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(Rccewell III UK 1 December 1992) 

Abstract: A concise approach to the synthesis of antl-tumor compound, gomofu- 
furone IS described startmg from dlaldo-xylose. The key step m our synthesis IS 
the spontaneous lactomsatlon and Michael-rmg closure accompanymg the Wlttlg 
reactlon of the title yhde with the furanose-lactol having a free hydroxyl group 
at C-2. 

Recently several blo-active compounds have been Isolated from one source-ethanol extract 

of the stem-bark of gomothalamus grganteus (Annonaceae). Among them, two compounds - 

gonlofufurone (1) and goruopypyrone (2) are umque m that they represent unusual natural skele- 

tons and possess lmpresslve cytotoxlcrty agamst human tumor cells. The constltutlon and rela- 

tlve confIguratIon of (+)-I and (+I-2 were establlshed by spectroscopic and X-ray crystallographtc 

analyses’. Absolute conflguratlon of (+)-I has been estabhshed by synthesis of the natural pro- 

duct and Its enantlomer2. Herem, we report a short and efflclent route to 1 from the abundantly 

avallable choral starting material, D-glucose. The approach IS based on our recently discloccd 

methodology3 to access functlonahsed 2-deoxy-3,6-anhydrohexono-1,4-lactones from aldctsydo- 

sugars 

IICT Commumcatlon No. 3127 

§ for Part 1, see ref.3. 

This publrcatlon IS affectionately and respectfully dedicated to Dr S N Balasubrahmanyam on 

the occasion of his retirement from service as Professor m Orgamc Chemrstry at the Indta~ 

lnstltute of Science, Bangalore, India. 
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Ethox ycarbon ylmeth ylenerriphen ylphosphorane-II 1507 

Retrosynthetrc analysrs (Scheme 1) mdrcated that two drastereoselectrve nucleophrlrc 

reactrons, one at each end of draldo-xylose, - (3)-phenyl carbarnon addrtron from the Re face 

of C-5 carbonyl and a-C-glycosrdatton wrth the stabrhsed yhde at the lactol-end - are the key 

steps. Followmg thus strategy, 3-O-benzyl-I,2-O-~sopropyl~dene-~-D-xylopentod~aldo-1,4-furanose4 

(4), readrly avarlable from D-glucose was treated wrth PhMgBr m THF (Scheme 2) followmg 

the reported procedure5 to obtarn the unwanted chelatron-controlled product, 3-0-benzyl-1,2-G 

rsopropybdene-5-C-phenyl-a-L-rdopentofuranose (5) and the desrred C-5 eprmer (7) m 12.1 ratio. 

This drastereomerrc ratro could be Improved m favour of the desrred gluco-eprmer by sublectmg 

the mixture to an oxrdatron (Cr03/Py)-reductron (NaBH4) sequence to obtam (7) and (5) m IO.1 

ratlo. Separation by column chromatography (solvent A) afforded pure 7 The chemrcal shift 

of H-3 m the 
1 
H NMR spectrum was dtagnostrc m assrgnmg the confrguratron at C-5. H-3 reso- 

nated srgmfrcantly upfleld (A 60.36 ppm) m (5) of L-rdo confrguratlon compared to (7) of D-gluco 

confrguratton because of shreldmg effect of the anlsotroplc phenyl moiety m the 
6 

former . To 

prevent the benzylrc hydroxfl m 7 from takmg part m ensumg reactlons, It was blocked as 

benzyl ether by treatrng 7 wrth NaH/Benzyl bromrde to obtarn 8. The 1,2-acetomde moiety 

was then hydrolysed to get the lactol (9) wrth hydroxyl free at C-2. The stage was now set 

for the Wrttrg reactron. We envisaged that the acycbc Wrttrg product, the cls-enoate (IO) that 

would be formed can easdy be converted to the brcychc tetrahydrofurofuranone rmg system 

characterrstrc of 1, smce m (IO) the hydroxyls requrred (4-OH and 6-OH) for rmg closures are 

actrve (free) and those unwanted (5-OH and 7-OH) are Inactive (blocked as benzyl ethers). 

In fact, to our pleasant surprrse, when the Wrttrg reactron was carrred out at -20°C m MeOH 

(condrtrons found Ideal for gettmg e-selectrvrty7) wrth ethoxycarbonylmethylenetrrphenylphos- 

phorane, the sole product Isolated was gonrofufurone brs-benzylether (12)! The very facrle and 

neat manner In whrch thus brs-cycbsatron (lactomsatron and Mrchael rmg-closure) took place 

spontaneously deserves some comments. Usually Mrchael-type rrng-closures In the case of a 

,ffunsaturated enoates requrre base-treatment. Exceptions are those systems where a pre-exlstmg 

five membered rmg (hke the 2,3-0-rsopropyhdene morety In rrbofuranoses) strongly favours 

the formatlon of a second fused five membered rmg’. We beheve that In our case, the frrst 

five-membered rrng to be formed was the Y-lactone as rn 11 whrch acted as a drrvrng force 

for the Mmhael rmg-closure. If the order of rmg closures were otherwrse, we would have Isolated 

at least a small amount of 6-C-furanosrde (14) whrch for sterrc reasons cannot lactomse, assum- 

rng that the o -C-furanosrde (13) undergoes lactomsatron. A srmllar sequence, I.e. lactomsatron 

takmg precedence over Mrchael, was observed m our earher work3. 0-Benzyl protecting group5 

from 12 were removed by catalytic hydrogenolysls to obtam goruofufurone (I), whose lH-NMR, 
13 

C-NMR and optlcal rotatron data agree well with the reported valuesl. 

In conclusion, we have achreved an enantroselectrve synthesis of gomofufurone via dn 

unusual spontaneous bls-cycllsatron process, making use of the chrrallty 111 the abundantly and 

cheaply avallable D-glucose. 

Acknowledgement: We thank Dr A V Rama Rao, Drrector for the excellent facilrtles lmdc 

avallable and also for evlncmg keen Interest and encouragement. 



Experrmental 

General : Meltmg points were measued on a Ftscher-Johns apparatus and are uncorrected 

NMR spectra were recorded with Varlan Gemmr-200 spectrometer (200 MHz for proton and 

50 MHz for 13 I C nuclel) In CDC13 solutlons usmg TMS as Internal standard for H-spectra and 

central hne of CDC13 trlplet (77.0 ppm) for 
13 

C spectra. Chermcal shifts are reported 111 ’ 

6 values and J m Hz and NMR data for the aromatlc region are omltted. Cptlcal rotations 

were measured at 25°C usmg a Jasco DIP-370 dlgltal polarlmeter from 1% solution In chloro- 

form unless otherwlse mentloned. Chromatography was done usmg Acme Slhca gel fmer than 

200 mesh. Reagents and solvents were purlfred and dried usmg standard methods. Elemental 

analyses were carried out by IDPL, Hyderabad. Solvent-combmatlons used In chromatography 

: 10% Ethyl acetate m hexane-solvent A, 10% ethyl acetate In toluene-solvent B and 50% ethyl 

acetate In toluene-solvent C. 

To 0.09 g (3.776 mmol) of magnesium m 50 ml of dry THF bromobenzene (0.59 g, 0.4 

ml, 3.77 mmol) was added dropwlse under rutrogen atmosphere. After 30 mmutes of stlrrmg 

at room temperature. 3-0-Benzyl-1,2-O-lsopropyhdene- a -D-xylopentodlaldo-l,4-furanose4 (4) 

(0.7 g, 2.517 mmol) m 10 ml of dry THF was added slowly while coohng the flask In an Ice 

bath. Stlrrmg was contmued until the startmg material disappeared (TLC). The reactlon mixture 

was poured Into Ice cold 0.5M HC1 solutron and extracted with CH2C12. Combmed organrc 

extracts were dried over Na2S04 and concentrated to yield 0.8 g (89.3%) of 3-0-benzyl-1,2-O- 

Isopropyhdene-5-C-phenyl-a-L-ldopentofuranose (5) and Its C-5 epimer (7) m the ratlo of 12:l. 

Rf (5) = 0.27 (solvent-B). 

‘H NMR:(5) 6.0 (d, J I 2=3.74, IH, H-I), 5.05 (d, J4 5=7.6, IH, H-5), 4.58 (d, J2 3=0, IH, H-2), 

4.28 (dd, J3 4- -3.2, IH: H-4), 3.6 (d, 1H, H-3), 4.56’ and 4.32 (2xd, J=ll.O, 2H, benzyhc CH2), 

1.5 and 1.32’(2xs, 3H each, lsoprop. methyls). 

The above dlastereomerlc mixture was refluxed with PDC (0.8 g, 2.25 mmol) In dry CH2C12 

(50 ml) for 2 h to yield the phenyl ketone (6). Solvent was removed, 200 ml of ether added 

and flltered through slllca gel column. After removal of ether, 20 ml Me0H was added to the 

residue and stlrred with NaBH4 (0.18 g, 4.6 mmol) for 3 h at room temperature. Methanol 

was removed under vacua and the residue, 0.65 g (81%) was separated by column chrornatogrdphy 

(solvent-A) to obtam 3-0-benzyl-1,2-0-lsopropylrdene-5-C-phenyl-a -D-glucopentofuranole (7) 

as a syrup and Its C-5 eplmer (5) m the ratio of 10~1. [a$, (7) -93”, Rf (7) = 0.49 (Solvent-B). 

‘H NMR:(7) 5.96 (d, J I 2=3.8, 1H, H-l), 5.02 (d, J4 5=6.7, IH, H-5), 4.56 (d, J2 3=0, IH, H-2), 

4.25 (dd, J3 4- -3.2, IH, h-4), 3.96 (d, 1H, H-3), 4.4; and 4.67 (2xd, J=Il 5, ZH, benzyhc CH2), 

1.28 and 1.4; (2xs, 2x3H, acetomde methyls). 

Elemental Analysis: C2, 24 5 H 0 requires C, 70.78; H, 6.74. Found: C, 70.2; H, 6.69. 



Ethoxycarbonylmethylenetnphenylphosphorane-II 1509 

To a slurry of pentane-washed NaH (0.053 g, 2.2 mmol) m dry DMF, a solutlon of 3-O- 

benzyl-l,2-O-~sopropyl~dene-5-C-phenyl-a-D-glucopentofuranose (7) (0.6 g, 1.68 mmol) in 5 ml 

of dry DMF was added at 0°C. To this suspension, benzyl bromide (0.32 g, 0.23 ml, 1.87 mmol) 

was added dropwlse and stlrrmg was contmued for an addItIona one hour. Excess NaH wd; 

quenched by slow addltlon of MeOH and the reactlon mixture was poured mto Ice-cold water 

and extracted with CH2C12. Combmed extracts were dried over Na2S04 and concentrated under 

reduced pressure which afforded a white sohd (0.7 g, 93.3%). Recrystallrsed from CH2C12/hexane 

(1:20 v/v) m.p. 85-86”C, 61, -49.2, Rf = 0.72 (solvent-B). 

‘H NMR: 5.86 (d, J , 2=3.8, IH, H-l), 4.73 (d, J4 5=8.3, IH, H-5), 4.59 (d, J2 3=0, IH, H-2), 

4.36 (dd, J 3 4 =2.09, ;H, H-4), 4.24 (d, IH, H3), 4166 (dd, J=11.7, ZH, benzyhc kH2), 4.37 (dd, 

J=ll.l, 2H, kher benzyhc CH2), 1.41 and 1.21 (2xs, Isoprop. methyls). 13C NMR: 111.4, 104.9, 

82.85, 82.1, 81.8, 78.2, 72.3, 70.2, 26.7 and 26.2. 

Elemental Analysis: C28 H 0 requires C, 75.33; H, 6.72. Found: C, 74.93; H, 6.67 3. 5 

3,5-Dl-O-benzyl-5-C-phenyl~D-glucopentofuranose (9): 

3,5-Dl-O-benzyl-1,2-0-lsopropyhdene-5-C-phenyl- a-D-glucopentofuranose (8) (0.7 g, 1.57 

mmol) was dissolved m 3 ml of trlfluoroacetlc acid/water (2:l mixture) and stlrred at room 

temperature for 4 h. The reactlon mixture was neutrallsed with saturated NaHC03 solution 

and extracted with ethyl acetate. Combmed extracts were washed with brme and dried over 

Na2S04. Evaporation of the solvent under vacua furrushed the lactol (8) as anomerlc nuxture 

(0.4 g, 62.8%). Recrystalhsed from CH2C12/hexane m.p. 98-99”C, [alD:-8.2°, Rf = 0.85 (sol- 

vent-C). 

1 
H NMR data was not dlscernable because of overlap of signals due to two anomers. 

13 
C NMR data: a-Anomer; 96.24, 83.23, 81.41, 78.40, 74.15, 72.24, 70.15. B-Anomer; 103.07, 

84.04, 81.99, 79.24, 76.99, 72.93, 70.15. 

Elemental Analysis: C25H2605 requires C, 73.89; H, 6.4. Found: C, 73.37; H, 6.28. 

6,8-D1-04xszyl goruofufurorte (12): 

3,5-DI-O-benzyl-5-C-phenyl- ocD-glucopentofuranose (8) (0.2 g, 0.49 n~mol) m methanol 

(5 ml) was cooled to -20°C and ethoxycarbonylmethylenetrtphenylphosphorane (0.26 g, 0 76 

mmol) was added and stlrred for 8 h at the same temperature. The solvent was removed under 

vacua and purlfled by column chromatography to obtam 150 mg (70.8%) of 6,8-dl-O-benzyl 

gomofufurone (12) as colourless syrup. [a]D:-5.8”, Rf = 0.62 (solvent-B). 
1 

H NMR: 4.82 (m, 2H, H-4 and H-8), 4.65 (m, 3H, benzyhc CH2 and H-5). 4.4 (m, 2H, benzylrc 

CH-A and H-6), 4.15 (dd, J=4.1 and 12, IH, H-7), 4.21 (d, J=13.0, IH, benzyk CH-B), 2.55 

(dd, J=3.8 and 18.1, IH, H-3A), 2.45 (d, 3=18.1, IH, H-38). 13C-NMR: 85.0, 83.5, 81.1, 78 2, 

77.0, 73.3, 70.3 and 35.9. 
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Elemental Analysis: C2, H 0 requires C, 75.33; H, 6.09. Found: C, 74.96; H, 6.03. 26 5 

(+bGon10fufurone (1): 

C,S-Dl-0-benzyl gomofufurone (12) (100 mg, 0.23 mmol) was dissolved In 5 ml of MeOH 

to which 20 mg of 10% W-C was acided and magnetlcally stlrred under hydrogen atmosphere 

for 12 h. The catalyst was filtered off and the solvent removed under vacua. The residue was 

recrystalhsed from CH2C12/hexane (I:20 v/v) yield 0.05 g (86.2%). m.p. 149-I 50°C. [al,= ~10.5 

(c 0.6, EtOH). ht.’ [aID +9.0 (c, 0.5 m EtOH). Rf: 0.3 (solvent-c). 

‘H NMR: 2.76 (dd, J=18.6, 5.9, IH, H-3a), 2.66 (br.d, 3=18.6, IH, H-3b), 5 15 (m, IH, H-41, 

4.9 (d, J-4.2, IH, H-5), 4.4 (d, J=2.7, iH, H-61, 4.12 (dd, J=4.8, 2.7, IH, H-71, 5.21 (d, 3=4.X, 

IH, H-8). 13C NMR: 175.3, 87.4, 83.0, 77.3, 74.5, 73.5 and 36.1. 

Elemental Analysis: C,3 H 0 requres C, 62.4; H, 5.6. Found: C, 62.21; H, 5.54 ,4 5 
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