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ABSTRACT 

Various I-nitroalkanes reacted with methyl 2,3-O-isopropylidene-B-D_uibo- 

pentodialdo-1,Cfuranoside to yield methyl 6-alkyl-6-deoxy-2,3-0-isopropylidene-6- 

nitro-j?-D-ribofuranosides in 64-79 “4 yield. Similarly, nitromethane and l-nitro- 

pentane reacted with N6-benzoyl-2’,3’-O-isopropy1ideneadenosine-5’-aldehyde, to 

yield the corresponding 9-[6-alkyl-6-deoxy-2,3-O-isopropylidenc-6-nitro-~-L-talo(~- 

D-allo)furanosyl]-N6-benzoyladenines in 74 and 44 “/‘, yield, respectively. The potential 

utility of this nitroalkane addition for the synthesis of nucleosides having a C-5/-C-6’ 

bond is discussed. 

INTRODUCTION 

Sinefungin (1) which was isolated as an antifungal antibiotic from Streptornyces 

griseolus’*2, has been shown to be a potent inhibitor of various S-adenosylmethionine 
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*Taken, in part, from the Ph.D. dissertation of A.R.M., University of Kansas, Lawrence, KS, 1981. 
**TO whom correspondence should be directed. 
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(AdoMet)-dependent methyltrnnsferases” ‘. Compound 1 is similar III structure to 

AdoMet (2). cxccpt t’or the > Cc 1-I )NH, that replaces the -S ‘-MC. Apparently, the 

structural similarity is sufticicnt to permit tight bindin, 0 of 1 to the AdoMet-bindlnp 

sate on various mcthyltransferases”.~. In fact. home meth!,ltr;lnsfcr~{s~~ bind thr5 

nucleoaide more tightly’ than 2. suggestin, 17 that synthetic an;ilo~i 611. Gnofungin 

mrght exhibit rnteresting, and signiticant. biological acti\.ltj 

For the synthesis of 1. or related nuclcosidcs. a hey htep ~1111 be the t’ormatlon 

of the unique C-5’-C-6’ bond In carlicr studies”. \\ t‘ ekplorctl the addition of acctyl- 

cnes to methyl 2,3-O-isopropylidt~~e-/~-r)-~./~~~-ptld~~-l ,I-fursno\ldc (3) ;I\ :I 

possible route to formation ot’ the C-5 X-6 bond. An :llter’n:lt1w ~~pproach to the 

C-5’-C-6’ bond would hc through the addition of I-nitrnalhancs tcb 3. or to :I”‘- 

benroyl-“.3’-O-isopropylIdene~~dcnoslne-5’-aldchydc (4). l‘hc addition of nltro- 

methane to adcnoslnc-s’-3ldeh4de’ and ~‘.3’-O-i~oprc~p~Iidc~ellc’;1c1L’no‘j’-~~1Idt’- 

hydex.” has been dcscrlbed. Ho~evcr. in the prehent study. \\‘c ha\c cfc\~clopcd :I 

modified procedure for addition of a variety of I-nitroalkanc5 to 3 and 1 to gl\c the 

products in good ywld. 

OHC R 

Preliminary studies on the reaction of the ~-o-rihofuraIlosiJc 3 Lvith various 

mtroalkanes indicated that the chain Icngth of the n~troall\anr, and the nature of the 

bnsc, have littlc effect on the overall yicid of the addition product. 1n contrast, the 

anhydrous nature of the solvent i\ critical. The resulting x-nitro alcohols -5-8 \+erc 

0 0 
\/ 
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6R= Me 
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isolated as diastereoisomeric mixtures in yields of 64-79 “6. Separation of the diastereo- 

isomers of 5, resulting from the addition of nitromethane, was easily achieved by 

liquid chromatography. 

The nitroalkane addition-products 5-8 exhibited characteristic absorptions 

in their infrared spectra at -3400 (OH), 1500 (asymmetrical NO, stretch), and 1375 

cm-’ (symmetrical NO, stretch, and isopropylidene). The e.i.-m.s. fragmentation- 

patterns of 5-8 failed to reveal molecular ions, although characteristic fragments 

at M ~ 15, M - 47, and m/z 173 were detected, indicative respectively of the iso- 

propylidene and methoxyl groups and the a-nitro alcohol side-chain located at C-5. 

The addition of nitromethane and I-nitropentane to the nucleoside-5’-aldehyde 

4 was also studied. Earlier workers7 - 9 had reported low yields for similar additions 

of nitromethane to nucleoside-aldehydes; these poor yields probably resulted from 

the use of aqueous reaction-conditions, or organic solvents that were not totally 

anhydrous. Such reaction conditions would generate significant amounts of the 

aldehyde hydrate, a less reactive electrophile. The studies of Ranganathan and co- 

workers” on the addition of methyl Grignard reagent to nucleoside-5’-aldehydes 

support this hypothesis, in that greatly improved yields were obtained when the free 

aldehyde, rather than the aldehyde hydrate, was used. 

N6-Benzoyl-2’,3’-O-isopropylideneadenosine-5’-aldehyde (4) was prepared by 

Pfitzner-Moffatt oxidation” of N6-benzoyl-2’,3’-O-isopropylideneadenosine”. The 

crude aldehyde reacted with 1,2-di-(4-aminophenyl)ethane to afford the 1,3-diphenyl- 

imidazolidine, which, on treatment with Dowex 50-W (H’) resin in 1 : 1 oxolane- 

water, regenerated the aldehyde hydrate. The aldehyde hydrate was azeotropically 

dehydrated in benzene to’ ’ the free aldehyde 4. 

The addition of nitromethane to 4 afforded the diastereoisomeric mixture 9 in 

74% yield. Based on the ‘H-n.m.r. spectra, the two diastereomers of 9 were present 

in the ratio of -3 : 1. This is in good agreement with the findings of Hampton and 

co-workers*.9 for the nonbenzoylated compounds (19.0 : 5.6), although it constitutes 

an almost three-fold increase in yield. 

10R = Bu 
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The addition of I -nitropcntane to 4 yddcd a mivturc of the diastercomer:, 10 

in 44”,, yield The lower yield obtained wth I-nitropcntan~. c~~mprrcl to that Mith 

nitromrthane, may bc due to the ~ncreasrtl stcr~c: bulk of the nitropcntanc anion. 

In the present study. wt‘ have refined the methcx.~ology~ for addition of \a~-IOU> 

nltroalkanas to r,-ribofllranoside 3 or nuclcos~cic-_i’--~ll~cf~~dc 4. T!II~ methodolc~g> 

may be useful for the pr-epnratlon of \~nefungtn, or I-cl~itcd C-5’ C-6 uuclcmidcs. 

or both. 

Gent~~nl. -~ Mtzlting points \vcere determined on ;i Thomas~ Hoover. captllary. 

melting-point apparatus and iwc uncorrected. Elemcnt‘tl an:ii~sc:\ Lvi’rc’ CUI~~LIC~CC~ 

wtth an Fand M Mooel IXS C,H.N analyzer in the Drpartmentol’hlr:lic~l~al Chemtstry. 

University of Kans~a. rnfrnrd spectra v,we recorded \irtlr a Bechrnan I R-3-3 ~LI;II- 

bean sprctrophotomet~l-. ’ H-[\l.m.r. apwtra mwt’ rccnrded with :: Vari:tn ‘1‘410 

(60 MHz, ~~lnbicllt-tempcratL~re probe) spcctrometcr c>pcrated in the cc~ntinucrus-\~a~c 

mode. Chemrcal shifts arc reported 111 (5 from tctr~~methg~l~~l,tnc I ;t; t).000 L Mxs 

spectra were rccordcd \\- rth ;I Varian MAT-Ct-Lj. or R~bemap R-IO- 1 I). mass >pectro- 

meter interfaced to a dtgital computer. 

Gc~lle,rrl ~Woc~i~tlll,_c. To muthy ~.3-O-isopropylidetic-ji-l~-i~~l~c~-~c~it~~~iiaijn- I .-l-furano- 

side’ (3) (I.5 g, 7.1 mmol) in abS,olutc mcth:tnol (S ml_) \\as added i!lc appropriutc 

nitroalkatie (59.2 mmol) under nitrogen. Socf~uin ~itelltn~~dc. gcmxitrd b> dissolving 

sodium (190 mg, X.3 mcq) 111 methanol (2.5 mL), w;tb ad&d ~IW~\VI~C IO the mixture. 

which was stirred for IS h at room tcmperaturc ~~ntlcr n~trogw. :I IlJ then c(~wIcll tk> 

40 Glacial acetic acid (0.5 mL ) u as iio~k ad&xi. mtci tlic mixture al!c~wed to M arm 

slowly to room tompcraturc. fhc resulting solutit>n \\,a~ partltioncd hct\\ ecn CHCI, 

(30 mL,) and H20 (20 mL). thu aqueous laqer e\tr-acted Mtth C‘HCI. (1 * IO mL). 

and the extracts wart’ wmbined. ~~a4lcd with t-I,0 (5 Y 5 mLr. dned (h/lgSO,), 

and evaporated. 
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stretch), and 1375 cm-’ ( y s mmetrical NO, stretch and isopropylidene); n.m.r. 

(CDCl,): 6 4.95 (s, 1 H, H-l), 4.80 (d, 1 H, H-2 or H-3), 4.53 (d, 1 H, H-2 or H-3), 

4.47-3.60 (m, 5 H, H-4,5,6,6’, and OH), 3.47 (s, 3 H, OCH,), 1.47 (s, 3 H, CCH,), 

and 1.32 (s, 3 H, CCH,); mass spectrum identical to that of 5-11. 

5-H: m.p. 116-l 17 ‘; vKBr 3360 (OH), 2970, 2930, and 2840 (CH), 1540 (asym- max 
metrical NO, stretch), and 1370 cm- ’ (symmetrical NO, stretch and isopropylidene); 

n.m.r. (CDCl,): 6 4.97 (s, 1 H, H-l), 4.85 (d, 1 H, H-2 or H-3) 4.70-4.00 (m, 5 H, 

H-3 or H-2, H-4,5,6,6’), 3.60 (br. s, 1 H, OH, exchanges with D,O), 3.42 (s, 3 H, 

OCH,), 1.47 (s, 3 H, CCH,), and 1.33 (s, 3 H, CCH,); m/z 248 (M - CH,, 29.2x), 

216 (248 -- CH,OH, 17.1x), 173 (M - C,H,NO,, 27.4x), 141 (173 - CH,OH, 

6.3X), 115 (173 - C,H,O, 17.4x), 113 (173 - CH, - CH,O,30.9%), 85 (115 - 

CH,O, 31.7x), and 59 (C,H,OH, 100.0%). 

Anal. Calc. for C,,H,,NO,: C, 45.63; H, 6.51; N, 5.32. Found: C, 45.72; 

H, 6.53; N, 5.22. 

Methyl 6,7-dideox~-2,3-0-isoprop~lidene-6-nitro-B-~-ribo-heptofuranosides (6). 
- Purification of the crude nitroethane adducts of 3 by column chromatography as 

described for 5 afforded a 67 ;‘, yield of the diastereomeric mixture 6 as a light-yellow 

solid; m.p. 121-126”; 11::; 3400, 2980, 2935, 2835, 1545, and 1475 cm-‘; n.m.r. 

(CDCl,): 6 5.07 (s, 1 H, H-l), 4.96 (d, 1 H, H-4), 4.80-4.40 (m, 2 H, H-2,3), 4.40-3.70 

(m, 3 H, H-5,6, and OH), 3.50 (m, apparently 4 s, 3 H, OCH,), and 1.90-1.20 (m, 

9 H, CH,-7 and CMe,); m/z 262 (M - CH,, 100.0 %), 230 (262 - CH,OH, 37.5 %), 

173 (M - C,H,NO,, 88.4%), 141 (15.1 %), 115 (37.20,;), 113 (55.3:/,), 85 (47X%), 

and 59 (85.6%). 

Anal. Calc. for C,,Hr9N0,: C, 47.65; H, 6.91; N, 5.05. Found: C, 47.89; 

H, 7.07; N, 4.84. 

Methyl 6,7,8-trideoxy-2,3-0-isoprop~lidene-6-nitro-P-D-ribo-octofuranosides (7). 
- The I-nitropropane addition-products from 3 were purified by chromatography 

on a column of silica gel (50 g), eluting with 2 :3 Skelly B-CHCl,, to yield the dia- 

stereoisomeric mixture 7 as a pale-yellow oil in 71 :C average yield; vz; 3400, 2980, 

2940, 1545, and 1375 cm-‘; n.m.r. (CDCl,): 6 4.97 (s, 1 H, H-l), 4.85 (d, 1 H, H-4), 

4.55 (apparent d, 2 H, H-2,3), 4.27-3.73 (m, 3 H, H-5,6, and OH), 3.48 (s, 1.5 H, 

4 OCH,), 3.40 (s, 1.5 H, $ OCH,), 2.30-1.70 (m, 2 H, H-7,7’), 1.45 (s, 3 H, CCH,), 

1.30 (s, 3 H, CCH,), and 1.00 (t, 3 H, CH,-8); m/z 276 (M - CH,, 40.5 %), 244 
(276 - CH,OH, 15.5x), 173 (M - C,H,NO,, lOO.O:d), 141 (7.6x), 115 (27.3”,;), 
113 (58.5 “/6), 85 (37.0x), and 59 (74.0%). 

MethI. 6,7,8,9,1O-pentadeox~~-2,3-0-isoprop~~lidene-6-nitro-~-D-ribo-decofura- 
nosides (8). - The crude I-nitropentane reaction-mixture from 3 was purified by 

chromatography on a column of silica gel (50 g), eluting with 1 : 3 Skelly B-CHCl,, 

to afford 8 as an oily mixture of the diastereoisomers in 64% yield; vzz 3400, 2945, 

2880, 1550, and 1380 cm-‘; n.m.r. (CDCI,): 6 5.10-3.60 (m, 7 H, H-l-6, and OH), 

3.43, 3.40, and 3.33 (3 s, 3 H, OCH,), 2.30-1.80 (m, 2 H, 2 H-7), 1.70-1.20 (m, 

including 2 s at 1.40 and 1.23, 10 H, 2 H-8, 2 H-9, and CMe,), 0.88 (s, 3 H, 3 H-10); 

m/z 304 (M - CH,, 43.8 %), 272 (304 - CH,OH, 17.3 o//o), 173 (M - C,H,,NO,, 
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100.0’:“), 141 (28.2’!;,), 11s (79.4”,,), 113 (38.X”,,). 85 (x.4”,,). and 59 (70.6”,,). 

resin . 

‘The appropriate nitrnallanc (X.00 mmol) tn anhydroua. freshly dtstilled oxolane 

(THF; 5 mL) was chilled to 5 . and triethylumintz (405 mg, 4 rnmlj!) ttt THF (5 mL) 

was added dropwise. After 15 min , aidehyde .I ( I tmnnl ) in anhqdrotts TH I‘ (I 5 mL) 

was added at such ;t rate that the temperature did not rt5e abo\c IO The mixture \\;I!, 

stirred for I h at O-10 , warmed to room tcmperaturc, and \tirrcd for :tn additional 

18 h under nitrogen. The reaction was quenched b> cooltng tc> -U.) . ,ttltfitig glacial 

acetic acid (2 mL), and ciarming to rootn tetnpct-atut-c. Alicr pat-ttttontng bet~ecn 

water (20 tnL) and CHCI, (10 mL). the aqueous Iaqcr w;ts extrt-acta! with (‘HCI,+ 

(4 x IO mL): the extracts were combtncd. washed with bvxter (5 < 5 mL. ), drted 

(MgSO,), and evaporated i/z I~N(W. to atrord the crude product, ;tc, >cllow foam> that 

could be purified by chrotnatography on a column c)f Glica gel (25 ,z) III CHCI,. 

eluting with a gradtent of 0 -2 ‘J1, of methanol in CHCI,. 

N h-Ber2~o~~l-Y-(6-~f~~o.~~~~-~. 3-O-i.rr~~t.o/~~~l~~it~~~~~-6-~1i/l.o - Y - I. - IN/++ irl~a~o~s~~l)clctc,tli~rc, 

trnd N “-h~,nlc).~,l-‘)-(rj-~i~~(,.\!.- 2, _~-O-i.so~~~~r~/~~~Ii~~~t~~~-6-//~l/~~~-~~- I ~-~rl/~~f~i~~rr~ro.~,~~/ )det7itw (9). 

~- Yield: 349 mg (74”,,): m.p. 15 125 : I!:!:{ 34110-3200 (OH), 2UXCt and ?9)10 (CH ), 

1690 (C==O, amide) 1605 and 1578 (purtne), 1548 (asymmetrtcal UO, stretch), and 

1375 cm-’ (symtnctrtcal NO, stretch ); n.m.r. (CDCI,): (i 0 55 (hr. 5. I Ii. NH ), 

8.65 (s, I H, H-L or H-X), X.15 (5. 1 H, H-X or H-2), X.00 (m. -1 Il. Ar-I, 7.(10 (m, 3 Ii. 

Al-), 6.06 (d, I H. H-l ‘1. 5. I9 (m. 3 H, I-1-2 .3/.-k’). 4.5X (m, 3 H. H-5’ and 2 H-h’). 4.33 

(br. s, I H, OH, exchanges \vith D,O), 1.00 and 1.53 (7 5. 3 H. CCt~f,: the t\ro 

singlets are in the ratio 01 x 3: I ), and I.37 and I.78 (2 h. i l-1. CCHj: ratio of the 

two singlets -3: I ); c.i.-m.5. (tnethano): III,‘: 171 (VI $- H. 9.5”.,). 453 (-I71 Hz(.), 

I.!,““), 438 (453 a-l,, 17.60,,), 410 (471 CH,NO,, I()()“,,), 3SO c-t10 CHOl1. 

4.5”,,), 352 (410 C,H,O. 1X.4”,,), xx (PKUAdCH =C) i-1. 10.7”,,). 3-K) 

(PhCOAd -f H, 83.7”,,), and I36 (Ad + H. ?.6”,,). 

Nh-Betz-_0?.I-O-(4.7,,Y,(j, lO-ll~rltlrtk~l~.~-~ - _7,3-C)-is(~/~l-o~~li~i~,t~~~-4-/~it~~~-~~- rl-ri bo-t/r,- 

cojLramsJ ~I)irciw itws (IO). ~- Ytcld: 130 mg (+I”,,); m’p. 95 07 : \*k,;;: 3400-3’00 

(OH), 3960, 1935, and 1870 (CH,), 1700 (C=O, amide). 1610 and 1570 (purtne). 

I550 (asymmetrical NO2 stretch ), and I375 CIK ’ (5~mmetri~:tl YO, stretch ): n.m.t-. 

(CDCI,): 5 9.50 (br. \, I H. NH), X.(,5 (cl, I t-1: H-2 or t-1-S. Jccouphng btudics 

suggested possibility of two hingleta). 8.20-7.X0 (m, 3 1-i. H-S or H-2 and 2 At--H ), 

7.67-7.30 (tn. 3 H, At.), 6.00 (bt-. s. .I H, H-l ‘), 5.17 (br. h. II tH. IH-2’.3’), 4.90 4.10 

(m, 3 H, H-4,.5’. and OH ). 3.73 (complex t, 1 H, t-l-6’): 3.?~-,--l.tt7 (111. 12 il, (‘Mel, 
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2 H-7’, 2 H-8’, and 2 H-9’, includes two apparent singlets at 1.62 and 1.37), and 0.90 

(complex t, 3 H, CH,-10’); c.i.-m.s. (methane): m/z 527 (M + H, 3.1x), 410 (527 - 

C,H,,N03, 8.3 %), 240 (PhCOAd + H, 2.9”/,), and 165 (AdCH=O’H, 11.5 %). 
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