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Abstnd: D-Mannose has been converted by six sequential reactions (acetonation, Wittig- 
intramolecular Michael reaction. selective deacetonation. glycol cleavage oxidation and Grignard 
reaction) into the methyl esters 9 and 10 which underwent a de-isopropylidenation reaction with 
concommitant lactonisation to give the (3S,4R)- and (3&4R,7S)-diastereoisomers of 
goniofufurone 1 and 2. 

We have long-term interest in the fabrication of heavily oxygenated lactoues as potential antitumour agents 

from sugars1 and tecently we described the total syntheses (from Dglyccru-D-g&-heptouo+actcme) of several 

styryllactones which were isolated from the ethauolic extracts of the stem bark of Goniorhalamrrs gigunteus 

Hook. f., Thomas (Annonaceae).2,3 All these styryllactones. (+)-goniofufurone.4 (-)-goniotrio1,s.Q 

(-)-&cetylgoniotriol,% and (+)-goniopypyroneUs have been succe&ully synthesised fustly by us and then 

by others. It is noteworthy that whereas goniofufurone shows significant cytotoxic activities toward several 

human tumour cell lines. 7-epi-goniofufurone (sugar numbering) is only weakly bioactive.2.3 This finding 

prompted us to prepare configurational analogues of goniofufurone for biological evaluation as selective 

antitumour agents. This paper now reports, starting from D-mannose, short, facile and enantiospecific 

syntheses of (3S,4R)- and (3S,4R,7S)-diastefeoisomers of goniofufurone 1 and 2. 

The strategy for our previous construction of gouiofufuNme and ‘I-epi-goniofufurone from D-glyCerO- 

D-gulo-heptMlo-ylactone (D-glucohepton*~lactooe) involved thtee key reactions in sequence namely the 

PhMgBr Griguard reaction, Wittig maction and the intramo lecular Michael reaction.~ The application of this 
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D-mannose 

8 vi 
\ 

7 

9 R,=OH.R2=H 
10R,=H.R2=OH 

Schcnw 1. Reagents and conditions : i, M&=0. pTsOH, reflux (85%); ii, Ph$=CHC~Me. 
MeCN, reflux (combined 93%. 5 : 6 = 1 : 1); iii, NaOMe, MeOH. r.t. (combined 93%. 5 : 6 
= 2 : 5); iv, HOAc-H20, ct. (92%); v, NaIOa. MeOH-H20, r.t; vi, PhMgBr. THP, 0 Oc (52% 
from 7.9 : 10 = 1 : 1. inseparable); vii, HOAc-H20, reflux (combined 80%. separable on alumina) 

6 
i H:*. ii.iii ) very low yields 

ofland 

HO 
11 

Scheme 2. Reagents and conditions : i, TPA-H20-CH2C12. r.t (8 1%); ii, NaI04. MeOH-H20, 
r.t; iii, PhMgBr, THF, 0 “C. 



(3S,4R)- and (3S.4R.7.9- diastenoisomers of goniofufurone 1271 

strategy has now been demonstrated by obtaining diastereoisomers 1 and 2 from Dmannose. although the 

sequence of events is diffemnt. Taking advantage of the unblocked C- 1 lactol function in diitone-Dmanncee 

3. the [3.3-O] bicyclic ring system in the target molecules can be assembled ti a Wittig-in- Michael- 

hydrolysis sequence. A fmal PbMgBr GrignPrd reaction would then complete the syntheses of 1 and 2. 

Theroutetogoniohrfuroncanaloguesland2is~~inScbemel. ThecrystaUirbsd&etonaDmannose 

37 was madily available from Dmannoae in 85% yield employing milder conditions (toaic acid as the catalyst). 

The lactol3 teacted with (mtboxycarhonyl)methylmmtriphenylphosphorane in m&rxing acetonitrile to form an 

intermediate enoate 4 which then underwent a spontat~~~ intramolecular Michael-type ring closul& affording a 

mixture of a- and PC-glycosides 5 and 6 in a ratio of cu. 1 : 1.8 The P-C-glycoside 6 would afford the 

desired [3.3.0] bicyclic ring system upon acidic removal of the acetonide blocking groups followed by 

lactonisation whereas the a-C-glycoside 5 would not lactonise due to steric reasons. Treatment of the mixture 

of C-glycosides with NaOMe in MeGH caused equilibration via a ring-opening and ring-closure mechanism to 

give the PC-glycoside 6 as the major product. Although all the substituents on tbe furanoid ring in 6 are cis- 

disposed, the f&C-glycoside 6 was assigned as the thermodynamic product.s In this work, molecular 

mechanics calcualtions using the MM2 force field of AllingeP showed that the & of 5 was ca 1 kcal mol-t 

less than that of 6. Thus compound 6 as a free molecule may not be tberomodynamically more stable than 5. 

Selective hydrolysis of the terminal isopropylidene ring in 6 w smoothly in aqueous acetic acid to give 

the diol 7 in an excellent yield (92%). Glycol cleavage oxidationlo of the diol moiety in 7 with sodium 

metaperiodate in aqueous methanol followed by immediate reaction of the liberated aldehyde with PhMgBr 

Grignard reaction in THF. afforded a mixture of inseparable benxyl alcohols 9 and 10 (ratio ca 1 : 1) in an 

overall yield of 52% Hydrolysis of the remaining isopropylidene group in 9 and 10 (as a mixture) with 

aqueous acetic acid occurred with concomitant lactonisation to give the target molecules 1 and 2. separable by 

alumina chromatography. By comparison of the IH NMR spectral data of 1 and 2 with those of goniofufutone 

and 7-epi-goniofufurone, the more polar &tone was tentatively assigned as the (3&4R)-diastereoisomer 1 and 

the less polar lactone as the (3&4R,7S)-diastemoisomers of goniofufumne 2. 

A less efficient route from 6 towards the target compounds 1 and 2 is illustrated in Scheme 2. Hydrolysis of 

the remaining isopropylidene blocking group in 6 proceeded with concomitant lactonisation to give the trio1 11 

in good yields. However, glycol cleavage oxidation 10 followed by immediate reaction of the liberated aldehyde 

with PhMgBr gave very low yields of 1 and 2. 

In conclusion, this paper reports short syndmse.s of two goniofufurone diastereoisomers from Dmannose in 

seven steps. The antitumour activities of the new lactones will be reported elsewhere. 

Experimental Section 

Melting points were recorded on a Peichert apparatus and are uncorrected. tH NMR spectra were measumd on a 
Brucker WM250 (25OMHz) spectrometer m with tetramethylsilane as an internal standard unless otherwise 
noted. IR spectra were recorded with a Nicolet 205 PT-IR spectrometer. Mass spectra were taken on a VG 
Micromass 7070F mass spectrometer. 

larimeter. 
Specifm rotations were measured with a JASCO DIP-300 digital 

!? 
Elemental analyses were carried out at the Shanghai Institute of Organic Chemistry. Academic 

rmca, China. TLC was performed on aluminum poecoated with silica gel aOF=, and compounds were 
visual&d with a spray of 5% w/v dodecamolyhdophosphoric acid in ethanol and subsequent heating. Flash 
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chromatography was performed on silica gel (230-400 mesh). THF was distilled from sodium and 
benzophenone under nitrogen. 

2~:~,6~~-0-&e~o~~8~u-a-D-m~nofura~ 3.7-p-Toluenesulfonic acid monobydmte (0.25 g. 
1.31 mmol) was added in one portion to a suspension of D-mannose (12.5 g. 0.069 mol) in dry acetone (400 
ems). The suspension was then refluxed at 60-70 Oc for 24 h. The solution was stirted with potassium 
carbonate (1 .O g) at mom temperatum until pH 8. The mixture was faltered through Cebte and evaporation of 
solventinwuu,fromtbefrltrotegpveowbitesdid Tbewhitesdidwasdissolvedin~andwas 
filtered through a bed of silica top@ with Celite. Evaporation of solvent in vauw affo&d the diacerwridc 3 
(15.4 g, 85%) as a white solid. Recrystallixation from die&y1 etkr-hexane gave 3 as colorless crystals, m.p. 
119-121 “c (lit.7m.p. 120 “c); Rr0.50 [diethyl ether-bexane (3 : 2 v/v)]; [up + 11.8 (c 1.3 inCHCl3 for 

45 min) (lit.7 [ah” + 10 (c 1.9 in CHCls. 45 min)); v,lcm-t 3431 (OH); & (CDCls) 1.33 (3 H, s. Me), 

1.38 (3 H, s, Me). 1.46 (6 H. s, 2 x Me). 3.00 (1 H. br s. OH). 4.05 (1 H. dd. / 5.1 and 8.6, bHb). 4.10 (1 
H. dd. I6.0 and 8.6, 6-Ha). 4.19 (1 H, dd, J 3.7 and 7.2. 4-H), 4.37-4.45 (1 H. m. 5-H). 4.62 (1 H. d. J 
5.9. 2-H). 4.82 (I H. dd, J 3.7 and 5.9. 3-H). 5.38 (1 H. br S. 1-H); m/z (EI) 101 (10046, C5OaH9+). 187 
(19.68, M+ - Me - CsHhO), 245 (66.61. M+ - Me). 

Methyl 3,6-anhydro-2-dsoxy-4,5:7,g-di-O-ioopropylid~ne-D-glycero-~-t~lo-octanoat~ 5 and 
Methyl 3,6-anhydto-2-dsoxy-4,S:7,g-dl-0-iropropylidcna-D-gIycero-~-gol~cto-octanoat~ 

6.g-(Methoxycarbonyl)methyleneuiphenylphosphorane (11.6 g, 0.035 mol) was added to a stirred suspension 
of the dketonide 3 (6.0 g, 0.023 mol) in acetonitrile (50 ems). The suspension was tefluxed at &I-!30 Oc for 
16 h. Solvent was then removed in WCIW to give a yeliow oil. purificatioa by flash chromatography [dietbyl 
ether-hexane (1:l. vb)] gave mixture of 5 and 6 (6.8 g. 93%) as a coIorless oiL Pure S and 6 was obtaiued by 
repeated flash chromatography [diethyl ether-hexane (1 : 1 v/v)]. The more polar ester 5 was obtained as 
colodess needles, m.p. 58-60 “c (lit.8 m-p. 60 T); Rr0.31 [diethyl ether-hexane (1 : 1 v/v)]; [ap - 5.4 (c 

1.1 in CHC13) [lit.s [a]Dz2 - 3,9 (c 1.1 in CHCls)); u-km-1 1740 (GO saturated ester); h (CDCls) 1.34 
(3 H. s. Me), 1.37 (3 H. s. Me), 1.44 (3 H, s. Me), 1.50 (3 H. s. Me), 2.47 (1 H, dd, J 7.2 and 15.3. 2-H& 
2.55 (1 H. dd. J 7.7 and 15.3. 2-H.). 3.71 (3 H. s. CO&&). 3.79 (1 H, dd. J 3.7 and 7.6. 6-H). 3.99 (1 H. 
dd. J 4.5 and 8.7, 8-H& 4.08 (1 H. dd, .I 6.2 and 8.7, 8-H.). 4.38 (1 H, ddd, J 4.5, 6.2 and 7.6. 7-H). 4.48 
(1 H, f J 7.4. 3-H). 4.64 (1 H. d. J 6.1. 4-H). 4.81 (1 H. dd, 13.7 and 6.1. 5-H); m/z (EI) 59 (19.68%. 
C@Me+). 101 (65.72, CsOzHa+), 243 (14.71, M+ - CH#IQtMe). 301 (12.84. M+ - Me). 
The less polar ester 6 was obtained as a colorless oil, Rf 0.36 [diethyl ether-hexane (1 : 1 v/v)]; [ a],24 - 6.2 (c 

2.3 in CHCls) (1it.s [ aha2 - 5.9 (c 1.0 in CHCLs)}; va,.&m-t 1740 (C=O saturated ester); & (CDQ) 1.33 
(3 H. s. Me). 1.37 (3 H, s. Me), 1.44 (3 H. s. Me), 1.46 (3 H, s. Me), 2.72 (1 H. dd, 16.5 and 16.8, 2-H& 
2.81 (1 H. dd. / 7.2 and 16.8. 2-H,), 3.71 (3 H. s. CO&z), 390-3.97 (1 H, m. 3-H). 4.02 (1 H. dd. J4.8 
and 8.7, 8-H& 4.07 (1 H. dd, J 6.0 and 8.7, 8-H.). 4.34-4.41 (1 H. m. 7-H), 4.764.77 (2 H, m. 4-H and 
5-H); m/z (EL) 59 (25% C&Me+), 101 (88.52, C5OaH9+). 243 (2.38, M+ - CHKO2Me). 310 (39.65, M+ - 
Me). The ratio of 5 : 6 (cu. 1 : 1) was determined by *H NMR. 

Epimerizatiorr of 5 to 6 by sodium mcthoxUe.~Sodium methoxide (1.1 g. 0.021 mol) was added in 
one pottion to a stirred solution of a mixture of 5 and 6 (6.6 g. 0.021 mol) in dry methanol (50 cm’). The 
solution was stirred at room temperature for 48 h. The solution was then filtered through a bed of silica gel 
topped with Cclite. Evaporation of solvent from the filtrate gave a pate yellow s Purification by flash 
chromatogmphy [diethyl ether-hexane (2 : 3 v/v)] gave a mixtute of 5 and 6 (6.1 g. yrY 3%) as a colorless oil. 
The ratio of 5 : 6 (cc. 2 : 5) (lit.* 5 : 6 = 1 : 4) was determined by *H NMR. 

Methyl 3,6-anhpdro-2-dcoxy-4,5-0-iropropylid~~~-D-glycero-D-galacto-octanoat~ 7.-A 
solution of the ester 6 (4.5 g. 0.014 mol) in acetic acid (25 ems) and water (25 ems) was stirred at room 
temperature for 48 h. The solvents wete then removed in vucuo to ‘ve a pale yellow oil. Fkikat~ *onbyfhb 
chromatography @ethyl ether) then afforded the diof 7 (4.1 g. 92 z ) as a colorkss oil, IpI 0.23 (dkthyl ether); 
(Found: C, 51.7; H, 7.4. Ct2HmO7 requires C. 52.2; H. 7.3%); [ab 24 - 7.2 (c 1.1 in CHCl$; v&cm-’ 
1738 (GO saturated ester) and 3445 (OH); 8~ (CDCls) 1.34 (3 H. s. Me), 1 A8 (3 H. s. Me), 2.74 (1 H. dd, J 
6.7 and 16.9, 2-H& 2.82 (1 H, dd. J 6.9 and 16.9. 2-H.), 3.55 (1 H. dd, J 3.4 and 7.9, 6-H). 3.67-3.74 (4 
H,m,C~and8-H~withC~1~asin~etnt3.7lppm),3.82(lH,dd.~3.5nnd6.9. 3-H),3.93(1 H. 
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dd. J 3.5 and 6.9, 3-H). 3.91-3.96 (1 H, m. 7-H). 4.76 (1 H, dd. J 3.5 and 6.1. 4-H). 4.84 (1 H, dd, J 3.7 
and 6.1, 5-H); m/z (EI) 123 (36.69%. M+ - C2H502 - C3H602 - H20). 141 (14.97, M+ - C2Hs02 - 
C3H&& 169 (6.92, MH + -C&Me - CH30 - H20). 187 (32.75, MH+ - C02Me - CH30), 261(9.47, M+ - 
Me). 

Aldahyda 8.-Sodium metapericdate (693 mg, 3.24 mmol) was added in one portion to a stirred solution of 
the dio17 (596 mg. 2.16 mmol) in methanol (20 ems) and water (1 cm3) at room temperature. After being 
stirred at mom temperature for 15 min. the mixture was diluted with chloroform (50 cm3) and filtered through a 
bed of silica gel topped with Celite. The filtrate was then concentrated in vacua to give the aldchyde 8. The 
aldehyde was then dried by concentration with toluene several times in VOCI(O. The aldehyde was used in the 
next step without further purification. 

Mc1h yl 3,6-arhydro-2-droxy-4,5-O-isopropylidrnc-7-C-phenyl-D-glycero-D-gaI~to- 
kaplanoatr 9 and Methyl 3,6anhydro-2-dcory-4,5-O-isopropplidcncl-~-glycero- 
D-g&ct&sp&noa& lo.-The aldehyde. 8 prepared from the previous experiment was dissolved in THF 
(20 cm3) and dre solution was cooled at 0 Oc. Phenylmagnekum bromide in lHF (2.2 cm3.1.0 dm mol-t) was 
then added at 0 Oc and the mixture was then stirred at 0 Oc for a further 2 h. The mixture was quenched with 
saturated ammonium chloride (10 cm3) and was diluted with dichloromethane (20 cm3). The mixturn was 
extracted with dichlotomethane (2 x 20 cm3). Tbe combined organics were then dried (MgSOd) and filtered. 
Solvlent removal in vucuo gave a pale yellow oil. Flash chmmatogaphy [diethyl ether-hexane (3 : 2 v/v)] gave an 
insepamble mixture of 9 and 10 (362 mg, 52% from diol3) as colorless oils. The ratio of 9 : 10 (cu. 1 : 1) was 
determined by tH NMR spectral analysis. 

3,6-A~hydro-2-droxy-7-C-phenyl-D-glyceo-D-galacto-hcp~ono-l,4-lactone 1 and 3,6- 
anhydro-2-dsoxy-7-C-phenyl-L-glyceo-D-galacto-hep~ono-l,4-&ctorr 2.-A solution of the 
alcohols 9 and 10 (362 mg. 1.12 mmol) in acetic acid (16 cm3) and water (4 cm3) was stirred at 80-90 “C for 
19 h. The solvents were then removed in vacua to give a pale yellow oil. Purifkation b 
(diethyl ether) then afforded the luctone~ 1 and 2 (225 mg, 80%) as colorless oils. Lo 

flti&yzwhi 

separated by flash chromatography [chloroform-methanol (97 : 3 v/v)] using aluminum oxide (Grade III, acidic) 
as the. stationary phase. The more polar facwne 1 was obtained as colorless needks. m.p. 155-156 Oc; RI 
0.27 (diethyl ether). 0.23 ([chloroform-methanol (97 : 3 v/v)] on neutral alumina); (Found: C, 62.3; H, 5.4. 
C13Ht405 requires C. 62.4; H. 5.6%); [a]D24 - 24 (c 0.5 in CHCls): v-km-1 1775 (GO) and 3410 (OH); 

& 020 with HOD at 4.80 ppm) 2.55 (1 H, dd. J 2.4 and 19.1. 2-H.). 2.88 (1 H, dd. J 7.7 and 19.1. 2-Hb), 
4.07 (1 H, dd, J 3.7 and 9.3), 4.60 (1 H. m. 3-H). 4.66 (1 H. dd, J 3.7 and 5.3, S-H), 4.87 (1 H, d, J9.3, 7- 
H), 5.23 (1 H, t, J 6.1, 4-H); 8t.t (CDC13 + D20) 2.76-2.78 (2 H, 2 x s, 2-H. and 2-H& 3.93 (1 H. dd, J 4.1 
and 7.4, 5-H). 4.56 (1 H. dd, J 4.1 and 5.2, 6-H). 4.64 (1 H, dt, J 5.0 and 6.1, 3-H). 4.S5.02 (2 H, m, 4- 
H and 7-H). 7.32-7.44 (5 H, m, Ph); & (acetone-de) 36.411, 71.70. 72.43, 76.55, 83.32, 85.43, 127.54, 
127.73, 128.37, 143.30. 175.94; m/z (EI) 232 (11.03%. M+ - H20). 
The less polar &crone 2 was also obtained as colorless needles, m-p. 124-125 Oc; RI 0.27 (diethyl ether), 0.36 
([chloroform-methanol (97 : 3 v/v)] on neutral alumina}; (Found: C, 62.1; H. 5.6. Ct3Ht& requires C, 62.4; 

H. 5.6%); [a]# + 13 (c 0.3 in CHC13); v&cm-l 1773 (GO) and 3412 (OH); tj+ (CDCl3 + DzO) 2.60 (1 H, 
dd, J 6.7 and 18.8. 2-Hb). 2.69 (1 H. dd. J 3.8 and 18.8. 2-Hb), 3.83 (1 H. t, J 4.8, 5-H). 4.06 (1 H, t, J 
4.8. 6-H), 4.53 (1 H, dt, J 3.8 and 6.6, 3-H). 4.78 (1 H, f J 6.3, 4-H). 4.91 (1 H. d. J 5.2, 7-H). 7.13-7.33 
(5 H, m, Ph); 6c (CDC13) 35.95, 71.18, 71.53. 75.72, 82.58, 85.42. 126.63, 127.64. 128.10, 140.26. 
176.23; m/z (EI) 232 (5.89%. M+ - H20). 

3,6-Anhpdro-2-dcoxy-D-glycero-D-ga~acto-oc~ono-1,4-lacfonc Il.-A solution of the ester 6 (3.3 
g. 0.011 mol) in methanol (25 cm3) was stirred at room temperature. Trifluoroacek acid (15 cm3) and water 
(15 cm3) were added and the solution was stirred at reflux 70-80 ‘C for 24 h. Solvents were removed in V~JW 
to give a white solid (1.7 g, 81%). Purification by nzcrystallization from hot ethanol gave the t&l 11 as 
colorless plates, m.p. 169-171 ‘C; RI 0.33 [methanol-chloroform (1 : 4 v/v)]; (Found: C. 46.8; H, 6.0. 

CftHl206 ft@IZS C. 47.1; H, 5.9%); [ajDz4 - 63 (c 2.0 in HzO);v,,,,&m-1 1793 (y-lactone) and 3355 (OH); 

s, (CDcl3) 2.66 (1 H. dd. J 2.5 ad 19.2, 2-H& 2.97 (1 H. dd, J 7.7 and 19.2. 2-H.). 3.61 (1 H. dd, J 5.7 
and 12.1. 8-H& 3.76 (1 H, dd. J 2.8 and 12.1. 8-H.). 3.78 (1 H. dd, J 3.5 and 8.7. 6-H). 3.94 (1 H, ddd, J 
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2.8, 5.7 and 8.7, 7-H). 4.55 (1 H. dd. J 3.5 and 5.6. S-H), 4.74 (1 H, ddd, / 2.5. 5.6 and 7.7. 3-H). 5.20 (1 
H. dd, J 5.6 and 6.5 4-H); m/t (EI) 126 (64.13%. MH+ - C202Hs - H20). 187 (5.98, MH+ - H20), 205 
(4.82, MH+). 
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