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In a prewous paperI, we described the synthesis of 3-deoxy-3-C-(R)-ethoxy- 

carbonyl(formylammo)methyl- 1,2 5,6 - dl- 0 - lsopropyhdene - c1- D - alIofuranose (l), 
whch IS a sugar derlvatlve contalmng a protected glycme moiety as a branched 
cham at C-3 At present, there IS much Interest m the synthesis of nucleoslde peptlde 
antlblotlcs’ and analogues of the polyoxm group of antifungal agents3 Thus, together 
with the dlscovery that profound changes IA the bIologIca actlvlty of naturally 

occurmg nucleosldes can be achieved by the mtroductlon of branchmg at C-3 of the 
sugar moiety 4, has prompted us to synthesize nucleosldes from 1 TM paper descrxbes 

the synthesis of 1-[3-C-(R)-(l-acetamIdo-2-hydroxyethyl)-3-deoxy-~-D-rIbofuranosyl]- 
uracll(16) and Its LY anomer (17) by the mod&ed Hllbert-Johnson reaction5 

Acid hydrolysis of 1 followed by acetylatlon gave the dlacetate 2 Prelimmary 
evperunents mlcated that acetolysls of 2 gave a mxxture of the IV-formyl and N- 
acetyl compounds 3 and 4, whch could not be separated chromatographcally The 

ratlo of 3 4 showed very httle change on varying the reaction time and the concentra- 
tlon of acid Hydrolysis of 2 with tnfluoroacetlc acld6 followed by acetylatlon gave a 
complex reactlon mrxture from wluch the lactone 5 was Isolated m farly lugh yield. 
To circumvent these d&cultles, 1 was reduced mth hthmm alumlmum hydnde and 
then deformylated to the ~-ammo-alcohol’ 6 

Acetylation of 6 with acetic anhydnde m pyrldme gave a rmxture of the N,iV- 
Qacetyl compound 8 (mam product) and the partxally acetylated compound 7 
Hydrolysis of the 5,6-O-lsopropyhdene groups m 7 and 8, penodate cleavage of the 
resultmg dlols 9 and 10, and reduction of the products with borohydnde gave com- 
pounds 11 and 12, respectively Acetylatlon of 11 with pyrldme-acctlc anhydnde 
gave 13. Durmg acetylation of 12 with pyrldme-acetw anhydnde and work-up m the 

usual manner, one of the N-acetyl groups was lost, and the same product (13) was 
obtamed as m the acetylatlon of 11. 

Acetolysis of 13 for at least three days7 gave crystallme 3-C-(IQO-acetamxdo-2- 
acetoxyethyl)-1,2,5-tn-O-acetyi-3-deoxy-8-D-rl~ofuranose (14) as the only product 
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The anomeric confignrat~on of 14 was deduced from its n m r. spectrnm, where the 
resonance for H-l appears at T 3 65 as a smglet, m&catmg the j? conEguration7*’ 

Reaction of 14 with b&r.methylsdyl)uracd9, usmg the procedure described by 
Nredballla et al 5, gave an anomerlc nuxtnre (15) of nucleosldes which could not be 
fractionated. The mixture was therefore deacetylated by refluxmg with 0 1~ methanolic 
sodmm methoxlde to give a mature of the deprotected nucleosldes 16 and 17 in a 
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1 2 ratro Fractionatton of thrs mrxture by chromatography on sthca gel gave crystal- 
lme 16 (16%) and 17 (30% yield from 14) The em~mcal rulelo that the resonance 
for H-l ’ 111 the n m r. spectrum occurs at lower field when the substrtuents are ck 
than when they are trans uuhcated the p configuration for 16 and the 6! cotiguratxon 
for 17 These anomenc assrgnments for 16 and 17 were unequrvocally established by 
o r d. data The o r d spectrum of 16 exhtblted a posrtrve Cotton effect characteristic 
of the /I-D configuratIon of furanosyl pynmulme nucleosrdesl ‘, whereas the spectrum 
of 15 exhrbrted a negattve Cotton effect whrch IS consrstent wrth an a-~ cor@uratron 

(Fig 1) 

t 
20 

Fig 1 Rotatory dlsperslon curves of the &nucleoslde 16 (- ) and the a-nucleoslde 17 (- - -) 

Fig 2 Cmxlar dxhro~sm curves of &nucleoslde 16 m methanol (a) and of a-nucleoslde 17 m 
methanol (b), acetomtrde (c), and p-dloxane ((i) 
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In methanol, the fl-nucleoslde 16 shows the expected c d maxunum at 267 nm 

(de 7 23) due to the optlcally active uracd chromophore, m addition to the negative 
Cotton effect of the N-acetyl chromophore below 215 nm In contrast, the cc-nucleoade 
17 gave a c d spectrum m methanol with maxuna at 272 (dc: - 146) and 247 nm 

(do 1 40) (Fig 2) The presence of two relatively lwdely separated c d -maxima of 
opposite sign IS usually m&cative of solvatlon and/or conformatlonal eqmhbnum l 2 
Further evidence for such eqmhbrmm 1s furmshed by the c d spectra of 17 m 

acetomtnle and p-&oxane, m whch the Intensity ratios of the two maxima were 

markedly &fferent (Fig 2) These observations are compatible lvlth an cr-nucleosrde 

conformatlon, m which the Juxtaposltron of the uracll and N-acetyl optlcally active 

chromophores clearly allows Interaction of the two chromophores, as well as solvent- 
dependent conformatzonal changes 

EXE’ERIMENTAL 

General methods - M p ‘s were determmed with a Kofl er hot-stage apparatus 

I r spectra were measured with a Perkm-Elmer 257 spectrophotometer, and electromc 

spectra were recorded on a Umcam S P 800 instrument N m r spectra were recorded 

on a Vanan HA-100 instrument for solutions m CDCI, with tetramethylsllane as 

mter;lal standard, unless otherwise stated Optlcal rotations were measured w&h a 

BenGix-NPL Automatic Polanmeter Type 143 on solutions In chloroform (c 1 0 
f0 3) unless otherwlse stated 0 r d and c d spectra were recorded on a Jasco J-20 
automatic recordmg spectropolarlmeter on concentrations ,olven as gmol/l Mass 

spectra were determined with an A E I MS-9 spectrometer, using the dlrect-mser- 
tlon technique and an lomzmg voltage of 70 eV. All solvent extracts were dned 
(P&SOJ, and solvent was then removed below 50” zrz uaczzo T 1 c was performed 

on 0 l-mm plates of slhca gel GF2s4 (Merck), spots were detected by u v light at 

254 nm, or with cermm(IV) sulphate Column chromatography was conducted with 

Slhca gel 60 (Merck) and chloroform-methanol (20 l), unless otherwlse stated 

5,6-Dr-Q-acetyZ-3-deoxy-3-C-(R)-etrzo~ycar~onyI~rzzzy~a~zzno)metIzyZ-~,2-O-zso- 
propylzdene-a-D-aiZoJ!krarzose (2) - A solution of I(500 mg) in 75% acetic acid (5 ml) 

was heated in a water bath at 75” for 1 h The solvent was removed zn vacua and the 
product acetylated with pyrrchne-acetlc anhydrlde to give 2 as an oll(44G mg, 75%), 
[a]:’ +90°, ~:!j:‘~ 1735 (ester), 1688 cm- ’ (amide) Mass spectrum m/e 402 (bf + 
- 15) N m r data z 1 72 (s, CNO), 3 12 (d, JNH 1 10 Hz, chsappears on addition of 

D,O-Et,N, NH), 4 22 (d, J1.2 4 Hz, H-l), 4 91 (q, J1.,3 5, J1 ,NH 10 Hz, H-l’), 5 31 
0, Jz 1 ‘5 Jz 3 4 Hz, I-W, 5 76 (4, J 7 Hz, CH,CJ%), 7 38 (0, Js. 1 5, J3.2 4, J3.a 

10 Hz, H-3), 7 87,7 95 (2s, 2AcO), 8 42, 8 68(2s,2CH3), 8 70 (t, J7 Hz, CH,CH,) 
Anal Calc for C,,H,,NO,, C,.518.H,65,N,34_Found C,518,H,65, 

N, 3 3 
Acetolyszs of 2 - A solution of compound 2 (3 6 g, 8 8 mmoles) In acetIc 

acid (50 ml) and acetic anhydride (5 ml) was cooled m an ice bath, and cone sulphunc 

acid (2 5 ml) was added dropwise. The Ice bath was removed, and the rmxture was 
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left at 20” for 3 days, and then poured mto Ice-water (500 ml) and extracted with 
chloroform (3 x 200 ml) The combmed extracts were washed urlth aqueous solum 
hydrogen carbonate (3 x 100 ml) and water (3 x 100 ml), and the solvent was removed 
to give an 011 (2 1 g) Repeated chromatography of thrs 011 gave a product (1 6 g) 
which was a mixture of 3 and 4 as evldeaced by n m r [T 1 76 (s, CHO) and 8 06 
(s, NAc)] and mass spectrometry [m/e 401 (Mi -CH,C02H), 3, and m/e 415 (M+ 
- CH,CO,H), 41 

1,5,6-Ir~-O-ace~yi-2,3-drdeoxy-3-C-(R)-formyZam~no~~~e~~~yZ-~-~-alZofur~o~e- 
3’,tcarboZactone (5) - A solution of 2 (310 mg) m 90% trlfluoroacetlc acid (10 ml) 
was kept6 at 25” for 8 mm and the solvent then removed zn vacao below 50” Acetyla- 
tlon of the residue gave a complex murture of products, whrch was dissolved m a 
mmunum of acetone and tnturated with hexane to Dve a crystallme sohd Recrystal- 
hsatlon from hexane-acetone gave 5 (152 mg, 55%) as colourless needles, m p 
152-153”, [c&,~ -145”, max vcHc13 1793 (Iactone), 1740 (ester), and 1690 cm-’ (amide) 
Mass spectrum- m/e 331 (M f -CH&O, ) N m r data T 1 66 (s, CHO), 3 43 (d, 

JNH,31 lOHz, NH),3 62(&H-I),501 (d, J2,3 5Hz,H-2),480-6 60(m,H-3,3’,4,5,6,6’, 
7 85, 7 91, 7 96 (3s, 3AcO) 

AnaZ Calc for C15H19N01 ,, C,483,H,5l,N,38 Found C,483,H,51, 
N, 3 7 

3-C-(R)-(I-Acetai?zrdo-Z-acetoxyethyl)-3-deoxy-1,2 5,6-dt-0-lsopropylrde?le-cc-D- 

alZofurano.se (7) and 3-C-(R)-[Z-acetoxy-Z-(d~acetyZamzno)ethyZ]-~ Z 5,6-dr-O-uopropyl- 
zdene-or-D-aZZofuranose (8). - Compound 6 (5-l g) was drssolved m dry pyndme (25 ml) 
and treated with acetlc anhydnde (5 ml) The mixture was left at 20” for 18 h and 
then poured mto Ice-water (250 ml) The mixture was extracted with chloroform 
(3 x 100 ml), and the combmed extracts were successively washed with cold 3M 

hydrochloric acid (3 x 100 ml), saturated aqueous sodmm hydrogen carbonate 
(3 x 100 ml), and water (3 x 100 ml) Removal of the solvent gave a mucture of two 
products, which was fractionated by column chromatography 

Compound 7 was obtamed as an 011 (2 65 g, 41%), [c&O +34”, vzt,” 3 3415 
(NH), 1730 (ester), and 1667 cm- 1 (amide) Mass spectrum m/e 372 (M+ -15) 
N m r data z 3 21 (d, JNH,1 9 5 Hz, disappears on ad&on of D,O-Et;N, NH), 
4 25 (d, J1 2 4 Hz, H-l), 5 10-5 36 (m. H-l’), 5 19 (t, J2 I 4, J2,3 4 5 Hz, H-2), 7 76- 
7 90 (m, H-3), 7 95 (s, OAc), 8 08 (s, NAc), 8 43, 8 59, 8 66, 8 66 (4s, 4CH,) 

AnaZ Calc. for C18HZ9N08 C, 55 8, H, 7 5, N, 3 6 Found C, 56 2; H, 7 6, 
N, 3 6 

Compound 8 was recrystallized from hexane to give colourless needles (3 85 g, 
53%), m p 94-95”, vzyp 1627 cm- 1 (ester and amide), [a]? + 63” Mass spectrum 
m/e 370 (M+ -CH,CO;) N m r. data T 4 28 (d, J1 2 4 Hz, H-l), 5 21-5 59 (m, 

H-l ‘), 5 37 (t, J2 I 4, J2,3 4 5 Hz, H-2), 7 53-7 88 (m, H-3), 7 81 (s, OAc), 8 33, 8 45 
(2s, NAc2), 8 47, 8 59, 8 67, 8 69 (4~, 4 CH,) 

Anal Calc for CzoH3,N09 C, 55 9, H, 7.3, N, 3 3. Found C, 56 2, H, 7 1, 
N, 32. 
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jiuranose (11) - A solutton of 7 (2 6 g) m 75% acetic acid (50 ml) was heated at 75” 
for 30 mm Removal of the solvent gave a quantttatrve yield of the 5,6-deprotected 
sugar 9 Mass spectrum m/e 332 (Mf - 15) To a soluhon of 9 (2 4 g, 6 9 mmoles) 
in methanol (60 ml), a soluhon of sodmm metapenodate (1 4.8 g, 6 9 mmoles) m 
water (30 ml) was added. The reaction was monitored by t 1 c and was complete 
within 1 h The precipitated sodmm rodate was filtered off, the solvent was removed, 
and the residue was taken up m acetone (500 ml) After filtration the solvent was agam 
removed, and ethanol (50 ml) and sodmm borohydride (66 mg, 1 75 mmoles) were 
added, and the mixture was &n-red at 20” for 3 h The solvent was removed, the resrdue 
was extracted wrth chloroform (250 ml), and after filtratton the soivent was removed to 
grve 11 as an oil (2 01 g, 95%), [a];’ +32”, v,,, cuc’X 3410 (OH and NH), 1730 (acetate), 
and 1657 cm-’ (amtde) Mass spectrum m/e 302 (M’ - 15) 

3-C-(R)-[2-Acetoxy-I-(dracetyZammo)ethy~-3-deox_~-1,2-0-zsopropyl~de~~e-a-~- 
nbofsranose (12) - Hydrolyses of 8 (3 4 g) with 75% acetic acrd (60 ml), as m the 
preparahon of 9, gave 10 as an 011 in quantrtattve yield, mass spectrum in/e 330 

(M+ - CH,CC;), v,,, CHC13 3410 (OH and NH), 1730 (acetate), and 1655 cm-’ (amide) 
A solution of ZO (3 05 g, 7 75 mmoles) m methanol (60 ml) was treated with sodmm 

metaperiodate (1 65 g, 7 75 mmoles) and sodium borohydrlde (76 mg, 2 mmoles), 
as m the preparatron of 11, to gve 12 (2 16 g, 76%) as an 011, [a];’ f30”; v~~~‘~ 3410 
(OH and NH), 1735 (acetate), and 1657 cm- ’ (armde) Mass spectrum m/e 344 
(M” -15) 

S-O-Acetyl-3-C-(R)-(l-acet~zdo-2-acetoxyeti~~~l)-3-deoxy-I,2-O-rsopropyZzdene- 
a-D-rzbofuranose (13) - Acetylatron of 11 (2 15 g) with acetic anhydnde-pyndme 
gave 13 (2 20 g) as an oil, [a]fj’ +43”, vcHCIn 3425 (NH), 1735 (acetate), and 1669 cm- ’ malr 
(anude) Mass spectrum m/e 344 (Mf - 15) N m r data z 3 43 (d, JNH,It 10 Hz, 

NH): 4 19 (d, J,,, 4 Hz, H-l), 5 18 (t, J2,1 4, J2 3 4 Hz, H-2), 5 29-5 54 (m, H-l’), 
7 75-7 95 (nz, H-3), 7 93 (s, OAc), 8 04 (s, NAG), 8 43, 8 65 (2s, 2CHJ 

Anal Calc for Ct6Hz5NOs C, 53 5, H, 7 0, N, 3 9 Found C, 52 9, H, 6 9, 
N. 3 7 Calc for CL5H22NOs (M’ -CH,) 344 135 Found 344 137 

Acetylatlon of 12 (2 0 g) gave a product (2 16 g) ldentlcal (m s , I r , n m r , 

MJ) to 13 

3-C-(R)-(l-Acetamzdo-2-acetoxyetltyl)-l-~-~-~zbo- 
furanose (14) - A solution of 13 (2 1 g) m a mixture of glacrai acetrc acrd (20 ml) 
and acetic anhydnde (2 ml) was stirred m an ice bath, and cone sulphunc acrd (1 ml) 
was added dropwtse The Ice bath was removed, and the mrxture was kept at 20” 
for 3 days, and then poured mto ice-water (200 ml) and extracted with ethyl acetate 
(6 x 50 ml) The combined extracts were washed with saturated, aqueous sodmm 
hydrogen carbcnate (3 x 50 ml) and water (3 x 50 ml), and the solvent was removed 
to gtve impure 14 (I 7 g) Chromatographrc punfication gave 14 (1 25 g) as an oil 
whtch slowly crystalhzed Recrystalhzatron from hexane gave 14 as colourless plates, 
m p li2-113”, [a]fp - 10 5”, v”~Z*~ 3440 (NH), 1730 (acetate), and 1670 cm-’ 
(armde) Mass spectrum- nl/e 344 (M’ -CH,CO;) N m r data z 3 65 (d, JNH 1, 



NOTE 361 

9 5 Hz, NH), 3 99 (s, H-l), 4 68 (d, J ; 3 5 Hz, H-Z), 7 25-7 50 (m, H-3), 7 89 (s, 
OAc), 7 93 (s, 3AcO), 8 08 (s, NAc) 

Anal Calc for C,,H,,NO,, C,506,H,63,N,35 Found C,503,H,60, 
N, 3 5 

Preparatzon of an anomerlc mzxture of protected nucleoszdes 15 - To a solutron 
of 14 (995 mg, 2 47 mmoles) m dry 1,2-dwhloroethane (50 ml), b~s(tnmethyls~lyl)- 
uracil (700 mg, 2 74 mmoles) and tm(lV) chloride (0 25 ml) were added under 
anhydrous condltrons The mixture was stnred at 20” for 4 h and then poured mto 
saturated, aqueous sodium hydrogen carbonate (100 ml) The mixture was filtered 
through Cehte, and the aqueous phase was thoroughly extracted with ethyl acetate 
(10 x 50 ml) The extracts were combined and the solvent removed to give crude 15 
(900 mg) A pure mixture 15 (566 mg, 51%) was obtained as a foam by column 
chromatography (ethyl acetate-methanol, 10 I), mass spectrum m/e 395 (M + 
-C&CO&), 344 (M+ -base); vzzi3 3300 (broad, NH), 1725 (acetate), and 
1665 cm- ’ (amide) 

Anal Act mass talc for C1,Hz1N308 (Mi -60) 395 133 Found 395 131 
I-[3-C-(R)-(~-Acera~~zdu-Z-~ydroxyef~yi)-3-deoxy-~-D-rzbofriranosy~uraczZ (16) 

and I-[3-C-(R)-(I-acetanz~do-2-Izydroxyet~zyl)-3-dcoxy-a-D-rz~ofz~ranasyl]z~ra~zi (17) - 
The mrxture of protected nucleosrdes 15 (735 mg, 1 6 mmoles) was refluxed with 
0 lnl methanohc sodmm methoxlde (16 ml) for 4 h The solutton was cooled, the 
pH was adjusted to 7 wrth glacral acetrc acrd, the solvent was removed, and the resrdue 
was chromatographed with 1 I methanol-ethyl acetate The /i-nucleoside 16 was 
obtamed as a foam (144 mg, 27%) whrch crystaked from methanol as colourless 
needles, m p 141”, [a]:” -f-44”, YE: 3390 (NH and OH) and 1650 cm-l (amide) 
Electromc spectrum (methanol) log eze5 3 97, log &zll 3 85 0 r d (c 1 11 x 10m4, 
20”, methanol) [@& 1350, rqZs2 +14900, r@12,0 0, m251 -21700, rOiZI1 0, 
a=+366 Cd (c 111x10- 4, 20°, methanol) ds (395) 0, (267) -f-7 23, (242) 0 
N m r data (methanol-d,) z 1 75 (d, J6 5 8 Hz, H-6), 4 33 (s, H-l ‘), 4 37 (d, JS 6 
8 Hz, H-5), 5 60 (d, J, ,J 5 Hz, H-23, 7 39-7 66 (m, H-3’), 8 03 (s NAc) 

Anal Calc for ClJH19N307 Hz0 C, 44 9, H, 6 1, N, 12 1 Found C, 44 7, 
H,61,N, 122 

Compound 16 (6 mg) was also treated for 18 h wrth a mrxture of acetic anhydnde 
(1 ml) and pyrrdme (2 ml), and all solvents were then removed at 20” zn uacuo 
Preparatrve layer chromatography of the residue with chloroform-methanol (9 1) 
gave a foam (4 mg) rdentlcal m chromatographtc behavrour and m s to the nuxture 15 

Anal Act mass talc for C,,H,tNJOs (Mf -60) 395 133 Found 395 133 
The a-nucleoslde 17 was obtamed as a foam (264mg, 50%), [a];’ -48”, 

vKBr 3380 (OH and NH) and 1665 cm- ’ Illa* (amide) EkCtrONC spectrum (methanol) 

log &263 3 84, bo, 3 87 0 r d (C 6 91 x lo-“, 20”, methanol) [@]325 900, [cP& 
-3750, [@l265 0, 1@1258 4200, [@]t5o 0, C@lt25 10400, [@Lo5 4300, a = -80 C d 
(c 7 05x 10m5, 20”, methanol) de (295) 0, (274) - 1 46, (260) 0, (247) 1.40, (232) 0, 
(c 7.14 x 10m4, 20”, acetomtnle) LLZ (295) 0, (276) - 1 11, (267) 0, (249) 2 55, (227) 0, 
(c 2 77x lo-‘, 20”, p-droxane AE (298) 0, (275) - 143, (267) 0, (250) 3 85 N m r 
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data (methanol-d,) z 2 63 (d, .Ts,5 8 Hz, H-6), 3 77 (d, Jlr,z 2 Hz, H-l’), 4 36 (d, 

.75,6 8 Hz, H-5), 6 94-7 16 (m, H-3’), 8 00 (s, NAc) 
Ana3 Calc for C13H19N307. C, 47.4; H, 5.8, N, 12 8. Found. C, 46.8; H, 6.1, 

N, 122 
For analytical purposes, compound 17 (5 mg) was acetylated and the acetate 

isolated, as described for compound (US), to gwe a foam (3 mg) ldentxal in chromato- 
graphx behawour and m s to the mixture (15) 

Anal Act mass talc for C,,H,,N,O, (Mf -60) 395 133 Found 395 131. 
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