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hB_STRXCi 

$le:hyl 5-deouy-5-iodo-3.3-O-isopropylidene-/~-o-rlbofuranoside (3) SLIS 

obtained in three steps from D-rlbose. Exchange of the isopropylidene group for 

bcnzonte groups and acetolysis gage I-0-scztv!-‘,?-di-0-benzoyl-5-deo~~-j-iodo-D- 
ribol’uranose Lvhich was coupled wttl 6-benzamidochloromcrcuripllrlnz by the 

titanium tetrachloride method to afford the bloched nucleoside. Treatment with 

l,S-di~sbicyclo[5.j.0]undcc-j-ene in N.h’-dimethylformamIdz and removal of the 

bloclung groups gave 9-(j-deoxy-P-o-er?.l/rro-pent-4-enofurano~yl)ad~nine (9). A 

similar route starring from methyl 5-deoxy-5-iodo-~,3-O-isopropylidene-a-D-ly~o- 

furanoside (1-d) Sorded the enantiomenc nucleoside, 9-(5-deo~y-S-l-~rllrlrro-pent- 

4enofuranosyl)adenine (20). hlerhyl ?,3-0-isopropj lidene-r-o-mannofuranosidc 

was treated with sodium periodate and then \\itb sodium borohjdride to gite methyl 

3,3-0-isopropylidene-z-D-lv\ofuranoside (11). Acid hydrolysis afforded D-!yxOSe. 

Tosylation of 11 gave methyl ~.?-O-isopropylidene-_5-O-p-tolylsulionyl-r-o-lyso- 

furanoside (12) which was convened into 1-I kvith sodium iodide in acetone. Reduction 

of 12 gave methyl 5deoiy-_,_ 3 3-0-isopropylidene-s-o-lpofurnnoslde which was 

hydrolyzed to give 5-deoxy-o-lylose. 

INTRODLlCTlON 

9-(j-Deouy-/&o-rfj rlwo-pent-&enofuronosyl)adenine (9). an analog of the 

antibIotic decoyinine (anpusrmycln A). was oriplnally prepared from 3’,3’-O-etboxy- 

methylldene-S’-0-p-rolylsulfon~lneadcnosine by eliminnrion of rhs sulfonarz group 

under srronp, basic conditions followed by hydrolysis of the blocking group under 

very mild acid conditions’ . Another preparation of 9 has recently been published’. 

The 5’ position of 6.6-di-N-benzogl -3’,3’-di-0-bcnzoyladenosine was lodmated and :he 

unsaturated nucleoside prepared by elimination with either salter fiuorldz In pyridine 

or I ,5-diaznbicyclo[4.3.0]non-S-ene in N,N-dlmethylformamide. The use of brtnzoyl 

blocking, groups enabled their removal under basrc conditions, which was a tisiinct 
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advantage since fhe nucleoside 9 is extremely unstable under acidic conditions. 
Furthermore, protection of the &amino group clearly helped to prevent the for- 

mation of the cycfanucfcoside3. a reaction in which the 5’-methyfenc group forms a 
bond with N-3 oftbe purine ring. Another important innovation in the synthesis of 
decoyinine and some of its analogs is the use of preformed u-terminal iodo sugar 

derivati\ess’. The required nucleoside is prepared only after the appropriate iodo 
sugar has been synthesized. Thus, blocking proups can be removed without formation 

of the cycfooucfeoside or hydrolysis of the desired, unsaturates nucleoside. The 

publication of this fatter procedure‘ motivated the publication of the present 

synthesis of 9 and its enantiomer 20. The chemotherapeutic interest for these com- 

pounds has been ably reviewed”. 
This iaborntory has been engaged in the synthesis of a number of nucleoside 

analogs having an esocyctic, unsaturated group’, including compounds’ refated to 

either decoyinice or 9. It was recognized early in this work that cycfonucleoside 

formation was a serious problem, either during the substitution at C-S’ or during the 

elimination step. Since most of the nucfeosides had to be prepared from their com- 

ponent sugars and bases, it seemed reasonable to devise a route in which the poup 

to be ehmjnated was incorporated into the sugar prior to nucfeoslde synthesis. Since 

adenine was already blocked at N-6, no additional work had to be undertaken to 
sefectivzfy block tkjs position in the nucfeoside in order to prevent cycfonucfzoside 

formation. Therefore, the substitution of a good leaving group at C-5, protection of 

N-6 of the purine ring, and the elimination reaction could be accomplished ~1s part 

of a total synthesis starting from the component parts of the nucleoside. Based on this 
work, a new and simple synthesis of D-fyxose and S-deosy-D-fyxose from various 
sugar intermediates was devised. 

FiESLTLTS AND DISCUSSION 

In the syntbes;s of the nucfeoside 9 from D-ribose, the procedure of Evans and 

Parrish6 gave methyl 2,3-U-isopropyfidene$-D-ribofuranoside (I). which was used 

without purfication. Treatment of 2 with sodium iodide in boiling Zbutanone ga\e 

methyl 5-deo?ty-S-iodo-2,3-O-isopropyfidene-P-o-ribnfuwnoside (3). The latter was 
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treated with 9: I kfluoroacetic acid-water, which selectively removed the isopro- 

pylidene group to pibe crude 4, which was benzoylated to form 5. Examination of the 

n.m r. spectrum indicated that this crude product contained the methoxyl group in 

large proportion. This group was replaced with an acelosy group by acetolysis to 

afford the anomeric mixture 6. Coupling of 6 to the purine was achieved by the 

titanium tetrachloride method’, and the blocked nucleoside 7 was partially purified 

on a column of silicic acid. Hydriodic acid was removed with I,5diazabicyclo[5.4.0]- 
undec-5-enc in 1V,,~‘-dimethylformamide, to give 8 which was not purificci, but 

immediately treated with ammonium hydroxide in methanol to remove the benzoyl 

groups. The nucleoside 9 crystallized after purification on an ioh-euchsnge column’. 

and showed physical properties identical with that reported In rhe earlier publica- 

tions”‘. The values of the chemical shifts in the n.m.r. spectrum differed sli_ghrly. but 

the pattern was identical. 

A similar pathnny ~8s used for the preparation of 20 startin: from a D-lyuose 

deriva;ive. Methyl 2,3-0-isopropylidene-r-D-mannoside (IO), prepared from 

D-mannose6, was treated with sodium metap:riodate. Reduction of the aldehyde 

SouP with sodium borohydride gave methyl 2,3-O-isopropylidene-cc-D-lyxo- 

furanoside (11). D-Lyxose, was conveniently obtained by acid hydrolysis of the pro- 

tectwe groups. Brlmacombe er ~1.~ have folloned a similar route from D-mannose; 

the present method. however. obviates the prior synthesis of 2.3:5.6-di-o-isopro- 

pyildene-D-mannose, and the subsequent benzylation and selective acid hydrolysis. 

In the present c3se. 10 was prepared in a two-step procedure that does not require 

processing or isolation of the fully protected intermediate. 

-‘(I : LI -, -- L _ =.;_-.. ; ,- . 

10 ,,E = d 13 
12 i = -:. 

--- ---- --,-.‘I ’ 

Tosylation of 11 afforded methyl 2,3-0-isopropylidene-5-0-p-tolylsulfonyl- 

a-D-lyxofuranoside (12). The sulfonate group was reductkely cleaved with sodium 

borobydride ia dimethyl sulfoxide” to give methyl 5-dcoxy-2,3-O-isopropylideoe- 

c+D-lyxofuranoside (13). which was hydrolyzed into 5-deohy-D-l-nose. The preceding 

steps represent a convenient preparation of this rare sugar. Previously, 5-deoxy-D- 

lyxose had been prepared by the Wool degradation of 2,3,4,5-tetra-O-acetyl-o- 

fucononitrile’ l. 

Very little conversion of 12 into methyl Meoxy-5-iodo-2,3-O-isopropylidene-a- 

D-lyxofuranoside (14) occurred upon treatment with sodium iodide in boiling 

2-butanone. At I I Y in a sealed vessel for several days, however. 12 in acetone solution 
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was converted into 14. The L forms of the methyl lyxosides 11-l-4 have been prepared 

from D-galactono-I A-lactooe’ ‘. 

From this point on, the pathway to 20 was identical with the preparation of 9. 
The only si,tifkant difference was in the hydrolysis during the preparation of 15. so 
that a portion of the compound lost the methoxyl group, as shown by the n.m.r. 

spectrum of the benzoatc derivative 16 which showed a much weaker methyl peak 
than expected. Thus, tn addition to 16, the crude syrup also contained the I-benzoatc. 

Thus \fas not considered to be a serious problem. however, because the I-benzoate 

was expected to react under the coupling conditions to provtde the nucleoside, 

although not necessanly with as htgh a yield. The protected nucleostde 18 was 

obtained after chromatography, and the final two reactions, elimination of hydroiodic 

acid and removal of protective groups, at’forded 20. As expected. the physical prop- 

erties of 20 were identical to those of 9. except for tbe sign of the optical rotation. 

General methods. - 1.r. spectra were recorded on a Perkin-Elmer hlodel 21 

spsctrophotometer, and U.V. spectra on a Beckman DK-2 spectrophotometer. 

Optical rotations were recorded on a Rudolph polarimeter and n.m.r. spectra with a 

Varinn T-60,4 spectrometer, tetrnmethylsilane betog the Internal reference. The 

n.m.r. spectra of nucleosides9 and 20 were recorded on solutions in dimethyl sulfoxldc- 

ti, and those of the sugar derivatives in solutions in CDCI,. Melting points \+ere 
determined on a Kofler hot-stage and correspond IO corrected values. hloist, organic 

solutions \\‘ere dried with MgSO,. Evaporations \\ere performed in racm with a 

rotary evaporator unless otherwise stated. The chloroform used contained 0.75% 

ethanol. Elementary analyses were performed by the Spnng Mkroannlyticol 

Laboratory. Ann Arbor, hf ichigan. 

,Clelh_d ~,3-O-isoprop~~li~e~~e-~-O-p-~oi~~su~o~_~~-~-D-r~of~ranosi~e (2). - A 

mixture containing D-ribose 150 g), acetone (190 ml), methanol (190 ml). and cow. 

I-ICI (5 ml) was heated under ieflux for 2 h. The orange solution was poured into 
water (500 ml), the organic solvents \\ere evaporated, and the aqueous solutton was 

estractcd with chloroform. tirst with 100 ml. then three times with SO-ml portions. 

Drying of the extract and evaporation afforded 55.3 g of 1 as an oil. It was dissolved 
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In dry pyrldine (100 ml). the solution chllled in an ice-bath, and p-tolueoesulfonyl 

chlorlde(65g)added. The mL\ture was stirred for 15 h at room temperattire. chilled in 

an ice-bath, and water (5 ml) ~\as slo~vl~ added. Atier 0.5 h, chloroform (ZOO ml) \\a~ 

added and the solution was irashcd with O.O%t HISO, (300 ml). 0.1~ NaOH 

(3 x 300 ml), and water (300 ml). After drying and evaporation of the solvent, 2 was 

obtamed as a syrup \\hlch began to tryst rlllre immediately; 2 \vas recrystallized from 

ethanol to yield 64.1 g (54% from D-ribose) rn several crops, m.p. 85-86”; lit. I’: 
m.p. S3-84’. 

:\ferll.\-I j-deo.rl.-j-iot~o-I.~-O-lsopropI,liderle-?-D-rrbq/lrratroside (3). - To a 

solution of 2 in ‘>-butanone (560 ml) \vas added Nnl (5-l g). and the mixture was 

stirred and heated under refluu for 24 h. After the mixture had cooled to room 

temperature, the precipitate of sodium p-toluenesulfonate was filtered off (35 p, 

91 ‘?‘.I yield). The filtrate was evaporated and the residual oil \cas dibsolvrd j, dichloro- 

methane (ZOO ml), washed with water (3,x 700 ml), and dried and the s&en1 

evaporated. Distillation afforded 52.~3 g (94 96 yie!d). b.p. 75) (0.05 Torr). [r]F -69.7. 

(c 2.55, chloroform); ht. I-: b.p. 75-FO’ (0. I Torr). Ix]; - 6S.h !c 2, chloroform). 

Y-(S-Deo.~~'-ji-D-~ryfhro-pent-~-etlo/nrctios~~~)a~ieaitre (9). - Compound 3 

(3.14 g. 10 mmcl) was dissolved in freshly prepared 9:1 (v/b) irifluoroacetic acld- 

ivater (35 ml) and kept for 0.5 h at room temperature. The solvents were evaporated 

and the residue was dried by several additions and e\aporatlons of 15ml portions of 

I:I (v/v) methanol-benzene, and then of benzene alone. A solution of the syrup(d) In 

dry pyrldine (23 ml) was chilled In an Ice-bath, and treated with benzo)I chloride 

(4.5 ml). After I h, the misture was kept for 33 h at room temperature. poured into 

a milrure of Ice and saturated NaHCOJ jolutron (ZOO ml), and StIrred for I h. The 

mi.xturz \vas esrracted several times \\lth dichloromethane (50 ml and I? x35 ml). 

The combined extracts were washed i\lth a saturated NaHCO, solution (100 ml), 

water (100 ml), and dried. Evaporation and coevsporation with toluene (3 x 20 ml) 
gave an orange syrup containin, 0 5 and some benzoic anhydride (n-m-r.: A 3.41, bfe). 

The syrup was dissolved in a mixture of glacial acetic acid (39 ml) and acetlc anhydride 

(3.5 ml), chilled in an ice-bath, and cone HISO, (I.3 ml) added, dropwise. After 19 h 

at room temperature, the mixture was poured on ice (300 p) and stirred until the ice 

melted. Chloroform (50 ml) bias added iiith stirring and upon separation of the 

layers, the aqueous layer was extracted sgain with chloroform (3 x 25 ml). the extracts 

were combined and washed with water (2 x 300 ml). saturaied NaHCO, solution. 

and again with uater. Each of these washings rcquiced the addition of NaCl to break 

down an emulsion. Evaporation and several coevsporations with benzene afforded 

4.8 g of syrup (6) (n.m.r.: disappearance of s for Ohle. appearance of b 2.03, COCH,). 

A mixture containing the sugar derivative 6 (3 7 g), &benzanudochloro- 

mercuripurine (5. I g), Celire-545 (5. I g), TiCI (I .3 ml), and I ,Zdichloroethane 

(A30 ml) was heated at re8u.u for 24 h and processed in the usual fashionAn7. The 

crude product was chromatographed on a column (24 x 3.4 cm) of slhcic acid (130 g. 

hlalllnckrodt. 100 mesh) packed in benzene, and elution wth 51 benzene-ethyl 

acetate removed unreacted sugar derivatives. Elution with 3:1 benzene-ethyl acetate 
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afforded 2.39 g of a foam which was shown to be the de:&ed nuclccside 7 by u.v. 

specuunl (J,,, hieoH 275 nm) and by a positive Beilstein test for halogen. The foam was 
dissotved in dry ~~f~-d~et~y~orm~mid~ (25 ml) and 1,5-dizabicyclof5.4.Ofundet-5- 
ene (I. 10 g) in N,r~f-dimethylformanlide (5 ml) HLI~ added. The solwion was kept for 
25 b at room temperature, evaporated f33’, irr z*ffctio), and the residue ~35 dissolved 
in metbanoi (40 ml) and cont. NH+OH (40 ml} slowly added. JVter 25 h at room 
temperature, the solvents were evaporated (35”) and the yc:tJow syrup dissolved in a 
small amount of water and placed on a column (26 x 2 cm) of Bio-Rad AGi-X.2 
@O-400 mesh, OH-). The column was eluted with watw, fractions (13 ml) were 
coiiected, and tubes IS-29 and 45-I 55, the two major u.v.-absorbent peaks, were 
pooled. 

The first peak kiefded 303 mg of benzamidc as prisms {from water), m-p. 13 1.5- 

IX!‘. which was further characterized by comperison of its i.r. and u.m.r. spectra with 
authentic benzamide. 

The second peak tiorded fir33 mg of crystalline marerial \\bicb was recrystal- 
fizzed from acetone to give 432 mg of9, m.p. I M- 187”. fVhen the determination of the 
m.p. v*as repeated on a preheated block as described previously’, thz sample melted 
a& 192-f93’, [+j -47” (c i.02, p-diounne); u.v.: 2.z” 25s nm (E 14,700); n.m.r.: 
3 3.23, 8.08 ihotb s. I H each, H-2, H-S), 7.23 (broad s, 2 H, NH,), 6.12 (d, I I-l, 
J I-Vf. 4 HE, H-f’), 5.53 (m, 2 H, 2'- and 3’-OH}, 4.77 (m, :! H, H-2’, H-3’), 4.18, and 
4.20 (both broad s, I H each, CM,=); lit.‘: m-p. 195-I%“, [&J~’ -46.-P (c t, p- 
dioxane), I.=” 2% nm (I: 14,700). 

Afefhyl ~,3-0-isu~rop~~Iide~~tr?ta-~-fy.~o~~rurrosid~ (1 I ). - Methyt 2,3- O-iso- 

prop> Iidene-cx-D-monnofuranoside (IOj was prepared from a-mnnaose as previously 
described6*’ j. The syrup f4G.6 3) was dissolved in water (1.1) &?d treated with @MO, 
(44 g). ?Jcer 1.25 b, tbc water was evaporaxrd (38’), the residue wss triturated with 
acetone (200 ml), and the solids \&err removed by filtration and washed weif svvith 

acetone (IO0 ml). Evaporation (35”) of the solvent left a syrupy residue which was 
dissolved in methanol (900 ml). The solution 1)~s cbilfed in an ice-bath. and treated 
with NaBH, (9.0 g) in water (100 ml). The reaction was nllowed to proceed for 2 h 
at room temperature, the pH &as adjusted to 7 with acetic acid, and the solvents wre 
removed by evaporation. The residue was dissoived in cb~orofo~ (200 ml), washed 
with water (250 ml), dried, and the cbforoform evaporattd. The oil was purified by 
vacuum distillation to afford 30.9 g (799’;) of Ii, b.p. 66-69” (0.02 Torr), [a];* 
+74.3’ (c 3.20, chloroform), nh’ 1.4518; i-r.: v’&: 3430 cm- ’ (broad peak, OH); 
n.m.r.: 3 4.50 (s, I H, H-I), 4.72-4.40 fm, 2 fl, H-2, H-3). 1.02-3.72 (m, 3 H, H-2, 
H-Sa, H-5bf, 3.23 (s, 3 H, OCH& 2.95 (s, 1 H. S-OH), 1.38, and f-23 (both s, 6 H, 
gein-diMe): fit. “: metbyt 2,3-O-isopropylidene-Lx-l-ly?tofuranoside Coot distilfcd), 

M.J - 51 J (c 2, chloroform), III;’ 1.4506. 

/Ino/. Caic. for CgH 16O5: C, 52.93; H, 7.90. Found: C, 52.94: H, 7.95. 
hferh$ -7,3-O-iropropy!idrrre-5-o-p-~o~f~a~/~~n.~~-~-D-~~1.~~~~ruff~s~de (X2). - 

A solution of methyl 2,3-O-isopropyfidene-x-D-i~ofuranosid~ (11, 39pf in dry 
pyridine (60 ml) was chilled in an ice-bath, and ~-toluenesulf~nyl chloride (34.1 g) 
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A phenylosazooe was obtained by rreatin g the sugar (30 mg) with phenyl- 

hydrazine hydrochloride (60 ma) and sodium acetate (90 mg) in water (2 ml) for 

0.5 h in a boiling-water bath. The product \\as recrystallized twice from methanol- 

water, m.p. l80-181.5’; lit.‘E: 5-deoxy-D-sylose phenylosazone, m.p. 179-150’. 

ltfer/lri 5-deo.u~-5-rodo-~,~-O-lsi~prop~~~~d~ne-r-D-f~.~o/lrrGnosifi~ (14). - A 

mixture of 12 (6.1 3) and Nai (3.6 gf in acetone (40 ml) was heated at 115’ in a Parr 
bomb. After 66 h, the bomb itas cooled to room temperature and rhe precipitated 

sodium p-tolurnesulfonarr was removed by filtrarion and washed with acetone. The 

solvent was evaporated, the residue was dissolved in chloroform (50 ml), and washed 

pith a 10% Na,S,O, solution (50 ml), water (50 ml), and dried. The chloroform was 

evaporated and the oil distilled to give 4.7-I p (700,b) of J-J. lo a repetition of this 

procedure In ~\hhich three separate batches were processed starting with 12.3 g of 12, 

the products were combined and distilled to aRord a total yield of 30.24 g (9-t%), 

b.p. N-63” (0.02 Torr), [xl;’ + 72.6” (c 2.88, methanol); r$’ I .4992: n.m.r.: (r 4.53 

Is, 1 H, H-l), 3.60 (m. 2 H. H-3, H-4). 4.12 (sextet, I 1-i. H-4). 3.27 (s, 3 H, Ohle), 

3.23 (d, 2 H, H-%, !-I-%). I .-IO. and I.78 (both 3, 6 H, gerlz-dihle): lit. I’: methyl 

Sdeoxy-5-iodo-2,3-0-isopropylidrne-~-L-l~ofur~noside, [+, - 70.4’ it 2, methanol). 

n;’ 1.4975. 

Anal. Ckk. for CJH,jIOS: C, 34.41; H, 4.81. Found: C, 34.33; H, 4.71. 

9-(~-Deoy~-~-~-erythro-pmt-d-e~~ofirr~~~os~i)aderi~~n~ (20). - Treatment of II 

(6.28 g, 0.03 mol) with 9:1 trilluoroacetic acid-water for 0.5 h and processing as 

described for 3 ga\e a product (cont3iojn~ 15) which was dissolved in pyridine (45 ml) 

and treated with benzoyl chloride (9 ml) for I9 h at room temperature. .A.fter the 

usual processing (see preparation of S), a syrup was obtained which qpeared to be 

contaminated with benzoic anhydride. It also did not exhibit a very strong Onile peak 

in the n.m.r., imiicatinp that some hydrolysis of the glycoside bond had occurred 
under the acid conditions. The syrup was acetolyzed in a mixture of acetic anhydride 

(6 ml), acetic acid (50 ml). and H,SO, (2.7 ml) for I6 h. Mter processing (se 

preparation of 6), 6.98 g of a syrup was obtained, which had a peak for COCH3 
at 3 2.07 (n.m.r.). 

The blocked nucleoside 18 MS prepared by reaction of this syrup (6.98 g) with 

6-benzamidochloromercuripurinr (8.05 g) in I ,2-dichloroethane (630 ml) containing 

TiCI, (I .9 ml), and Celite-545 (S g) for 21 h under retlux. After the usual processingqD7, 

a crude product was obtained that was purified on 3 silicic acid column, as described 

for 7,to give a foam (4.58 g), u.v.: map LhteoH 277 nm, and positive Bcilstein test. 
Thfi blocked nucleoside 18 was created with I ,5-diazabicyclo[5.4.0]undec-5-ene 

(t.71g) in i\‘.rV-dimethylformamide. as described for the ribo compound. and t.be 

benzoyl groups wer=e removed uirh I:1 methanol-cone. NH,OH (SO ml). After 

evaporation, the residue in water solution was chromntographed on a column 

(55 x 2 cm) of Bio-Rnd XGI-X2 (2~~ mesh, OH-) ion-exchange resin. Fractions 

( I5 ml) were collected and the major U.V. absorbing peaks in tubes WI and G-156 

were pooled. The first peak was identified as benzamide and the second peak crystal- 

lized from water to afford 690 mg. Recrystallization from acetonegave 524 mg of 20 



in three crops. m.p. lS2-18-l”; on a preheated stage (185’). m p. iS9-192’: [z];’ 
+49’ (c 1.04, p-diounne); i r. and n.m r. spectra identical to those of the enantiomer 9. 

.-fual. Calc. for C,,H, ,NSO,: C, 38.19; i-l. 4 49: N. X.10. Found: C, 48 20; 

H, 4.44: N, 23.13. 
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