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Total Synthesis of the Styryl Lactones (+)-Goniofufurone and (+)-7-epi-Goniofufurone
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Abstract: The syntheses of the styryl lactones (+)-goniofufurone (1) and (+)-7-epi-goniofufurone (2) from D-

glucose are presented. The key steps are the formation of the lactone moiety by reaction of the hemiacetals 15

and 16 with meldrum’s acid (3) and the addition of phenylmagnesium bromide to the aldehydes 9 or 12. In the
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addition of ZnCl, shifted the diastereomeric ratio towards the desired compound 14. © 1999 Elsevier Science Lid. All
rights reserved.
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Extracts and leaves of Goniothalamus have traditionally been used for the treatment of edema and rheumatism',

as a pain killer and mos

actones from the ethanolic extract of the stem bark of Goniothalamus glganleus Hook

=

f. Thomas (Annonaceae). Among the key compounds in this extract were (+)-goniofufurone (1)* and (+)-7-epi-
gomoﬁlfurone (2)°. These styryl lactones show moderate to significant cytotoxicities against several human
ion of 1 and 2 were deduced by McLaughlin ef al. by
NMR spectroscopy and X-ray structure analysis, while the absolute configuration was independently
established by Shing et al® and Jager's group7 by synthesis the unnatural enantiomers (-)-1 and (-)-2. Their
unique and intriguing structures as well as their antitumour activities have prompted comprehensive efforts in
the synthesis of these substances®. However, the formation of the lactone function usually remained the most

problematic step during these total syntheses approaches.
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way to C-glycosidic-1,4-lactones’. Herein, we report on the application of this reaction in an effective synthesis
of (+)-goniofufurone (1) and 7-epi-goniofufurone (2).
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The reaction of D-glucose with meldrum’s acid (3) leads to 3 anhydro-2-deoxy-D-glycero-D-ldo-octono-1 4-
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Figure 1: Goniofufurone (1), 7-epi-goniofufurone (2). Scheme 1: Reagents: i) tert -butylamine, DMF, 40

Our initial synthetic strategy is outlined in scheme 2. Periodate cleavage of the vicinal diol function of

compound 4 yielded the aldehyde 5. However, we were not a

addition of phenyimagnesium bromide to the aldehyde. Ali attempts always ilead to compiex reaction mixtures.
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Scheme 2: Reagents: i) NalO,, McOH/H;0, ii) PhMgBr, THF.

As an enlargement of the synthetic plan we protected the hydroxyl group of § as shown in scheme 3. After
protection of the vicinal diol as acetal a silylation of the remaining hydroxyl group using TBDMSCI and
imidazole in dry DMF gave the derivative 7. Removal of the acetal using montmoriilonite K-10 in methanol
performed well. Periodate cleavage of diol 8 released the aldehyde 9 which was subjected to the addition of the

phenyl Grignard reagent at low temperature in dry THF giving 10 in moderate yield. Coordination of the
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si-side giving only the L-glycero-D-ido configurated diastereomer 10 as the main product among with several

by-products due to phenylation of the lactone ring, but not the corresponding D-glycero-D-ido diastereomer.
Final removal of the silyl ether using the AcClI/MeOH methodology introduced by Hoye'® furnished the target
________ ot 0l AL o a ot . ba 1O M ___ . O . *ub sl o~ L1 L3
u)mpuuu gUU yicias. t\l pt:bl.lUbLUplL dla ODaliCA 10T £ arcC I 1ull agreCinent will ine one puoiisica
for the material isolated from natural sources.
@~
|
N
><_O° | HO— Oy OH
R o OR o OR | OB 0
i) '<|" 7 fii) <l”' 7 iv) \ 7\ v) N\ Z\
4 —»> — — -
A\ A\ ' )
- o o o ~ o
il 6R=H 8 9 vi) [~ 10 R = TBDMS
© = 7R=TBDMS > 2R=H
Scheme 3: Reagents i) acetone, cat. HSO,, 1t, 16 h, 79 %; ii) TBDMSCI, ImH, DMF, 60 °C, 16 h, 95 %,
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220 °C, 1.5 h, 55 % vi) AcCCUMeOH/THF, 1t, 12 h, 60 %.

In order to obtain both diastereomers in the Grignard reaction we changed our strategy and carried out the

formation of the lactone moiety as the final step, as it is shown in scheme 4. Following Jiger's procedure™
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i) rnMgur THF, ZnCi,, 6 °C, 5 h, 1, i6 h, 62 % (i
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treated with an excess of phenylmagnesium bromide in dry THF to afford the L-ido and D-gluco configurated
products 13 and 14 in a 3 to 1 ratio, which were separated by column chromatography. Since only the minor
diastereomer has the correct configuration for a synthesis of 1, we were looking for a way to shift the
addition of the Grignard reagent to give 13 and 14 as a 1 to 1 mixture. We assume that the zinc ion coordinates

the aldehyde oxygen and the OH group at C-3, thus allows the attack of the nucleophile from the re-side as
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Scheme 5: Reagents: i) HOAc/H,O (1:1), 80 °C, 25 h, 97 %; ii} 3, (CH3);CNH,, DMF, 40 °C, 5 d, 90 %.
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Scheme 5 shows the co
using half concentrated acetic acid lead to 15 and 16, respectively. Conversion of 15 and 16 with meldrum’s
acid and fert.-butylamine in DMF for 5 days gave the target compounds 1 and 2 in good yields. The
spectroscopy data for both compounds are again in agreement with the natural material.

In summary, we were able to present a facile route to goniofufurone as well as its 7-epimer. Both were prepared

- s

from monoacetone D-glucose in 4 steps in 27 % overali yield.

fellowship.

General Methods: All solvents were purified and dried by standard procedures. NMR spectroscopy data were
recorded on a Bruker AMX 500 or Bruker AM 300 spectrometer. Chemical shifts are given in the 5-scale in
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in Hertz. Optical rotations were determined with a Perkin Eimer 343 polarimeter. Coiumn chromatography was
performed on silica gel 60 from Merck. Mass spectra were taken on a Finnigan MAT 212 with data system SS

300 or on a Finnigan MAT 95 with data system DEC-Station 5000 using chemical ionisation with iso-butane as



reactant gas. Meiting points were determined using a hot-stage microscope SM-Lux from Leitz and are not

corrected. Microanalyses were carried out on a Fison Instruments EA 1108.

ncutralized with saturated aqueous Na,CO,;. The acetone was removed under reduced pressure and the remaining residue was
extracted with CH,Cl,. The combined organic iayers were washed with brine, dried over Na,SO, and concentrated. Recrystallization
of the residue from CH,Cl,/n-hexane gave 4.73 g 6 (19.35 mmol, 79 %). Ry = 0.66 (ethyl acetate); [a]D" = 38.1 (¢ = 1.08, acetone);
mp = 127-128 °C (CH,Cly/n-hexane), 'H NMR (500.1 MHz, CDCl,): §=2.633 (d, 1 H, 2]2»,2 =185, 3]2;3 =0,H-2"),2718 (dd, 1 H,
Jy2=18.5,T,3=5.7, H-2), 4.963 (dd, 1 H, *J23=0,%1,3=5.7, %13, = 4.5, H-3), 4872 (d, 1 H, 1, = 4.5, 31,5 =0, H4), 4536 (d, 1
H, 1 5= 0, )56 = 2.5, H-5), 3.930 (dd, 1 H, *Js 5= 2.5, *J¢, = 7.7, H-6), 4.283 (ddd, 1 H, *J5; = 7.7, )15 = 5.0, *J;5 = 5.7, H-7), 3.933
(dd, 1 H, T 5= 8.9, ’J,5- = 5.0, H-8"), 4.122 (dd, 1 H, *Jss = 8.9, ’Jo5 = 5.7, H-8), 1.333, 1.401 (s, 3 H, C(CH,),); °C NMR (125.8
MHz, CDCly): 8 = 175.27 (C-1), 36.11 (C-2), 77.40 (C-3), 87.61 (C4), 74.34 (C-5), 81.81 (C-6), 73.25 (C-7), 67.43 (C-8), 25.12,
26,73 (C(CHs),), 109.73 (C(CHs)p); MS: mvz (%) 245 (100) [MH']; Ci Hy60s (244.24): calc. C 54.08, H 6.61, found C 53.23, H 6.85.

3,6-Anhydro-5-O-(tert-butyldimethylsilyl)-2-deoxy-7,8-O-isopropylidene-D-glycero-D-ido-octono-1,4-lactone (7): 5.0 g 6 (20.47
150 ml rl DMF and stirred together with 4.63 g TBDMSCI (30.71 mmol) at
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mmol) and 5.57 g imidazole (81 89) were dissolved i
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60 °C for 16 h, After copling ranam temnoraturp
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The combined organic layers were washed with brine and dried over Na;SC,.
CH.Cl,/n-hexane gave 6.89 g 7 (19.47 mmol, 95 %). R, = 0.70 (ethyl acetate/petroleum ether 1:3); [alp? = 26.2 (c = 4.97, acetone);
mp = 74 °C (CH,Cly/n-hexane), 'H NMR (500.1 MHz, CDCly): 5 =2.608 (d, 1 H, *J,, = 18.4, 1.3 =0, H-2"), 2.666 (dd, 1 H, J,, =
18.4,%),5=5.1 H-2), 4872 (dd, 1 H, *J;3=0,%1,3,=5.1, >, = 3.8, H-3), 4681 (d, 1 H, *J;, = 3.8, 3J,s = 0, H4), 4430 (d, 1 H,
Tas= 0, *Jss = 2.5, H-5), 3.862 (dd, 1 H, *Js5 = 2.5, *Js; = 7.6, H-6), 4.172 (ddd, 1 H, *Js; = 7.6, *T;5 = 5.7, *J 15 = 6.4, H-7), 3.877
(dd, 1 H, T = 8.3, J,5 = 5.7, H-8), 4.050 (dd, 1 H, *Jg 5 = 8.3, °J;5 = 6.4, H-8), 1.289, 1.353 (s, 3 H, C(CHs),), 0.120, 0.125 (s, 3
H, Si(CHa),), 0.866 (s, 9 H, SiC(CH,)5); >°C NMR (125.5 MHz, CDCLy): & = 175.11 (C-1), 36.05 (C-2), 77.10 (C-3), 87.76 (C4),
74.61 (C-5), 82.70 (C-6), 72.19 (C-7), 67.34 (C-8), 25.18, 26,60 (C(CHs),), 108.99 (C(CHa),), -5.29, -5.17 (Si(CHs),), 25.56
(SiC(CHa)s), 17.97 (SiC(CH,)3); MS: mvz (%) 359 (14) [MH'], 301 (100) [MH"-acetone]; C;,H3006Si (358.50): calc. C 56.95, H 8.44,
found C 56.49, H 8.48.
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rapidly cooled to room temperature and filirated. The solvent w
extracted with n-hexane followed by extraction of the product 8 with CH,Cl,. Drying over Na,SO,, concentration of both organic
layers and recrystailization from CH,Cl,/n-hexane returned 1.2 g 7 (turnover 76 %) and gave 3.14 g 8 (5.86 mmol, 93 % based on
consumed 7). Ry = 0.35 (ethyl acetate/petroleum ether 1:1); [alp” = 21.7 (¢ = 1.09, acetone); mp = 90 °C (CH,Cly/n-hexane),
TH NMR (500.1 MHz, CDCls): 8=2.630 (d, 1 H, >, = 18.4, *J, 5 = 0, H-2"), 2.687 (dd, 1 H, *J,., = 18.4, *1,5 = 5.7, H-2), 4.893 (dd,
1H, y3=0,%15=57 %:.=3.8,H-3),4721 (d, 1 H, *J,. = 3.8, L5 =0, H4), 4.526 (d, 1 H, *J45= 0, *J55 = 2.5, H-5), 3.910 (dd, 1
H, %56 =25, %5, = 8.3, H-6), 3.867 (ddd, 1 H, *Js; = 8.3, *J1g = 5.1, *Jy3 = 3.2, H-7), 3.693 (dd, 1 H, *Jg.5 = 11.4, ’J;5 = 5.1, H-8),



3.788 (dd, 1 H, *Jg.5 = 11.4, °J;5 = 3.2, H-8), 0.151, 0.163 (s, 3 H, Si(CH;),), 0.901 (s, 9 H, SiC(CHa),); *C NMR (125.8 MHz,
CDClLy): 8 = 175.32 (C-1), 36.05 (C-2), 76.98 (C-3), 87.72 (C-4), 75.10 (C-5), 81.27 (C=6), 68.79 (C-7), 64.37 (C-8), -5.04, -4.92
(Si(CH,),), 25.60 (SiC(CHs)s), 17.93 (SiC(CHa)s); MS: vz (%) 319 (100) [MH']; C14H2506Si (318.44): cale. C 52.81, H 8.24, found
C 52.59, H 7.98.

2,5-Anhydre-3-O-(tert-butyldimethylsilyl)-6-deoxy-D-ido-hepturono-7,4-lactone (9): A solution of 1.34 g NalO, in 25 ml
MeOH/H;O (2:3) was added dropwise to a cooled solution of 1.0 g 8 (3.14 mmol) in 20 ml MeOH/H,O (2:1), so that the reaction
temperature did not rise over 5 °C. After stirring for a further 30 min at 0 °C the reaction mixture was diluted with CH,Cl, and water
and extracted with CH,Cl,. The combined organic lavers were washed with brine and dried over Na,SO,. Evaporation of the solvent
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gave the crude aldehyde 9 which was immediately subjected to Grignard addition without further purification. An analytical pure
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3.8, H-2),4.792 (d, 1 H, *J,5= 3.8, 54, = 0, H-3), 4.721 (d, 1 H, *J34=0, *J,5 = 3.8, H4), 5.137-5.157 (m, 1
2 H, H-6', H-6), 0.150, 0.170 (s, 3 H, Si(CHs),), 0.912 (s, 9 H, SiC(CHs),); °C NMR (125.5 MHz, CDC|3) 8 = 199.61 (C-1), 85.99
(C-2), 78.76 (C-3), 87.57 (C4), 77.26 (C-5), 36.03 (C-6), 174.30 (C-7), -5.39, -4.97 (Si(CHs),), 25.43 (SiC(CH;)s), 17.85
(SiC(CHs)3); MS: m/z (%) 287 (100) [MH']; C;3H,,0;Si (286.40): calc. C 54.52, H 7.75, found C 54.30, H 7.38.

i{d 1H,
35

3,6-Anhydro-5-O-(tert-butyldimethylsilyl)-2-deoxy-7-C-phenyl-L-glycero-D-ido-heptono-1,4-lactone (10): 200 mg 9 (0.70
mmol) were dissolved in dry THF (3 ml) and the solution was cooled to — 20 °C under N, atmosphere, 0.77 ml of a 1.0 M solution of
phenylmagnesium bromide (0.77 mmol) in dry THF were added dropwise. The reaction mixture was allowed to warm up to room
temperature within 1.5 h. After addition of saturated aqueous NH,Cl, the mixture was extracted with cthyl acetate. The combined
organic layers were washed with brine, dried over Na,SO, and concentrated. Column chromatography of the residue gave 140 mg 10
(0.38 mmol, 55 %) as syrup. Ry = 0.13 (ethyl acetate/petroleum ether 2:5);

LEULy acet

!(v_ 21 =651 (C'_“ 1 ')l acetone): lHNMR fw 1 MH7

O,

CDCly): 8 = 2.680-2.689 (m, 2 H, H-2", H-2), 5.062-5.085 (m, 1 H, H-3), 4.927 (d, 1 H, *J34,=5.1, *J,5= 0, H-4), 4382 (d, 1 H, *J,5 =

0, Js6 = 3.8, H-5), 4.266 (dd, 1 H, Js= 3.8, %'67 = 4.5, H-6), 4.786 (d, 1 H, *Js7 = 4.5, H-7), 7.273-7.391 (m, 5 H, Hypeny), 0.030,
0.122 (s, 3 H, Si(CHjs),), 0.901 (s, 9 H, SiC(CHa)s); 1*C NMR (125.8 MHz, CDCl3): § = 175.09 (C-1), 36.08 (C-2), 77.26 (C-3), 88.55

(C-4), 76.56 (C-5), 84.32 (C-6), 72.81 (C-7), 126.93, 128.14, 128.45, 139.69 (Cpoeny), -5.26, -4.57 (Si(CHs)2), 25.83 (SiC(CHs)s),
17.88 (SiC(CHa)s); MS: m/z (%) 365 (70) {MH'], 347 (100) [MH"-H,0]; C,cH;50:Si (364.51): calc. C 62.61, H 7.74, found C 62.37,
H7.62.

3,6-Anhydro-2-deoxy-7-C-phenyl-L-glycero-D-ido-heptono-1,4-lactone, (+)-7-epi-goniofufurone (2): 60 mg 10 (0.165 mmol)
were dissolved in 5 ml dry THF. 4.8 ml dry MeOH were added followed by dropwise addition of 0.20 ml acety! chloride. The reaction
mixture was stirred at room temperature for 12 h. The solvent was removed and the residue was purified by column chromatography
yielding 25 mg 2 (0.100 mmol, 60 %).

2 was also prepared from the reaction of 15 with 3. 0.60 g 15 (2.63 mmol) was dissolved in DMF and stirred with 0.70 g meldrum’s
acid (5.26 mmol) and 0.30 ml fert.-butylamine (2.63 mmol) at 40 °C for 5 days. The solvent was removed in vacuum using toluene as
co-solvent. Column chrom. mmnhv with ethvl acetate/toluene (1:1\ gave 0. 59 2 {2 37 mmol. 90 %\

nato 1 1YL At iale /IO Haniol,

= 195-198 °C (ethyl acetate/n-hexane 1:1); '"H NMR (500.1 MHz,

20 - .
Ry = 0.47 (ethyl acetate); [alp® = 94.5 (¢ = 0.66, EtOH); mp
AR AOM AN, @ moArn 3 13T 27 _ 10 37 — N IT AN A OOE £33 1 IT 271 — 10 37r _c£4 YTA\ AnAc 733 11T 37 —_n 37
DMSO-dg): 6=2.460(d, 1 Jr2=18.5,"J25=0,H-2"),2.855(dd, i H, “J2 2= 18.5, "J,3=6.4, H-2), 4.5945(ad, 1 J23=0,"Ts
. + 3= k] «r 3 A 3 - PR -r 3 3



=1.7,H-6), 4779 (d, 1 H, *Js7= 7.7, H-7), 7.25-7.43 (m, 5 H, Hpheamy); °C NMR (75.5 MHz, DMSO-dy): & = 176.19 (C-1), 36.05 (C-
2), 77.80 (C-3), 87.98 (C4), 73.21 (C-5), 85.09 (C-6), 71.53 (C-7), 127.08, 127.41, 128.05, 142.52 (Cppanyt); MS: m/z (%) 251 (67)
[MH'], 233 (100) [MH"-H;0}; C,3H, 05 (250.25): calc. C 62,40, H 5.64, found C 62.17, H 5.62.

1,2-O-Isoprepylidene-5-C-phenyl-§-1 -ido (13) and 1,2-O-isopropylidene-5-C-phenyl-a-D-gluco-pentofuranose (14): 15.53 g
NalO, (72.6 mmol) was added to a solution of 1,2-O-isopropylidene-a-D-glucofuranose (11) (7.99 g, 36.3 mmol) in a 200 ml

MeOH/water (2:1) at 0 °C, After 2 days at 4 °C the solvent was evaporated and the resulting residue was dissolved in water (100 ml)
and extracted 10 times with ethyl acetate (100 ml each). Drying over MgSO; and concentration gave an il which was further dried
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3.9 g magnesium tubes (160.0 mmol) and bromobenzene (16.7 ml, 160.0 mmol) in dry THF
for 4 h, the reaction mixture was ailowed to reach room temperaiure over 20 h. Addition of saturated aqueous NH,Ci (150 mi) and
extraction which ethyl acetate (9 x 100 mi), drying (MgSO,) and evaporation of the solvent gave a paie yeilow oil. Column
chromatography with ethyl acetate / toluene (1:1) as eluent gave 13 (3.0 g, 11.2 mmol, 31%) and 14 (3.0 g 11.2 mmol, 31 %). 13: R,
= (.23 (ethyl acetate/toluene 1:1); [a}p™ = 32.1 (¢ = 1.34, MeOH); mp = 162-165 °C (EtOH); "H NMR (500.1 MHz, CDCly): 8 =
5.994 (d, 1 H,);2= 3.8, H-1), 4.466 (d, 1 H, °J, ;= 3.8, ’J,5 = 0, H-2), 4.054 (d, 1 H, *J,3 =0, °J;,= 2.5, H-3), 4297 (dd, 1 H, °J; . =
25, 3J4_5 =51,H4),5109(, 1 H, 3J4,5—‘" 5.1, H-5), 7.27-7.47 (m, S H, Hphenyt), 1.285, 1.440 (s, 3 H, C(CH;).); 3C NMR (125.8
MHz, CDCL): 8 = 104.97 (C-1), 85.42 (C-2), 75.96 (C-3), 82.75 (C-4), 72.57 (C-5), 111.97 (C(CHa),), 26.19, 26.77 (C(CHs),),
126.77, 128.25, 128.61, 140.04 (Cphenyt); MS: m/z (%) 249 (100) [MH'-H,0]; C;4H;305 (266.29): calc. C 63.15, H 6.81, found C
63.22, H 6.77. 14: R; = 0.30 (ethyl acetate/toluene 1:1); [a]p™ = ~43.4 (¢ = 1.33, MeOH); mp = 104-106 °C (EtOH); '"H NMR (500.1

MHz, CDCL): 8=15.971(d, 1 H, ;= 3.8 H-1),4438(d, 1 H,°};, =38, °L,5 = 0, H-2), 4135 (d, 1 H, 1,5 = 0, °I;, = 2.5, H-3)
=5 3. < A S ch2 y <23 » 7 5 v Y23 v <34 ’ 73

4 151 (dd H3.=253%L.=28 HA4) 5190¢d 1 H 31,.=78 H8) 727743 /m SH O. A\ 1764 147224 T H C(CH. )
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C NMR (123.8 Mnz, Colz) 0 = 104,61 (U-1), 84.92 (LU-2), 75.14 {((-3), 82.10 ({U4), 73.07 ({-5), 111.56 (L(CHajoj, 25.94, 26.55
(C(CH3),), 126.00, 128.09, 128.52, 139.61 (Cpheny); MS: m/z (%) 267 (10) [MH'], 249 (100) [MH"-H,0]; C;4H;50s (266.29): calc. C

5-C-Phenyl-g-L-ido-pentofuranose (15): 0.97 g 13 (3.7 mmol) were dissolved in 20 ml half concentrated acetic acid and stirred at
80 °C for 25 h. Removal of the solvent under reduced pressure and purification by column chromatography using ethyl acetate as
eluent gave 0.8 g 15 (97 %) as syrup. R,= 0.45 (ethy! acetate); [a]p”® = 43.5 (c = 1.32, water); "H NMR (300.1 MHz, D;0): & = 5.103
(d, 1H,%,,=17H-1),3667(d, 1 H,%},= 17 %,5=0,H-2), 4112 (d, 1 H, *J,5 =0, *J,, = 2.8, H-3), 3.646 (d, 1 H, ’J;, = 2.8,
3145 =0, H-4), 4,932 (s, 1 H, *Jys = 0, H-5), 7.23-7.41 (m, 5 H, Hgpey); "C NMR (75.5 MHz, D,0): 8 = 93.14 (C-1), 70.40 (C-2),
70.95 (C-3), 69.72 (C~4), 75.73 (C-5), 126.60, 128.73, 128.96, 138.04 (Cpany); MS: mv/z (%) 209 (100) [MH'-H;0}, 191 (30) [MH'-
2H,01, 173 (12) [MH*-3H,01; C,1H,;40s (226.23): calc. C 58 40, H 6.24, found C 58.63, H 6.32.

£ C Phonvi-aD-olu 1on_nantafurannes (163 ) Q7 o 14 (2 7 mmal) were dicenlved in 20 ml half cancentrated acstic acid a i a
T A KB Jl A 9 w"‘u‘-v’-l LA llv’. Vs d a AT 7 ARMEIVEI] VTWiW MIOOWIT WA 33 A&V AR AMUE WVMWWAIL UMW WAL B3AL (3aRs AL 2 WAL AT
QN Ot Lo PE L Dol abh o bt oo lns cnch ] snsamczsann mard cecai i antine e anlissnnn Aherontaceanh sina athed anatnta as
oU U 10l 40 1. RCHWvVdL U1 UIC TVOHL UINICE 1 UL PIOSHUIC Al PULILAUVH UY LULUHLE VIR UIat apiiy i Cuilyi alilaiv ad

Py P 20 P Y LT AT sEAN T R ATY. TN NN, ©
eluent gave 08 b4 i6 ¥/ /o) as white Cryslals Kf 0.14 (emyl ace'(a{e), [Cl] (C = 1.4, Wa[el') K (OUU.1 MHZ, UU). 0

—4937(d,lH,’J,3—83Hl)3381(dd,lH3Ju—833L3—89H-2),3297(dd,1H3]23-89 3J34 = 8.9, H-3), 3.488 (dd, 1
H, 14 = 8.9, .5 = 9.6, H-4), 3.288 (d, 1 H, *J 5= 9.6, H-5), 7.05-7.14 (n, 5 H, Hypemyn); "°C NMR (75.5 MHz, D;0): & = 92.75 (C-



800 R. Bruns et al. / Tetrahedron 55 (1999) 9793-9800
1), 72.98 (C-2), 74.14 (C-3), 71.94 (C4), 74.44 (C-5), 128.20, 128.44, 129.10, 137.63 (Cpimey)); MS: nVz (%) 209 (100) [MH"-H,0],

191 (74) [MH"-2H,0], 173 (44) [MH"-3H,0}; C,,H, .05 (226.23): calc. C 58.40, H 6.24, found C 58.08, H 6.37.

3,6-Anhydre-2-deoxy-7-C-phenyl-D-glycero-D-ido-heptono-1,4-lactone, (+)-goniofufurone (1): 0.60 g 16 (2.63 mmol) was
dissolved in DMF and stirred with 0.70 g meldrum's acid (5.26 mmol) and 0.30 ml tert.-butylamine (2.63 mmol) at 40 °C for 5 days.
The solvent was removed in vacuum using toluene as co-solvent. Column chromatography with ethyl acetate/toluene (1:1) gave 0.59
g 1(2.37 mmol, 90 %). R, = 0.57 (ethyl acetate); [a}p® = 44.9 (¢ = 1.12, CHCly), [a}p® = 9.9 (c = 0.75, EtOH); mp = 147-150 °C
(cthyl acetate/n-hexane 1:1); 'H NMR (500.1 MHz, CDCL;): § = 2.645 (d, 1 H, ?J,, = 188, *J,.; = 0, H-2"), 2.720 (dd, 1 H, %), =
18.8,%),3= 5.9, H-2), 5.077 (dd, 1 H, *J23= 0, J23= 5.9, °Ja 4 = 4.1, H-3), 4836 (d, 1 H, *Jy,=4.1, *],5 =0, H4), 4378 (d, 1 H, *J s
=0, %J55=2.6, H-5), 4.066 (dd, 1 H, *J56= 2.6, *J5; = 4.8. H6), 5.158 (d, 1 H, *Js; = 4.8, H-7), 7.31-7.42 (m, 5 H, Hypemy); ’C NMR

(75.5 MHz, CDCL): 8 = 175.26 (C-1), 36.07 (C-2), 7743 (C-3), 87.45 (C-4), 74.53 (C-5), 82.98 (C-6), 73.54 (C-7), 125 128

Y it B SR RNAT Ry SV RN TR ), ATy TWTI \WT Yy VeSO \WTUY,y TSI T Jy Ll IV, LLU.IV,
17283 123202 /C . .} MS- m/2 M1 281 10O\ ML . IT N IEN I8 nala 9 €Y AN LT € £A frncnd £ 62.30.H56

LU0, AIU. 7k \phenylJy 1VEL. MUL \/6) &1 AUV [IVM1 ], UL 4UUS LIV LT ). WdIV. U UL.9V, 11 J.U4, 10Ul © o v, It 2.0
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