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NUCLEOSIDES & WCLEOTIDES , 13(9), 1829- 1 84 1 (1994) 

SYNTHlEsIS OF DEOXYCXTIDINE (dC) BUILDING BU)CKS FOR AMIDE- 

EXAMPLE OF A I l E O X Y C X T I D I N E ~ E - ~ D ~  DIMER 
LINKED DIMERS OR OLIGOMWS: 

Evelyne Grunder-Klotz and George Just 

Department of Chemistry, McGill University, Montreal, 
Quebec, Canada H3A 2K6 

Abstract: 5'-Azido-3'-carbomethoxymethyl-4-N-be~oy~-2',3',5'-~ideo~~yti~ne 17 
and 5'O-t-butyldimethylsilyl-3'-carboxymethyl-4-N-benzoyl-2',3-dideocytidine 22 
were efficiently synthesized from T-deoxyunidine via a new method which 
transformed the uracil heterocycle to 4-N-benzoylcytosine (four steps, 60 % overall 
yield). The amide-linked deoxycytidine-thymidine dimer analog was synthesized. 

INTRODUCTION 
Recently, our research has been focused on the synthesis of 3'-~arbon- 

substituted-2',3'-&deoxynucleosidc?s and amide-linked thymidine dimers (Tan 2. 

These backbone m d f i e d  oligodeoxynucleotides hybridize to RNA as strongly as does 

natural DNA, with excellent selectivity 2, 3. They offer pmmise for potential 

oligudeoxynucleotide therapy utilizing either antisense 4* 

technologies. 

and perhaps antigene 

in view of the above results, ue decided to develop amide-linked dimers or 

oligomers containing deoxycytidine (dC). This is particularly important since it is 

well known that the stability of the bin- between the oligonucleotide and its target 

sequence increases with the proportion of dGdC base pairs (Watson-Crick 

hybridization) in the antisense stratem and of triplex binding motif dC+ x dGdC 

(Hoogsteen base triplets) in the antigene methodology 7. 

We now wish to report our results in the synthesis of useful deoxycytidine 

intermediates and dCaT dimer. 

1829 
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1830 GRUNDER-KLOTZ AND JUST 

RESIJLTS AND DISCUSSlON 
Our first target molecule was the 3'-allyl-3'-deoxycytidine derivative of type 4, 

which une planned to prepare by adapting a procedure developed by Chu eta/ far the 
synthesis of the corresponding thymidine derivative 8. The 5'-position of N-benzoyl- 

deoxycytidine was first protected either as its t-butyldiphenyl- (I) or t- 
butyldimethylsilyl ether (2). Whereas phenoxythiocarbonylation of the former did not 

proceed to provide a recognizable product using a variety of conditions, 2 could be 

transformed to its thiocarbonate 3 in 45 % yield. However, tributylallyl tin mediated 

allylation pmceeded in only 7 5% yield g. The use of N-methyl-2-pyrmlidme amidine 

as a protectingpup of the exocyclic m i n e  fmction of deoxycytidme 5 for the desiiyd 

transformation 5 to 7 did not lead to much improved results 1oy11712 W e  therefore 

abandoned this approach and decided to use 2'dmxymidine (dU) as starting material. 
Oxidation of 3 ' -a l lyl-2 ' ,3 ' -dideo~idine derivative 8 (made in thme steps 

from dU s, with OsOq/Na104 give a 43 70 yield of the aldehyde 9 l3 (SCHEME 2). This 

compound on treatment with PDUmethanol in dry DMF afforded the methyl ester 10 in 

56% yield 14. 

O 

N' D N, 

X X 

1 

2 

3 

R = t-Bu(Ph)+i; X = OH 

R = tBU(cH3)$i; X = OH 

R = f-Bu(CH3)Si; X= OC(S)OPh 

bC 4 R = t-Bu(CH3)Si ; X = CH&H=CH2 

a: 4 eq. PhOC(S)CU4 eq. Py/ 0.1 eq. I)MAt'/ CH2C12 45 A!j b 2 eq. CXiyCHCH2Sn(HuM 

d: 2 eq. CHz=CHCH2Sn(BuM 0.3 eq. AIBN/ Toll 70 4: / U  fih 
0.3 eq. AlBN/ TOY 70 "c 7 fl  c 4 q. p h o c ( S ) C U  4 q. PyI 0.1 eq. DMAP/ CH2Cl2 # # 

SCHEME 1 
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DEOXYCYTIDINE-AMIDE-THYMIDINE DIMER 1831 

Several methods are known tn introduce a protected amine in the 4-position of 
uridine 15916917 . We developed our own procedure which does not require any 

specialized equipment and is particularly easy to cany out . Reaction of dU W with 

mesitylenesulfonyl chloride, followed by displacement of mesitylenesulfonate from 
the intermediate 11 with sodium azide, using a method described for modified 

ribanucleosides by Nylas and Chattopadhyaya 18919, gave a 54 % isolated yield of the 
pure product 12 The azido function was then reduced to the amine,in 94 90 yield, by a 
recently published, highly selective reducing agent [Sn(,(SPhb]- zo~zl~. 
Protection of the exocyclic amine of dC L? with benzoyl chloride in pyridine 23 afforded 

84 90 of pure isolated N-benzoyl-dC 14. Subsequent removal of the t-butyldimethylsilyl 

group and activation of the primary alcohol obtained with methanesulfonyl chloride 

gave a 54 % overall yield of the crystalline mesylate E. Conversion to the 5'-azide 17 

was achieved in 74 90 yield by reaction with sodium azide. 

To the best of your knowledge, compounds 15.16 and 17 are the first %-ethyl- 

substituted-2',3'-dideoxycytidines described which were obtained by dmct 
hctionalization of nucleosides. Azide 17 is a good candidate to be a repeating unit 
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1832 

TBDMSiO 

8 a ,  

GRUNDER-KLOTZ AND JUST 

TBDMSiO 

f *  

GRUNDER-KLOTZ AND JUST 

0 

TBDMSiO 

f *  

x==o2Oc6Hfl83 2 1  

X=N3 

X = NH2 

X = N M z  

0 

2 2  

a: 1 5  eq. %H2(Me)sS&CY 5 eq. Et3N/ 0.05 eq. D W /  C2H4Qz; b: 5 eq. NaNd DMF 71 ,% (two 
steps); c: 3 eq. SnCld 12 eq. GH&N./ 9 eq. Et3N/ CH3CN 9 F  ,@ d: 5 eq. Bacv Py 99 fi  
e: 0.05 eq. OsO4/ 25 eq. NaI04/ Ether/ H f l  35 f i  f 15 4. NaC10d 1.5 eq. NaHZPOd 
15 eq. CHZ=CHCH(Me)$ t-BUOH 75 % 

with the azide se- as a masked amine, if one were ta make amide-linked 

homooligonucleotides 23a. 
In order, to prepare the S'-unit of dC-dimers or -oligomers, we synthesized carboxylic 

acid 22, using our new method of transformation of uracil to cytosine (SCHEME 3). 

Ally1 derivative 8 was easily and rapidly transformed in the 

4-N-benzoyl-dC derivative 4 in 67% overa!l yield by the sequence described before. In 

all these reactions, the allyl compounds could be followed on tlc by the specific yellow 

coloration using anisaldehyde dipping (see experimental section, general methods). 
Oxldation of the allyl compound 4 with OsOq/Na104 gave a 35 5% yield of the aldehyde 

ZL. Surprisingly, 21 was unstable on tlc (2D tlc), a silica gel column and in a mildly 
acidc solvent (CDC13). The only way to purifjl and characterize it was to crystallise the 
crude product from hexane/ethyl acetate. Subsequent oxidation of aldehyde 21 t n h  

carboxylic acid derivative 22, without loosing the t-butyl&methylsilyl p u p ,  was 

acheved in 75 9b yield using sodium chlorite under buffered con&tions 25*2? Acid 
successful ZL obtained was pure enought to be med for the following reaction. The 
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DEOXYCYTIDINE-AMIDE-THYMIDINE DIMER 1833 

2 2  + 
OH 

23 

a 
-P 

""V0 
OH 

2 4  

5'-dCaT-8 
a: 1 q. BOP/ 1.75 q. &3N/ DMF 69 % 

coupling (SCHEME 4) of the nucleosides 22 and 23, obtained in three steps f h n  
thymidine z8,was carried out in 69% yield, using the BOP peptide coupling reagent '4 
29. The stmcture of the dimer dCaT was confmed by detailed IH and I3C-NMR 
analysis at  500 and 100 MHz respectively, as well as by FAB mass spectrometry in 

which an ion at m/e 733 [M+Na+] was observed. 
In summary, the deoxycytidine derivatives 17 and ZL required for the 

preparation of amide-linked DNA analogues have been efficiently synthesized. 

Couplmg of unit 22 with 23 has been successfdly carried out, and 23 is the first 
example of a deoxywidine-thymidine amide linked dimer described. The synthetic 

sequence allows for easy scale-up, and it should therefore be possible to prepare 
adequate amounts of the monomer for binding studies. The preparation of longer 
strands, as well as suitably protected shorter li-agments activated for incorporation 

into natural DNA by automated solid-phase methocis is ongoing. 

EXPERIMENTAL 
General Methods. 

Meltmgpoints were determined on a Galienkamp block and are uncorrected 
Optical rotation measurements were canied out in the indicated solvents employing a 
Jasco DIP-140 digital polarimeter and a l-dm cell. Lmvresolution chemical ionization 
mass spectra (CI-MS) and fast atom bombardement (FAB-MS) were obtained on an 
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1834 GRUNDER-KLOTZ AND JUST 

KRATOS MS =FA spectrometer in the direct-inlet mode. High and low msolutim 
FAB mass spectra of compounds nand  24 were obtained on a ZAB 2F HS spechmter 
in the direct-inlet mode. 1H-NMR spectra were recorded on either a Varian XL200 or 
Varian UNITY 500 spectrometer. l k N M R  spectra xmre obtained on either a Varian 
XL2Do or Varian UNiTY 500 at 50.4 or 125.7 MHz and the peak assignments were 
made, in some cases, with the aid of HETCOR, HMQC or HMBC experiments. 

All air sensitive experiments were carried out under argon, with freshly dned, 
distilled solvents. Dichlommethane and 1,2dichlomthane were &stilled from P a .  
Pyndine, triethylamine, acetonitrile were &stilled h m  CaHz. Toluene was dried 
over sodium wire, N,N-dimethylformamide (DMF) was dried by shaking with KOH 
followed by distillation at reduced pressure from RaO. Methanol was &stilled from 
magnesium. Thm-Layer Chromatography (tlc) was performed using Kieselgel 
60 F254 aluminium-backed plates (0.2 mm thickness) and visualized by W and 
dipping in different solution A, B or C followed by heating. 
Solution A: Ammonium molybdate (2.5 gl and ceric sulfate (1.0 g) in 10% v/v aqueous 
sulfrrric acid (100 mL). Solution B: p-Anisaldehyde (5 mL), sulfuric acid (50 mL), 
acetic acid (100 mL) and ethanol (850 mL). Solution C KMnO4 (1.0 gl and water 
(loo mL). 

All compounds were shown to be homogeneom by tlc and IH-NMR. 

5'-O-t-Brrtyl~imethylsilyl3'-<~'-oxoilthyl)-2',3'-dideo~dine 9 

To a solution of 8 (550 mg, 1.50 mmol) m a mixture of etherhater (111, 40 mL) 
and OsO4 (10 39 pmol) was added slowly over a penod of 20 min NaIO4 (810 mg, 

3.79 mmol). After stming at room temperature for 5 h, the aqueous layer was extracted 
with ether (50 mL) and the combined organic phases were washed with 5% aq. NaHC03 

(50 mL), brine (50 mL) and dned aver MgSO4. After evaporation in vacuo, silica gel 

column chromatography using hex/AcOEt : 4/6 as eluent gave 9 as a syrup (235 mg, 

43%). [ a ] ~  = + 552 O (CDClS c = 4.3); l H  NMR (CDCb, 200 MHz) b 0.07 [s, 6H, 
Si(CH$,zl, 0.88 [s, 9H, SiC(CH$d, 2.10-2.41 (m, 2H, H-2', H-2'1, 2.52-2.80 [m, 3H, H-3' 

and CHg, 3.67-3.76 [m, 2H, H-4', H-5'1.3.96-4.03 [m, lH, H-5"], 5.64 [d, lH, J = 8.5 Hz, 
HS], 6.08 [dd, 1H, J = 3.4 and 6.7 Hz, H-l'],8.02 Id, lH, J = 8.2 Hz, H4X9.45 [s large, lH, 
NHI, 9.74 [s, lH, CHO]. 13C-NMR (CDC13, 50.4 MHz) b -6.41 [CH~sil, 18.37 [CSil, 25.86 

[CH& 30.94,39.43, 45.89 ICz, Cr, CHZ], 62.20 [Cg'], 85.23, 86.10 [Ci., Cs.1, 101.74 [Cd, 
14030 [CE], 150.45 [Cd, 163.66 [Cql. 200.00 [CHOI. LRMS (CI-NH3) : d e  369 aMH+], 36), 

257 (loo), 199 (46). 

S'-o-t-ButyldimethyI~il~-~ c a r b o m e t h a x y m e t h y l - 2 , ~ - ~ d ~ ~ d i n e  10 

To a solution of 9 (190 mg, 0.52 mmol) in dry DMF (15 mL) was added dry 
MeOH (137 pL, 3.38 mmol) and then pyridmium dichromate (PDC, 1.16 g, 3.08 mmol). 

The solution was stirred for 2 h, filtered over celite and the mixture was purified by 

silica gel column chromatography using hex/AcOEt : 4 6  as eluent to give fo as a syrap 
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DEOXYCYTIDINE-AMIDE-THYMIDINE DIMER 1835 

(116 mg, 56%). [ a ] D  = +3.9 * ( c m  c = 1.75). IH-NMR (CDC13.200 WZ) b 0.08 [& 6H, 
Si(CH$g, 0.90 [s, 9H, Sic(CH3)3], 2.13-2.71 [m, 5H, H-2', H-2", H-3' and CHZl, 3.68 [s, 

3H, CH301, 3.76-3.82 [m, 2H, H-4', H-51, 3.98-4.04 [m, lH, H-S"], 5.62-5.67 [dd, lH, 

J = 2.1 and 8.2 Hz, H-51, 6.06-6.10 [dd, lH,  J = 3.3 and 6.6 Hz, H-l'l, 8.05 [d, lH, 
J = 8.2 Hi, H-q, 8.96 [large s, lH, NH]. 1V-NMR (CDCI3,50.4 MHz) b -6.85 [CH3Si], 

18.39 [mi], 25.85 [CH& 3329,36.03,39.54 [G, Cr, CHZI, 51.92 [CHsO], 62.24 [Cg'], 85.21, 
&5.M [q-, Cq'L 101.63 [Csl, 140.40 [CS], 150.27 [cd 163.40 [Cd], 171.81 [(XI]. LRMS 

[CI-NH$ m/e 399 ([MHY, 21). 287 (loo), 223 (61). 

5'-O-t-Butyldimethylsilyl-3'-carbomethoxymethyl-4-desamino-4 -azido-Z',3'dideo- 

cytidine 12 

To a stirred solution of H) (100 mg, 0.25 mmol) in dry 1,Zdichloroethane 

(10 mL) was added, at room temperature under argon, triethylamine (175 pL, 1.26 

mmol), 4-dimethylaminopyndine (5 mg, 41 pmol) and mesitylenesulfonyl chloride 

(82 mg, 0.37 mmol). The reaction mixture was stirred for 4 h and then washed with 

water (10 mL). The organic layer was separated, dried (MgS04),  filtered and 

evaporated in vacuo. The intermediate mesitylenesulfonyl derivative 11 was 

dissolved in DMF (5 mL) and sodium a i d e  (49 mg, 0.62 mmol) was added with 

stirring under argon. After one night at mom temperature, the solvent was evaporated 

in vacuo. The residue was dilutedwith AcOEt (10 mL) and washed with water (8 mL). 

The organic layer was separated, dried (MgSOd), filtered and evaporated in vacuo. 

The crude product was purified by silica gel column chromatography using hex/AcOEt 

: 6/4 as eluent. The title compound I2 was obtained as a colourless oil (57 mg, 54%). 

[ a ] ~  = +69.2 O (CDcI3,c = 5.7). lH-NMR (CDC13, 200 MHz) b 0.11 [s, 3% Si(CH$], 0.13 
[s, 3H, Si(CH$], 0.93 [s, 9H, SiC(CH$g, 2.28-2.78 [m, SH, H-2'. H-2", H-3 and CHg, 

3.66 [s, 3H, CH301, 3.74-3.94 [m, 2H, HA', H-51, 4.08-4.15 [m, lH, H-5'1, 6.30 [dd, lH, 

I%-NMR (cDCl3,50.4 MHz) b -6.52 [CH$3], 1893 [CSil, X.36 [CHQI, 33.20, 36.02, 40.43 
[Cz, Cs, CHd, 52.48 [CH30L 62.23 [cr], 87.27, 87.46 [cl*, c4*], 93.50 [(&I, 135.30 tcfj], 
142.93 [Cql, 151.38 [Cd, 172.05 [a]. LRMS (CI-NH3): m/e 424 CMH+I, 13). 398 0 , 2 8 7  

(loo), 229 (34), 155 (33), 112 (60). 

J = 2.7 and 6.5 Hz, H-1'1, 6.m [d, lH, J = 7.9 Hq €3-51, 8.39 [d, LH, J = 7.8 Hz, H a .  

5'~-t-Bntyldime~y~i~yl-3'carbomethmryme~~-~~'-did~~idi~e 13 

To a s t m d  solution of anhydrous stannous chloride (56 mg, 0.29 mmol) and 

thiophenol (121 pL, 1.18 mmol) in dry acetonitrile (2 mL) was added dropwise under 
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1836 GRUNDER-KLOTZ AND JUST 

argon a solution of I2 (42 mg, 99 pmol) in dry acetonitrile (1 mL). After 24 h, the 
solvents were evaporated in vacuo and the residue was diluted with dichlommethane 
(5 mLJ. This organic layer was washed with 1N aq. NaOH (2 mL) and the aqueous 

layer reextracted twice with dichloromethane (3 mL). All organic layers were washed 
with brine (10 mL), dried (MgS04) and filtered. Evaporation and purification by silica 
gel column chromatography (CHfldMeOH : 9Y5) gave title compound as a white 

(37 mg, 94%). [UID = 42.0 o (CDCIS c = 3.7). 1 ~ - N M R  (CDCI~, 200 MHZ) 0.08 

[s, 6H, Si(CH$g, 0.90 [s,  9H, SiC(CH$$, 2.15-2.63 [m, 5H, H-2, H-2", H-3 and CHZ], 

3.65 [s, 3H, CH$, 3.74-4.04 [m, 2H, H-4', H-5'1, 4.15-4.21 [m, lH, H-5"], 5.64 {d, lH, 

J = 7.4 Hz, H-5],6.06-6.11 [dd, lH, J = 3.1 and 6.3 Hz, H-1'1.8.08 [d, lH, J = 7.4 Hz, H-61. 

5'-O-t-Bntyldimethylilyl-3'-carbamet~~e~l~-N-benzoyl-a'~dideoxy 

cytidine 14 

To a solution of I3 (35 mg, 88 pmol) in dry pyridine (1 mL) was added dropwise, 

under stirring and argon, benzoyl chloride (51 p L  440 pmol). After 2 h, the pyridine 
was evaporated and the residue dissolved in AcOEt (10 mL). T h s  organic layer was 

washed with 0.5 N aq. HCl solution (10 mL) and then brine (5 mL). The organic phase 
was separated, dried (MgSOq), filtered and evaporated in vacua The crude product was 
purified by silica gel column chromatography with CHSldMeOH : 9812 as eluent to 
give 14 as a thck colourless synrp (37 mg, 84%). lH-NMR (CDClg 200 MHz) b 0.13 [s, 

3H, Si(CH$], 0.14 [s, 3H, Si(CHj)l, 0.94 [s, 9H, SiC(CH$& 2.25265 [m, 5H, H-2, 
H-2". H-3, and CHa3.67 [s, 3H, CHd, 3.71-3.88 [m, 2H, H-4'. H-5'1, 4.M-4.14 [m, lH, 

H-S'], 6.11 [m, lH, H-11, 7.40-7.61 [m, 4H, 3 Harem. and H-51, 7.91-7.S [Q 2H, 

2 Harom.1, 8.08-8.13 [I- d, lH, J = 8.5 Hz, NHI, 8.60 [d, lH, J= 7.3 Hz, H-61. LRMS 
(FAB-NBA): mie 524 ([M+Na+l, 41,502 ([MH+I, la, 287 (W, 216 (10,165 (W, 155 (88). 

3 ' C a r b o m e t h m y m e t h y l - - N - b r m z o y l - ~ ~ ' ~ ~ ~ ~  15 

To s solution of 14 05 mg, 70 pmol) in dry THF (2 mt) was added dropwise 
under argon and stirring a 1M solution of tetrabutylammoninm fluoride (TBAF) in 

THF (0.21 mL, 210 pmol). After 3 h, the solvent was evaporated in vacuo. The residue 
was chromatographed on a silica gel column using CH$l#M&H : 510.2 as eluent to 
give 15 as awhite solid (25 mg, 92%). 1H-NMR (CDc13 + few h p s  MeOD, 200 MHZ) b 

3H, CHQO), 6.25 (m, lH, H-1'1, 7.54-7.88 (m, 4H, H-5, 3 H-.), 8.00-8.17 (m, 2H, 
2.37-2.85(~ 5H, H-2, H-2", H-3'. CHZ), 3.68-4.18 (m, 3H, H-5'. H-S', H-47, 3.79 (s, 

2 Hmm.) 8.86 (d, lH, J = 7.5 Hz, H-6). 
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DEOXYCYTIDINE-AMIDE-THYMIDINE DIMER 1837 

5'-0-Mesyl-3'carbomethoxymethyla-N-benzoyl-2',3'-bdeoxycytidine 16 

To a solution of 15 (23 mg, 58 pmol) and triethylamine (17 pt, 122 pmol) in dry 

dichloromethane (1 mL) was added dropwise, at O'C d e r  argon and stiiling, 

methanesulfonyl chloride (7 90 pmol). ARer 2 h, the mixtm'e was diluted with 
CHS12 (10 ml,) and washed w t h  aq. HCl 0.5 N (10 mL). The organic layer was dried 
(MgSOq) and evaporated in vacuo. The crude product uas purified by silica gel column 
chromatography with CHKI2/MeOH : 30.2 as eluent to provide l6 as a Wluk solid 

(16 mg, 58%): m.p. (dec.) 207 'C. l H  NMR (CDCl3,Mwl MHz) b 2.24-2.67 [m, 5H, H-2, 
H-2", H-3', and CHd, 3.25 [s, 3H, CH$Q& 3.59 [s, 3H, CH301, 4.02-4.09 [m, lH, H-47, 

4.49-4.54 [m, 2H, 2 H-51, 6.03 [m, lH, H-1'1, 7.38 Id, 1% J = 7.2 Hz, H-51, 7.46-7.62 [m, 

3H, 3 Harom.1,7.97-8.01 [m, 2H, 2 Harom.l,8.20 [d, lH, J = 7.4 Hz, H a .  

5 ' -Az ido-3 ' - carbomethoxymethy l -4 -N-~~ l -2* ,3 ' ,S ' -~~o~~ id i~  17 
To a solution of C (12 mg, 26 pmol) in dry DMF (1 mL) was added at room 

temperam,  under argon, sodium azide (5 mg, 77 pmol). The reaction was stirred at 
80 'C for 12 h and the DMF was evaporated in-vacuo. The residue was &luted with ethyl 

acztate ( 10 mL) and washed with water ( 5 mL). The organic layer was dried 
(MgSO4) and evaporated. Purification by silica gel column chromatography with 

CHzCIzIMeOH: S0.2 as eluent gave 17 as a white solid (8 mg, 74%). IH-NMR (CDCb, 
200 MHz) b 2.31-2.58 [m, SH, H-2'. H-2". H-3' and CHZ], 3.59-3.99 [m, 3H, H-5'. H-5" 
and H-4'1, 3.70 [s ,  3H, CHBO], 6.11 [dd, lH, J = 4.1 and 6.0 Hz, H-11, 7.47-7.66 [a 4H, 
3Hmm. and H-5],7.90-7.94 [m, 2H, 2Hmm.],8.30 [d, 1% J = 7.6 Hz, H q .  LRMS VAB- 
NBA]: m/e 847a2M+Na+l, 4), 824 Q2M+H+], 6). 435 ([M+Na+), 161,413 aM+H+], 43,216 
(100). HRMA FAB-glycerol]: m/e calcd. for CigH~iNfjO5 MH+]: 413.1575; found: 

413.1573. 

5'-O-t-B~dimethylsilyl-3'-C-allyl-4-azido-2,3'-did~dine 19 

h i d e  19 was obtained using the experimental p m d u r e  described for 
compound l2 as a colourless oil (71 9b yield) after purification by silica gel column 
chromatography using ethedhex: 111 as eluent. [ a ] ~  = + 842 (CDCl3, c = 32). lH-NMR 
(CDCl3.500 MHz)  b 0.14 [s, 3H, Si(CH91, 0.16 [s, 3H, SXCHQII, 0.96 [s, 9H, SiC(CH&], 
2.07-2.15 [m, IH, H-2'1, 2.22-2.29 [m, lH, H-2'1, 2.30.2.37 [m, 2H, CHd, 2.39-2.46 [a 
lH, H-3'1. 3.80 [m, lH, H-5'1, 3.86 [m, lH, H-4'1, 4.18 [m, 1% H-5'7, 5.02-5.14 [m, 2H, 
CHz allyl], 5.66-5.80 [m, lH, CH allyl], 6.30 [m, lH, H-11, 6.80 [d, IH, J = 7.8 Hz, H-SJ, 
8.48[d,lH, J = 7.8 Hz, H a .  l3GNMR (CDCl;13,125.7 MHz) b -5.68 jCH3Si1, -5.57 [CHQS~], 

1829 [CSil, 25.72 [CH& 34.90 [Czl. 35.19 [CHzl, 39.90 [C~ll, 61.53 [Cg'l, 8693 [Cl*l, 87.27 
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1838 GRUNDER-KLOTZ AND JUST 

[C44 92.59 [Cd  11 7.33 [CHZ allyll, 134.66 [CH allyll, 134.82 [Cd. 14228 [Cql, 150.78 [Cd. 
LRMS (FAB-NBA): m/e 414 ([M+Na+], 2), 392 ([MHT, 8), 334 (lo), 255 (100). 

S'-Q.t-Bntyldimethylsilyl-3'C-allyl-2',3'-dideoxycytidine 20 
Cyhdine aD was obtained in 96 % yield, using the reduction experiment 

described for l3, followed by a pwification on a silica gel column chromatography 
using CHzCIz/MeOH: 95/5 as eluent. [ a ] ~  = 40.9 O (CDClq c = 1.5). IH-NMR (CDCl3, 

200 MHz)6 0.09 [s, 6H. 2(CH3)Si], 0.91 [s, 9H, SiC(CH3)31, 2.00-2.30 [m, 5H, H-2, H-2", 
H-3', CHZ], 3.70-3.75 [m, 2H, H-4', H-5'1, 4.01-4.07 [m, lH,  H-S'], 4.97-5.07 [m, 2H, CH2 

allyl], 5.60 [d, lH, J = 7.3 Hz, H-51.5.68-5.72 [m, lH, CH allyl], 6.04 [m, lH, H-1'1.8.19 [d, 
IH, J = 7.3 Hz, H-q. %-NMR (CDCIs 50.4 MHz) 6 6.05 [CH3Si], -4.92 [CH3Sfj, 18.91 

[ a i l ,  26.34 [CH3], 35.61 [Czl, 35.98 [CHd 40.48 [Cyl, 6244 [GI ,  86.52 [Cl*l, 87.02 [Cqn], 
93.37 [C5b 117.34 [CHZ allyll, 135.98 [CH allyll, 142.52 [c$b 156.30 [Czl, 16597 [Cq]. 

LRMS (FAB-NBA): m/e 388 ([M+Na+], 40X 366 ([MH+I, 331,308 (16), 255 (SO), 134 (100). 

S'-O-t-B1rtyldimethylsilyl-3'C-aIlyl-4-N-be~yl-2',3'-&de~~ 4 

Deoxycytidme 4, obtained as a thick oil finm P after silica gel chromatography 
(CHZClZ/MeOH: 97/3), as described for 14, solidified from h e m ;  yield 98 %. 

[ a ] ~  = +51.2 O (CDCl3, c = 1.4). IH-NMR (CDCl3,200 MHz) b 0.02 [s, 3H, SiCH31, 0.04 [s, 

3H, SiCH3],0.97 [s, 9H, Sic(CH3)3], 2.07-2.39 [m, 5H, H-2', H-2", H-3', CHd, 3.76-3.82 
[m, 2H, H-4'. H-51, 4.11-4.17 [m, lH,  H-5"1, 5.02-5.11 [m, 2H, CHz allyll, 5.66-5.80 [m, 
lH, CH allyl], 6.11 [a lH, H-11, 7.47 [d, lH, J = 7.6 Hz, H-51, 7.52-7.66 [a 3Hmmj ,  
7.99-8.15 [m, 2Hmm], 8.72 [d, lH, J = 7.6 Hq H-q. '3CNMR ( CDQ3,50.4 MHz) 6 -4.87 

[CHQ~] ,  -4.50 [CHQS~I, 18.49 [Csi], 25.94 [CH3], 34.66, 35.21,39.92 [Cz; Cg. CHA, 61.64 

[Cg'l, 8696 [Cq'], 87.24 [C1$95.83 [Cd, 117.14 [CHZ allyl], 128.05, 128.29, 128.85, 130.13 

[CHarm.l, 133.13 [CH allyl], 135.22 [Q], 145.90 [&.I, 154.63 [Cd, 162.56 [C4l, 171.04 

[CO]. LRMS (FAB-NBA): m/e 492 ([M+Na+l, 2), 470 (IMH+), 3, 255 @6), 238 (13, 216 

(100). 

S'-O-t-Bntyldimethylsilyl-3'-(2"-oxoethyl)-4-N-ben~yl-~,$-dideoxyeytddine 21 
To a solution of 4 (9 mg, 19 pmol) in a mixture of etherlwater (l/l, 1 mL) and 

OsO4 (1 mg 4 pmoI) was added slowly over a period of 10 min NalO4 (10 mg, 

47 pmol). After stirring at mom temperature for 3 h, the aqueous layer was washed with 

ether (5 mL) and the combined organic phases were then washed with 5 % aqueous 
NaHC03 ( 8 mL), brine (5 mL) and dried over MgSO4. After evaparation of the solvent 
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DEOXYCYTIDINE-AMIDE-THYMIDINE DIMER 1839 

in vacuo, the crude mixture (grey solid) was recrystalized from hex/AcOEt (7/3) to give 
21 aswhite solid, m.p. (dec.) = 165 "C, in 35 % yield. lH-NMR (acetone, 500 MHz) 6 0.17 
is, 3H, CH@i], 0.18 Is, 3H, CH~Si1,0.98 Is, 9H, SiC(CH&jJ, 2.24-2.30 [m, lH, H-2'1, 2.41- 
2.45 [m, lH, H-2'1,2.63-2.66 [m, 2H, CHA,2.74-2.79 [m, lH, H-3'1, 3.92-3.95 [m, 2H, H- 

4', H-5'1, 4.14-4.17 [m, 1H. H-5"1, 6.03 [m, lH, H-11, 7.55-7.66 [m, 4H, H-5, 

I%-NMR (CDCl3,125.7 MHz) b -6.93 ICH3Si1, 17.37 [ a i l ,  24.84 [CH31, 29..98,%.86,44.46 

[ C r ,  CQ', CHA, 61.28 [Cg'], 86.04 [CI', Ccl, 92.30 [Cg], 127.62, 128.09, 132.29 [CH,,.], 
133.23 [C,,,j, 144.44 [GI, 153.78 [Cd, 162.19 [Cql, 166.35 [CO benzoyll, 200.04 [CHO]. 

LRMS (FAB-NBA): m/e 484 ([M+Na+l, 11,472 ([MH+l, 41,257 (19,238 (13,216 (100). 

3 Hmm.1, 8.1643.18 [m, W, 2 Hmm.l,8.59 [d, 1H, J = 7 3  Hz, H-61, 9.77 [s, lH, CHO]. 

S-O-t-B~ldimethylsilyl-~carboxymethyl-4-N-benzoyl-2',3'-dideolrycytidine 22 
To a solution of 21 (5 mg, 11 pmol) in t-BuQH (1 mL) was added 2-methylbut- 

2 e e  (16 p b  190 pmol), NaC102 (2 mg, 18 pmol) and NaHZPOq (2 mg, 18 pmol, 

dissolved in 0.5 mL of water). After stirring at mom temperature overnight, t-BnOH 
was evaporated at room temperature. Water (3 mL) was then added to the residue, and 

the aqueous phase was extracted with ethyl acetate (10 mL and 5 mL). The combined 
organic phase was washed with brine (5 mL) and dried over MgSO4. After evaporation 

of the solvent in vac~g), the product was pure enough (tlc, NMR 1H and l 30  for fcu-ther 
reaction, yield 75 % (4 mg). IH-NMR (acetone, 500 MHz) b 0.18 [s, 3H, CHQSI], 0.19 [s, 

3H, CHQSI], 0.98 Is, 9H, SiC(CH&I, 2.35-2.77 [m, 5H, H-2, H-2". H-3', CHd, 3.92-3.98 

[m, 2H, H-4'. H-57, 4.14-4.17 [m, LH, H-5"1, 6.03-6.05 [m, lH, H-1'1, 7.40-7.67 [m, 4H, 

0oO)rl. 13GNMR (Acetone, 125.7 MHzl 6 -693 [CH3SiI, 17.37 [CSi], 24.84 fCH31, 31.85, 
34.19, 44.46 [Cr,  Cr, CHA 61.28 [Cg'], 86.04 [Cia, Cqt], 9492 [CJ 127.62, 128.09, 132.29 
[CH,,], 133.21 [Cm,.I, 144.10 [GI, 153.78 [ C d  162.19 [CJ 167.33 [CO benzoyl], 192.03 

[COOHI. 

H-5, H-J, 8.15-8.17 [m, 2H, 2 Hmm.],8.ti2 [d, J = 7.3 Hz, H d ,  10.35 [ l q  S, lH, 

Dlmer3'dCaT-5' 24 
To a solution of acid 22 (4 mg, 8 pmol) and amine 23 @ mg. 8 pmol) m dry DMF 

(I  mL) was added triethylamme (2 pL, 14 pmol) and then benzotriaml-l-yloxy- 

tris(dimethy1armno)phosphonium hexafluomphosphate (BOP, 4 mg, 9 pmol). After 

stlmng 2 h at mom temperatnre, DMF was evaporated; ethyl acetate (10 mLJ was then 

added to the residue. m s  organc layer was washed mth water ( 5 mL), bnne ( 5 mL) 
and dried mth MgSO4. The solid m d e  product, obtained after evaporation m vacua of 
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1840 GRUNDER-KLOTZ AND JUST 

the solvent, was purified by a silica gel column chromatography using CH$12/MeOH: 

9317 as eluent. The title compound was obtained as a white solid (4 mg, 69 '70). IH-NMR 
(MeOD, 500 MHz) b 0.17 [s 3H, C&Sil, 0.18 [s, 3H, CH3Si1, 0.98 [s, 9H, SiC(CH3)3], 1.82 

[s, 3H, CHs], 2.17-2.44 [m, 6H,2 H-2', 2 H-2". CHd, 2.65-2.72 [m, lH,  H-3'dd. 3.30-3.37 
[m, 2H, H-d'T, H-s'T], 3.54-3.58 [m, 1H, H-5"T], 3.85-3.93 1% 2H, H-s'dC, H-4'dd. 4.12- 

4.15 [m, 1H, H-5"dC], 4.21-4.22 [m, 1H, H-3'T], 5.99 [m, 1fi H-l'dC], 6.18 [m, 1H, H-l'T], 

7.50 [s, lH, H-6~1, 7.53-7.64 [m, 4H, H-5dC13 H~m.l,7.99-8.01 [Q 2H, 2 H-.I, 8.73 Id, 
lH,  J = 7.3 Hz, H-6dd. 13C-NMR (MeOD, 125.7 MHz) 6 -8.79 [ C w i ] ,  8.96 [CHQ~, 17.84 

[CSi], 23.44 [CH31,30.92, 35.12, 3629, 37.46 [CHz, C 3 ' d ~  CZK, C r ~ b  39.33 [@TI, 45.87 
[Cq'TL 59.88 [QdC] ,  70.16 [CQT], 8 3 2  [C4'dCL 84.17 [Cl'TL 85.11 [Cl'dd, 94.45 [ C d .  

108.47 [QT], 12622 1%.m, 13.89 [mmm.] ,  135.10 [cmm.L 143.51 [ C M d  149.11 [*I, 
150.35 [CmI 154.72 [ c u d  161.73 [c4dc], 163.13 [C4T], 171.07 [m benzoyl], 173.68 [a), 
amide]. LRMS (FAB-NAB): mle 755 flM-H+ +2 Na+L ti), 733 [(M+Na+l, 3.3, 238 (100). 
HRMS (FABgtycerol): m/e calcd. for C34HaN6OgSi Na [MNa+]: 733.2B2; 

found 733.2993. 
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