 18. 

0 0 

DrntO ~ NHz 

0 0 
13 14 15 

B B 

DmtO ~ N v .OH DmlO OAII 

18 17 

,•(c) 
O 

DmlO ~ H ' v ~  OAII 

16 

~ i s  and Cxmdi~s: (a). Dmt-Cl, pyridine, NEt3; (b) Hydrazine hydrate, MeOH; (c) Allyl chloroacetate, DIVlF, DIEA; 
(d) B-CH2COOH, DIPCD, HOObt, DMF, NEM ( -B=N?-(isolmtyryl)-guanine); (e).(PPh~)4Pd(0), PPh3, Et~H2CO3, 
CH~t'I2. 

Scheme 5: Synthesis of Dmt-protected guanine PNA-DNA linker. 

In conclusion, we have described a new synthetic route to Mint protected PNA monorne~, and have 

demonstrated that tiffs route can be used for the large-scale synthesis of PNA monomers. The unprotected 

intermediate 6 can in principle also be used to prepare a variety of other PNA monomers by introduction of other 

suitable N-protecting groups. We have also described new synthetic routes to the thymine, cytosine, guanine and 

adenine hydroxye~ylgiycine PNA-DNA linkers used for the solid-phase synthesis of PNA-DNA chimeric 

oligome~. 
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E X P E R I M E N T A L  

C~mcral 

The following abbreviations are employed: (4-methoxyphenyl)diphenylmethyl (Mint); N,N'- 

diisopro~lcaflxxliimide (DIPCD); di-(4-methoxyphenyl)phenylmethyl (Dmt); tert-imtyloxycatbonyl (Boc); 4- 

methoxybenzoyl (An); N,N-diphanylcarbamoyl (Dpc); O-[(cyano(ethoxycarbonyl)methylene)amino]-l,l,3,3- 

telramethylurcmum-tetrafluoroborate (TOTU); trifluoromethanesulfceic acid (TFMSA); Irifluoroncefic acid 

(TFA); 4-ethyhnorpholine (NEM); N,N-dimethylformamide (DMF); N,N -diisolxopylethylamine (DIEA); 3,4- 

dihydro-3-hydro~-4-oxo- 1,2,3-benzolriazine (HOObt). 

Reagents were obtained from Sigma-Aldrich-Fluka (Neu-Ulm, Germany). Hash chromatography was 

performed using Merck silica gel 60 (230-400mesh ASTM). TLC was carried out on Merck DC Kieselgel 60 F- 

254 glass plates, tH NMR spectra were recorded in the solvents indicated at 270 MHz. ~ c a l  shifts (6) are 

reported in parts per million down field relative to the internal TMS standard. Mass spectra were recorded using 

either Fast Atom Bombardment (FAB), Electrospray (ES) or Direct Chemical (DCI) ionisation. 

N.(tert-Butyloxyearbonylaminoethyl)glyclne ten-butyl ester (1) 

1,2-diaminoetha~ (4.801; 72.0mol) was dissolved in dichlorornethane (181). With stirring and cooling a solution 

of ¢fi-tert-butyl dicarbonate (1.97kg; 9.03mol) in dichloromethane (4.51) was added dropwise over 2h. The 

mixture was stirred for a further 20 h. Water (91) was added and the resulting mixture was agitated vigorously. 

Following phase separation the aqueous phase was extracted twice with dichloromethane (4.51). The combined 

organic phases were washed with half-saturated NaC1, 0, dried (Na2SO4) and filtered. The organic phase was 

concentrated to a volume of approx. 9 1 and NEt3 (1.241; 8.9mol) and potassium iodide (5.00g; 30retool) were 

added. A solution of tert-butyl chloroacetate (1.241; 8.7mol) in dichloromethane (4.51) was then added dropwise 

with stirring and the mixture was stirred at 40°C for 50h. Water (51) was added and the mixture was agitated 

vigorously. The organic phase was separated, dried (Na2SO4), filtered and the solvent was removed in vacuo. 

The resulting crude product was chromatographically purified on silica gel eluting with EtOAedmethanol 95:5. 

Yield:l.03kg (41% from di-tert-butyl dicaflxmate). P~ =0.46 (EtOAc); MS(ES +) 275.2 (M+H)+; tH NMR 

(CDCI3) & 5.05(1H, br s, NH); 3.28(2H, s, CH2CO); 3.20 (2H, dr, CH2); 2.74(2H, t, CH2), 1.46/1.44(18H, 2xs, 

Boc + OtBu). 

N2 -AeetyI.O4-dlphmylearbamoyl-9-methoxycarbonylmethyl guanlne(3) 

N2-acetyl-O4-diphenylcarbamoylguanine 2 (15.52g; 40mmol) (prepared as described zs) and DIEA (13.60ml; 

79mn~l) were added to anhydrous DMF (200mi) and the suspension was heated briefly until a clear solution 

formed. Methyl bromoacetate (4.04ml; 44retool) was added and the solution was stirred overnight. The solvent 

was removed b~ vacuo and the residue was dissolved in methanol (200ml). This solution was added slowly to 

water (600ml) with vigorous stirring, whereutxm the product precipitated. The resulting crude product was 

filtered off, washed with water and redissolved in methanol The solution was concentrated to dryness, and the 

residue was triturated with EtOAc. The resulting product was filtered off, washed with EtOAc and ether and 

dried/n vacuo. Further product was obtained from the mother liquor after concentration and trituration with 

EtOAc. Yield: 13.20g (71%). R~ffi 0.79 (2-butsnone/pyridinedH20/AcOH 70:15:15:2); MS(ES*) 461.3(M+H)÷; 

tH NMR (d6-DMSO) 6 10.72 (1H, s, NH); 8.42 (1H, 1, H-8); 7.85-7.25 (10H, m, At); 5.17 (2H, s, CH2); 

3.72(3H, s, OCH3); 2.18(3H,s, CHrCO). 
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N2-Aeetyl-O4.diphenylearbamoyl.9.earboxymethylguanine (4) 
Comlxaaui 3 (7.54g;16.4mmol) was dissolved in a mixture of methanol (20ml), dioxan (80ml) and water (40ml) 

and treated with 1N NaOH (18ml) at pH 13. The solution was acidified to pH 6 by the ~ i~ ion  of 1M HCI~ 

and the solvent was evaporated in vacuo to a volume of approximately 50 ml. Water (400ml) was added to the 

solution and the pH was adjusted to 3 by the addition of 1M HCI~ 4, whereupon the product precipitated. The 

precipitate was filtered off, washed with water and dried /n vacuo. Yield: 5.92g (81%). Rt =0.48 (2- 

butanone/pyridine/H20/AeOH 70:15:15:2); MS(ES ÷) 447.2 (M+H)+; tH NMR (d6-DMSO) 6 10.72 (1H, s, Nil); 

8.42 (1H, s, H-8); 7.85-7.25 (10H, m, At); 5.02 (2H, s, CHz); 2.18(3H, s, CH3-CO). 

N-(tert-Butyloxyearbonylaminoethyi).N.((l.thyminyl)aeetyl)glyeine tert-butyl ester (Sa) 
Compound 1 (202.5g; 0.738mol) was dissolved in DMF (1.61) and Nl-carboxymethylthymine (135.0g; 

0.733mol), propylphosphonic anhydride (50% solution in EtOAc) (770.6ml; 0.733mol) and DIEA (251.0ml; 

1A6mol) were added. The mixture was stirred at room temperature for 5h and then poured into a stirred mixture 

of ice-water (91) and saturated NaHCO3 solution (1.21). The product precipitated and was collected after 

standing overnight by filtration. The crude product was dissolved in hot EtOAc (21) and precipitated by the 

addition of methyl-tert.butyl ether (21) and cooling to 20°C. The product was filtered off and dried/n mcuo. 

Yield: 279.0g (86%). Rf =0.55 (CH2CI2:MeOH:NEt3/100:10:1); MS(ES +) 441.3 (M+H)+; tH NMR (d6-DMSO) 

6 11.25 (1H, 2xs(rotamers), H-3); 7.31/7.25 (1H, 2xd(rotamers), H-6); 6.95-6.65(1H, m, NH); 4.64/4.46 (2H, 

2xs(rotamers), CHz); 4.17/3.92(2H, 2xs(rotamers), CH2); 3.45-2.95(m, CH2+H20); 1.75(3H, Ix s(rotamers), T- 

CH3); 1.45/1A0 (18H, 2xs(rotamers), Boc + OtBu) 

N-(2.Aminoethyl)-N-(( 1 -thyminyl)aeetyl)glyeine (6a) 

Compound 5a (ll.0g; 25 retool) was dissolved in a mixture of dichloromethane (75ml) and Wiflu~oacetic 

(50ml). A clear solution was formed which was stirred at room temperature for 2h. The reaction mixture was 

dried in vacuo and residual trifluoroacetic acid was removed by co-evatxa'ation twice with toluene. The residue 

was triturated with diethyl ether and filtered. The ixecipitated crude product was used ~ y  for the next step 

in the synthesis. Yield: 13.3g of an amorphous solid. Rf =0.14 (2-butanone: HzO:pyridine:AcOH/70:15:15:2); 

MS(ES ÷) 285.2 (M+H)+; tH NMR (d6-DMSO) 6 11.35/11.28 (1H, 2xs(rotamers), H-3); 7.39/7.27 (1H, 

2xd(rotamers), H-6); 4.68/4.50 (2H, 2xs(rotamers), CH2); 4.25/4.02(2H, 2xs(rotamers), CH2); 3.65-2.95(4H, m, 

CH2); 1.75(3H, Ix s(rotamers), T-CH3). 

N-(2-(4-Methoxyphenyl)diphenylmethylamino)ethyl-N-((l-thyminyi)acetyl) glydne (7a) 

Crude 6a (13.3g) was dissolved in DMF (250ml) and NEt3 (18.8ml; 135mmol) was added, followed by Mmt-Cl 

(11.3g; 45retool) in 5 portions. The mixture was stirred overnight, after which the solvent was evaporated/n 

vacuo. The residue was taken up in dichloromethane (300ml), and washed three times with water (30ml). The 

organic phase was dried (Na2SO4), filtered and evaporated/n ~acuo. The residue was triturated with diethyl 

ether. The precipitated product was filtered off, washed with ether, and dried/n vacuo. Yield: 14.1g (84% from 

St). R¢ =0.25 (CHzCh:MeOH:NEta/100:10:I); MS(FAB, MeOH/NBA/LiCI) 569.5 (M+Li)+; tH NMR (d6- 

DMSO) 6 11.27/11.22 (1H, 2xs,(rotamers) H-3); 7.45-6.80 (15H, m, Mint+H-6); 4.80/4.45 (2H, 2xs(totamers), 

CHz); 3.90/3.82(2H, 2xs(rotamers), CH2); 3.72(3H, s, Mmt-OCH3); 3.50-3.0(m, CH2+HzO); 2.72(6H, q, NEt3); 

2.22-2.02(2H, m(rotamers), CH2); 1.75(3H, IX s(rotamers), T-CH3); 1.05(9H, t, NEt3). 
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N~(t~rt~Butyi~xy~arb~ny~amin~Wl)~N~1~V4~(4-m~th~ybenz~y~)~yt~m----`~y~)g~ydme tart-butyl ester 
(5b) 
Compound I (127g; 0.418mol), and N4-(4-methoxybenzoyl)-Nl-carboxymethylcytosine (127g; 0.418 mol) were 

suspended in EtOAc (1,51) and NEts (115ml; 0.836mol) was added. A 50% solution of propylphosphcmic 

anhydride in EtOAc (400ml; approx. 0.628 tool) was added within 2 rain. The mixture was adjusted to pH 8 by 

the addition of NEts (65ml; 0.469 tool) and stirred for a further 2.5h. The precipitate was filtengi off and washed 

with EtOAc (500ml) and water (11). Further product ixecipitated from the mother liquor. The combined 

precipitates were stirred with water (500ml), then f'dtered off, washed with water (500ml) and dried/n vacuo. 

Yield: 196.6g (84%). P~ =0.53 (CH2CI2:MeOH: NEt~/100:10:I); MS(ES +) 560.3 (M+H)+; IH NMR (d6-DMSO) 

8 11.02 (1H, s, NH); 8.02 (2H, d, An); 7.98/7.92 (1H, 2xd(rotamexs), H-6); 7.32 (1H, 2xd(rotamers), H-5); 

7.05 (2H, d, An); 6.98-6.70 (1H, m, NH); 4.85/4.67 (2H, 2xs(rotamers), CHz); 4.23/3.97 (2H, 2xs(rotamers), 

CH2); 3.83(3H, s, An-OCHs); 3.50-2.95(m, CH2+H20); 1.48/1.40 (18H, 2xs(rotamers), Boc + OtBu). 

N.(2-Aminoethyl)-N.(l.(N4.(4-methoxybenzoyl)cytosyi)acetyl)glydne (6b) 

Compound 5b (11.20g; 20retool) was dissolved in a mixture of diehloromethane (75ml) and Irifluoroacetie acid 

(50ml). A clear solutkm was formed which was stirred at room temperature for 2h. The reaction mixture was 

then concentrated and the residue was triturated with diethyl ether. The precipitated crude product was used 

directly for the next step of the synthesis. Yield: 13.08g of an amorphous solid. P~ =0.34 (2- 

butanone:H20:pyridine:AcOH/70:15:15:2); MS(ES +) 404.3 (M+H)+; 1H NMR (d6-DMSO) 8 8.02 (2H, d, An); 

7.94 (1H, d, H-6); 7.35/7.31 (1H, 2xd(rotamers), H-5); 7.04 (2H, d, An); 4.88/4.71 (2H, 2xs(rotamers), CH2); 

4.30/4.05(2H, 2xs(rotamers), CH2); 3.83(3H, s, An-OCH3); 3.70-2.97(4}t, m, CHz). 

N~(2~(4-Meth~xypheny~)diphenylmethylandn~)ethy~N~(~(N4~(4-meth~xybenz~yi)~)aeetyi)glydne 

(Tb) 
Crude 6b (13.0g) from the previous reaction was dissolved in DMF (250ml). Triethylamine (20ml; 134 mn~D 

was added, followed by Mmt-Cl (11.7g; 48retool) in 3 portions. The mixture was stirred for 2h, then additional 

NEt3 (6.7ml; 48mmol) was added. The mixture was stirred overnight, after which the solution was evaporated 

mcuo. The residue was taken up in dichloromethane (200ml), and this solution was washed three times with 

water (30ml). The organic phase was dried (Na2SO4), filtered, concentrated to approx. 40 ml, and added with 

stirring to diethyl ethef(200ml). The precipitated product was filtered off, washed with ether, and dried in vacuo. 

Yield 10.gg (700/0 from 5b). P~ =0.62 (2-butanone:H20: pyridine:AcOH/70:15:lS:2); MS(FAB, MeOH/NBA) 

676.4 (M+H)+; IH NMR (d6-DMSO) & 11.0 (1H, brs, NH); 8.02 (2H, d, An); 7.95 (1H, 2xd(rotamers), H-6); 

7.50-6.80 (17H, m, Mmt+H-5+An); 5.02/4.65 (2H, 2xs(rotamets), CH2); 4.02-3.87 (SH, m(rotamers), CH2 + 

An-OCH3); 3.75 (3H, s, Mmt-OCH3); 3.70-3.0 (m, CHz+HzO); 2.22-2.02 (2H, m(rotamets), CH2); 2.70(6H, q, 

NEts); 1.05(9H, t, NEts). 

N.(tert.Butyioxycarbonylaminoethyl)-N- (9-(N6-(4-methoxybenzoyl)adenesyl)aeetyl)glydne tent-butyl 

ester ($e) 
Compound 1 (300.0g; 1.094mol) was dissolved in DMF (2.81). To this sohitkm was added N6-(4- 

methoxybenzoyl)-N9-cad~xymethyladenine (358.2g; 1.094mol), TOTU (360.5g; 2tool) and DIEA (373.9ml; 

2.184mol). The mixture was stirred at room temperature for 2h and then added dropwise to a stirred, ice-cooled 
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solution of NaHC03 (214.3g) in water (2.21), whemuIxm the product precipitated out. Methyl ten.butyl ether 

(21) was then added. This mixttwe was left to stand for 16h. The precipitate was filtered off and washed 

thoroughly, in succession, with water (2x21) and methyl tert-butyl ether (2x21); the precipitate was dried/n 

vacuo. Yield: 437.7g (68%). P~ =0.74 (CI-I2CI2:MeOH/10:I + 1% NEts); MS(FAB, MeOI-I/NBA) 584.2 

(M+H)+; tH NMR (d6-DMSO) 6 11.02 (1H, s, NH); 8.67 (1H, s, H-8); 8.32 (1H, s, H-2); 8.05 (2H, d, An); 

7.08 (2H, d, An); 7.02-6.75 (1H, m, NH); 5.35/5.15 (2H, 2xs(rotamers), CHz); 4.35/3,96 (2H, 2xs(rotamers), 

CHz); 3.86 (3H, s, An-OCHs); 3.60-2.95 (m, CH2+H20); 1.52/1.40 (18H, 2xs(rotamers), Boc + OtBu). 

N-(2-Aminoetl~)-N-f9.(N6-(4-methoxybenzoyl)adenosyl)aeeWi)glydne (6e) 

Compound $e (10.0g; 17 retool) was dissolved in a mixture of dichloromethane (75ml) and trifluoroacefic acid 

(75ml). A clear solution was formed which was stirred at room temperature for 2h. The reaction mixtme was 

then concentrated, coevaporated twice with toluene and the residue was triturated with diethyl ether. The 

precipitated crude product was used directly for the next step of the synthesis. Yield: 11.8g of an amorphous 

solid. Rf =0.09 (CH2CI2:MeOH:NEt3/100:10:I); MS(FAB, NBA) 428.2 (M+H)+; tH NMR (d6-DMSO) 6 

8.71/8.70 (1H, 2xs(rotamers), H-8); 8.38/8.32 (1H, 2xs(rotamers), H-2); 8.05 (2H, d, An); 7.08 (2H, d, An); 

5.42/5.21 (2H, 2xs(rotamers), CH2); 4.40/4.05(2H, 2xs(rotamers), CH2); 3.86(3H, s, An-OCHs); 3.77-2.98(m, 

CH2+H20). 

N•(2•(4-Meth•xypheny•)dipheny•methy•amin•)ethy••N•(9•(N6•(4-meth•xybenz•y•)aden•sy•)aeety• 

glycine (7e) 

Crude 6e (11.8g) from the previous reaction was dissolved in DMF (250ml). Tfiethylamiue (ll.6mi; 84 rnmol) 

was added, followed by Mmt-Cl (10.5g; 34 retool) in 3 portions. The mixture was stirred overnight, after which 

a little undissolved material was removed by filtration and the filtrate was evaporated/n vacuo. The residue was 

taken up in dichloromethane(200ml), and washed with water (3x30ml). The organic phase was dried (Na2SO4), 

filtered, concentrated in vacuo and the residue triturated with diethyl ether. The precipitated product was filtered 

off, washed with ether and dried in vacuo. Yield: 12.4g (90% from 5e). Rf =0.59 (2- 

butanone:H20:pyridine:AcOH/70:15:15:2); MS(ES +) 700.3 (M+H)+; tH NMR (d6-DMSO) 6 11.0 (1H, brs, 

Nit); 8.70/8.65 (1H, 2xs(rotamers), H-8); 8.35/8.30 (1H, 2xs(rotamers), H-2); 8.05 (2H, dd, An); 7.50-6.80 

(16H, m, Mint+An); 5.55/5.15 (2H, 2xs(rotamers), CHz); 4.10/3.90(2H, 2xs(rotamers), CHz); 3.87(3H, s, An- 

OCH3); 3.75(3H, s, Mmt-OCH3); 3.72-2.98(m, CH2+H20); 2.72(6H, q, NEts); 2.22-2.02(2H, m(rotamers), 

CHz); 1.05(9H, t, NEts). 

N•(tert•Buty••xyearb•ny•amin•ethy•)•N•((9•(N2•acety•••6.dipheny•earbam•y•)guan•sy•)acety•)g•ydn• 

tert-butyl ester (Sd) 
Compound 1 (5.50g; 20retool) was dissolved in DMF (100ml). To this sohtion were added N2-acetyl-O6- 

diphenyl~yl-9-carboxymethylguanine (8.92g; 20retool), TOTU (6.56g; 20rnmol) and DIEA (6.8ml; 

40retool). The mixttwe was stirred at room temperature for 16h and then evaporated/n ~7~uo. The t~sldue was 

taken up in EtOAc (150ml), and washed with sat. NaHCO3 solution (3xl5ml), 1M KI-ISO4 solution (3xlSml), 

and water (15ml). The organic phase was dried (Na2SO4), filtered and the filtrate was concentrated to about 30 

ml. This sohtion was added dropwise to diisowopyl ether (400ml) with stirring whereupon the product 

precipitated. The mixture was stirred for lh and the product was filtered off, washed with diisowopyl ether and 
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dried/n vacuo. Y'mld: 12.8g (91%). Rt = 0.80 (CI-IaCIa:MeOH:NEt~I00:10:I); MSIFAB, NBA/McOH) 703.3 

(M+H)*; tH NMR (d6-DM$O) 5 10.65 (1H, i~r s (rotamers), Nit); 8.32 (1H, br s(rotamcm), I-/-8); 7.85-7.25 

(10H, m, At); 7.05-6.65(1H, m, Nit); 5.25/5.08 (2H, 2xs(rotamers), CHz); 4.35]3.98 (2H, 2xs(rotame~), CHa); 

3.40-2.950n, CI-Iz+H20); 2.20(3H,s, CH3-CO); 1.50/1.38 (18H, 2xs(rotamers), Boc+OtBu). 

N.(2 .Anf inoeth~) .N. (  (9.(NZ-aeetyl)guanosyl)acetyl)glyclne (6d) 

Compound Sd (10.0g; 14retool) was dissolved in a mixture of dichioromethane (65ml) and trifluoroacetic acid 

(65ml). A clear solution was formed which was stirred at room temperature for 2h. The reaction mixture was 

then concentrated, coevaporated twice with toluene and the residue was triturated with diethyl ether. The 

ixecipitated crude product was used directly for the next step of the synthesis. Yield: 8.1g of an amorphous 

solid. Rt = 0.15 (2-butanone:H20:pyridine:AcOH/70:15:15:2); MS(FAB, NBA/MeOH) 352.1 (M+H)÷; tH NMR 

(d6-DMSO) 5 12.08/11.65 (1H, 2xs(rotamers), NH); 7.85/7.81 (1H, 2xs(rotamers), H-8); 5.15/4.95 (2H, 

2xs(rotamers), CH2); 4.37/4.05 (2H, 2xs(rotamers), CH2); 4.12-2.93 (m, CH2+H20); 2.18 (3H, s, CH3-CO). 

N.(2.(4-Methoxyphenyl)diphenylmethylamino)ethyl.N-(9-(N2-acetyl-gumaceyl) &eetyl)glycine (Td) 

Crude 6d (8.10g) from the previous reaction was dissolved in DMF (130ml). Triethylamine (6.12ml; 64retool) 

was add_od, followed by Mmt-Cl (6.18g; 20retool) in 3 portions. The mixture was stirred overnight, after which a 

little undissolved material was removed by fillration and the filtrate was evaporated in vacuo. The residue was 

taken up in EtOAc (30rnl), and washed three times with sat. NaHCO3 solution and water. The organic phase was 

dried fNa2SO4), filtered, and evaporated in vacuo. The residue was triturated with ether. The precipitated 

product was f'dtered off, washed with ether, and dried in vacuo. Yield: 2.58g (25% from 5d). Rt = 0.14 

(CH2CI2:MeOH:NEta/100:10:I); MS(ES ÷) 624.3 (M+H)+; ~H NMR (d6-DMSO) 6 12.1 (1H, brs, NH); 

8.05/7.80 (1H, 2xs(rotamers), H-8); 7.45-6.85 (14H, m, Mm0; 5.15/4.95 (2H, 2xs(rotarners), CH2); 3.98/3.85 

(2H, 2xs(rotamers), CH2); 3.70 (3H, s, Mmt-OCH3); 3.55-3.10 (m, CH2+HzO); 2.75 (6H, q, NEt3); 2.18 (3H,s, 

CH3-CO); 2.17-2.02 (2H, m(rotamers), CH2); 1.05 (9H, t, NEt3). 

N.(tert.Butyloxyearbonylaminoethyl)-N-(9-(N2-isobutyryl-guanosyl) acetyl)glycine tert-butyl ester (Se) 

Compound 1 (16.5g; 60retool) was dissolved in DMF (300ml), and N2-isobutyryl-9-carboxymethylguanine 

(13.3g; 60retool), TOTU (19.5g; 60retool) and DIEA (20.4ml; 120retool) were added. The mixture was stirred 

at room temperature for 16h and evaporated in vacuo. The residue was taken up in EtOAc (300rnl), washed 

with sat. NaI-ICO3 solution (3x30ml), 1M KI-ISO4 solution (3x30ml), and water (3x30ml). The organic phase 

was dried (NazSO4), filtered, and evaporated in vacuo. The residue was triturated with ether and cooled. The 

precipitated product was filtered off, washed with cold ether and dried. Yield: 20.7g (64%). P~ =0.75 

(CHzCI2:MeOH NEt~/100:7,5:I); MS(FAB, NBA/MeOH) 536.3 (M+H)+; ~H NMR (d6-DMSO) 5 12.08/11.55 

(1H, 2xs(rotamers), NI-I); 8.08/7.85 (1H, 2xs(rotamers), H-8); 7.02-6.60(1H, m, NH); 5.3815.18/5.11/4.98 (2H, 

4xs(rotamers), CH2); 4.32/4.2813.9813.94(2H, 4xs(rotarners), CHz); 3.52-2.73(m, CH~CH-iBu+HaO); 

1.50/1.38 (18H, 2xs(rotamers), Boc + OtBu); 1.10(6H, d, iBu). 
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N-(Z-AmlnoeOffl)-N-(9-(N2-1sobutyryl-guanorfl) aeetyi)glydne (6e) 

Compound Se (10.0g; 19retool) was dissolved in a mixture of dichlorocnethane {65ml) and Wifluoroacetic acki 

(65mi). A clear solution was formed which was stirred at room temperature for 2h. The solvent was evaporated 

/n vacuo, coevapcx~ted twice with toluene and the residue was triturated with diethyl ether. The precipitated 

crude product was used directly for the next step of the s y n ~  Yield: 10.1g of an amorphous solid. R¢ =0.16 

(2-butanc~ae:H20:pyridine:AcOH/70:15:15:2); MS(E,S +) 380.1 (M+H)÷; IH NMR (d6-DMSO) 6 12.08/11.65 

(1H, 2xs(rotamers), H-3); 8.10/7.85 (1H, 2xd(rotamers), H-8); 5.42/5.22/5.16/4.98 (2H, 4xs(rotamers), CHz); 

4.35/4.05(2H, 2x,s(rotamers), CH2); 3.72-3.52(2H, m, CI-h); 3.22-2.90(2H, m, CHz); 2.75(1H, sept, CH-iBu); 
1.10(6H, d, iBu). 

N-(2-(4-Methoxyphenyl)~Hphenyimethylamino)ethyl.N.(9.(N2.isobutyryi.guanosyl) acetyl)glydne (7e) 

Crude 6e (10.10g) from the previous react/on was dissolved in DMF (350ml), and NEt3 (15.0ml; 100mmol) was 

added, followed by Mmt-Cl (8.20g; 26retool). The mixture was stirred overnight and concentrated in vacuo. The 

residue was taken up in dichloromethane (400ml) and washed with water (100mD. The organic phase was 

evaporated to dryness, taken up in dichloromethane (20ml) containing 1% NEt3 and evaporated again. The 

residue was lriturated with ether and the precipitated product was filtered off, washed with ether and dried/n 

vacuo. Yield: 10.65g (74% from 5e). Rt =0.17 (CH2CI2:MeOH:EtOAc:NEt3/100:30:20:I); MS(ES ÷) 652.2 

(M+H)*; aH NMR (d6-DMSO) 8 12.1 (1H, brs, NH); 8.05/7.80 (1H, 2xs(rotamers), H-8); 7.45-6.85 (14H, m, 

Mint); 5.20/4.95 (2H, 2xs(rotamers), CH2); 3.98/3.85 (2H, 2xs(rotamers), CH2); 3.70(3H, s, Mmt-OCH3); 3.55- 

3.10 (m, CHz+H20); 2.82-2.70 (7H, m, NEt3 + iBu); 2.22-2.02 (2H, m(rotamers), CHz); 1.15-1.02 (15H, m, 
NEt3 + iBu). 

N-(2-Hydroxyethyl)glyeine tert-butyl ester (8) 

2.Aminoethanol (30.2ml; 0.Stool) was dissolved in DMF (200ml). DIEA (17.0mi; 0.1tool) was added, followed 

by tert-butyl bromoacetate(14.8ml; 0.1tool). The mixture was stirred at room temperature for 24h and the 

solvent was evaporated in vacuo. The residue was taken up in water (100ml), and this solution was saturated 

with NaCI and exlracted with EtOAe (3xl00ml). The organic phase was washed with a small quantity of sat. 

NaCI~), dried (NazSO4), filtered, and evaporated in vacuo. Yield: 11.96g (68%) colorless oil. P~ =0.51 (2- 

butanone:H20:pyridine:AeOH/70:15:15:2); MS(ES ÷) 176.2 (M+H)+; tH NMR (CDC13) 8 3.62 (2H, dt, HO- 

CH2); 3.33 (2H, s, CH2CO); 2.78 (2H, dt, CH2NH); 2.15-1.95, (in, NH +OH +H20); 1A8(9H, s, OtBu). 

N-(2-HydroxyethyD.N-((l-thyminyl)acetyl)glydne tert-butyl ester (9a) 

Compound 8 (8.9g; 53retool) was dissolved in DMF(100ml), and Nl-carboxymethylthymine (8.8g; 48retool), 

TOTU (17.4g; 53retool) and NEt3 (19.4ml; 106retool) were added. The mixture was stirred at room temperature 

for 3h and the solvent was removed in vacuo. The residue was treated with EtOAc, whereupon the product 

began to precipitate. The mixture was then left to stand at 4°C for 16h, and the precipitated product was filtered 

off, washed with EtOAc and dried in vacuo. Yield: 11.8g (71%). Rf =0.75 (2- 

butanone:H20:pyridine:AcOH/70:15:15:2); MS(ES +) 342.2 (M+H)+; aH NMR (d6-DMSO) 5 11.25 (1H, br 

s(rotamers), H-3); 7.31/7.26 (1H, 2xs(rotamers), H-6); 4.70/4.45 (2H, 2xs(rotamers), CHz); 4.08/3.98(2H, 

2xs(rotamets), CHz); 3.68-3.20( m, CH2+H20+OH); 1.75/1.72(3H, 2xs(rotamers), T-CH3); 1.48/1.38(9H, 
2xs(rotamers), OtBu). 
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N.(2-Hydroxyethyl)-N-(( 1-thymlnyl)a_ _,~yl_ )glydne (11a) 
~ d  9a (9.47g; 28mmol) was suspended in dichloromethane (150ml), and TFA:water / 95:5 (100 mO was 

~_d_~l. The resulting clear solution was stirred at room temperature for 3h. The reaction mixture was then added 

dropwise to thoroughly stirred methyl tert-butyl ether (11) at 0°C. The precipitated crude product (also 

containing 1 ~  10a) was dissolved in a mixture of dioxan (170ml), water (170ml) and NEts (6.4ml), and 

stirred at room temperature for 2h, whereby the lactone hydrolysed. The mixture was evaporated to dryness and 

the residue was dried/n vacuo. Yield: 10.51g amorphous solid which was used for the following reaction 

directly. Rf =0.12 (CH2CI2:MeOH:EtOAe/10:2:I and 1% NEts); MS(ES +) 286.2 (M+H)+; tH NMR (d6-DMSO) 

G 11.25 (1H, br s(rotamers), H-3); 7.30/7.25 (1H, 2xs(rotamers), H-6); 4.70/4.45 (2H, 2xs(rotamers), CH2); 

4.08/3.98(2H, 2xs(rotamers), CHz); 3.65-3.10( m, CH2+HzO+OH); 3.05(6H, q, NEts); 1.75/1.72(3H, 

2xs(rotamers), T-CHs); 1.08(9H, t, NEts). 

N-(2-(Di-(4-methoxyphenyl)phenylmethoxy) ethyl) -N-( ( 1 -thyminyl)acetyl) glydne (12a) 

Crude l l a  (1.00g; 2.6retool) was dissolved in DMF (10ml). Triethylamine (1.4ml; 10mn~l) and a solution of 

Dmt-Cl (1.80g; 5.2mmol) in dichloromethane (10ml) were added. The reaction was stirred at room temperature 

for 16 h. The solvent was removed/n vacuo and the residue was taken up in dichloromethane; This solution was 

washed with water and the organic phase was dried (Na2S04), filtexed, and evaporated in vacuo. The product 

was purified by column chromatography on silica gel using dichloromethaneJmethano[/EtOAc 15:1:1 containing 

1% NEt3 as the eluent- The fractions containing the ixoduct were combined and dried/n vacuo. Yield 0.96g 

(53%) white foam. 1~ =0.29 (CH2CI2:MeOH:EtOAc/10:2:I and 1% NEts); MS(FAB, MeOH/NBA) 587.3 (M)+; 

~H NMR (d6-DMSO) 5 11.25 (1H, br s(rotamers), H-3); 7.42-7.18 (9H, m, Dmt + H-5); 7.02 (1H, br s, H-6); 

6.90 (4H, m, Dmt); 4.62/4.46 (2H, 2xs(rotamers), CH2); 3.95/3.80 (2H, 2xs(rotamers), CH2); 3.76 (6H, s, Dmt- 

OCHs); 3.55-2.95 (m, CH2+H20); 2.73 (6H, q, NEts); 1.75/1.68 (3H, 2xs(rotamers), T-CHs); 1.05 (gH, t, 

NEt3). 

N.(2.Hydroxyethyl).N.(l.OV4-(4-methoxybenzoyl)cytosyl)acetyl)glydne tert-butyl ester {9b) 

Compound 8 (l.Sg; llmmol) was dissolved in DMF (100ml). To this solution were added N4-(4-methoxy- 
benzoyl)-Nl-cm'boxymcthylcytosine (3.0g; 10 mmol), TOTU (3.6g; 11retool) and NEts (3.0ml; 22retool). The 

re.action mixture was stirred at room temperature for 4h and the solvent was removed/n vacuo. The residue was 

taken up in EtOAc, and washed twice with sat. NaI-ICO3 solution, whereupon the pcoduct started to txecipitate 

in the EtOAc phase. The precipitated product was filtered off, washed with EtOAc and dried/n vacuo. Yield: 

3.06g (66%). 1~ =0.81 (2-butanone: HzO: pyridine: AcOH/70:15:lS:2); MS(FAB, MeOH/NBA) 461.3 (M+H)+; 

~H NMR (d6-DMSO) G 8.05 (2H, d, An); 7.93/7.88 (1H, 2xd(rotamers), H-6); 7.22 (1H, br d(rotamers), H-5); 

7.04 (2H, d, An); 4.90/4.65 (2H, 2xs(rotarners), CH2); 4.28/4.02 (2H, 2xs(rotamers), CH2); 3.83 (3H, s, An- 

OCHs); 3.68-3.20 (m, CH2+HzO+OH); 1.48/1.38 (gH, 2xs(rotamers), OtBu). 

N-(2.Hydroxyethyl).N.( l.(N4-( 4-methoxybenzoyl)cytosyl)acetyl)glydne ( l lb)  
Compound 9b (1.5g; 3.4mmol) was dissolved in a mixture of dichloromethaue (30ml); TFA (20mi) and anisole 

(2.5ml). The clear solution was stirred at room temperature for 511 and added dropwise to thorongldy stirred 

methyl tert-butyl ether (500ml) at 0°C, whereupon the ixoduct lxecipitated. The pt, ecipitated crude pt-oduct (also 

containing lactone 10b) was dissolved in a mixture of dioxan (25ml), water (25ml) and NEts (0.44ml). This 
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solution was stirred at room temperature for 311, whereby the lactone was hydrolysed. The mixture was the~ 

evatxrated to d~aess and the residue was purified by column chromatography on silica gel using 

dichlozomethane/methanol/EiOAc 10:3:2 containing 1% NEt3 as the eluent. Yield: 0.92g (53%) amorphous 

solid. R~ffi0.16 (CH2CI2:MeOH: EK)Ac/10:3:2 and 1% NEt3); MS(ES+): 405.2 (M+H)*; tH NMR (d6-DMSO) 8 

8.05 (2H, d, An); 7.96/7.92 (1H, 2d(rotamers), H-6); 7.28/7.25 (1H, 2d(rotamers), H-5); 7.04, (2H, d, An); 

4.90/4.65 (2H, 2xs(rotamers), CH2); 4.25/4.05(2H, 2xs(rotamers), CH2), 3.83 (3H, s, An-OCH3); 3.65-3.10 (in, 

CH2+H20+OH); 2.80 (6H, q, NEt3); 1.08 (9H, t, NEt3). 

N~(2-(Di~(4~m~th~xypheny~phenyimethyi~xy)~thyi)~N~(1~(N4~(4-meth~xybenz~yi)~)~)~y~e 

(12b) 

Compound l i b  (0.92g; 1.8retool) was dissolved in DMF (10ml). Triethylamine (1.0ml; 7.2retool) and a solution 

of Dmt-Cl (1.2g; 3.6mmol) in dichloromethane (10ml) were added and the mixture was stirred at room 

temperature for 1611. The solvent was removed in vacuo, the residue was taken up in dichloromethane and 

washed with water. The organic phase was dried (NazSO4), filtered, and evaporated in vacuo. The resulting 

crude product was purified by column chromatography on silica gel using dichlorornethane:methanol:EtOAc/ 

15:1:1 containing 1% NEh as the eluent. The fractions containing the product were pooled and dried in vacuo. 

Yield: 0.90g (61%) foam. P~ =0.24 (CH2C12:MeOH: EtOAc/10:3:2 + 1% NEt3); MS(FAB, MeOH/NBA) 707.3 

(M+H)+; tH NMR (d6-DMSO) 5 8.05 (2H, d, An); 7.90/7.80 (1H, 2xd(rotamers), H-6); 7.42-7.18 (10H, m, 

Dmt + H-5); 7.04 (2H, d, An); 6.90 (4H, m, Dmt); 4.82/4.70 (2H, 2xs(rotamers), CH2); 4.18/3.90 (2H, 

2xs(rotamers), CH2); 3.84 (3H, s, An-OCH3); 3.75 (6H, s, Dmt-OCH3); 3.58-2.85 (m, CHz+HzO); 2.98 (6H, q, 

NEh); 1.18 (9H, t, NEt~). 

N-(2-Hydroxyethyl)-N-(9-(N6-(4-methoxybenzoyl)adenosyl)aeetyl)glyeine tert-butyl ester (9e) 

Compound 8 (0.53g; 3.1retool) was dissolved in DMF (10ml), and N6-(4-methoxybenzoyl)-N9- 

carboxymethyladenine (1.0g; 3.1mmol), TOTU (1.0g; 3.1retool) and NEM (0.77ml; 4.5mmol) were added. The 

mixture was stirred at room temperature overnight and the solvent was evaporated in vacuo. The residue was 

taken up in EtOAc, and washed twice with sat. NaHCO3 solution and water. The aqueous phase was washed 

three times with EtOAe and the combined organic phase was dried (NazSO4), filtered, and evaporated/n vacuo. 

The resulting crude product was purified by column chromatography on silica gel using 

dichloromethane:ethanol/5:l as the eluent. The fractions containing the product were pooled and dried in vacuo. 

Yield: 1.33g (88%). Rt = 0.63 (n-butanol:H20:AcOH/3:1:1); MS(FAB, MeOH/NBA) 485.3 (M+H) +, tH NMR 

(CDCI3) 6 9.00 (1H, brs, NH); 8.75 (1H, s, H-8); 8.18/8.10 (1H, 2xs(rotamers), H-2); 8.00 (2H, d, An); 7.00 

(2H, d, An); 5.35/5.05 (2H, 2xs(rotamers), CH2); 4.27/4.00 (2H, 2xs(rotamers), CH2), 3.89 (3H, s, An-OCH3); 

3.80 (2H, m, CH2); 3.65 (2H, m, CH2); 1.45 (9H, 2xs(rotamers), tBu). 

N.(2.Hydroxyethyi)-N-(9-(N6.(4-methoxybenzoyl)adenosyi)aeetyl)gOydne (1 le) 

Compound 9e (1.3g, 2.7retool) was dissolved in TFA:water/95:5 (15ml). The reaction was stirred at room 

temperature for lh and was added dropwise to thoroughly stirred diethyl ether (250ml) at 0*(2, whemulxm the 

product precipitated. The precipitate was filtered off, and dried in vacuo. The crude product (also containing 

lactone 10¢) was dissolved in a mixture of dioxan (15ml), water (15ml) and NEt3 (0.4ml), and stirred at room 

temperature for 2h, whereby the lactone was hydrolysed. The mixture was evaporated to dryness and the residue 
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was co-evaporated 3 times with pyridine. The residue was used directly for the next reaction. 1~ = 0.37 (n- 

butanol:HaO: AcOH water.acetic acid/3:l:l); MS(FAB, NBA/MeOH/IAC1) 435.2 (M+Li)÷; tH NMR (d6- 

DMSO) 6 11.00 (1H, bfs, NH); 8.70 (1H, s, H-8); 8.35 (1H, 2xs(rotamers), H-2); 8.05 (2H, d, An); 7.05, (2H, 

d, An); 5.40/5.20 (2H, 2xs(rotamers), CH2); 4.40/4.05 (2H, 2xs(rotamers), CH2); 3.85(3H, s, An-OCHs); 

3.75/3.60 (2xrn, CH2+HaO); 3.55/3.40 (2xm, CH2+H20). 

N-(2-(Di-(4-meth•xypheny•)pheny•methy••xy)ethy•)-N-(9-(N6-(4-meth•xybenz•y•)aden•sy•)a•ety•)- 

glyclne (12c) 
Crude l i e  obtained in the previous reaction was dissolved in pyridine (10ml), Dmt-Cl (1.70g; 5.0retool) was 

added and the mixture was stirred at room temperature for 16h. The solvent was removed in vacuo and the 

residue was taken up in dichlovomethane. This solution was washed with 5% aqueous citric acid and sat. 

NaCl~. The organic phase was dried (Na2SO4), filtered, and evaporated in vacuo. The resulting crude product 

was purified by column chromatography on silica gel using dichloromethane with a gradient of 1-10% methanol, 

1% NEts as the eluent. The fractions containing the product were pooled and concentrated. The residue was 

dissolved in dichio¢omethane (5ml), and added dropwise to rapidly stirred diethyl ether (100ml), whereupon the 

product precipitated. Yield: 0.58g (26% from 9c) white powder. 1~ •0.70 (n-butanol:HzO:AcOH/3:l:l); 

MS(FAB, MeOH/NBA) 731.3 (M+H)+; tH NMR (d6-DMSO) 6 11.00 (1H, s, NH); 8.65/8.60 (1H, 

2xs(rotamers, H-8); 8.25/8.15 (1H, 2xs(rotamers), H-2); 8.05 (2H, d, An); 7.50-7.20 (9H, m, Dmt); 7.05 (2H, d, 

An); 6.85 (4H, m, Dmt); 5.40/5.20 (2H, 2xs(rotamers), CH2); 4.40/3.95 (2H, 2xs(rotamers), CH2); 3.85 (3H, s, 

An-OCHs); 3.75 (6H, s, Dmt-OCHs); 3.65/3.45 (2H, 2xm(rotamers), CH2); 3.30-3.10 (m, CH2+H20). 

N.(2-(Di-(4-methoxyphenyl)-phenylmethoxy)ethyl)phthalimide (14) 

N-(2-Hydroxyethyl)phthalimide 13 (19.1g; 0.1tool) was dissolved in anhydrous pyridine (300 ml). Triethylamine 

(55.7ml;, 0.4tool) and Dmt-C1 (33.9g; 0.1tool) were added and the mixture was stirred for 16h at room 

temperature. The solvent was evaporated in vacuo, the residue was dissolved in EtOAc, and washed with 

saturated aqueous NaHCOs, water and saturated aqueous NaCI. The organic phase was dried (Na2SO4), f i l ~  

and evaporated in vacuo. The residue was purified by column chromatography on silica gel using n- 

heptane:EtOAc:NEt3/80:19:1 as the eluent. The product-containlng fractions were combined and concentrated 

in vacuo to give 14 as a white solid in 34.8g (70%) yield. P~ --0.72 (n-heptane:EtOAc/10:l); 

MS(FAB/NBARACI) 500.2 (M+Li) +, 493 M+; IH NMR (d6-DMSO) 6 7.85 (4H, m, phthaloyl); 7.20 (9H, m, 

Dmt); 6.75 (4H, m, Dmt); 3.80 (2H, t, CH2); 3.70 (6H, s, Dmt-OCHs); 3.20 (2H, t, CH2). 

2.(Di.(4.methoxyphmyl)-phenylmethoxy) ethylamine (15) 
Compound 14 (32.1g; 0.065mol) was suspended in methanol (300 ml). Hydrazine hydrate (34.0ml; 0.70tool) 

was added dropwise to give a clear solution. After lh a white precipitate formed. The mixture was stirred for 3h 

at room temperature. The precipitate was removed by filWation and the solvent was evaporated/n vacuo. The 

residue was dissolved in dichloromethane:EtOAc:methanol (10:2:1) containing 1% NEts, filtered and purified by 

column chromatography on silica gel using CHzCI2:EtOAc:MeOH (10:2:1) containing 1% NEts as the eluent. 

The product-containing fractions were combined and concentrated/n vacuo to give 15 as a white solid in 22.2g 

(94.1%) yield. I~ = 0.30 (CHzCI2: EtOAc:MeOH/10:2:1); MS(FAB/NBA/LiCI) 370.2 (M+Li)+; tH NMR (d6- 
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DMSO) 5 7.25 (9H, m, Dmt); 6.85 (4H, m, Dmt); 3.75 (6H, s, Dmt-OCH3); 2.90 (2H, t, CH2); 2.70 (2H, t, 

ca2). 

N-(2-(Di-(4-methoxyphenyl)phenylmethoxy)ethyl)glycine allyl ester (16) 
Comlxnmd 15 (5.0g; 14mmol) was dissolved in DMF (50ml). DIEA (4.76ml; 28retool) and allyl chloroacetate 

(1.6ml; 14retool) were added and the mixture was stirred for 16h at room temperature. Further DIEA (4.76ml) 

and allyl chloroacetate (1.6ml) were added and the reaction was stirred for a further 5h. The solvent was 

evaporated in vacuo. The residue was purified by column chromatography on silica gel using n-heptane: F.K)Ae 

/2:1 containing 1% NEt3 as the eluent. The p~oduct-containing fractions were combined and concentrated in 

vacuo to give 16 as a white solid in 4.2g (63.6%) yield. Re = 0.25 (n-heptane: EtOAc/2:l); MS(FAB/NBA/LiCI) 

468.3 (M+Li)+; ~H NMR (d6-DMSO) 5 7.30 (9H, m, Dmt); 6.90 (4H, m, Dmt); 5.90 (1H, m, Allyl); 5.25 (2H, 

m, Allyl); 4.60 (2H, m, Allyl); 3.75 (6H, s, Dmt-OCH3); 3.40 (2H, s, CH2CO); 3.00 (2H, t, CH2); 2.75 (2H, t, 

CH2). 

N•2•(Di•( 4-meth•xypheny•)phen y•meth•xy) ) ethy•)-N-( ( 9•(N2•is•butyry•)guan•sy•)acety•)g•ydne allyl 

ester (17) 
Compound 16 (3.7g; 8.1retool) was dissolved in DMF (60ml). N-Ethylmorpholine (4.1ml; 32retool), HOObt 

(1.3g; 8.1retool), N2-(isobutyryl)-9-(carboxymethyi)guanine (2.3g; 89retool) and DIPCD (1.4ml; 89retool) were 

added and the mixture was heated at 55°C for 4h, then stirred for 16h at room temperature. The solvent was 

evalxa'ated in vacuo. The residue was purified by column chromatography on silica gel using CH2C12: EtOAc 

/5: l+1%NEh as the eluent. The product-containing fractions were combined and concentrated in vacuo to give 

17 as a pale yellow foam in 2.8g (45%) yield. Re = 0.40 (CHzC12: EtOAe:MeOH/10:2:1); MS(FAB/NBA) 723.3 

(M+H)+; 1H NMR (d6-DMSO) 6 8.05-7.90 (1H, 2xs(rotamers), H-8); 7.30 (9H, m, Dmt); 6.85 (4H, m, Dmt); 

5.90 (1H, m, Allyl); 5.25 (4H, m, Allyl+CH2); 4.60-4.00 (4H, m, Allyl+CH2); 3.75 (6H, 2xs(rotamers), Dmt- 

OCH3); 3.55 (2H, m, CH2); 3.30-3.10 (2H, m, CH2) 2.75 (1H, septet, iBu); 1.15 (6H, d, iBu). 

/ 

N•(2•(Di•(4-meth•xypheny•)pheny•meth•xy))ethy•-N-(9•(N2-is•butyry•)guan•sy•)a•ety•)g•ydne (18) 

Compound 17 (1.70g; 2.35mmol) and diethylammonium hydrogencarbonate (3.20g; 2.35mmol) were dissolved 

in CHzClz (250ml). A solution of tetrakis(triphenylphosphine)palladium(0) (1.35g; 1.18mmol) and 

triphenylphosphine (0.184g; 0.7retool) in CH2CIz (130ml) was added to the reaction solution, then stirred for 16h 

at room temperature. The solvent was evaporated in vacuo. The residue was purified by colunm chromatography 

on silica gel using EtOAe:methanol/3:2+1%NEh as the eluent. The product-containing fractious were combined 

and concentrated/n vacuo to give 18 as a pale yellow foam in 1.07g (67%) yield. Re --0.17 (EtOAc: MeOH/3:2); 

MS(FAB/NBA) 683.3 (M+H)+; ~H NMR (d6-DMSO) 6 8.00-7.90 (1H, 2xs(rotamers), H-8); 7.20 (9H, m, 

Dmt); 6.85 (4H, m, Dmt); 5.25/5.15 (2H, 2xs(rotamers), CH2); 3.95-3.85 (2H, m, CHz); 3.75 (6H, 

2xs(rotamers), Dmt-OCH3); 3.55-3.00 (m, CHz+H20); 2.60 (6H, q, NEt3); 1.15 (6H, d, iBu); 1.00 (9H, t, NEh). 
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