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ABSTRACT - The use of D-ribonoloctone, on inexpensive, commercioliy avoiioble sugar ,  

os o chirol  templote in organic synthesis is described. The versatility of this compound 

is i i lus tmted w i th  selected exornples from the literature. The regio- ond stereoselective 

functionolirotion of D- ribonolactone ond i ts  use in the  synthesis of precursors for  mony 

natural  products demonstrote that  D-ribonoloctone is o voluobie ol ternot ive to other 

sugors.  
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INTRODUCTION 

Carbohydrates are convenient chiral sources available in cyclic or acyclic forms, varying 

chain lengths and different oxidation or reduction states. Therefore, they have been used 

extensively as chiral precursors in  the synthesis of natural products.'" Simple sugars such as 

D-glucose, D-a~abinose o r  D-ribose are employed routinely in  organic syntheses. 

A problem frequently associated with the utilization of carbohydrates in synthesis is the need 

for protection and deprotection protocols especially at the anomeric center. This shortcoming may 

be circumvented by having the anomeric center in i ts  higher oxidation state as the lactone 

function. Commercially available D-ribonolactone thus provided an interesting alternative to 

simple sugars for the synthesis of other chiral Y-lactones. 

The chemistry of D-ribonolactone has not been extensively investigated, and i ts  utilization in 

organic synthesis has therefore been fairly limited. Our interest3 in the development of 

methodology to transform inexpensive, abundant carbohydrates into versatile intermediates, o r  

"chirons".l to be used in natural product synthesis, led us to examine the use of commercially 

available D-ribandactone as a chiral A s  the utilization of D-ribonolactone is rapidly 

g ~ o w i n ~ , ~ - ~  a literature review of the synthesis, properties, and uses of this compound appears 

timely. 

1. Synthesis and Properties of D-Ribonolsctone 

1.1. Synthesis of D-Ribonolactone and Derivatives 

Rihonolactone was first prepared by E. ~iacher"  in 1891 during his historical study of the 

configuration of monaasccharides. Electrolytic oxidation of L-arabinose (1) (Scheme 1 )  with 
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Scheme J 



calcium bromide in  aqueous solution afforded L-arabonic acid (2). Epimerization of 3 with - 

pyridine at 1300C gave an equilibrium mixture of - 3 and L-ribonic acid (4). Subsequent 

conversion of 4 into i ts  cadmium salt (!), followed by lsctonization with sulfuric acid, yielded - 

L-ribonolactone (6) as a crystalline product, mp 72-76°C, [ a l D 2 @  -18.0. Using Fischer's 

procedure, steigerl' converted D-arabinose (1) into D-ribonolactone ( I ) ,  - mp 7T°C. 

Subsequently D-ribonolactone was prepared by the acid catalyzed lactonizstion of D-ribonic 

acid.12 calcium D-ribonate or alkyl ~ - r i b o n a t e s . ' ~ - ~ ~  It has also been obtained by the oxidation 

of D-ribose with an enzyme from the growing and resting cells of Pseudomonns fragi16 or with 

silver carbonate on celite.17 Interestingly, D-ribonolsctone has been reported to inhibit a- and 

8-glycosidases from rumen liquor, lucerne seed, limpet visceral hump and mouse liver. 18 

The synthesis of several derivatives of D-ribonolactone by oxidation of some Y-butenolides 

( 8 .  - Scheme 2) has been achieved by Mukaiyama and co-workers.19 After investigating the 

efficiency of several oxidants, the combination of potassium permsnganste with dicyclohexsno- 

18-crown-6-ethcr (DCH-18-6C) gave the best yields of - cis-Z,3-dihydroxy-y-butyr01~ctone8 (9 and - 

10). Examination of the effects of substituents at the y-position of the butenolides revealed high - 

stereoselectivity when bulky groups such as diphenylsilyl or trityl were present. The effects of 

substituents on the stereoselectivity of the reaction, as applicable to the synthesis of D-ribono- 

lactone derivatives, are shown in Table 1. 

Although the stereoselective incorporation of oxygenated functionalities onto the double bonds 

could be useful in  the synthesis of polyoxygenated natural products such as macrolides and 

carbohydrates, this methodology offers no special advantages for the synthesis of D-ribanalactone 

derivatives as the chiral hutenolide precursors are prepared from L-glutamic acidz0 via multiple - 

steps. 

A stereoselective synthesis of di-0-acetyl-2-deoxy-D-ribonolactone (14) and tri-0-scetyl-D- - 

ribonolactone (17) - has been accomplished by Shono and c o - ~ o r k e r s ~ ~  during investigations of the 

diastereoselective addition of electrogenerated trichloromethyl and dichloro(methoxycarbonyl) 

methyl anions to u-branched aldehydes. Thus, the addition of electrogenerated 

dichloro(methoxycarhonyl) methyl anion to 2,2-dimethy1-1,3-di01(01ane-4-~~rbo~~ldhyd (11) - 

resulted in almost exclusive formation of the "anti" isomer (12). The words "syn" and "anti" 

follow the definitions of ~ s s s m u n e ~ ~  in which the main chain is drawn in s zig-zag fashion and 

the two substituents on the same side are designated as "syn" while those on opposite sides are 

designated as "anti". Isomer - 12 was elaborated to di-0-acetyl-2-deoxy-D-ribonolactone (14) and 

tri-0-acetyl-D- ribonolactone (11) as shown in Scheme 2. The easy electroreductive generation of 

dichlora(methoxycarbonyl)methyl anions and the high stereoselectivity observed in their addition 

to a-branched aldehydes makes this reaction a promising route for the synthesis of 
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S c h e m e  2 

CO,Me OAc 

14 - 
16 - 15 - 

i h , i  

" 0  
+ Aco-c AcO 

OAc OAc 

17 - 18 - 

'KM~o.,, DCH-18-C-6,  CH2C12: b ~ l d e h y d e : ~ ~ 1 3 ~ ~ ~ ~ e : C H C 1 2 C O O M e  = 1:1:2: ' + e ,  0 . 3 A ,  GFImol, 

f 0 .2M Me4NCl ,  90% MeOH: d ~ ~ ~ ,  R T ,  2 h r s ;  e ~ c 2 ~ ,  Py ,  R T ,  3 h r s ;  4, 0 . 3 A .  3Flmo1,  0 . 2 M  

N H 4 N 0 3 .  90% MeOH; g ~ a ~ ~ e ,  MeOH,  R T .  2 hrs; h ~ ~ ~ ,  H 2 0 - D i o x a n e ,  A ,  6 h ;  $ i ~ 1 .  R T ,  2 h r s .  



Table 1. Effect of Suhstituents on the  Stereoselectivity of Oxidntion of !.I9 

Compound - R Yield (8li  Selectivity (9:U) ii 

B - CPh3 61 >50:liii 

b - Si(Me)PhZ 51 > 30: lM 

c CHZPh 66 12,  liii - 

d - COPh 60 7:liv 

e - COCHZPh 27 5:liv 

i Yields of isolated discetntes; i i ~ a t i o  of stereoisomeric diacetates; i i i~etermined b y  HPLC analysis; 

iv  1 
Determined by H NMR integration. 
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carbohydrates. 

1 . 2  Physical Properties of D-Ribomlactone 

The commercially available D-ribonolactone is a white solid with mp 83-85W, la lD23 +18.3O 

(c=5, H 2 0 )  Its infrared spectrumz3 in Nujol mull displayed the following absorptions: 3330 

( ~ 6 ) .  3200 ( s ) ,  2930 ( 8 ) -  2860 (m), 1782 ( v s ) ,  1460 (m),  1410 (w),  1330 (m),  1300 (w),  1270 

(vw), 1245 (vw), 1215 (w),  1180 (m), 1160 ( s ) ,  1096 (w) ,  1080 ( 8 ) .  1040 (m, s h ) ,  1015 ( 8 ) .  950 

(m), 897 (m). 850 (w),  767 (m), 707 (m, b r )  and 676 (m, h r )  cm-l. The high frequency of the 

lactone carhonyl group (1782cm-l) is noteworthy. 

The mass spectrum of 2.3,s-tri-0-trimethylsilyl-D-ribonolacto (19) has been reported. 24.25 

The m/e values and relative abundances of the observed peaks are reported in Table 2.  The 

molecular ion (M') was recorded as a significant peak at mass 364. Other major fragments were 

identified as shown in Table 3. The ions with masses 45, 59, 73, 75, 89 and 103 are known to be 

characteristic of a trimethylsilyl ether. 24.26 

The X-ray crystal structure of D-ribomlactone was determined st - 1 5 0 0 ~ . ~ ~  The X-ray 

analysis indicated that this compound is orthorhombic and that the y -lactone ring has a 

2 conformation midway between an envelope form (E ) and a twist form ( T3) with puckering 3 

comparable to that observed in the furanose rings of nucleosides. The C-0-C=O group has bond 

lengths of 1.467, 1.354, and 1.203 a,  respectively, and a slight deviation from planarity with s 

C-0-C=O torsion angle of 172.T0. The molecules are believed to be linked by hydrogen bonds 

and form chains. The carbanyl oxygen is involved in a weak, bifurcated hydrogen-bond 

interaction with the 3-hydraxyl group. The ring oxygen is not involved in the hydrogen 

bonding. The orientation of the primary hydroxy group was shown to be gauche-=. 

The conformation of D-dbonolactone in solution has been investigated using i ts  chiroptical 

properties. 28-30 The sign of the ORD curve in 1.4-lactones derived from carbohydrates was 

found to depend exclusively on the absolute configuration s t  the C(2) carbon atom. In the 

D-series, the first extremum value of lactones with the hydroxylic function in the R-configuration 

i s  negative while a positive value corresponds to the S-configuration. An analogous dependence 

was found by ~ e e c h a m ~ '  for the sign of CD curves. Based on these studies, an envelope farm 

was proposed far D-ribonolactone in which the hydroxyl group at position 2 tends to occupy a 

pseudoequatorial orientation (E3) (Figure 1).  Consequently, the ring is deformed and the C3 

carbon atom projects below the plane of the lactone ring formed by the -C-CO-0-C atoms when 

the 2-hydroxylic function is in the R-configuration, or above this plane in the case of the 

2-hydroxylic function in the S-configuration. Therefore, a negative or positive sign of the ORD 

and CD curves corresponds respectively, to these two conforrnatjons of the lar tom rhg, 
3 The existence of the conformational equilibria between the two envelope forms ( E and E3) 
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Table 2. Mass Spectrum of 2,3,5-tri-O-trimethy1~ilyl-D-rib0n01a~t0ne (19). 25 

mle Relative mle Relative mle Relative mle Relative 

- Abundance Abundance Abundance Abundance 

Tsble 3. Major Fragments in the Mass Spectrum of 19. 

m/e Structure 



was demonstrated by Horton and ~ a l a s z e k ~ ~  using 'H NMR and 13c NMR spectroscopy. The 'H 

NMR of D-ribonolactone was measured at 100 MHz in various solvents. The coupling constants 

and proton chemical shifts were used to provide evidence for the conformstional equilibria (Table 

4). 
3 

A relatively small value of J 3 , 4  (0.8 Hz in methanol-d and in dimethylsulfoxide-d6, and 0.5 4 

Hz in pyridine-d ) and also the small values of 3 3 
5 J 4 , 5  and J 4 , 5 , ,  strongly support a 

conformstional equilibrium in solution between the conformations 3~ and E3. A relatively large 

3 value of J (5.7 Hz in methanol-d ) was explained in terms of the influence of electronegative 
2.3 4 

substituents bonded to C-1, C-2 and C-3. 

The conformational equilibrium i s  quantitatively defined by data obtained using equations 

derived for ribonucleosides (Table 5 ) .  The possible conformer populations for the 5-CH20H 

group are shown in Figure 2 and have been described as gauche-gauche ( g g ) ,  gauche-= (gt), 

and --gauche (tg) according to the relationship of H-4 with respect to H-5 and H-5'. The E3 

conformation, which has the 5-OH group over the lactone ring, and the exocyclic, CH OH group 
2 

in a gauche-gauche disposition, appears to be the favored form in the equilibrium. 

1.3. Functional Group Transformations of D-Ribonolactone 

Early investigations on D-ribonolactone concerned with the preparation of derivatives, via - 

suitable functionelization, to be used as intermediates in the synthesis of natural products. In 

1968, Zinner end c o - w o r k e ~ s ~ ~  prepared a benzylidene derivative of D-ribanolsctone by treatment 

of 1 with benzaldehyde and concentreted hydrochloric acid. The structure of the product was 

confirmed to be 3.5-0-benzylidene-D-ribonol~ctone (20) (Scheme 3) by Chen and Joulli6, 4.34 

based on 'H NMR studies. Chen and ~ o u l l i 6 ~ ~  have also observed that when zinc chloride was 

used instead of concentrated hydrochloric acid, 2,3-O-benzylidene-D-rib0n01actone (11) was 

isolated as the major product (40%) along with small amounts of 20. Similar results were obtained 

by Garegg and c o - w o ~ k e r s ~ ~  during their synthesis of 0-benzylidene acetals of carbohydrates. 

These authors observed the formation of only one isomer (21) when D-ribonolactone wes treated - 

with b e n d  chloride in refluxing pyridine, although no prediction of the configuration at the 

acetalic c n ~ b o n  atom was made. The 2.3-0-cyclohexylidene-D-ribonicy-lactone (22) was prepared 

by treatment of 1 with cyclohexanone in benzene using Amberlite IR I ~ O ( H + ) ~ ~  or ferric chloride 38 

as catalyst. In an effort to develop new methodology for a mild, nonaqueous 1 .2-  and 1,3-did 

protection-deprotection sequence, Lipshutz and MoreySg converted 1 into derivative 23 by reaction 

with p-methoxyacetophenone dimethyl ketal in methylene chloride using pyridinium p-toluene 

sulfonate (PPTS) as catalyst. Although this protecting group introduces a new chiral center, in 

many instances, a preference for the formation of a major isomer was noted. For unexplainable 

reasons, deprotection of derivative - 23 (protected either as its g - b u t y l  diphenyl silyl ether or 
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Table 4. 'H NMR Spectra data for D-ribonolactane 32 

Solvent Chemical shifts in 6 valuesa Coupling constants in Hz 

H-2 H-3 H-4 H-5 H-5' 3 3 3 3 
%,3 J3,4 J4,5 J4.5' J5.5' 

'signal multiplicities: d ,  doublet; m, complex multiplet; o ,  octet; q ,  quartet.  the presence of 

CF3C02H. 

Table 5. Conformer Populations for D-Ribonolactone in Solution. 32 

Solvent Lactone-ring (%)a CH20H Group ($1 b 

3~ E3 gauche- gauche- trans- 

gauche trans gauche 

'~stimated from experimentally observed interdependence of the ring proton coupling constants in 

ribanucleosides. 

b~st imsted from the Xsrplus equation, with JBO, = 1.5 and Jls0, = 11.5 Hz. 



Scheme 3 

= NH,PhSO, 

= NaOCOCO 

' C ~ H ~ C H O .  H.1; " C ~ H ~ C H O .  k C 1 2  11 C6H5CHC12, p y ;  0o , Amberlite I R  1 2 0  or FeCI3;  

+ i RX, p y  or N E t 3 ,  CH2C12, 2 .  H 3 0  ; 1 .  MsCI. F y ,  2 .  ~ ~ 0 ' ;  ; C u O - C r 2 0 3 .  
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phenyl carbonate) using tin tetrachloride met with little success. 

D-Ribonolactone, on treatment with acetic anhydride in pyridine, afforded a triacetate (11) 

in 75% yield.40 In 1961, Bock and co-workers4' reported that triacetate 17, on treatment with 

hydrogen, in the presence of triethylamine and palladium on carbon, afforded diacetate 3, 

presumably 2 elimination of the 3-acetaxy group and subsequent stereoselective hydrogenation of 

the corresponding unsaturated intermediate. 

Recently, Bigham and c o - ~ o r k e r s ~ ~  have prepared a series of 5-0-substituted ribonalactanes 

(26-31). to be tested as inhibitors of srabinose 5-phosphate (ASP) isomerase, a key enzyme i n  the -- 
hiosynthesis of lipopolysaccharide, an essential component of the outer membrane Of Gram-negative 

bacteria. 

2,3-0-lsopropylidene-D-ribono1act0ne 125). prepared as described by Hough e t  a143 was 

allowed to react with a variety of reagents under basic conditions (pyridine or triethylamine in 

methylene chloride) at or below O°C. Acid removal of the 1.3-dioxolane protecting group gave 

the desired compounds (3-31) in fair to good yields. An interesting observation was the 

formation of the 5-chloro derivative (32) rather than the expected 5-mesylate or 5-tosylate during 

attempted sulfonylation in  pyridine at room temperature. A recent comm~nica t ion~~ describes a 

similar transformation using tosyl chloride-dimethylaminopyridine. In this case, aliphatic primary 

alcohols reacted more slowly than sllylic or propergylic primary alcohols. 

~ c h o l z ~ ~ ' ~ ~  has utilized the functionalizstion of the lactone carbonyl of D-rihonolactone (1) in 

the preparation of N-(3.4-dimethylpheny11-D-ribmine (34). The reaction of D-ribonolactone (1) 
with 3,4-dimethyl aniline gave the corresponding anilide. The hydrogenation of the anilide over a 

prereduced CuO-Cr203 catalyst afforded the desired product. The overall yield far this two-step 

sequence was 62%. 

The electrochemical reduction of D-ribonolactone to D-ribose has been the subject of much 

study. 47'48 Electrolysis of 1 in ammonium sulfate solution on mercury cathode s t  40% current 

efficiencies afforded D-ribose in 60-65% yield. Some of the technical parameters of this reduction 

on a pilot plant scale in  a membrane electrolytic cell equipped with a Hg plate cathode have also 

been addressed. 

2 .  Use of D-Rihonolactone in Organic Synthesis 

2 .1 .  Studies Related to the Synthesis of Anisomycin 

Gero and c o - w ~ r k e r s ~ ~  have carried out a nine-step synthesis of (2R,3S,4R)-4-benzyloxy-Z- 

benzyloxymethyl-3-hydroxy-N-toluene-p-sulfonyl pyrrolidine (42) from D-ribonolsctone (1) using 

an intramolecular reductive cyclizatian as the key step. This pyrrolidine derivative and related 



Scheme  4 

d 'H3c C6H4S02C1. PY; b N a ~ 3 .  DMF; ' N ~ B H ~ ,  )-OH; NaH,  C6H5CH2C1, DMSO; e ~ m b e r l i t e  I R  
f 

120 (H+): Hz, P t 0 2 .  
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disstereomeric heterocyclic derivatives are of interest as skeletal analogues of the antitumor 

antibiotic, anisomycin. 

Treatment of 2,3-0-cyclohexylidene-D-ribon01~ctone (22) with p-toluenesulfonyl chloride in 

pyridine gave the corresponding tosylste (35) (Scheme 4). Nucleophilic displacement of the 

tosylste with sodium szide in dimethylformsmide afforded the azide 36 in 78% yield. Selective 

reduction of 36 using sodium horohydride in isopropenol at O0 yielded 5-azido-2,3-0-cyclo- 

hexylidene-5-deoxy-D-ribital (37). Benzylation of 37 with benzyl chloride using sodium hydride 

in dimethyl sulfoxide, followed by mild acidic hydrolysis of the cyclohexylidene group using 

Amherlite IR 120 (H'), afforded 5-azido-1.4-di-0-benzyl-5-deoxy-D-ribital (39). The leaving 

group at C-2 in d i d  39 was introduced next. Reaction of 39 with three molar equivalents of p- 

toluenesulfonyl chloride in pyridine gave s mixture of ditosylate (40) and monotosylate (41) - in a 

ratio of 1:9. Hydrogenation of the azide function in 41 using Adam's catalyst followed by 

p-toluenesulfonylation afforded the desired compound by an intramolecular nucleophilic 

displacement. The methodology used to construct the pyrrolidine ring presents some advantages 

over the one used by Moffatt and co-workerss0 in their synthesis of (-1 anisomycin from 

D-glucose as it  reduces the number of steps needed and eliminates protection-deprotection 

protocols at the anomeric center. 

2 . 2 .  Synthesis of (S)-5-Hydroxymethyl-(SH)-furan-2-one and Glycoside (-)Ranunculin 

Font and c o - w o r k e ~ s ~ ~  have utilized the chirality at C-4 of D-ribonolactone in a short 

synthesis of (S)-5-hydroxymethyl-(SH)-furan-2-one and several derivatives. These derivatives, 

in tu rn ,  are not only potential chiral synthons for the asymmetric total synthesis of several 

antileukemic lignan lactones but also served as intermediates in the synthesis of (-)Ranunculin, 52 

a glycoside present in Ranunculaceae. The required transfarmstions were: (a )  conversion of the 

e - d i o l  function into a C=C end (h)  etherification of the hydroxyl group at C-5. Thus, 

treatment of D-ribonolactone with one equivalent of triethyl orthoformate in refluxing 

tetrahydrofuran gave a mixture of stereoisomeric cyclic orthoformates (44) (Scheme 5) in 

quantitative yield. Pyrolysis s t  220°C afforded the butenolide (47) in g w d  yield. The reaction 

sequence was conveniently extended to 0-benzyl-(c)  and 0-methyl-(43) D-ribonolactone as well. 

Reaction of 4 1  with 2,3.4,6-tetra-0-acetyl-a-D-glucopyrsnosyl bromide and silver oxide, in - 

anhydrous ethanol, gave rsnunculin acetate (49) in 88% yield. Further acid hydrolysis afforded 

the natural product (50) 

2.3. Studies Related to the Synthesis of Maytansinoids 

In a study related to the partial synthesis of C1-Cs of a bis-nor-msytansinoid, Barton and 

co-workersT selectively tosylated the hydroxyl groups at the 2- and 5-positions of D-ribonolactone 

to afford a ditasylate 51 (Scheme 6 )  in moderate yields. Compound 51 was transformed - - 



Scheme 5 
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Scheme 6 

58 X : Br 
60 

- - 

59 = H - 
a ~ s ~ l .  py ;  b ~ i ~ r ,  acetone; '1. N.1. TlU, acetone, 2.  Bzl-Br, A.0; "DIBAL; 'Q, =SOH; 

F6wi , Fa" ; gl. 0. Br2 HBr, THF, 2 .  Dimsyl sodium. 



quantitatively to the dibromide 52 which was then reduced to the 5-bromo compound 53. 

Treatment of 53 with beneyl bromide and silver oxide in ethyl acetate gsve the corresponding - 

0-benzyl derivative 54 in high yields. Reduction of the Lactone with DIBAL, followed by acetal 

formation, afforded 56 in 52% yield. Tosylation of 56 gsve 57 which when treated with sodium 

isopropylate in refluxing isopropanol, gave a low yield of vinyl bromides (58). However, reaction 

of tosylate 57 with sodium iodide in acetone produced the olefin (59) in good yield. Subsequent 

hromination and debromination gave the desired compound (60). 
2.4. Total Synthesis of (-) Neplanocin A 

One of the most attractive uses of ribonolactone as a ready source of chirality is exemplified 

in the synthesis of antitumor antibiotic neplanocin A (74) by Lim and ~ s r q u e z . '  The synthesis 

begins with (-)5-0-benzyl-2,3,O-isopropylidene-D-ribon01~~tone ( 6 1 ) ~ ~  - (Scheme 7 ) .  Coupling of 

6 1  with lithium dimethyl methyl phosphonate in THF afforded the hemiketal g in quantitative - 

yield. Benzoylation gave the acyclic dibenzoate 63 as a mixture of geometrical isomers which, 

without purification, was debenzaylated to the 5-ketophosphonate 64 in good yield. Oxidation of 

64 with Collins reagent, followed by intramolecular cyclization under high dilution, gave the - 

desired 2-cyclopentenone 66. A regio- and stereoselective reduction of the carbonyl group was 

achieved using sodium borohydride in a methanalic solution of 0.4 M CeC1f 7H20. hlesylation of 

67 followed by nucleophilic displacement gave the azide 69 with inversion of configuration. - 
Subsequent reduction of the azide 69 produced cyclopentenylamine 70, condensation of which with 

5-amino-4.6-dichloropyridimine followed by ring closure and treatment with methanolic ammonia 

gave 73 in an overall yield of 58% for the three step sequence. Debenzylatian with boron - 

trichloride in  dichloromethane was accompanied by removal of the isopropylidcne group to afford 

neplanacin A, identical in all respects with the natural product. 

2.5. Metal Carbene Mediated Methylenation of Aldonolactones 

Recently titanium mediated methylenstion of aldonolactones has been accomplished by Wilcox 

9 and co-worker8 to prepare versatile intermediates for the synthesis of C-glycosides and oxygen 

heterocycles. Treatment of the protected D-ribonolactone 75 (Scheme 8 )  with the titanium carbene 

complex 76 in THF affwded the en01 ether 71 in good yields. Conversion of the e n d  ether to 

acetate 78,  followed by treatment with ally1 trimethyl silane and zinc bromide, gave the allylic bis- - 
alkylsted C-glycoside 79 in high yields. The additional methyl group was found to improve the 

stereoselectivity of the reaction. This procedure provided an effective means of bis-alkylation at 

the snomeric carbon in carbohydrate rings. Moreover the intermediate e n d  ethers are expected 

to be versatile intermediates in the synthesis of several potential enzyme inhibitors. 

It is also pertinent to include the investigations of Ogura and ~ o - w o r k e r s ~ ~ ' ~ ~  on the 

development of a one-step asymmetric synthesis of C-nucleoside analogs. The reaction of ethynyl 
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Scheme 7 (cont inued)  

f ~ a ~ ~ 4 ,  CeC13, MeOH; g ~ s ~ l .  NEt3, CH2C12; h ~ i ~ 3 ,  DMSO, HMPA; c:: . NEt3. 
NH,CI 

k . n-BuOH; C H ( O E ~ ) ~ .  A C ~ O  or HCI; ' N H ~ ,  MeOH; rnBci3, CH2C12, MeOH. 
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Scheme 8 

a ~ ~ ~ ,  C 7 H g ,  - 4 0 D C ;  b ~ O ~ c ,  2 5 O ,  1 hr; 4=./ 
SiMeg, Z n B r 2 ,  CH2C12, 



compound8 and lithiated heterocycles with sugar lactones yielded a carbon linked nucleoside. 

Although treatment of 5-O-(tetrshydrapyran-2-yl)-2,3-O-isopropylidene-D-ribonolactone (80) 
(Scheme 9) with n-butyllithium and phenyl acetylene in ether failed to afford the desired product, 

reaction of 2.3-0-isopropylidene-D-ribonolactone ( 5 )  with lithium acetylides gave 1-(2-substituted 

ethynyll-2,3-0-isopropylidene-D-ribofuranase (81) in 30% yield. Under similar conditions, the 

C-nucleoside 82 was obtained in 23% yield. - 

2.6. Approaches to the Synthesis of SuRar Thiolactones 

Dominguez and 0wenS5 examined the possibility of using D-ribonolactone in the synthesis of 

sugar thiolactones. Thus, the reaction of 2,3-O-isopropylidene-5-0-tosyl-D-rih0n0lact0ne (83) 43 

(Scheme 10) with potassium thioacetate in dimethyl formsmide gave an excellent yield of 

2,3-O-isoprapylidene-5S-thioacetyl-D-ribon0lat0 (84). the displacement of the primary 

sulphonyloxy group taking precedence over attack on the lactone ring. Treatment of the product 

with dimethylamine in ether opened the lactone ring and also effected deacetylation to give amide 

85. Subsequent desulphurization with Raney nickel followed by alkaline hydrolysis and - 

lsctanizstion afforded 5-deoxy-2,3-O-isopropylidene-D-ribon01actone (86). - 

2.7. A New Synthesis of L-Ribofursnose Derivatives .* . 
Using D-ribonolactone as starting material, a new and convenient synthesis of L-ribofuranose 

derivatives has been developed by Walker and ~ o g e n k a m p . ~ '  The two key reactions in this .. 
% 

synthesis are: (a)  oxidation of the hydraxymethyl group of 2,3-O-isopropylidene-D-ribono1actone 

(5) with dimethyl sulfoxide-N,N'-dicyclohexylcarbodiimide and (b)  reduction of methyl (methyl u,B 

-L-ribofuranoside) uronate with sodium bis (2-methaxyethoxy)aluminum hydride. 

Oxidation of 25 was attempted with several reagents, such as methyl sulfoxide-acetic - 

anhydride, methyl sulfoxide-phosphorus pentoxide, chromium triodde-dipyridine complex, etc. - 
Only the dimethyl sulfoxide-dicyclohexylcarbodiimide reagent with pyridinium trifluoroacetate as 

catalyst was found to be a mild enough oxidant for the conversion of 5 to the aldehyde 

derivative of 2,3-0-isopropylidene-D-ribon01act0ne (87) (Scheme 11). Removal of the protecting 

group using 0 . 1  M hydrochloric acid in dioxane gave L-riburonic acid (88) in good yield. - 

Treatment of 88 with methanolic hydrogen chloride gave a mixture of the two methyl (methyl a,B 

-L-ribofuranoside) uronates (89) in 98% yield. Reduction of 89 with sodium bis- - 

(2-methaxyethoxy)sluminum hydride gave two chromatographically separable anomeric 

methyl-L-ribofursnasides (90 and 2). 

2.8. Synthesis of (f)-t-Butyl-8-0-t-butyldimethylsilylnonactate 

6 Barrett and Sheth have utilized a readily available derivative of D-ribanalactone in their 

seven step synthesis of the title compound, a monomeric species of the ionophore antibiotic 

nonactin produced by Streptomyces. 2,3,5-Tri-O-acetyl-D-ribono1actone (17) - on reaction with 
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DRU, underwent double elimination of acetic acid to afford the diene acetate 92 (Scheme 12). 

Stereocontrolled hydrogenation of compound 92 gave 93 in >97% yield in an isomerically pure form. 

DlBAL reduction of 93 gave lactol 94. Compound - 94, on reaction with ethoxycarbonyl methylene 

triphenyl phosphorane, followed by hydrogenation and acidification, produced the 

stereochemically pure lactane 96, presumably @ the enoate 95. Silylation, followed by reaction 

of the lactone with t-butyl-2-lithiopropanoate, gave, after acidification, the enoate 98 with 

E-geometry. Hydrogenation of 2 afforded the title compound as a mixture of isomers in an 85:15 

ratio in favor of the desired product. The overall yield for this sequence wns >24%. 

2.9. Studies Related to the Synthesis of Lasalocid A 

Recently, Ireland and c o - w o ~ k e r s ~ ~  have used D-ribonolactone in  the synthesis of one of the 

intermediates, bromopentene 104, needed for the total synthesis of lasalocid A (X53TA). an 

ionophore antibiotic. D-Ribonolactone (1) was first converted to i ts  trityl ether in 84% yield by - 

reaction with trityl chloride in pyridine. Treatment of the trityl ether with N,N'-thiocarbonyl- 

diimidazole (CDI) gave 101 (Scheme 13) in 79% yield. Raney nickel effected the conversion of 

101 to the u.8-unsaturated ketone (s) in '13% yield. A single isomer resulted from the - 
1.4-addition of lithium dimethyl cuprste to the unsaturated lactone. Catalytic detritylation of 102 
was followed by conversion of the alcohol to the bromide via the mesylate. Reductive - 

fragmentation of the bromide using lithium in liquid ammonia gave the methyl pentenoic acid (103). 
Subsequent reduction of the acid to the alcohol, followed by conversion to the bromide via the - 

mesylate, completed the synthesis of the desired bromopentene in high enantiomeric purity. 

2.10. Studies Related to the Synthesis of Methynolide 

In connection with studies related to the partial synthesis of the sglycone methynolide, 

Hoffmann and ~ a d n e r ~ '  have used D-ribonolactane in  the synthesis of one of the intermediates 

dioxolane carboxylic ester (107). The reaction of 2,3-0-isopropylidene-5-O-tosyl-D-ribonolact0ne 

( ~ 3 ) ~ ~  - with sodium methoxide (0.95 equiv.) in tetrahydrofuran gave the epoxy ester - 105 (Scheme 

14) in  89% yield. An excess of sodium methoxide caused partial epimerization at C-4. 

Deoxygenation of - 105 using potassium selenocyanate yielded the olefin 106 in 59% yield which was 

hydrogenated to afford the desired dioxolane ester 107 in 88% yield. 

Interestingly these investigators were unable to methylste the o-position of the lactone 

carbony1 in a suitably hydroxyl protected 2,3-0-isopropylidcne-D-ribonolactone (Ed, - - 108) although 

the formation of enolate was inferred5' when lithium diisopropyl amide was used as the base. 

2.11. Synthesis of Litsendides 

The scope and utility af D-ribonolactone in organic synthesis has been further demonstrated 

by Chen and ~ o u l l i 6 , ~ ' ~ ' ~ ~  in the synthesis of optically active y-lactones. First, the regio- and 

stereoselective functionalization of 1 was examined. Selective bromination of the primary hydroxyl 
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group of with triphenylphosphine and carbon tetrachloride, followed b y  treatment with 

benealdehyde and anhydrous zinc chloride afforded 2,3-O-benzylidene-5-hromo-5-deoxy-D-ribono- 

lactone (111) (Scheme 15) in  58% yield as a 2:1 mixture of separable diastereomers. Using 

Hanessian's procedure, 60,61 the dibromobenzoate (113) was obtained in essentially quantitative 

yield. The exclusive formation of (113) was believed to  proceed through ionic intermediate - 112. 

SN2 Attack of bromide ion from the more electrophilic and less sterically hindered position (path 

a) of the benzoxonium ion opened the ring in  s regio- and stereoselective fashion. Tri-n-hutyltin 

hydride reduction of 113 afforded benzoate 114 in 75% yield. Treatment of 114 with methanolic 

ammonia gave butenolide in quantitative yield. Alternatively, reduction of 111 with 

tri-n-butyltin hydride afforded 116 in 78% yield. Stereoselective opening of the benzylidene ring 

in 116, using Hanessian's procedure, 60'61 gave bromobenzoate 117 in 88% yield. Treatment of 

compound - 117 with zinc in refluxing ethanol afforded the previously prepared butenolide 115 in 

93% yield. 

With compounds 114 and 117 in hand, the possibility of functionalizing the a-position of these 

Y-lactones was next examined. All attempts to generate an enolate from 114 resulted in 

decomposition of the starting material: similarly treatment of LI_? with triphenylphosphine or 

triethyl phosphite failed to  yield the desired Wittig-type precursor. In both cases, these failures 

were due to the presence of the B-benzoxyl group and i ts  facile elimination. Analogous results 

were obtained with other 8 -hydroxyl protecting groups such as t-butyldimethylsilyl ether and 

tetrahydropyran ether. 

The next intermediate to be prepared was 2,s-dideoxy-D-erythro-pentono-Y-lactone (120) - 

(Scheme 16). Benzylidene derivative 3 was prepared in 93% yield according to Zinner's 

procedure.33 Reaction of 3 with carbon disulfide in the presence of sodium hydride in DMF was 

followed by methylation to give the corresponding xanthste, 113, in  76% yield. Reduction of 118 
with tri-n-hutyltin hydride afforded the 2-deaxy-y-lactone (119) in 93% yield. Hydrolysis of 

119 with 50% aqueous trifluoroacetic acid in chloroform was followed by selective bromination with - 

triphenylphosphine and carbon tetrabromide to afford 53 in 30% yield. Debramination of 53 with 

tri-n-butyltin hydride gave 120 in 92% yield. 

The low yield obtained for 120 created the need for an alternative approach to this - 
intermediate. The conversion of 1 to 121 end 122 (65% and 44% yields, respectively) was 

accomplished by s procedure introduced by  oldi in^" and ~ o c k . ~ ~  D-Ribonalactone was treated 

with a 35% solution of hydrogen bromide in acetic acid, followed by deacetylation with methanol. 

Catalytic hydrogenolysis of 121, followed by selective bromination afforded - 53 in 72% yield. 

Selective catalytic hydrogenolysis of 122 also provided 53 in 85% yield. The overall yield for the 

preparation of from 1 was 46%. The formation of 121 from 1 is believed to proceed through 
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the formation of 5-0-scetyl-D-ribonol~ctone which precipitates if 20% hydrogen bromide in acetic 

acid is used. When 35% hydrogen bromide in acetic acid is employed, the manoacetate does not 

precipitate and reacts further. The structure of - 1 2 1  was unambiguously confirmed by X-ray 

crystal analysis. 34 

With key intermediate 120 in hand, the possibility of carrying out stereoselective aldal 

condensations and alkylations using the chiral hydroxyl group as a control element was then 

examined. Dianian 123 (Scheme 17) was prepared by the addition of 2 . 2  equiv of lithium - 

diisopropylamide in THF at -78W. Addition of aldehydes in the presence of 1 equiv of zinc 

chloride, raising the temperature to -50°C for 2 h r  and quenching the reaction with 20% aqueous 

ammonium chloride at -50°C, afforded a mixture of diols (124 and 125) in good yield (Table 0 ) .  

1 The structural assignments of these diols were based on the analysis of H NMR spectra. Dianion 

123 was alSo alkylated with methyl iodide, myristyl bromide and 1.10-dibromodecane using - 

hexamethylphosphorsmide (BMPA) as cosolvent. The results are shown in Table 7. While the 

methylation of the dianion at -50°C gave a 59% yield of both and in a 20:l ratio, the 

alkylation of the dianion with myristyl bromide and 1.10-dihromodecane afforded low yields of a 

single product. In all cases, 0-alkylation or. dialkylation were not observed. 

Having demonstrated the potential of D-ribonolsctone as a precursor for the synthesis of 

optically active Y-lactones which, in tu rn ,  are important intermediates in the synthesis of many 

natural products the aldal condensation methodology was extended to the synthesis of the 

naturally occurring Lsursceae lactones, the litsenolides. 

For the synthesis of (-1 litsenolides C1 and C2, the intermediates and & were 

obtained from the aldol condensation of dianion 123 with the commercially avsilsble myristyl - 

aldehyde. For the synthesis of (-) litsenolides B1 and B2, the intermediates 124b and were 

derived from the disnion 23 and 11-dodecynal. A three step synthesis of this aldehyde was 

developed during the course of these investigations. 64 

The conversion of intermediates 124c and 125c into (-) litsenolides C and C2 is outlined in - - 1 

Scheme 18 (R=n-C13HZ7). Pyrolysis of the mixture s t  200°C afforded a 1:5 ratio of two products 

in 15% yield. The minor product was found to be identical to (-) litsenolide C1 (E) while the 

major product corresponded to (-1 litsenolide C2 (E). Litsenolide C1 was also prepared in 

better yield through s different sequence of reactions. The diastereomeric mixture of & and 

125c, in methylene chloride, was treated with triethylamine and methanesulfonyl chloride (2 eq) to 

afford mesylates and in a 1 O : l  ratio (100% yield). This mixture of mesylates was 

converted to the corresponding sllylic phenyl aelenide ( e )  in 78% yield with 1.5 equiv of 

sodium phenylselenide. Subsequent oxidation of with 30% aqueous hydrogen peroxide in 

acetonitrile at -20°C gave litsenolide C ( 1 2 8 ~ )  and epilitsenolide C (133~)  in a 7 : l  rstio (85% 1 - 1 - 



Scheme 17 

'LDA (2 eq.), THF, -7a°C; b ~ n ~ 1 2 ,  RCHO. THF. -50°C: 'R'x. HMPA. -50DC. 
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T a b l e  6 .  Aldol  C o n d e n s a t i o n  of Dianion 123 

Rat io  Hz 3 
J 2 , 3 s  5 . d  

Compd  R % Yield  (124:W) 124 125 124 125 

a ' ~ ~ 5  75 3 : l  7.5 8 .9  3.8 6 .7  

b CH3(CH2112 60  1 : l . S  8 .5  9 .3  3 .4  3 ..8 

c HC-C(CH2)8CH2 72 1:2 8.4 9.2 4 . 5  5 .4  

T a b l e  7 .  A l k y l a t i a n  of Di sn ion  123 

3 
2 2 , d ! ! 2  

Compd  R'X % Yield  126 127 

a CH3-I 59 9.2 5.8 

b CH3(CH2)12CH2-Br 2 1  8.6 ... 

c B P C H ~ ( C H ~ ) ~ C H ~ - B ~  1 8  6 .5  ... 
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yield) . 
The conversion of intermediates 124b and 125h into (-) litsenolide B1 and B2 is also outlined 

in  Scheme 18 (R=(CHZ)gCXH).  Pyrolysis of a mixture of 124b and at 180°C afforded a 14% 

yield of two products in  s 1:6 ratio which were identical to  the  naturally occurring (-) litseno- 

lidee B1 (z) and B2 (E). The diastereomeric mixture of 2 and was similarly con- 

ver ted to mesylates = and s in a 8 : l  ratio (93% yield). The mesylates were treated with 

sodium phenyl selenide (1.5 eq) to afford 132b in  82% yield. Further oxidation with 30% aqueous 

hydrogen peroxide in  acetonitrile a t  -20°C also gave litsenolide B1 (E) and epilitsenalide B1 

(g) in a 1 : l  rstio (79% yield). Thus, the  f i rs t  synthesis of optically active litsenolides B and 

C has been accomplished from D-ribonolactone. 
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