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NUCLEOSIDES & NUCLEOTIDES, 5 ( 5 ) ,  539-569 (1986)  

NUCLEOSIDES 137. SYNTHETIC MODIFICATIONS AT THE 2'-pcXSITION OF 
PYRRO~[3,2-~1PYRIMIDINE AND THIENO[3,2-d~PYRIMIDINE C-NUCmIDES 

SYNTHESIS OF "2'-DEOXY-9-DEAZAADENOSINE" AND OF "9-DEAZA W - A . "  i b  a' 

Kanbhanpati V. B. Rao,lc Wu-Yun Ren," 
Joseph H. I3urchenal,ld and Robert S. Klein.lc* 

Laboratory of Organic Chemistry and Laboratory of Applied Therapy, 
Sloan-Kettering Institute for Cancer Research, Memorial Sloan-Kettering 
Cancer Center, Sloan-Kettering Division, Graduate School of Medical 

Sciences, Cornell University, New York, NY 10021 

-: 
several novel pyrrolol3 ,a-dIpyrimidine and thienol3 ,2-dlpyrimidine C- 
nucleosides incorporating the arabinofuranosyl or 2'-deoxyribofuranosyl 
sugar moiety are described. The l'-deoxy thieno[3,2-~llpyrimidine C- 
nucleosides (15 and 16) were obtained from 7-(B-D-ribofuranosyl)-4-0~0- 
3~-thieno13,2-~lpyrimidine (3) and its 4-SMe derivative 8. "2'-oeOxy-9- 
deazaadenosine" (31). "9-Deaza =-A'' ( 3  8 )  and the 2'-substituted 
arabinosyl pyrrolo13.2dIpyrimidine C-nucleosides (42 - 44) were synthe- 
sized from 4-amino-7 -t 2,3+isopropyl idene-5-0-t r ityl -B-D-r ibo- 
furanosyl)-5~-pyrrolo13,2-~lpyrimidine (21) 

The syntheses and preliminary biological evaluation of 

We recently reported the syntheses and biological activity of 
several pyrrol0[3.2-dlpyrimidine~-~ and thienolf .2-dlpyrimidine5 C- 
nucleosides as potential anticancer,6-8 antilei~hnmnial~ and anti- 
trypanosomalg agents. 
corrpounds in these two series are: 9-deazaadenosine 11. 4-amino-7-(B-D- 
r ibofuranosyl)-5Jppyrrolo 13,2-glpyr imidinel . which exhibits pronounced 
growth inhibitory activity against several cell lines of mouse and human 
1 eukemias ; 6-8 *lo 9-deazainosine [2,7-(B-D-ribof uranosy 1) -4-ox0-3€€, SB- 
pyrrolol3,2-dlpyrimidinel and 7-(~-D-ribofuranosyl)-4-oxo-3~-thieno~3,2- 
dlpyrimidine (3) both of which show promising antilei~hmanial~ and anti- 
trypan~somal~'~~ activity with relatively low toxicity to normal cells. 

Some of the most interesting biologically active 
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RAO ET A L .  540 

Compounds 1-3 are representative of purine-nucleoside analogs struc- 
turally mdified at the purine moiety level. Several purine nucleoside 
analogs incorporating modification of the sugar moiety have also shown 
useful biomedical activity. One of the best known is perhaps =-A 14, 

vidarabine, VIM-A, 9-(p-D-arabinofuranosyl)adeninel, an N-nucleoside 
which has shown antiviral activity12 against certain DNA viruses such as 
herpes varicella and cytomegalovirus. --A also demonstrated clinical 
utility as a topical agent for herpes keratitis of the eye.13 It was 
also found to be an effective, relatively nontoxic. systemic agent to 
treat the usually fatal herpes en~epha1itis.l~ 

Because of the important biological activities of the compounds 
(1-4) described above, the synthesis and biological evaluation of various 
2'-deoxy and 2 ' - ~  substituted derivatives of several thienol3,2-d1- 
pyrimidine and pyrroLo[3,2-tJlpyrimidine C-nucleosides of type 
SCH3; X = H, OH, C1. Br, I; Y = NH, S) has been undertaken as part of 
our ongoing research program in the area of C-nucleosides. 

evaluation of 7-(2-deoxy-B-D-r ibof uranosyl) -4-0x0-3U-thieno [ 3,2-d1- 
pyrimidine (151, 7-(2-deoxy-j3-D-ribofuranosyl)-4-(methylthio)- 
thieno[3.2-dlpyrimidine (16) (Scheme I), 2'-deoxy-9-deazaadenosine 
hydrochloride [31, 4-amino-7-(2-deoxy-j3-D-ribofuranosyl)-S~- 
pyrrolo[3.2-dlpyrimidine hydrochloride], 9-deaza =-A 138. 4-amino-7- 
(B-D-arabinofuranosyl) -5~-pyrrolo13,2-dlpyrimidinel (Scheme IV) and 
4-amino-7- ( 2-deoxy-2-ch loro , brom and iodo-b -Ear abinof u ranosy 1 ) -5u- 

pyrrol0[3,2--dlpyrimidines (42 - 44) (Scheme IV). 
Thienopyrimidine C-nucleoside 3' was used as a precursor for the 

synthesis of 2'-deoxy thieno[3,2-dlpyrimidine C-nucleosides IS and 16. 

Acetylation of 3 with Aczo in pyridine at O°C gave 7-(2,3,5-triU 
acetyl-B-D-ribofuranosyl~-4-oxo-3~-thieno~3,2-~lpyrimidine ( 6 )  in 74% 
yield (Scheme I). Reaction of 6 with phosphorus pentasulfide in dioxane 
afforded the corresponding 4-thio derivative 7 in 84% yield. 
pound was S-methylated and deacetylated simultaneously by treatment with 
MeIINaOHIaq. MeOH to give the corresponding S-methyl ribofuranosyl 
nucleoside 8 in 94% yield. The 1~ NMR spectrum of 8 showed a singlet at 
6 2.75 for the SCH3 group. Treatment of 3 and 8 with 1,3-dichloro- 
1,1,3,3-tetraisopropyldisiloxane (TIPDSC12) in pyridine at 25OC resulted 
in the fomtion of the corresponding 3',5'- cyclic disiloxanyl deriva- 

(R = OH, 

This report includes the synthesis and preliminary biological 

This com- 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 541 

Y VH2 R 

(x2 Ho @ 
2' Y P  HO OH How HO HO 

HO 

- 1, X=NH, Y=NH2 

2, X=NH, Y=OH 3, X=S, Y=OH 

4 - 5 - 

Scheme I 

ll, R=OH 
12, R=SCH3 

HO 

u, R=OH 
11, R=SCH3 

a=Ac20, Pyr/25"C; b=P4SIOY D i o x a n e / r e f l .  ; c=CH31 , NaOH, MeOH125"C; d=TIPDS-C12, 

Pyr125"C; e=TCDI, DMF185"C; f=(n-But)3SnH, AIBN, T o l u e n e l r e f l  . ; g = ( f i - B ~ t ) ~ N F ,  
THF, 25°C. 
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542 RAO ET AL,. 

tives 9 and 10 in 75% and 82% yields, re~pective1y.l~ Reaction of 9 and 
10 with l,l'-thiocarbonyldiimidazole (TCDI) in dry DMF afforded the 
expected 2'+thiocarbonylimidazolide derivatives 11 (82%) and 12 (95'51, 
respectively. Reduction of 11 and 12 with tri-n-butyltin hydride in the 
presence of a. a'-azobisisobutyronitrile, (AIBN) in ref luxing 
tol~enel~f*~~ resulted in the formation of 2'-deoxy compounds 13 and 14, 
in 94% and 92% yields, respectively. Final deprotection of compounds 13 
and 14 with tetra-n-butylmnium fluoride (TBAF) in dry THF 15,17 at 

25OC for 5 min gave the desired 2'-deoxy thieno[3,2-dlpyrimidine 
C-nucleosides 15 and 16 in 81% and 50% yields, respectively. 

corresponding ribofuranosyl nucleosides 3 and 8 .  we decided to follow a 
similar route for the synthesis of 2'-deoxy pyrrolo[3,2-dlpyrimidine C- 
nucleosides. 
31. 

T I m X l 2  in dry pyridine at 25OC to give 3'.5'-cyclic disiloxanyl 
derivative 17 in 76% yield (Scheme 11). Treatment of 17 with TCDI in dry 
DMFlSf at 25OC or in refluxing l,2-dichloroethanel8 did not give the 
expected Z'-O-thiocarbonylimidazolide derivative, but resulted in the 
formation of an intractable mixture. 
~arbonylationl~~ of the 2'4H group of 17 with phenyl chlorothiono- 
carbonate in the presence of 4-dimethylaminopyridine (DMAP) in dry CH3CN 
was also unsuccessful. due to degradation of 17. Failure to obtain the 
desired thionoesters m y  be due to the reactivity of the unprotected NH2 
and/or pyrrolo NH functions toward the reagents. A promising alternate 
approach was the utilization of 2'etriflate derivatives as an access 
to the 2'-mr>dified derivatives of pyrrolot3,2-dlpyrimidine C-nucleo- 
sides. Initial studies were conducted with the corresponding inosine 
analog 2. 

yielded 86% of the 3',5'-cyclic disiloxanyl derivative 18 (Scheme 11). 
Triflation of 18 with trifluoromethanesulfonic anhydride in CH2C12 and 
pyridine gave a mixture of two ditriflated products: 
derivative 19 and 2',4-diUtrif late derivative 20. These were 
separated by flash c o l m  chromatography on silica gel using pet. 
ether:EtOAC (90:lO) (for 19) and pet. ether:EtOAC (85:15) (for 20) as 
successive eluents. The lH NMR spectrum of 19 showed a downfield shift 
for the H-2' signal, ( 6  4.17-4.69 for 18 and 6 5.53 for 19). 
spectrum of 20 was similar to that of 19 except for a considerable 

Since 15 and 16 could be obtained in good overall yields from the 

Of particular interest was the Z'-deoxyadenosine analog, 
Thus, 3'- and 5'-OH groups of 1 were protected by reaction with 

The attempted phenoxythio- 

Thus, the reaction of 2 with TIPDS<l2 in pyridine at 25OC 

2',3-ditriflate 

The 'H NMR 
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544 RAO ET A J , .  

downfield shift for the H-2 and H-6 signals ( 6  H-2 = 8.22 and 6 H-6 = 

7.51 for 19 and 6 H-2 = 8.71 and 6 H-6 = 7.80 for 20). The structural 
assignments of 19 and 20 were also based on the presence of the pyrrole 
N-H signals in the 'H NMR spectrum and on elemental analyses. 
pyrrole MI'S of 19 and 20 appeared at 6 10.04 and 6 9.26, respectively 
as broad singlets. Upon treatment with ~ ~ 0 ,  these disappeared while the 
doublets corresponding to H-6 collapsed into sharp singlets. 
attenpt at triflate substitution, 19 and 20 were separately treated with 
anhydrous cH3CoONa in dry hexamethylphosphoramide (HMPA) at 25OC but 
the expected 2'-O-acetyl gl;ii compounds were not formed as the reaction 
resulted in the degradation of starting materials. 

The 

In an 

The results described above suggested that it might be necessary in 
some instances to protect the base moiety in addition to the 3',5'-0H 
groups of the ribose before conducting any modifications at the 2'- 
position. 4-Amino-7-(2,3-0-isopropylidene-5+trityl-p-D-ribo- 
furanosyl)-5fl-pyrrolo[3 ,2dlpyrimidine3 (21) was utilized as the star- 
ting material for subsequent reactions. Perbenzoylation of 21 with 
benzoyl chloride in dry pyridine afforded a 97% yield of the tri-N- 
benzoyl derivative 22. The 'H NMR spectrum of 22 indicated a downfield 
shift for the H-2 signal as compared to that of the starting material 21  

( 6  8.67 for 22 and 6 7.70 for 21). The sugar moiety of 22 was selective- 
ly deprotected with 6% HCl/MeOH at 25OC to give the tri-N-benzoyl 
derivative of 1 (23) in 75% yield. 
3',5'-positions with TIPDS-C12 in pyridine at 25OC to give a 67% yield 
of the 3'.5'-cyclic disiloxanyl derivative 24. 

treated with "CDI in dry DMF at 85OC to afford the 2'+thiocarbonyl- 
imidazolide derivative 25 in only 34% yield. The conversion was 
accompanied by the loss of two benzoyl groups.lg Loss of the pyrrolo N- 
benzoyl group was deduced from the 'H NMR spectrum of 25, which showed 
signals at 6 11.13 (broad singlet. lH, pyrrolo NH, exchanged in D20) and 
at 6 7.69 (broad singlet, 1H, H-6). The H-6 signal sharpened to a 
narrow singlet after the addition of D20. 
25 was then subjected to homlytic deoxygenation at 2' by treatment with 
tri-g-butyltin hydride with AIBN as initiator in boiling toluene to give 
a 91% yield of the 2'-deoxy derivative (26). Since this approach 
afforded 26 only in relatively poor overall yield, an alternate route 
was sought for the synthesis of compound 3 1  and 2'- substituted iu.a 
nucleosides (Scheme IV). 

This was then protected at the 

Compound 24 was then 

2'-C-Thiocarbonylimidazo1ide 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 547 

Triflation of the 2'-OH group of 24 with trif luoromethanesulfonyl 
chloride in the presence of triethylamine and DMAP in dry CH2C12 gave 
2'-triflate (27) in 78% yield. 
by bromide ion using LiBr in dry HMPA at 25OC resulted in the formation 
of 2'-deoxy-2'-bromo derivative 28 in 57% yield. As was expected. 
the 'H NMR spectrum of 28 showed an upfield shift of H-2' ( S  4.81) and a 
downfield shift of H-1' ( S  5.51) as compared to the corresponding 
signals of 27. It was also noted that the H-2' peak of 28 appeared as a 
doublet of doublets (J1t,2' = 4.3 Hz, J2',3t = 2.1 Hz) characteris- 
tically different from H-2' of 24 (J1',2, = 3.1 Hz, J2 , ,3 ,  = 5.8 Hz). 
Reductive debromination of 28 with tri-a-butyltin hydride2' and AIBN in 
refluxing benzene gave the 2'-deoxy derivative 29 in 80% yield. 
tive deprotection of the base moiety was achieved by treating 29 with 
saturated NH3/CH30H at 25OC for 16 h in a closed, pressure-resistant 
vessel to give 30 in 77% yield. 
groups was carried out by treating 30 with TBAF in dry THE' at 25OC for 
3/4 h to give 2'-deoxy-9-deazaadenosine, isolated as its crystalline 
hydrochloride salt 31. The conbined yield of these last two steps was 
92%. Attenpts to deprotect the sugar miety of 29 prior to debenzoyla- 
tion of the base moiety was unsuccessful. Thus, treatment of 29 with 
TBAF in dry TH!? resulted in an intractable mixture of products possibly 
due to concurrent, partial debenzoylation. Because of its convenience 
and general overall efficiency, the synthetic route outlined in Scheme 
IV has been adopted as the method of choice for the preparation of 2'- 
deoxy-9-deazaadenosine (31) .  

~g derivative 32 in 45% yield. 
to give the 2'- iodo 
was conpleted only after 24 h, reflecting the mre severe steric 
restrictions placed on nucleophilic displacement by the bulkier I- ion 
from the p-face of 27. Attempts to displace the triflate group by N3-s 
CClgcoO- or CH3COO- by treatment of 27 with their sodium salts in dry 
HMPA at 25OC were unsuccessful, resulting in the degradation of the 
starting materials to intractable mixtures. Reaction of 27 with sodium 
benzoate in dry HMPA for 1 h, on the other hand, afforded 2'-- 0- 

benzoyl derivative 34 in 60% yield. Treatment of 34 with saturated 
NH3/CH3OH at 2S°C for 30 h gave two major products: a 2'-- 0-benzoyl 

Nucleophilic displacement of 2'-trif late 

Selec- 

Deprotection of the 3' and 5'-hydroxyl 

Reaction of 27 with LiCl in HMPA at 25OC for 1 h gave 2'- chloro 

derivative 33 in 46% yield but this reaction 
In a similar manner, 27 reacted with KI 
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548 RAO ET A L .  

derivative 36 (42%) and the f u l l y  debenzoylated product 37 (27%). The 
chromatographic mobilities of 36 and 37 were similar but they could be 
separated by preparative TLC (silica gel)  upon multiple d e v e l o p n t  with 
CH2C12:MeOH (1O:l). 
7OoC gave more of 37, but t h e  reaction was still incorrplete even af ter  
several days, as was indicated by TLC. Since the P ' -~+benzoyl  
group appeared f a i r l y  resistant t o  m n o l y t i c  cleavage, a much stronger 
base such as NaOCH3 was tried. Thus, heating 34 in 0.1 M NaOCH3/MeOH a t  
8OoC, followed by neutralization with Arrberlite IRC-50 (H') resin and 
chromtographic purification readily afforded 37. Even though t h e  reac- 
tion was conplete af ter  2 h, the yield recovered was only 26%. Improved 
yields of 37 could be obtained by introducing the more l a b i l e  g-W2 
benzoate ester function a t  t h e  2'- position. 
sodium p-nitrobenzoate in dry HMPA a t  25OC for 1 h gave the 2 ' -0-p  

nitrobenzoate derivative 35 in 46% yield. Amnonolysis of 35 with 
saturated NH3/CH3OH at  25O C for 36 h afforded the f u l l y  deesterified 
u derivative 37 in  73% yield. "he l a t t e r  was then desilylated with 
TBAF in dry THF a t  25OC t o  give 9-deaza =-A (38) i n  81% yield. 

iodo (33) derivatives were readily debenzoylated with saturated NH3/MeOH 
a t  25OC for  2 4  h t o  g ive  39 (64%).  40 (65%) and 4 1  (57%) respec t ive ly .  
Intermediates 39 - 41 were f u l l y  deprotected by desilylation with TBAF 
i n  THF t o  yield the corresponding 2'-deoxy-2'-= halo nucleosides (42 - 
44) in 96, 95 and 38% yields,  respectively. 

Frr y&t~ for tumor growth inhibitory ac t iv i ty  against muse leukemia 
cel l  l ines  according to  the technique of Fisher21 with some mdifica- 
tions.22 The results s m r i z e d  i n  Table  1 indicate t h a t  9-Deaza =-A 

(38) was t h e  mst active of a l l  the compounds reported here but was mch 
less active than 9-Deazaadenosine (1) i t s e l f .  Studies of some of these 
C-nucleosides in other biological systems are  i n  progress. 

Heating a solution of 36 in  saturated NH3/CH30H a t  

Treatment of 27 wi th  

The fully protected 2'-deoxy-2'-= chloro (321, bromo (28) and 

A l l  f ina l  C-Nucleosides (15. 16. 31, 38 and 42 - 44) were screened 

EXPERIMENTAL SEXXION 

Melting points were determined on a Thomas-Hoover capi l la ry  appara- 
t u s  and are  uncorrected. The 'H NMR spectra were recorded on a JEOL 
PFT-100 spectrometer or JKlL EX-90Q spectrometer and chemical sh i f t s  a re  
reported as  6 values wi th  Me4Si as  the internal standard. Microanalyses 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 549 

1. Comparison of the tumor growth-inhibitory activity of 
2'-deoxy and 2 ' - ~  substituted derivatives of pyrroloI3,2-dlpyrimidine 
and thienoC3.2-dlpyrimidine C-nucleosides in murine leukemic cell lines. 

__I^yI_IY-y-- 

IDSO (PgImL) 
- --LIII--------- 

Conpound L-1210 / 0 P-81510 

---- -- - I_II 

1 < <0.01 <<0.01 

15 33.00 3 9.00 

16 4.1 2 0.58 

31 4.88 48.00 

38 0.41 0.09 

42 >loo >loo 

43 4.60 4.11 

4 4  55.50 6.36 

were performed by M.H.W. Laboratories, Phoenix, AZ. Thin layer chromto- 
graphy was performed on 250 IIM silica gel Qi plates (Analtech, Inc.), and 
the substances were visualized with a short-wave (254 nm) W mineral 
light and/or by spraying with 10% ethanolic sulfuric acid and charring. 
Preparative TLC was performed on 1,000 pm, 20 x 20 cm silica gel plates 
(Uniplates by Analtech, Inc.), and the products visualized by short-wave 
W light. Preparative colunm chromatography was performed by standard 
techniques on Merck Silica gel 60 (70-230 mesh ASTM) or by flash chrom- 
tographic techniques23 on Merck silica gel 60 (230-400 mesh A S T M ) .  

Light petroleum ether (bp 30-6OOC) was used whenever this solvent was 
required. 1 ,3-Dichloro-1 ,l ,3,3-tetraisopropyldisiloxane (TIPDS-C12, 90% 

pure) was purchased from Aldrich Chemical Corr@any. 

7-(2.3.5'rriU~yl-B-D-rir~l)-bamr3~-thienoC3,2- 
dlpyrimidine (6). A mixture of 7-(B-D-ribofuranosyl)-4-0~0-3~- 
thieno13,2dlpyrimidine5 (3, 1.5 g ,  5.28 ml). acetic anhydride 
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550 RAO ET AL. 

5.41 g ,  52.99 mmol) and d ry  py r id ine  (5  mL) was s t i r r e d  a t  CPC f o r  1 h. 
The mixture was partitioned between CHC1, and H20. The CHC13 layer was 
washed with water, dried (Na2SO4) and concentrated ua!Q. The 
residue was purified by column chromtography using CHC13-MeOH (40:l) as 
t h e  e l u e n t  t o  g i v e  6 (1.61 9 ,  74%) as a syrup. 

(s, 9H. 3COCu3). 4.38 (m, 3H. H-4'. H-5'. H-5"), 5.36-5.46 (m, 2H, 
H - l ' ,  H-3'1, 5.62 (pseudo t ,  l H ,  H-2'). 7.93 (s, l H ,  H-61, 8.16 (s, 1 H ,  

H-2, sharp. with D2O) a 

Found: C ,  49.62; H,  4.41; N, 6.78; S. 7.88. 

'H NMR (CDC13): 6 2.12 

Anal. Calcd for C17H180gN2S: C, 49.77; H ,  4.42; N,  6.82; S, 7.81. 

7-(2,3 , S ~ i - O - a c e t y l - B - ~ r i ) - ~ ~ 3 ~ ~ ~ [ 3 . 2 -  
Qlpyrimidine (7). 

in  small portions (- 0.2 g each) to  a refluxing mixture of 6 (3.0 g,  
7.31 ml) i n  dry dioxane (40 mL) for 11/, h. Heating was continued 
u n t i l  conplete reaction was indicated by TLC (- 3h). After cooling, t h e  
suspension was f i l t e r e d  and the  f i l t r a t e  was concentrated ia  yam^. The 

residue was purified by c o l m  chromatography using CHC13:MeOH (20:l) as 
the  eluent t o  give 7 as a l i g h t  yellow foam, y i e ld  2.52 g (84%). 'H NMR 
(CDC13): 

5.32-5.46 (m, 2H. H-1'. H-3'), 5.65 (pseudo t ,  1 H .  H-2'1, 8.00 (s, l H ,  
H-61, 8.18 (br s, 1H.  H-2, sharp.  with D20).  

15.04. Found: C, 47.83; H,  4.26; N,  6.36; S, 15.20. 

Phosphorus pentasulfide (3.0 g, 6.75 ml) was added 

6 2.11 (s ,  9H, 3COCK3), 4.25-4.51 (m, 3H, H-4'. H-5', H-5"), 

Anal. Calcd f o r  C ~ ~ H ~ ~ N Z O T S ~ :  C, 47.88; H, 4.25; N. 6.56; S. 

7-(B-~-~jb0f~ranosyl)-l-(methylthio)thieno C 3.241- imidine ( 8 ) .  A 

mixture of 7 (0.35 g ,  0.82 m o l l  and iodomethane (6.84 g. 48.19 mo1) i n  
CH30H (3 mL) and 0.1 N-NaOH (10 mLJ was s t i r r e d  a t  2 9 C  f o r  1 h. The 
white c r y s t a l l i n e  precipitate formed was separated by f i l t r a t i o n .  washed 
with CH3OH and then CHcl3 and dried t o  give 8 as white needles, y i e ld  
0.255 g (99%). An ana ly t i ca l  sanple was obtained by r ec rys t a l l i za t ion  
from boiling C~HJOH; mp 226-228OC. 6 2.75 (S, 3H. 

X u 3 ) ,  3.38-4.33 (m, 5H, H-2', H-3'. H-4', H-5', H-5"), 4.91 (d ,  l H ,  

OH, exch. with D20),  5.13 (m, 3H, H-1' and 20H's which exch. w i th  D20 ,  

J1,,2, = 5.2 H z ) ,  8.36 (s, 1 H .  H-61, 

Anal. Calcd f o r  C12H14N204SZ: 

'H NMR (DMsD-d6): 

9.00 (S, l H ,  H-2). 

C, 45.87; H. 4.49; N, 8.90; S, 
20.39. Found: C ,  45.89; H,  4.51; N. 8.80; S, 20.25. 
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7 - ~ 3 , 5 - o - ~ 1 , 1 , 3 , 3 - T e t r a i s a p r a p y l d i s i l a x a n y l ~ - B ~ r ~ ~ ~ l l -  
4-0~0-3~-thien0[3,2~1pyrhidine ( 9 ) .  

3.52 ml) and TIPDS-C12 (1.00 g, 3.17 ml) in  d r y  pyridine (10 m l )  was 
stirred a t  25OC for 4 h. 
vacuum and t h e  res idue  d i s s o l v e d  i n  CH2C12. The organic  layer was 
washed with brine (twice), d r i e d  (Na2SO4) and concentrated in m. 
me res idue  was purified by column chromatography using CH2C12 followed 
by m2C12:MeOH (98:2) as eluents t o  g i v e  2 as a white s o l i d  (1.40 g, 75% 
yield. 180-182oC). l H  NMR (cDc13): 6 1.01 - 1.09 (m, 28H. 4 CU3-C& 

Cfi3), 3.09 (br s, l H ,  OH, exch.  w i t h  D20).  3.98-4.18 (m. 3H, H-4', H-5'. 

(m, l H ,  H-3'), 5.27 (m, 1 H .  H-1'). 7.95 (d, 1 H ,  H-6. J6,1' = <1 Hz), 
8.18 (s, l H ,  H-21, 11.26 (br s. ZH, NH, exch.  w i t h  D20) .  

6.09. Found: C, 52.52; H ,  7.43; N,  5.13; S. 5.99. 

A mixture of 3 (1.00 g,  

The reaction mixture was concentrated in high 

H-5"), 4.27 (dd, 1 H ,  H-2', J1,,2o = 2.1 Hz,  J2 ' ,3 '  = 5.5 H z ) ,  4.45-4.52 

Anal .  C a l c d  for C23H38N~OgSSi2: C, 52.44; He 7.27; N, 5-32; SD 

7-[3,5-0-~1,1,3,3-Tetrai60prapyldisiloxanyl~-8.Oribofur1- 

4-6nethylthio)thie~3,2~lpyrimidine (10). 
t h a t  which g a v e  9 ,  deblocked C-nucleoside 8 (1.0 g, 3.18 ml) was 
treated with TIPDSC12 (1.00 g ,  3.17 ml) i n  dry pyridine (10 mL) t o  
afford, after s i m i l a r  workup, 10 as a colorless syrup (1.46 g ,  82%). 

NMR (CDCl3): 

3.24 (br s, l H ,  OH, exch. w i t h  D20) ,  4.00 - 4.16 (m, 3H, H-4', H-5'. 

4.56 (m, l H ,  H-3'). 5.36 (m. l H ,  H-1'1, 7.93 (d,  1 H .  H-6, J 6 , l '  = 

0.9 Hz).  8.99 (s, l H ,  H-2). 

By a procedure similar t o  

'H 

6 0.99 - 1.09 (m, 28H, 4 Ca3-Ca-CQ3>, 2.75 (s, 3H. SCa3), 

H-5"), 4.31 (dd, 1 H s  H-2's J1 ' ,2 '  = 2.1 Hz, J2',3# = 5.2 H z ) ,  4.49 - 

Anal. C a l c d  for C24H40N205S2Si2: C. 51.76; H,  7.24; N. 5.03; S, 
11.52. Found: C ,  51.43; H,  7.12; N,  5.09; S. 11.49. 

7-[2-o-~~Imidazol-lyl~thiocarbonyll-3,5~~1,1,3,3-tetraiso- 
prapyldis i lo~l~-~-D-r ibofuranosyl l -4~x~3~-thieno~3,2~lpyrj~nidine  
(11). A mixture of 9 (1.20 g, 2.28 ml) and l,l '-thiocarbnyldi- 
imidazole (TCDI. 0.60 g, 3.37 ml) i n  dry DMF (40 mL) was heated a t  
60OC for 18 h. The mixture was then evaporated ia yaau and the crude 
product was purified by column chromatography using CH2C12 followed by 
CH2C12:MeOH (95:s) as the eluents  t o  give 11 as a white sol id  (1.19 g, 
82%. mp 138-14OOC). 'H NMR (CDC13): 6 0.92 - 1.09 (m, 28H, 4CH3-C& 
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Cu3), 4.01 - 4.20 (m, 3H. H-4'. H-5'' H-5")' 4.91 (dd, 1 H .  H-3', J2',3D 
= 5.2 Hz, J3,,4' = 8.2 Hz). 5.50 (br s, I H ,  H-1'1, 6.29 (dd, l H ,  H-2'. 

J ~ , , ~ ,  = < 1 ~ z ,  J2, ,3,  = 5.2 Hz), 7.08 (5, l H ,  H-4 of imidazole) ,  7.71 

(s, 1 H .  13-5 of imidazole),  8.02 (s, l H ,  H-61, 8.12 (s, l H ,  H-2. sharp. 
with D20) ,  8.43 (9, l H ,  H-2 of imidazole) ,  12.02 (br  S, l H ,  NH, exch. 
with D20).  

10.06. Found: C, 51.56; H, 6.56; N, 8.68; S. 10.09. 

Rnal. Calcd fOK C27H40NqO6S2Si2: c, 51.40; H, 6.33; N, 8.80; S. 

7- 12-0- 1 ~Imidaaol-~-yl~thiocarbonyll-3,5-0-~ 1 , 1 ,3 . 3-tetraiSo- 
propyldisiloxanyl~~~ribofur~ll-4-~~l~io~thieno~3,2~1- 
pyrimidine (12). A mix tu re  of 10 (1.00 g ,  1.79 mmol) and TCDI (0.50 g ,  
2.80 m01) i n  d ry  DMF (10 mL) was heated a t  82C for 3 h. The mixture 
was then concentrated in  high vacuum and the  residue chromtographed on 
a s i l i c a  g e l  column using CH2C12 as the  eluent. Fractions containing 

pure material were pooled together and concentrated in y i g , ~  t o  g ive  
thiocarbonylimidazolide 12 as a co lo r l e s s  syrup (1.14 g, 95%). 

(CDc13): S 0.92 - 1.09 (m. 288, 4C&-CU-CH3), 2.76 (s, 3H,  SCB3), 4.01 

- 4.20 (m, 3H, H-4', H-5'. H-5'9, 5.00 (dd, l H ,  H-3'' J 2 , , 3 '  = 5.2 Hz, 
J3t ,4 '  = 8.2 Hz), 5.56 (m, 1 H .  H-1'1, 6.33 (dd, 1 H .  H-2'. J2 ' , 3 '  = 5.2 

Hz, J1,,2f = 1.2 Hz), 7.07 ( s ,  l H ,  H-4 of imidazole) ,  7.71 (6, l H ,  H-5 

imidazole),  8.91 (s, l H ,  H-2). 

'H NMR 

of imidazole),  7.99 (d. 1 H .  H-6. J 6 , l '  = < 1 H Z ) ,  8.43 (9. 1 H .  H-2 of 

Anal. Calcd f o r  C28H42NqOgS3Si~: C, 50.42; H, 6.35; H, 8.40; S, 
14.42. Found: C ,  50.31; H. 6.42; N, 8.24; S, 14.67. 

7-[2-~~0~~-3.5+-(1.1.3 .3-tetra~r~l~iloxanyl)-B-D.ribo- 
furanosyll-4l>x~3~~ieno~3.2~lpyrirnidine (13). A solution of tri-n- 
butyl t in  hydri.de (2.00 g. 6.87 m l )  and a. a'-azobisisobutyronitrile, 
(AIBN, 0.25 g ,  1.52 m o 1 )  i n  dry t o l u e n e  (10 mL) was added dropwise t o  a 
s t i r r e d  solution of 11 (1.10 g, 1.73 ml) i n  refluxing dry toluene (20 

mL) for 30 min. The reaction mixture was then concentrated m and 
the residue was chromatographed on a silica g e l  colunm using CH2C12, 

then CHZC12:MeOH (8:2) as the eluents. 
product were pooled and evaporated &! 
(0.83 g .  945, mp 68- 7OOC). 

4Cu3-CB-Cu3). 2.10 - 2.50 (m, 2H. H-2'. H-2"). 3.81 - 4.12 (m, 3H, H- 

Fractions containing the  pure 
t o  g ive  13 as a white s o l i d  

'H NMR (CDC13): S 1.01 - 1.08 (m, 28H. 
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4', ~-5', H-5"). 4.47 - 4.60 (m, 1H. H-3'). 5.47 (pseudo t, lH, H-1'1, 
7.90 (d, lH, H-6, J6,11 = (1 Hz). 8.17 ( s ,  lH, H-2, sharp. with D20), 
11.36 (br s, lH, NH, exch. with D20). 

6.28. Found: C, 53.99; H, 7.43; N, 5.45; S, 6.06. 
Anal. Calcd for C23H38N~OgSSi2: C. 54-08; H, 7-50; N, 5-48; S, 

7 - [ 2 ~ ~ 3 , 5 ~ ( 1 . 1 , 3 , 3 - t e t r a ~ r ~ ~ i l o x a n y l ) - B - ~ r i b o -  

furanosyll-4-(methylthio~thie~3,2-Qlpyr~dine (14). By a procedure 
similar to that which gave 13, thiocarbonylimidazolide 12 (1.20 g, 1.80 
ml) was treated with tri-n-butyltin hydride (2.00 g. 6.87 ml) and 
AIBN (0.25 g, 1.52 ml) in refluxing dry toluene to give 14 as a 
colorless syrup (0.90 g, 92%). 
4Ca3-CB-CH3), 2.18 - 2.71 (m, 2H. H-2'. H-2"), 2.75 ( s ,  lH, SCB31, 3.80 
- 4.11 (m. 3H, H-4', H-5'. H-5"). 4.49 - 4.63 (m, lH, H-3'1, 5.57 

(pseudo t. lH, H-1'1, 7.88 (d, lH, H-6, J6,11 = (1 Hz), 8.97 (s ,  1H, H- 

2). 

'H NMR (CDC13): S 0.99 - 1.09 (m. 28H, 

Anal. Calcd for C24H40N204S2SiZ: C, 53.29; H, 7.45; N, 5.18; S, 
11.86. Found: C, 53.52; H, 7.24; N, 5.37; S, 11.68. 

7-(2-Deoxy-BUr~~~~lbofutanosyl)-4~~3H-thienoC3.2-d1-pyrimidine 
(15). To a solution of 13 (0.80 g ,  1.57 mmo11 in dry THF (16 mL), was 
added dropwise a 1 M solution of tetra-n-butylmnium fluoride (TBAl?) 
in THF (5 mJ3 at 25OC with stirring for a period of 5 min. The reaction 
mixture was concentrated in and the residue was chromatographed on 
a silica gel c o l m  using CH2ClZ:MeOH (95:5) as the eluent. Fractions 
containing pure product were mixed and concentrated in yaaa to afford 
15 as a white solid (0.34 g, 81%, mp 133-135OC). 6 

1.80 - 2.30 (m, 2H, H-2', H-2"). 3.19 - 3.49 (m, 2H. H-5', H-5"). 3.83 

(m, lH, H-4'1, 4.21 (m, lH, H-3'1, 4.89 (m, lH, CH20H, exch. with D20), 
5.08 (d, lH, CHOB, exch. with D20, JOH,3' = 3 Hz), 5.38 (dd, lH, H-1', 

8.17 ( s ,  lH, H-2, sharp. with D20), 11.80 (br s, lH, NH, exch. with 

'H NMR (DMSO-d6): 

J1',2' = 5.5 HZ, J1,,2" = 10.1 HZ), 8.05 (d, lH, H-6, J6,l' = <I HZ), 

D20). 
Fnal. Calcd for C11H12N204S: C, 49.24; H, 4.51; N, 10.44; S, 

11.95. Found: C, 49.43; H, 4.67; N. 10.32; S, 11.65. 

7- ~ 2 - D e o x y - ~ ~ r i b o ~ r ~ 1 )  -4- (methylthio) thiem C3,2-d1- 
pyrimidine (16). By a procedure similar t o  that which gave 15, congound 
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1 4  (0.90 g, 1.66 ml) was desilylated to give 16 as a white solid 
(0.25 g. 50%. mp 157-158OC) after isolation by c o l m  chromatography 
(CH2C12 followed by CH2C12:MeOH (98:2) as the eluents). 

3.46 - 3.54 (m, 2H. H-5', H-5"), 3.81 - 3.88 (m, lH, H-4'). 4.24 - 4.27 
(m, lH, H-3'), 4.91 (t, lH, CH20a, exch. with D20, JoH, 3 8  = 5.8 Hz), 
5.10 (d, lH, CHOB. exch. with D20,  JoH, 5 8  = 4 Hz). 5.44 

'H NMFt 

(DMSOvd6): 6 1.89 - 2.37 (m, 2H, H-2', H-2"). 2.75 (S, 3H, SCB.31, 

1H. H-l', 

J1,,2, = 6.1 HZ, J1,,2" = 9.8 HZ), 8.22 (d, 1H. H-6, J6 , lv  = <1 HZ), 

8.98 (s, lH, H-2). 
Anal. Calcd for C12H14N203S2: C. 48.30; H, 4.73; N, 9.39; S, 

21.49. Found: C, 48.27; H. 4.70; N, 9.29; S, 21.31. 

4 - ~ 7 - [ 3 , 5 U ( 1 , 1 , 3 . 3 - t e t r a ~ r ~ ~ i l o x a n y l ) - B - D - r ~  
f u r a n ~ l l - ~ ~ r o l o ~ 3 ~ 2 ~ l p y r i m i d i n e  (17). A mixture of 9-deaza- 

adenosine hydrochloride3 (1, 1.15 g, 3.78 ml), TIPDS-C12 (1.20 g, 
3.51 ml) in dry pyridine (11 mL) was stirred under argon at 25OC in a 
sealed flask for 3 h. 
25OC and the resulting residue partitioned between CH2C12 and H20. The 
organic layer was washed with H20/brine (twice), then with brine, dried 
(NazSO4) and concentrated in m. 
c o l m  chromatography using CH2Cl2:CH30H (2O:l) followed by CH2Cl2:CH30H 
(15:l) as eluents. 
and evaporated in 

The reaction mixture was concentrated in y g ~ @  at 

The crude product was purified by 

Fractions containing the pure product were pooled 
to give 17 as a white foam (1.474 g, 76%). 'H 

NMR (DMSO-ds): 6 1-00 (m. 28H, 4CK3-CK-CB3)' 3-45 ( br B, 1H, OH, exch. 
with D 2 0 ) ,  3.92 (m, 38, H-4', H-5', H-S''), 4.25 (m, lH, H-2', J1,,2, = 

2.1 Hz, J2,,3, = 4.6 Hz), 4.49 (m, lH, H-3'1, 4.93 (d, 1H, H-1'1, 7.40 

(br s, 2H, Nf12. exch. with D20), 7.54 (br s ,  1H. H-6, sharp. with D20), 
8.18 ( s ,  IH, H - 2 ) .  11.49 (br s, lH, NH, exch. with D20) .  

Anal. Calcd for C23H40N405Si2: 
Found: C, 54.09; H. 7.95; N, 10.93. 

C, 54.30; H, 7.92; N, 11.01. 

7 - ~ 3 , 5 U ~ 1 , 1 , 3 , 3 ~ r a i s o g r a p y l d i s i ~ l ~ ~ - ~ r ~ ~ ~ l I -  
4~~3gSH-~rrolo[3,2~lpyrimidine (18). TIPDS-C12 (5.75 g, 
18.22 -1) was added slowly to a stirred solution of Z4 (5.34 g, 
17.58 ml) in dry pyridine (100 mT.J under argon. 
stirred at 25OC for 16 h, then concentrated in and the resulting 
residue was partitioned between CH2C12 and H20. The aqueous layer was 

The mixture was 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 555 

ext rac ted  again wi th  CH2C12 twice. The organic layers were conbined and 
then washed with brine-H20, brine, dried (Na2SO4) and concentrated in 
-. The crude product was purified by f l a s h  chromtography using 
CH2C12:MeOH (20:l) as t h e  e l u e n t  t o  g i v e  18 as a white solid (7.73 g ,  

86%, mp 209-210OC). 6 1.06-1.10 (m, 28H, a3-CH-Cu3) ,  

3.42 (br s, 1 H .  CON& exch. w i th  D 2 0 ) .  4.11 (m, 3H, H-4', H-5'. H-5'9, 

4.50 (m, 2H. H-2', H-3'1, 5.16 (br s, l H ,  H-1', c h a n g e s  t o  d w i t h  D20. 

J1,,2, = 2.7 Hz), 7.39 (br s, l H ,  H-6, sharp. w i t h  D 2 0 ) ,  8.52 (br sI l H ,  
H-2, s h a r p .  wi th  D 2 0 ) ,  11.32 (br s, l H ,  pyrrolo NH, exch. w i t h  D20) .  

C, 54.19; H,  7.71; N,  8.24. Found: 

'H NMR (CDC13): 

Anal .  Calcd for C23H39N306Si2: 

C, 54.09; H, 7.94; N, 8.05. 

7 - C 3 , 5 ~ ( 1 , 1 . 3 , 3 ~ ~ r ~ l ~ i l ~ - 2 ~ i f l u o r ~  

m e t h a n e s u l f m y l - B - D - r i r ~ l l - 3 - t r i f l u a r ~ ~ a 1 y l - 4 ~ 5 € i -  
pyrrolo l3,233Ipyrimidine (19) and 7-r3,5-0-(1,1,3,3-tetraisoproLyl- 

disilmyl) -2-O-trif luoromethanearlfonyl-BiFribofurrmolsyll-4- 
(trif luoromethanesulf~laxy)-5H-gyrroloC3,2-Ql-pyrimidine (20). A 

solution of trifluoromethanesulfonic anhydride (0.338 g, 1.20 ml) i n  
dry CH2C12 (2 mL) was added dropwise a t  -6OOC t o  a stirred mixture of 18 

(0.509 g. 1 m1) and dry pyridine (0.19 g ,  2.40 mmol) i n  dry CH2C12 

(10 mL). The f l a s k  was then 
cooled t o  -3OOC and pyridine (0.19 g, 2.40 ml) and trifluoromethane- 
sulfonic anhydride (0.085 g, 0.30 ml) in  CH2C12 (2 mL) were added 
successively. The tenperature was then  slowly raised t o  25OC. The 
mixture was again cooled t o  -3OOC and the last portions of pyridine 
(0.245 g, 3.10 ml) and trifluoromethanesulfonic anhydride (0.085 g, 

0.30 ml) i n  dry CH2Cl2 (2 mL) were f i n a l l y  added. 
mixture was slowly brought to  25OC. then d i lu t ed  w i t h  CH2C12, washed 
w i t h  H20 twice, dried (Na2sO4) and concentrated in l!aG.uQ. 
was subjected t o  f lash colurrn chromtography using pet. ether:EtW 
(9O:lO) t o  e lu te  20 which was obtained as a foam (0.235 g. 30%). 

The tenperature was slowly raised t o  25OC. 

The reaction 

The residue 

'H NMR (CDC13): 6 1.03 - 1.07 (m, 28H, 4CK3-C&CH3), 4.07 (m, 3H,  

H-4', H-5'9 H-5"), 5.10 (dd, 1 H ,  H-3', J2t,3r = 4.3 HZ, 33s.4' = 9 H Z ) ,  

5.43 (s, l H ,  H - 1 9 ,  5.70 (d, l H ,  H-29, 7.80 (d, l H ,  H-6, sharp. t o  s 

w i t h  D 2 0 ) ,  8.71 (s, l H ,  H-21, 9.26 (br s, l H ,  NH, exch. w i t h  D2O). 

8.29. Found: C. 38.68; H,  5.00; N, 5.32; S. 8.26. 
Anal .  C a l c d  for C25H37F6N3010S2Si2: C, 38.80; H,  4.82; N, 5-43; S,  
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Further elution with pet. ether:EtOPc (S5:15) afforded the mre 
polar product 19 as foam (0.240 g, 31%.) 

exch. with D 2 0 ) ,  3.92 - 4.10 (m, 3H, H-4', H-5', H-5"), 4.85 (dd. l H ,  

'H NMR (CDC13): 6 1.07 (m, 28H, 4Cu3-Cu-CB3), 1.68 (br s, 1 H .  NH, 

H-3', J2v,31 = 4.3 Hz ,  J 3 0 , 4 ~  

1 H .  H-2'1, 7.51 (d, l H ,  H-6, J M , 6  = 3.0 Hz, changes to S with D2O), 

8.9 H Z ) ,  5.32 (S, l H ,  H-1'1, 5.53 (d, 

8.22 (s, l H ,  H-21, 10.04 (br s, l H ,  NH, exch. with D20) .  

8.29. Found: C,  38.41; H. 5.21; N,  5.09; S. 8.09. 
Anal. Calcd for C25H37F6N3010S2Si2: C. 38.80; H,  4.82; N. 5.43; S, 

5-Benzoyl-7-(2,3~isopropylidene-S~rityl-B-D.ribOfur)- 
4-~dibenzoylamino)prola" ,2-&yrhidjne (22). Benzoyl chloride 
(23.01 g, 163.68 ml) was added dropwise to a stirred solution of 4- 

~ 0 - 7 - ( 2 ' , 3 ' * i ~ p r o ~ l i d e n e - 5 ' * t r i t y l - ~ - ~ r i ~ f u r a n o ~ l ) - 5 ~ -  
pyrrolo[3,2~1pyrimidine3 (21, 15.00 g, 27.34 ml) in dry pyridine 
(100 mL) at 0% 

stirred overnight. The reaction mixture was concentrated in at 
25OC and the residue partitioned between H20 and CH2C12. The aqueous 
layer was further extracted with CH2C12. The organic layers were 
conbined, washed with cold saturated NaHco3 solution then with H 2 0  

(twice), dried (Na2SO4) and concentrated in  yam^ to give a foam. 
crude product was purified by flash c o l m  chromatography using first 
EtcaAc:pet.ether (20:80) and then EtOAc:pet.ether (30:70) as eluents. 
Fractions containing the pure product were pooled and concentrated 

1.35 (s, 3H. CU3) ,  1.60 (s, 3H, Cu3). 3.34 (m, 2H, H-5', H-5"). 4.29 

(m, l H ,  H-4'1, 4.81 (dd, l H ,  H-3', J2 , , 3 '  = 4.3 Hz, J s , , ~ '  = 6.2 H Z ) ,  

5.12 (d. l H ,  H-2', J1,,2f = 4.3 H A ,  5.28 (d.  l H ,  H - 1 9 ,  7.10 - 8.03 (m, 
31H. trityl, 3 benzoyl, H-6). 8.67 (8, l A ,  H-2). 

The tenperature was then slowly raised to 25OC and 

The 

to give 22 as a white foam (21.90 g, 97%). 'H NMR (CDC13): 6 

Anal. Calcd for C51H44N407: C, 74.25; H ,  5.38; N,  6.79. Found: 
C. 74.41; H,  5.37; N, 6.56. 

5-~1-6(dibenzaylamino)-7-8~ribofurrmosylpyrrolo-[3,2~l- 
pyrimidine (23). A solution of 22 (1.58 g, 1.91 ml.) in 6% HCl/CH30H 

was stirred in  a sealed flask at 25OC for 21/2 h. The mixture was then 
concentrated jg 
several times with anhydrous ether and dried overnight, ira YWJQ. Over 

to a viscous oil. The oily material was washed 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



2'-MODIFICATIONS OF C-NUCLEOSIDES 557 

p205 t o  give 23 as a solid (0.979 g ,  83%). An analytical sample (mp 
118-12OoC) was obtained by preparative TLC using CH2C12:MeOH (10:l) as 
t h e  developing agent. 6 3.54 (m, 2H, H-5', H-5'9, 

3.85 (m, l H ,  H-49, 4.04 (pseudo t. l H ,  H-3'1, 4.36 (pseudo t, l H ,  

H-2'). 4.74 (br s, 3H, 2'-OH. 3'-OH, S'-OH, exch. w i th  D20).  4.95 (d, 
l H ,  H - l ' ,  J1,,2f = 5.8 Hz), 7.38 - 8.11 (m, 16 H, 3 benzoyl,  H-61, 8.77 

(S ,  l H ,  H-2). 

'H NMR (DMSO-d6): 

Anal. Calcd for C32H26N407: C, 66.43; H,  4.53; N. 9.68. Found: 

C. 66.04; H, 4.61; B. 9.41. 

5-Eienmyl-4- (dibenzoylamino) -7- [3,5-0- ~1,1,3,3-tetraisaprapYl- 

disiloxanyl)-p-D-ribofuranosyl lpyrroloC3,2-Qlgyrirnidine (24). TIPDS- 

C12  (2.36 g ,  6.75 ml) was added dropJise under N2 atrrrosphere t o  a 
stirred solution of 23 (3.70 g ,  6.01 ml) i n  dry pyridine (35 mL) and 
the mixture was stirred for 4 h a t  25OC. The reaction mixture was 
concentrated in high vacuum and t h e  resulting residue partitioned 
b e t w e e n  CH2C12-50% aq NaC1. The aqueous layer was further extracted 
w i t h  CH2C12,. The organic  layers were conbined, washed with H20-brine 
(twice) and then with brine (once), dried (Na2S04) and concentrated in 
-. The crude product was purified by f lash  column chromatography 
using f i rs t  pet.ether:EtOAc (85:15), then  wt.ether-EtOAc ( 8 0 : 2 0 )  as 
eluents. F r a c t i o n s  containing t h e  pure product were pooled and concen- 
trated to  g i v e  24 as a white  solid (2.90 g ,  618, np 125-127OC). 

'H NMR (CDc13): 6 1.06 - 1.07 (m, 28H. 4CE13-CH-CY3), 3.13 (br s. l H ,  

OH, exch. w i t h  D 2 0 ) ,  4.02 (m, 3H, B-4'. H-5', H-5"), 4.50 - 4.53 (m, 
l H ,  H-2', c h a n g e s  t o  dd w i t h  D20, J1,,2f = 3.1 Hz, J2,,3p = 5.8 Hz), 
4.75 - 4.80 (m, l H ,  H-3')' 5.07 (d, l H ,  H-1'1, 7.24 - 8.05 (m, 16H, 3 

b e n z o y l  and H-61, 8.69 (s, 18, H-2). 

Anal .  C a l c d  fo r  C44H52N40gSi2: C ,  66.97; H,  6.64; N,  7.10. Found: 

C, 66.79; H,  6.75; N ,  6.94. 

4 - ( m I d m i n o )  -7- 2-0- (Imiaazol-1-1) thioc&xnyl1-3,5-0- 
(1,1,3,3~~raisapr~ldisiloxanyl~-~~ribofuranosyllprolo~3,2dl- 
pyrimidine (25). A mix tu re  of 24 (0.20 g,  0.25 mo1) and TCDI (0.124 g ,  

0.69 mmol) i n  d r y  DMF (4.5 mL) was h e a t e d  a t  120°C for 4 l I 2  h. The  

mixture was cooled t o  50oC and concentrated in 
then partitioned between CH2C12 and H 2 0  and the  organic layers were 

The residue was 
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558 RAO ET A L .  

corrbined, dried (Na2SO4) and concentrated in m. This gave a yellow 
o i l  which was s u b j e c t e d  t o  preparative TIX: (6 plates, 2 developnents) 

using CH2C12:~eOH (20:l). 
25 as a colorless s o l i d  (0.065 g ,  345, rrp 83-85OC). l H  NMR (Q3c13): 

6 0.95 - 1.08 (m, 281-1, 4Ca3-CH-C&), 4.03 - 4.12 (m, 3H. H-4', H-5', 
H-5"). 5.25 - 5.39 (m, l H ,  H-3'1, 5.50 (d, l H ,  H-1', J1,,2, = 1.8 Hz), 
6.42 (dd, l H ,  H-2', J2t ,3 '  = 5.0 Hz), 7.07 (br s, 2H, H-4 of imidazole 
and am), 7.43 - 7.70 (m. 5H, m- and Q- benzoyl, H-6 and H-5 of 
imidazole), 7.98 - 8.06 (m, 2H, Q - benzoyl), 8.43 (9, l H ,  H-2 of 
imidazole), 8.50 (6, l H ,  H-21, 11.13 (br 6 ,  l H ,  NH, exch. w i t h  D20). 

E x t r a c t i o n  of the appropriate bands afforded 

Ana l .  Calcd for C34H46N606SSi~: c, 56.48; H,  6.41; N, 11.62; S, 
4.43. Found: C. 56.37; H. 6.60; N, 11.42; S,  4.51. 

6- (Benzoylamirao) -7-c2-iieoxy-3,5-0-( 1,1,3,3-tetra.i~0pr0pyl- 
disiloxanyl)+D-ribofuranosyl I -S&pyrrolo 3,241pyrimidlne (26). 

mixture of tri-a-butyltin hydr ide  (0.097 g, 0.33 ml) and AIE3N 

(0.010 g,  0.06 mmol) i n  dry to luene  (0.5 mL) was added dropwise t o  a 
stirred refluxing solut ion of 25 (0.054 g ,  0.07 ml) in  dry toluene 
(1 mL). Refluxing was continued for 2 h and the mixture was then cooled 
t o  6OoC and concentrated in =. The residue was dissolved in CH2C12 

and sub jec t ed  t o  preparative TLC (3 plates) using CH2Cl2:CH30H (20:l) as 
the developing agent. The desired product was extracted (CH2C12:MeOH, 
1 O : l )  and, after evaporation, obtained as a white sol id  (0.040 g, 91%, 

mp 63-65oC). 'H NMR (CDC13): 

(pseudo t, 2H, H-2'. H-2"). 3.86 - 4.18 (m, 3H, H-4', H-5', H-5"). 

4.67 (m, l H ,  H-3'1, 5.49 - 5.63 (pseudo t. l H ,  H - l ' ) ,  7.55 - 7.62 (m, 
4H, 
H-21, 8.93 (br s, l H ,  CONH, exch.  w i t h  D20), 10.93 (br s, l H ,  pyrrolo 
NH, exch. w i t h  D20). 

C,  60.01; H, 7.44; N, 9.03. 

A 

6 1.05 - 1.08 (m, 28H, 4CH3-CB-C83), 2.50 

and p-benzoyl. H-6). 7.99 - 8.05 (m, 2H. Q-benzoyl), 8.62 (5, l H ,  

Anal Calcd for C ~ O H ~ ~ N ~ O ~ S ~ ~ :  C,  60.37; H ,  7.43; N, 9.39. Found: 

S ~ l - 4 - ~ ~ l a p o i n o )  -7- [3 ' ,5 'U(l,l, 3 , 3 - t & ~ & ~ p ~ l -  

disilowrryl 1 - 2 - U - t r i f l u o r a f m y l - p + r  ibofuranosyl I - 
pyrroloC 3,241pyrimidine (27). T r  i f  luormthanesu 1 f ony 1 chloride 
(0.37 g ,  2.20 ml) was added dropwise a t  O°C under N2 atmosphere to  a 
stirred mixture of 24 (1.45 g ,  1.84 ml), 4-dimethylaminopyridine 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 559 

(0.234 g, 1.91 mmol) and t r ie thylamine (0.221 g, 2.18 mmol) i n  dry 
CH2C12 (25 mLJ. The terrperature was slowly raised to  25OC and the 
mixture w a s  s t i r red  for 1 h. 
CH2C12 and poured over crushed ice. The a q u a s  layer was extracted 
with CH2C12 (twice). The organic layers were corrbined. washed with H20 
(twice), dried (Na2SO4) and concentrated in a t  25OC. The residue 
was dissolved in a minirun quantity of CHzC12 and purified by f lash  
column chromatography using pet.ether:EtO& (85:15) as the eluent. 
Fractions containing the pure product were pooled and concentrated in 

The reaction mixture was then diluted with 

t o  give 27 a s  a color less  solid,  (1.50 g, 86%, np 104-106OC). 'H 
NMR (CDC13): 6 1.06 - 1.12 (m. 28H, 4-CH3-CH-CH3), 3.92 - 4.03 (m, 3H, 
H-4', H-5', H-5"). 5.13 - 5.29 (m, 2H, H-l', H-3'1, 5.86 (d, lH, H-2', 
J ~ , , ~ ,  = 0 Hz, J2',3t = 4.9 Hz). 7.33 - 7.68 (m, 10H. m and p b e n z o y l  
and H-61, 7.81 - 8.03 (m, 6H, p-benzoyl), 8.62 (s, lH, H-2). 

C, 56.71; H, 5.39; N, 5.88; S, Anal. Calcd for C45H51F3N4010SSi2: 
3.36. Found: C, 56.52; H. 5.51; N, 5.82; S, 3.19. 

S-Bmmyl-4- (dibenzoylamino) -743,S-U- ( 1 1 3, 3+etraisaptapYl- 
disiloxany1) -2-deoxy-2~r~~-r~ll~rrolo C3 J 241- 

pyrimidine (28). A mixture of 27 (1.50 g, 1.57 ml) and lithium 
bromide (0.284 g, 3.27 m1) in dry hexamethylphosphorrni.de (HMPA. 
16 mLJ was s t i r red  for 4 h in a sealed vessel under an argon amsphere.  
The mixture was poured over icewater (- 100 g). The precipitate formed 

was separated by f i l t r a t ion ,  washed thoroughly with H20 and dried 
y u  a t  6OOC over P2O5 fo r  4 h. The crude product (2.04 g) was 
purified by f lash column chromatography using CH2C12:MeOH (200:l) as the 
eluent t o  give 28 as a white sol id  (1.36 g, 57%. np 135-136OC). 
(CDC13): 6 1.06 - 1.09 (m, 28H, 4CH3-CH-CH3), 3.92 - 4.20 (m, 3H, H-4', 

4.92 (m, lH, H-3'1, 5.51 (d, lH, H-l'), 7.26 - 7.70 (m, 10H, a- and E- 
benzoyl and H-61, 7.84 - 8.05 (m, 6H, Q-benZOyl), 8.72 (s, lH, H-2). 

'H NMR 

H-5'. H-5"), 4.81 (dd, lH, H-2', J1,,2' = 4.3 Hz, J28,3, = 2.1 Hz), 

Anal. Calcd fo r  C44H51BrN40,Si2: C, 59.78; H, 5.81; B r ,  9.04; N, 
6.34. Found: C, 59.84; H, 5.86; B r ,  9.22; N, 6.26. 
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t o  a solution of 28 (1.78 g, 2.02 ml) in  dry benzene. 
refluxed under an argon atrmsphere for 2 min. A solution of AIBN 

(20 q) in dry benzene was then added quickly t o  the reaction mixture 
and heating was continued for 3 h. 
and concentrated h -. The crude product was purified by f lash 
column chromatography using f i r s t  CH2C12:MeOH (150:l) then CH2C12:MeOH 
(80:l) as eluents. After evaporation of appropriate fractions, 29 was 
obtained as a white so l id  (1.30 g ,  80%. rrp? 93-95OC). 'H NMR (QIc13): 
1.04 (m, 28H, 4Cu3-CH-Cu3), 2.50 (pseudo t. 28,  H-2'. H-2"). 3.80 - 
4.10 (m, 3H. H-4'' H-5', H-5"), 4.62 - 4.72 (m,  lH, H-3'1, 5.40 (pseudo 
t, lH, H-l'), 7.26 - 7.61 (m, 10H, and g-benzoyl and H-61, 7.82 - 8.06 
(m,  6H, Q-benzoyl), 8.71 ( s ,  IH, H-2). 

The mixture was 

The mixture was then cooled t o  35OC 

S 

Anal. Calcd for C44H52N40,Si2: C, 65.64; H. 6.51; N. 6.96. Found: 
C, 65.26; H, 6.70; N. 6.60. 

4 - ~ m j n o - 7 - C 3 . 5 + ~ 1 , 1 . 3 , 3 ~ ~ a ~ r ~ l a i s i l o x a n y l ~ - 2 ~ ~ ~ -  

A solution of 29 ~ r i b o f u r a m > s y l l - ~ ~ r o l o ~ 3 , 2 ~ 1 ~ ~ d i n e  (30). 
(0.30 g, 0.37 ml) in  saturated methanolic ammnia (60 mLJ was s t i r red 
in a closed pressure-resistant vessel for 16 h a t  anbient temperature. 
The mixture was concentrated in and the residue purified by pre- 
parative "LC (4 plates) using CH2C12:MeOH (10:l) as the developing 
agent. The desired product was extracted with CH2C12:MeOH (lO:l), 
f i l t e red  and the f i l t r a t e  concentrated h KSUQ t o  give 30 as a white 
Solid (0.138 g. 77%, rrp 220-222OC). 'H N4.R ( m 1 3  + DMSO-ds): 
1.07 (m, 28H, 4Cb3-CfL-CH3), 2.36 - 2.59 (m, 2H. H-2', H-2"). 
4.13 (m, 3H, H-4'. H-5', H-5"). 4.58 - 4.73 (m,  lH, H-3'). 5.44 (pseudo 
t ,  18, H-l'), 6.25 (br s, 28. NH2, exch. with D20), 7.34 ( s ,  18, H-6, 

sharp. w i t h  D20). 8.29 ( s ,  lH, H-2). 10.78 - 10.87 (br s ,  lH, NH, exch. 
with D2O)b 

Anal. Calcd fo r  C23H40N404Si2: C, 56.06; H, 8.18; N, 11.37. 
Found: C, 55.84; H, 8.12; N, 11.21. 

6 1.04 - 
3.50 - 

4-Amino-7- ( 2-deoxy-B+r~furanueylbofuranosyl) -5&pyrrolo C3,2-dl~imidine 
hydrochloride (31). TBRF (dried overnight over P2O5 before 
use; 0.121 g ,  0.46 ml) was added quickly. under argon, t o  a suspension 
of 30 (0.107 g ,  0.22 mmol) i n  dry THF (2.5 mL). The react ion m i x t u r e  
was s t i r red  in a sealed vessel for 45 min. The mixture was then concen- 
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trated in - and t h e  residue dissolved in  CH2Cl2-CH30H and purified 
by preparative TIX: (4 plates, 2 developnents) using CHC13:MeOH (4: l )  as 
t h e  developing agent. The d e s i r e d  product was extracted with warm 
CHC13:MeOH (3:1), filtered and t h e  f i l t ra te  concentrated h m t o  
g i v e  t h e  free base of 3 1  as  a hygroscopic s o l i d .  This material was 
converted to  the hydrochlor ide s a l t  by the addition of 6% HC1/CH30H 

2 mL), fol lowed by evaporation 
thoroughly with anhydrous e t h e r  and dried h m g ~ ~  over P2O5 t o  give 3 1  

as its crystall ine hydrochlor ide s a l t  (0.050 g ,  92%. rrp > 3OOOC). 

NMR (DMSO-d6): 8 2.00 - 2.13 (m, 2H, H-2'. H-2"). 3.56 - 4.00 (m, 28, 

H-5', H-5'9, 3.71 - 3.85 (m, l H ,  H-4'1, 4.29 (m, l H ,  H-3'). 5.29 

(pseudo t ,  la, H - l ' ) ,  7.70 (br s,  2H, 20H's exch. w i t h  D20), 7.87 (d. 
l H ,  B-6, JNH,6 = 3.5 Hz, c h a n g e s  t o  s w i t h  D 2 0 ) ,  8.50 (s, 1 H ,  H-2). 9.15 

(br s, 28, NH2, exch.  w i t h  D 2 0 ) ,  11.13 (s, l H ,  NH, exch. w i t h  D20) .  

m. The resulting product was washed 

'H 

Anal. Calcd for  C11H14N403.HCl: C, 46.08; H ,  5.27; C1. 12.36; N ,  

19.54. Found: C, 46.01; H, 5.30; C1,  12.28; N,  19.36. 

5-Benzoyl-4-(dibenzaylamino)-7-[3.5-0-(1D1,3.3-tetraisapraw1- 
disiloxanyl) -2-deoxy-2-chlor~~~arab~fur~~ll~roloC3 # 241-  
pyrimidine (32). A mixture of 27 (1.31 g, 1.38 ml) and l i t h i u m  

c h l o r i d e  (1.50 mml) i n  dry HMPA (10 mL) was stirred under argon in  a 
sealed vessel a t  25OC for 1 h. The mixture was poured over icewater. 
The l i g h t  yellow precipitate formed was separated by f i l t ra t ion,  washed 

thoroughly with H20 and dried over P2O5 in m t o  give a crude 
product, which was purified by preparative TLC (5 plates) us ing  
CH2C12:MeOH ( 1 O O : l )  as t h e  developing agent.  The plates were developed 
twice. 
filtered and t h e  f i l t ra te  concentrated h t o  give 3 2  as a white 
s o l i d  (0.525 g ,  4596, mp 1 2 4 - 1 2 8 0 .  

The desired product was extracted w i t h  CH2C12:MeOH (100:2). 

'H NMR (CDC13): 6 1.04 - 1.10 (m, 
28H, 4CH3-Ca-CK3), 3.85 - 4.00 (m, 3H, H-4', H-S', H-5")s 4.71 - 4.75 
(m, 2H,  H-2', H-3'). 5.62 (dd, l H ,  H - l ' ,  J1 ' ,2 '  = 4.3 H Z ,  J 6 . 1 ~  - - 
<1 Hz), 7.32 - 7.70 (m, 1 0 H ,  and E-benzoyl and H-6)' 7.82 - 8.11 (m, 
6H, Q-benzoyl), 8.72 (s, l H ,  H-2). 

Anal. C a l c d  for C44HslC1N4O7Si2: C, 62.95; H,  6.12; C1,  4.22; N,  

6.67. Found: C, 62.72; H. 6.25; C1, 4.07; N, 6.48. 

5-Benaoyl-4- (dibenzaylamino) -7- [3,5-0-(1# 1 3,3-tetraisapraw1- 

disi loxanyl)-2-deoxy-2-iodo-B-D-arab~fur~l l~roloC3.2~1-  
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pyrimidine (33). 
iodide (0.496 g, 2.99 ml) i n  dry HMPA (30 mL) under argon in a sealed 
vessel, was sonicated for 10 m i n  and then  m a g n e t i c a l l y  stirred a t  25OC 

for 24 h. The mixture was then poured over crushed ice and the resul- 
t i n g  precipitate filtered, washed thoroughly wi th  H20 and dissolved in  
CH2C12. 
evaporated in -. The r e s u l t i n g  residue was subjected t o  f l a s h  
c o l m  chromtography using CH2C12:MeOH (300:l) as t h e  eluent. 
t ions containing the pure product were p l e d  and concentrated in man 
t o  g i v e  33 as a white s o l i d  (1.30 g, 46%. 124-128C). 'H NMR (CDC13): 

S 1.03 - 1.09 (m, 28H. 4Cu3-CpCu3), 4.02 (m, 3E. H-4', H-5', H-5"). 

10H. 

1H.  H-2). 

A mixture of 27 (2.85 g, 2.99 ml) and potassium 

The CH2C12 so lu t ion  was washed w i t h  H20, dried (Na2SO4) and 

Frac- 

4.82 - 5.08 (m, 3H. H-l ' ,  H-2', H-3', J1 , ,2 i  = 4.6 H Z ) ,  7.22 - 7.66 (m, 
and p-benzoyl and H-61, 7.84 - 8.00 (m, 6H, Q-benzoyl), 8.72 (s, 

Anal. Calcd for  C44H511N407Si2: C, 56.76; H. 5.52; I ,  13.63; N ,  

6.02. Found: C, 57.00; H,  5.63; I ,  13.76; N. 5.98. 

5-13enaoYl-4-(dibenzayLamino) - 7 4 2  '+b1~0~1-3,5-0- (1,1,3,3- 
t e t r a i s a p r a p y l d i s i l o x a n y l ~ - ~ ~ ~ ~ ~ r ~ l l ~ r o l o ~ 3 . 2 ~ l -  
pyrimidine (34). A mixture  of 27 (0.95 g,  1.00 mmol) and sodium 
benzoate (0.15 g, 1.04 ml) in dry HMPA (10 mL) was stirred under argon 
atnosphere for 1 h. 

r e s u l t i n g  precipitate filtered and dried in 
crude product. Purification by f lash  c o l m  chromatography using 
CH2C12:CH30H (200:l) as t h e  e luent  afforded 34 as a white sol id  (0.55 g, 
60%, 118-120OC. 'H NMR ((JDc13): S 1.03 - 1.06 (m, 28H, 4CB3-4Cu- 

Cu3),  3.92 - 4.18 (m, 3 H .  H-4'. H-5', H-5"), 4.84 (m, l H ,  H-3'1, 5.70 - 
5.83 (m, 2H, H - l ' ,  H-2'), 6.22 - 7.93 (m, 21H, 4 benzoyls and H-6), 8.68 

(S, 1H.  H-2). 

The mixture was then poured in  ice-water and the 
over P20s t o  g i v e  the 

Anal .  C a l c d  for C51H56NqOgSi~: C, 66.21; He 6.10; N, 6.05. Found: 

C ,  66.10; H, 6.15; M, 5.99. 

5~1-4-~dibenagrLemino~-?-C2-og-nitrobenaoy1-3,5-0- 
( 1 , 1 , 3 , 3 - t e t r a i s c ; p r ~ ~ i s i l o x a n y l ~ - ~ U ~ ~ ~ ~ ~ 1 1 ~ r o 1 o ~ 3 . 2 -  
dlpyrimidine (35). A mixture of 27 (5.887 g, 6.18 ml), sodium 
p-nitrobenzoate (1.18 g ,  6.22 ml) i n  dry HMPA (62 mL) was stirred at  
25OC under an argon a m s p h e r e  i n  a sealed vessel for 1 h. The mixture 
was then poured over crushed ice. The precipitate formed was filtered, 
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washed thoroughly with H20. dried in y s c u ~  over P2O5 and t h e  crude 
product purified by f l a s h  column chromatography using CH2C12:MeOH 
(200:l) as the eluent. F r a c t i o n s  conta in ing  the pure product were 
pooled and concentrated 
2.777 g,  46'5, mp 126-127oC). 

4Cu3-Cu-CB3), 4.04 (m, 3H, H-4'. H-5', H-5"), 4.91 (m, l H ,  H-3'1, 5.65 
- 5.90 (m, 28, H - l ' ,  H-2'1, 7.18 - 8.19 (m, 20H, Q. m and E-benzoyl, H- 

6 ) ,  8.61 (s, l H ,  H-2). 

ffacu~ t o  give 35 as a white solid,  (yield 
'H NMR (CDC13): S 0.99 - 1.07 (m, 28H, 

Anal. C a l c d  for  C51H55N5011Si2: C, 63.14; H,  5.71; N, 7.22. 

Found: C, 63.19; H,  5.61; N,  7.12. 

4-Amino-7-C2~~1-3.5-0-~1.1.3.3-tetraisaprapy1- 

disiloxanyl~-~+arab~furanosyl l-~-pyrrolo[3,2~lpyrimidine (36) and 
1-Amino-7-[3,5-0-(1 .1 ,3 ,3- te tra imprapyl .d is i l ) -pD-arab~ 
furanosyll-5B-pyrrolo[3.2~lpyrimidine (37 1. 

at 25OC in a pressure-resistant vessel for 30 h. The mixture was then 
concentrated 
CHZC12:MeOH (10:l) as developing agent. 
!bm major bands were observed under UV l i g h t .  

CH2C12:CH30H ( 1 O : l ) .  

and 37 as whi te  solids. 

8: A solution of 34 in saturated methanolic anmnia was stirred 

-and the residue subjected t o  preparative TLX: using 
Plates were developed twice. 

Each was extracted wi th  

F i l t r a t i o n  and'evaporation t o  dryness afforded 36 

The less polar conpound was identified as 36 (0.069 g. 42% np 260- 

3.95 - 4.90 (m, 3H, H-4', H-5', H-5"), 4.90 (m, 1 H .  H-3'1, 5.67 (m, 2H, 

H- l ' ,  H-2'1, 6.18 (s, 2H, NH2, exch. w i t h  D20).  7.32 - 7.53 (m, 4H, m 
andp-benzoyl. H-61, 7.71 - 7.78 (m, 2H, Q-benzoyl), 8.21 (s, 1 H .  H-21, 

10.71 (br S, l H ,  NH, exch. w i t h  D20).  

C ,  58.81; H,  7.36; N. 8.18. 

261OC). 'H NMR ( m 1 3  4- DMSo-d6): 6 1.03 - 1.13 (Ill, 28H, a 3 < f l a 3 ) ,  

Anal. C a l c d  for C30H44N406Si~: C, 58.79; H,  7.24; Ns 8.49. Found: 

The mre polar product was identified as 37 (0.037 g ,  27%, np 145- 

146OC). 'H NMR (DMSO-d6): 6 1.03 - 1.06 (m. 28H, CK3-Cu-Cu3), 3.72 - 
3.95 (m, 3H, H-4', H-5'. H-5"). 4.13 (m, 1 H .  8 - 2 9 ,  4.36 (m, l H ,  H-3'), 

5.10 (d, l H ,  H-l ' ,  J1',2t = 4.0 Hz), 6.83 (s, 2H, NH2, exch. with D 2 0 ) ,  

7.54 (d, l H ,  H-6, J N H , ~  = <1 Hz, c h a n g e s  t o  s wi th  D20) ,  8.07 (s, l H ,  
H-2)' 10.99 (br s, l H ,  NH, exch. w i t h  D20).  

Anal. C a l c d  for C23H40N405Si2: 

Found: C, 54.13; H. 7.92; N, 10.99. 

C. 54.30; H,  7.92; N,  11.01. 
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M- H: 
CH30H (44 mL) was heated t o  reflux for 2 h. 
cooled, neutralized with Anherlite IFC-50 (H') (- 12 I&), f i l t e red ,  and 
the  f i l t r a t e  concentrated Fn m. The crude product was purified by 
preparative TLX: (4 plates)  using CH2C12:MeOH (8:l) as the developing 
agent. The plates  were developed twice. The desired product was 
extracted wi th  CH2C12:MeOH (8:1), f i l t e red  and the f i l t ra te  evaporated 
A y a a ~  t o  give 37 as a white so l id  (0.08 g, 26%, mp 144-146OC), which 
was identical t o  the product obtained by Method A. 

A so lu t ion  of 34 (0 .55 g. 0.59 mmol) i n  0.01 M NaOCH3 in  
The mixture was then 

C: A solution of 35 (0.25 g, 0.13 ml) in saturated methanolic 
amnonia was s t i r red a t  25OC in a closed pressure-resistant vessel for  
36 h. The mixture was then concentrated ia y.acu0 and t h e  residue 
purified by preparative TLC (2 plates)  using CHC12:MeOH (10:l) as the 
developing agent. Plates were developed twice. The desired product was 
extracted with warm CH2C12:MeOH (10:l). filtered and the f i l trate evapo- 
rated in 
147OC), which was identical t o  t h e  product obtained by Methods A and B. 

t o  give 37 as a white solid,  (0.096 g, 73%, mp 146 

4-Amino-7-(8-Darabinofuranosyl)-sH-pyrrolo [3,24Ipyrimidine ( "9- 

DEAZA r n - A " )  (38). A m i x t u r e  of 37 (1.24 g, 2.44 mo1)  and TEAF 

(1.354 g, 5.18 mmol) i n  dry THF (35 mL) was s t i r r e d  a t  25OC under an 
argon atm3sphere in a sealed vessel for 
trated in 
chromatography using f i r s t  CH2C12:MeOH (4:l) and then CH2C12:MeOH (3:l) 
as eluents. Fractions containing the pure product were conhined, 
evaporated to dryness in and the residue crystal l ized from CH30H 
t o  give 38 as a white crystal l ine,  analyt ical ly  pure so l id  (0.52 g, 81%. 
mp 225-226OC). 'H NMR (DMSO-d6): 6 3.57 (m, 2H, H-5' ,  H-5"). 3.66 (m, 
lH, H-4'1, 3.89 - 4.10 (m, 2H, H-2'. H-3'1, 5.16 - 5.25 (m, 3H. H-l', 
changes t o  d wi th  D20, J1,,2, = 3.1 Hz, 2 OH'S exch. wi th  D20), 5.72 (br 
m, lH, OH, exch. with D20). 6.76 (s, 2H, NH2, exch. with D20), 7.54 (d, 

10.88 (br s, lH, NH, exch. w i t h  D20) .  

Anal. Calcd fo r  C11H14N40q: 
C, 49.71; H, 5.47; N, 20.88. 

h. The mixture was concen- 
and the residue was purified by f lash  c o l m  

1H. H-6. J N H , ~  = 2.8 HZs changes t o  S with D2O), 8.06 ( S I  1Hs H-21, 

C, 49.62; H, 5.30; N, 21.04. Found: 
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2'-MODIFICATIONS OF C-NUCLEOSIDES 565 

4-Amino-?- C2-deoxy-2-ro-3 . 5-0- (1,1 3 . 3-tetraisapraw1- 

disiloxanyl~-fl~~~rarabinofuranosyl~-SH-pyrrolo~3.2~~~imidine (39). A 

solution of 32 (0.25 g. 0.30 ml) in saturated mthanolic ammnia 
(50 mLJ was s t i r red  a t  25OC i n  a sealed pressure-resistank vessel for 

24 h. 
fied by preparative TLC (2 plates,  developed twice) using CH2C12:MeOH 

( 1 O : l )  as the developing agent t o  give 39 as a white so l id  (0.10 g, 

Cu3). 3.80 - 4.05 (m, 38, H-4', H-5', H-5'9, 4.67 (pseudo t. l E ,  H-2'1, 

4.90 (pseudo t ,  l H ,  H-3'). 5.48 (d, l H ,  H - l ' ,  J 1 , , 2 '  = 5.2 Hz), 6.73 (s, 

2H, NH2, exch. with D20) ,  7.46 (d, 1H.  H-6, J6,NH = 2.4 Hz, changes t o  s 
with D 2 0 ) ,  8.06 (s, l H ,  H-21, 10.93 (d, l H ,  NH, exch. with D20).  

10.63. Found: C, 52.1.6; H,  7.60; C 1 ,  6.86; N, 10.53. 

The mixture  was then concentrated k and the residue puri- 

64%, mp 215-216OC). 'H NMR (DMXkd6): 6 1.03 - 1.11 (m, 28H, 433-CU- 

Anal. Calcd fo r  C23H39C1N404Si2: C, 52.40; H,  7.46; C1 ,  6.72; N, 

4 - A m i n o - 7 - f 2 ~ ~ - 2 ~ r ~ 3 . . 5 U ( l . l  .3,3tetraisopropyl- 

disilownyl~-fl-D-arab~~~lnofuranosy1-~~rolo~3 B 2 i l l ~ i m i d j n e  (40). A 

mixture of 2 8  (0.395 g, 0.45 ml) i n  saturated methanolic m n i a  was 
s t i r red at 25OC in a sealed pressure-resistant vessel for 24 h. The 
reaction mixture was concentrated in yacuo. The crude product was 
dissolved in CH2C1ZCH30H and subjected t o  preparative TLC (2  plates ,  
developed twice) using CH2C12CH30H (8:1) as the developing agent. The 

desired product was extracted with CH2ClZ:MeOH (10:2). f i l t e r ed  and the 
f i l t r a t e  was evaporated i~ 

CK3), 3.80 - 4.08 (m, 3H. H-4', H-5', H-S"), 4.74 (pseudo t. l H ,  H-2'1, 

5.06 (pseudo t ,  l H ,  H-3'1, 5.36 (d, l H ,  H- l ' ,  J1 ' ,2 '  = 5.2 Hz), 6.77 (br 
s ,  2H, NH2, exch. with D20) ,  7.46 (br s ,  1 H .  H-6, sharp. with D20). 8.06 

(s,  l H ,  H-21, 10.94 (br s, l H ,  NH, exch. with D20).  

9.80. Found: C, 48.33; H,  6.88; B r ,  13.88; N, 9.65. 

to  give 40 as  a white so l id  (0.165 g, 
65%, IT@ 189-19OOC). 'H NMR (DM-6): 6 1.03 - 1.08 (m. 288, <&-CU- 

Anal. Calcd fo r  C23H39BrN404Si2: C, 48.32; H, 6.88; Br ,  13.98; N, 

~ - A m i n o - ~ - C 2 - d e o x y - 2 - i ~ 3 , ~ ~ ~ i , 1 . 3 . 3 - t e t r a i s a p r ~ 1 -  
d i s i l ~ l ~ # ~ ~ ~ ~ ~ ~ Q - a r a b i n o f u r a n o s y l ~ - ~ ~ r 0 l o ~ 3 . 2 ~ l p y r ~ d i n ~  (41). By 
a procedure identical t o  that  which gave 39, the tri-N-benzoyl deriva- 
t i v e  33 (0.35 g. 0.23 ml) was treated with saturated NH3/CH3OH (70 mL) 
t o  g i v e  41 as a white s o l i d  (0.133 g,  57%, mp 174-175OC). 'H NMR 

(DMSO-d6): 6 1.05 - 1.12 (m, 28H. 4 c ~ 3 - c ~ - c ~ 3 ) ,  3.72 - 4.14 (Ill. 3H, 
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H-4', H-5'. H-5"), 4.71 - 4.82 (m, lH, H-2'1, 4.94 (d, 1H. H-l', J1,,21 
= 5.8 Hz), 5.23 (pseudo t ,  lH, H-3'1, 6.81 (5, 2H, NH2, exch. with D20), 

2), 10.95 (br s. lH, NH, exch. with D20). 
Anal. Calcd fo r  C23H391N404Si2: C, 44.65; H. 6.35; I. 20.51; N, 

9.06. Found: C, 45.02; H, 6.68; I, 20.91; N, 9.19. 

7.45 (d, 1H, H-6, J N H , ~  = <1 HZ, changes t o  S with D2O). 8.09 (81 1H, H- 

4 d m i n o - 7 - ( 2 - D e o K y - a ~ ~ i ) - 5 g - p y r r o l o C 3 . 2 -  
alpyrimidines (general procedure) (42-44). A mixture of each of the 4- 
Amino-7-[ (2'-deoxy-2'-halo-3 ' ,5~~~1,1.3,3-tetraisopropyldisiloxanyl)- 
~-D-arabinofuranosyll-5~-pyrroloC3,2-dlpyrimidines 39 - 41 (0.68 m1) 
and TEN? (1.45 ml) i n  dry THF (9mL) was s t i r red  a t  25OC under an argon 
amsphere in a closed vessel for 1 h. 
was then concentrated in yxu~ and the residues dissolved in CH2C12- 
CH30H and subjected t o  preparative TIX: (3 plates,  developed twice) using 
CH2C12:MeOH (3:l or 4:l) as the developing agent. 
were extracted with warm CH2C12:MeOH (3:1), f i l t e r ed  and the f i l t r a t e s  
concentrated in yaw2 to  give 42 - 44 as white solids,  which were 
recrystallized from CH2C12cH30H. 

Each of the reaction mixtures 

The desired products 

i 4-Amino-7- ( 2 ~ 2 - C h l o r ~ ~ a b b f U r ~ l )  -5H- 
pyrrolo[3,2~1pyrimidine (42). Yield: 96% np 225-227OC. lH NMR 

(dd, lH, H-2'1, 5-01 (br S. 1H, CH2OB. exch. with DzO), 5.52 (d, lH, 
H-l', Jl,,2, = 3.3 Hz), 5.73 (d, 1H. CHOH. exch. with D20, J o H , ~ ~  = 4.3 
Hz), 6.72 (s. 2H, NH2, exch. with D20). 7.48 (d. 1H. H-6, JNH,~ = 

2.1 Hz, changes t o  s with D20), 8.07 (s, lH, H-2), 10.90 (br  s, lH, NH, 
exch. with D20). 

19.68. Found: C, 46.46; H, 4.73; C 1 ,  12.56; N, 19.46. 

(DMSO-d6): 6 3.64 (m, 3H, H-4', H-5', H-5"), 4.30 (m, 1H. H-3'1, 4.47 

Anal. Calcd fo r  C11H13C1N403: C,  46.41; H, 4.60; C 1 .  12.45; N, 

i i) 4-Amino-? - (2~2-braa~j l i )arab inofuranasy l ) -5H-  
pyrrolo[3,2~lpyrimidine (43). Yield: 95%, np 200-202oC. 'H NMR 

(dd, lH, H-2', J1,,2, = 3.7 Hz, J2,,3, = < lHz), 5.02 (m, lH, CHzOB, 
exch. with DZO), 5.36 (d, lH, H-l'), 5.94 (d, lH, CHO& JoH,3* = 4.3 HZ, 
exch. with D20), 6.72 (6, 2H, NU2, exch. with D20), 7.47 (d, 1H, H-6, 

(DMSO-d6): 6 3.71 (m, 3H, H-4', H-S', H-5")' 4.45 (m, lH, H-3'1, 4.57 
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changes t o  s with D20), 8.07 (s, lH, H-2), 10.87 (br s, lH, NH, exch. 
with D20). 

17.02. Found: C, 40.30; H, 4.07; B r ,  24.39; N, 16.66. 
Anal. Calcd fo r  C11H13BrN403: C, 40.14; H, 3.98; B r ,  24.28; N, 

i i i I - A m i n o - l - ( 2 ~ 2 - i o d o - B - ~ ~ ~ l ) - ~  
pyrrolo[3,2~1pyrimidine (44). Yield: 38% np 127-129OC. lH NMR 

4.79 (d, lH, H-l', J1,,2, = 4.1 Hz), 5.21 (m, lH, CH20€l, exch. with 
D20), 5.93 (d, lH, CHOB, J o H , ~ ~  = 4.4 Hz, exch. with D20), 6.73 (s, 2E, 
NH2, exch. with D20), 7.43 (d, lH, H-6. changes t o  s with D20), 8.05 (s, 
lH, H-2)' 10.87 - 10.91 (m, lH, NH, exch. with D20). 

14.90. Found: C, 34.90; H, 3.63; I ,  33.61; N. 14.72. 

(DMSO-d6): S 3.72 (S, 3H, H-4'. H-5', H-5"), 4.64 (m. 2H, H-2'. H-3'1, 

Anal. Calcd fo r  C11H131N403: C, 35.12; H, 3.38; I, 33.74; N, 

Am- 

We are indebted t o  Dr. Jack J. Fox for h i s  continued interest  and 
to Dr. Brian A. Otter for helpful suggestions. We a l so  thank Ms. Iris 
Werrpen for her invaluable assistance in the preparation of synthetic 
precursors and Mr. Marvin O l s e n  for recording the NMR spectra. 
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