
TewaFtedmn Levers, Vol. 35, No. 30. pp. 5339-5342. 1994 
J?lsevier Science Ltd 

printed in &at Britain 
0@40-4039/94 s7.00+0.00 

OO40-4039(94)01055-2 

4-Aza-7,9-Dideazaadenosine, a New Cytotoxic Synthetic C-Nucleoside 
Analogue of Adenosine 

Shirish A. Patil, Brian A. Otter and Robert S. Klein 

Albert Einstein CMlege of Medkine Cancer titer and Medicinal Chemistry L&oratory, Department of 

Oncology, Montefiore Medical Center, 111 East 2fOt.b St., Bronx, NY 10467. 

Abstract: The first synthesis of M , the pyrrolo[2,1-fl[1.2,4]triazinc C-nucleoside congener of adenosine is described. 

The key intexmediate ribofuranosyl pyrmle 4 is obtained by the direct C-ribosylation of pyrrolemagnesiumbromide with 2,3,5-t& 

0-benzyl ribose followed by an acid-catalyzed dehydration. Vilsmeier formylation of 4 followed by N-amination and CHO --r CN 

conversion affords N-amino nitrile intermediate 2 which can be cyclized with formamidinc acetate to the blocked title compound 2. 

Hydrogenolytic debenzylation completes the synthesis. In vitro growth inhibitory activities of 1p against leukemic cell lines (0.8 

- I5 TIM) are comparable to those of pdeazardenosine. 

As part of our program directed towards the design and synthesis of novel purine-like C-nucleosides of 
potential biomedical interest, we recently initiated the investigation of a new class of analogues where the purine 
moiety is replaced by the pyrrolo[2,1-jj[1,2,4]triazine system (also referred to herein as 4-aza-7,9-dideaza 
purine). Our interest in such analogues was prompted by, among other considerations, the considerable 
similarity between the computer-generated molecular electrostatic potential (MEP) maps of adenosine and of its 
pyrrolo[2.1-f1[1,2,4]triazine congener when plotted in the plane of the base. As a preliminary to the 
investigation of this new class of C-nucleosides, we described recently 1 a simple synthetic approach to several 
4-mono- and 2,4_difunctionalized pyrrolo[2,1-fi[l,2,4]triszine derivatives which are also new analogues of 
the common nucleic acid purine bases. The developed method was expected to be amenable to the synthesis of 
the comsponding C-nucleosides and relies on the utilization of either hydroxylamine-O-sulfonic acid (HOSA) 2 
or 0-mesitylenesuKonylhydroxyhunine (MSH) 3 to bring about both N-amination and conversion of CHO --> 
CN of appropriately substituted 2-pyrrole aldehydes. We wish to report herein its application to the synthesis of 
the adenosine analogue JQ. 

We had envisaged the prerequisite intermediate for this synthesis to be a 5ribosyl pyrrole-2 aldehyde such 
as 5 or, alternatively, its unformylatcd precursor 4. Maeba et al. had previously reported the synthesis of the 
2,3,5-tri-O-benzoyl- and 2,3-O-isopropylidene- derivatives of s as well as the fully unblocked ribofuranosyl- 
pyrrole 2-carboxaldeh$~le.*l These authors also reported the synthesis of 2-(fl- and IX-D-ribofuranosyl) pyrrol+5 
Though all were deemed suitable for our pui-pose, they were obtained by fairly lengthy routes involving 
oxidation of a 2-ribosylated furan or a S-ribosylated 2-furfury] alcohol followed by @eatment of the products 
with an appropriate monoamine. We opted for a shorter approach involving direct ribosykMun of the pyrrole 
ring based on recent studies of the reaction between indolylbromomagnesium salts and protected furanoses 
which showed that solvent effects played a critical role in determinin g the regiosebecrivib~r of N- vs C-glycosyl- 
ation, 6 with C-alkylation becoming almost exclusive with the use of CH2Cl2. Extension of these studies to the 
direct C-heteroarylation of acyclic and cyclic sugars with pyrrole 7 had further demonstrated the possibility for 

good regio- and stereoselective control. 
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(i) CH~C~~/O “C; (ii) CF#XOH; (iii) POCl@MF/O “C; (iv) O-Mesityle~ulfonylhydroxy~esulfonylhydroxylamiac, 
NaH / THF / 0 ‘c; (v) HOSA. KOH / Dioxanc-H20 / 0 ‘C; (vi) Formamid& acetate, EtOH / Refk 
(vii) -dine m, DIMA f 14.0 ‘C; (viii) K2C03 / MeoH; (ix) 10% FkVC. Hz, ACOH. 

Reaction between 2 8 and pyrrolemagnesium bromide 7.9 1 (?5 equiv.) io CHzClz at 0 “C! for 1 hr. 
followed by quenching with aqueous NH&l afforded a mixture of products containing slditolylpyrrole a. 
Without isolation, 2 was subjected to an in situ acid-promoted dchydrative annulation to 4 by addition of 
CF3COOH. Thin layer chromatogmphy indicated that the xwztion was complete after 1 hr. at room temperature. 
In initial experiments, partial chromatographic separation of the products indicated a mixtum of both C- and N- 
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nucleosides. the complete chatzteriration of which was ret&red difficult by their slow degradation throughout 
the separation procedures. Since we expected the inductive effect of the carboxaldehyde function in 
interme&k~ to reduce susceptibility of these pyrrole derivatives to oxidation and otherdegmdative pmcemes. 
nofurtherateemptsweremade~Oisolate4inpunformatthisstpge. ktead,adirect Vilsmiaformyh4tionof 
the aromatic nucleus was canied out by the dropwise addition of the crude product containing 3 to a solution of 
POCl3 (1.8 equiv.) in DMP at 0 ‘C followed by quenching with sodium acetate. The major product, pyrrole 
aldchyde s, was isolated by tlash chromatography on silica gel [ethyl acctatc (8%-15%) in hexancs] (26 96 
yieldfrom2). Thc~HNMRspecmunofthemattrialobtaincdfFomthe~~rfractionscontainiogiindicaad 
also a small amount of an isorrnnic product, presumably the a-anomer. A crystalline sample of i to was 
obtained by cooling concentrated elution fractions; mp 103-106 “C. X-Ray crystallographic techniques 
established its identity as the &sired &anort~ and t~ealed a strong hydrogen bonding bctwecn Nl-H and O- 
5’. 

For the further elaboration of aldehyde L to the desired N-amino nitrite intermediate 2, we found it 
advantageous to carry out first the N-amination of 5 with MSH followed by conversion of the aldehyde 
function of crude inttrmtdiabe 6 to a nitrile with HOSA. Gcncration of the anion of 5 with NaH (2 equiv.) in 
THP and treatment with MSH 3. ( 1.1 cquiv.) at 0 ‘C for 45 minutes led to a complete conversion to 6. Without 
extensive purification, the crude product (4, in dioxane-water, 3:2) was treated with HOSA (3.5 equiv.) for 2 hr 
at 0 ‘C and the resulting oximt -0-sulfonatc intermediate was degrackl in s&u by the addition of a cold 
dioxane-water (1: 1) solution of potassium hydroxide. Crude N-ammo nitrile 2 was isolated by standard 
extractivepruccdumsandusedassuchinthenextstep. 

Conversion of 1 to the blocked adenosine analogue !! by treatment with formamidine acetate (10 equivs.) 
in boiiing ethanol (23hr ) was moderately successful, affording the desired product 2 in 27 % yield together 
with a small amount of the N-f crmamidino intermediate S (7 96 yield). These were readily separated by 
preparative TLC (CHCl3-MeGH,r96:4). As expected from our earlier studies,t intermediam S could be readily 
converted to 2” ( 58 %) by treatment with base (K2CO3) in MeOH for 4 hr at ambient temperature. The 
relativelymodestyMds&tainedinthedirectannulation of2 ->4 withformamidkacetateinboilingethanol 
stand in sharp contrast with the much higher ones (93%) we had obtained in the conversion of a 4-ribosylated 3- 
amino-2-cyano pyrrole to the corresponding pyrrolo[3,2-dlpyrimidine congener of adenosine (a 9- 
deaxU&nosine derivative) under simiJarconditions t2 and may reflect the much lower nuckophihcity of tire N- 
NH2groupin2. Abe#er~~~of2->ewasultimatelyachievedbythatingZwithf ‘-1’ acetate 
(10 equivs.) in DMA for 1.5 brat 140 ‘C. Isolation of the product by flash chromatography on silica gel 
(CHCl+MeGH, 995~0.5) gave 2 in 45 % yield. The synthesis of 4-amino-7-(p-D-ribofumnosyl)pyrrolo[2,1- 
fl[i.2i4]triaxine Up ) was completed by the hyckogenolytic debenxylation of 2 over PdK (10 96, Degussa 
type) in AcOH as solvent and with H2 at atmospheric pressure for 21 hr to give m in 46 % yield, mp (water) 
210-214 “C_t3,14 

Thepreliminaryinvitrodatas ummarixed in Table 1 indicate that 4-sxa-7,9dideaxaadenosine M has 
pronounced growth inhibitory activity against several mouse and human neoplastic celJ lines comparable to that 
of 9deazMenosine. 

Table 1 

hVitroAnti~Activity(IDsoinIrM)offQandof9_Deazaadenosiae 

L121oC2 S180 HL60-JG 

lQ 0.0035 0.015 0.00082 

9-v 0.0014 I 0.014 I OJlOO64 

Such biological activities, presumably a direct consequence of the tultimtabohc pioperdes of u1, support 
our initial premise that MEP may serve as a useful tool for the selection of potentially active structursl analogues. 



5342 

ACKNGWLBDGEMENT 
This investigation was supported by grants CA-24634 and CA- 13330 (Cancer Center Support Grant) from 

the National Cancer Institute and CH-305 from the American Cancer Society. We alao wish to thank Dr. Steven 
E. Ealick, Cornell University. for the x-ray crystallographic identification of 3. 

1) 
2) 
3) 

4) 
5) 

6) 
7) 
8) 
9) 

10) 

11) 

12) 
13) 

14) 

REFBRENCEBANDNOTES 
Patil, S. A.; Otter, B. A.; Klein, R. S. J. net. Chem. in press. 
WaUaca, R.G. Akfrichimica Acta 19@, Z3,213-22 1, and references therein. 
a) Krause, J.G. Synrhesis 1972. 140; b) Tamura, Y.; Minamikawa, I.; Sumoto, .K.: Fujii, S.: Ikeda, 

M. J. Org. Chem. 1973.38. 1239-1241 ; c) Carpino, L.A. J. Am. Gem. Sot. 1960, 82, 3133- 
3135; d) Tamura, Y.; Minamikawa, J.; K&Y.; Kim. J.H.; Ikeda, M. Tetrahedron 1973, 29, 1063- 
1068; e) Callot. H.J. Tetrahedron 1979,35, 14551456 : f.l Tamura. Y.; Minamikawa, J.; Miki. Y.: 
Matsugashita, S; Ikeda, M. Tefrahedtwn Letters 1972,4133-4135 ; g) Tamura, Y. ; Sumoto, K.: 
Minamlkawa, J.; Ilceda, M.;TeFahedron Letters 1972.4137-4140 . 
Maeba I.; Takeuchi, T.; Iijima, T.; Furukawa. H. J. Org. Chem. 1988,53, 1401-1405. 
Maeba, I.; Takeuchi. T.; Iijhna, T.; Ki&ori, K.; Muramatsu. H. J. Chem Sot. Perkin Trans. I 1989, 
649-653. 
Comia, M.; Caslraghi, G.; Z&a, L. J. Org. Chem. 1991,56, 5466-5468. 

Casiraghi, G.; Comia, M.; Rassu, G.; Sante, C.D.; Spanu. P. Tetrahedron 1992, 5619-5628. 
Barker, R.; Fletcher, H.G. J. Org. Chem. 1961,26, 4605-4609. 
Hobbs, CF.; McMillin, C.K.; Papadopoulos, E.P.; VanderWerf, C.A. J. Am. Chem. Sot. 1962.84, 
43-51. 
For 5: IH NMR (CDCl3, 200 MHz) : 6 3.57 (dd, lH, H-S’, J5**,5* = 10.5 Hz. J51*,4’ = 1.6 Hz), 3.84 
(dd. lH, H-5’, Jy,q = 2.7 Hz), 3.92 (dd, lH, H-2’. J2’,3’ = 4.3 Hz; J~,I* = 2.6 Hz), 4.16 (dd, lH, H- 
3’, J3’,4’ = 7.3 Hz), 4.26 (dq. lH, H-4’),4.43 and 4.32 (two 1H d, CH2. Jgem = 11.6 Hz), 4.89 and 
4.67 (two 1H d, CH2, Jgem = 12.5 Hz), 4.65 (s, ZH, CH2), 5.18 (d, lH, H-l’), 6.03 (dd, lH, H-4, 
J~,NH = 2.6 Hz, 54.3 = 3.8 Hz). 6.86 (dd. lH, H-3, J3,Nl-l = 2.4 Hz), 7.14-7.48 (m. 15H, Phenyl), 
9.38 (s, lH, CHO). 10.99 (hs. lH, NH). 
For 2: 1H NMR (CDC13, 200 MHz) : 6 3.66 (dd, lH, H-S”, Jy,y = 10.8 Hz, Js**,e = 4.0 Hz), 3.80 
(dd, lH, H-S, Jy,e = 3.2 Hz), 4.13 (m, lH, H+3’), 4.28 (m, lH, H-2’), 4.33-4.87 (m, 7H, Benzyl - 
CH2 and other sugar protons), 5.41 (br s, 2H, NHz), 5.69 (d, lH, H-l’, 511,~ = 3.6Hz), 6.51 (d, lH, 
H-6, J6.5 = 4.4 Hz), 6.70 (d, lH, H-5), 7.30 (m, lSH, Phenyl). 7.93 (s, 1H. H-2). In addition to the 
peaks for 2, the 1H NMR spectnnn of material obtained by chromatography indicates very minor amounts 
of an isomeric product, presumably the u-anomer. The data reported here is for the p-anomer only. 
Lim, M-I.; Klein, R. S. Tetrahedron L&t. 1981,22, 25-28. 
For lQ: 1H NMR (methyl sulfoxide-d6 + D20) : 6 3.43 (dd, lH, H-5”. Jy,r = 11.7 Hz. Js0,,4’ = 4.9 
Hz), 3.53 (dd, lH, H-5’, J5’,4’ = 3.8 Hz), 3.77 (m. lH, H-4’), 3.93 (t. lH, H-3’. 531.4’ = 4.7Hz). 4.21 
(dd. lH, H-2’. J2’,3’ = 5.4Hz). 5.09 (d. lH, H-l’, J1’,2’ = 6.5 Hz), 6.66 (d. lH, H-6, J&5 = 4.4 Hz). 
6.83 (d. 1H. H-5), 7.80 (s, 1H. H-2). Prior to the addition of D20, the exchangeable proton resonances 
appear at 6 4.77 (t, 1H. 5’-OH. J = 5.6 Hz), 4.87 (d, lH, 3’-OH, J = 4.8 Hz), 496 (d, lH, 2’-OH, J 
= 6.4 Hz) and 7.69 (bs, 2H, NH2). 13C NMR (methyl sulfoxide-de) : 6 62.0 (C-5’). 71.2 (C-3’), 73.6 
(C-2’), 75.3 (C-l’), 84.4 (C-4’), 100.6 (C-5), 109.6 (C-6), 114.8 (C-4a). 128.8 (C-7), 147.6 (C-2), 
155.5 (C-4). 
Satisfactory elemental analyses (C, H and N within 0.400 Se) were obtained for isolated compounds s, 2 
and m. 

(Received in USA 21 April 1994; revised 27 lwq 1994; accepted 31 May 1994) 


