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Abstract 

Syntheses of a number of styryl-lactones with various structural complexities 

are accomplished from the inexpensive and commercially available D-glycero-D-gulo-

heptono-Y-lactone 32. This work first focused on the absolute configuration proof for 

the goniofufurone from Thglycero-D-gulo-h^tono-yAactoae 32 using sequential Wittig 

and Michael reactions as the key steps. The absolute stereochemistry of the (+)-

goniofufurone is established as 21b. Synthesis of (+)-goniofufurone 21b is also 

accomplished from D-glycero-D-gulo-heptono-y-hctoriQ 32 using the same Wittig and 

Michael strategy. Work on the total syntheses of (+)-altholactone 14，(+)-goniotriol 

16, (+)-7-acetylgoniotriol 20, (+)-goniopypyrone 22，(+)-goniobutenolide A 26 and 

(-)-goniobutenolide B 27 has also been completed from jy-glycero-D-gulo-heptono-y-

lactone 32. This work also provides a method for the syntheses of the enantiomers of 

the above styryl-lactones from D-glycero-D-gulo-heptono-y-ldictonG 32 for biological 

evaluation. Suggestions about the possible biosynthetic pathway of the styryl-lactones 

are also given in this work. The pyrone intermediates 16 and 52 are proposed to be 

the key intermediates for their biosynthesis. Rearrangement of the (+)-goniotxiol 16 to 

the (+)-goniofufurone 21b under basic conditions also suggests that the butenolides 49 

and 62 may be the key intermediates for the five-membered lactone analogs. 
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Ac acetyl 

aq. aqueous 

AIBN 2,2
,
-azobis(2-methylpropanenitrile) 
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Bz benzoyl 

CI chemical ionization 
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h hour⑶ 
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MS mass spectra 
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NMR nuclear magnetic resonance 
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1. Introduction 

The shrubs and trees of the genus Goniothalamus, which grow in Asia, have 

been used for timber, as fibre sources, and for ornamental purposes for many years.
1 

Their chemotherapeutic usefulness was also recognized early in the past. For 

examples, the extracts of the seeds of Goniothalamus amuyon (Blanco) Merr. 

(Annonaceae) in the coastal regions of Taiwan have been used for the treatment of 

edema and rheumatism.
2
 The leaves of Goniothalamus sesquipedalis Wall 

(Annonaceae) growing abundantly in the hilly regions of Manipur, when dried and 

powdered, have been used by local women during labor pain and the burning leaves 

have been used as mosquito rq>ellant. Goniothalamus macrophyllus (Bl.) Hook fil. & 

Thomas (Annonaceae) was used as an abortifacient in rural areas of North Malaysia.
4 

Recent bioactivity-directed studies by several research groups on the 

constituents of these plants led to the discovery, isolation and characterization of a 

number of novel styryl-lactones which were also tested to possess significant 

cytotoxicities against several human tumors.
2 ,14

'
1
，

17 ,1
 劣 

In the following sections, a brief review on the isolation and characterization of 

styryl-lactones is presented. Then some efforts made by our group and by others 

towards the total synthesis and the confirmation of the absolute configurations for some 

of these natural compounds are discussed. Finally, biosynthetic pathways for these 

styryl-lactones are hypothesized. 

1.1 Styryl-lactones from Piper genus 

The chemistry of naturally occurring styryl-lactones with the basic C6-C3-C4 

skeleton could be traced back to the isolation of kawain 1 from the Piper genus. 

Continuous investigation of the Piper genus led to the discovery of other styryl-
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lactones, including the 5-acetoxy-6-methoxykawain 2 ， p i p e r o l i d e 3, 

methylenedioxypiperolide 4，(+)-(75,85)-epoxypiperolide 5，(-)-erythro-l,S-ddhydro-

7,8-dihydroxylpiperolide 6 and (5均-piperolide 7 from Piper sanctum. (+)-(55,65)-

4,5-IMmethyl-6-(3\4'-methylenedioxystyryl)-2-pyrone $ together with 2 were also 

obtained from Piperfadyenolii. The structures of the above styryl-lactones are 

illustrated in Figure 1. 
OMe OMe 

A
 A C

° Y S Ô e 

( y ^ 人 Q r " ^ 。 

Kawain 1 (+)-(5 S,65)-5-Acetoxy Piperolide 3 
-6-methoxykawain 2 

OMe 0 OMe OH OMe 

a r i > 。 o r ^ 。 
Methylenedioxypiperolide 4 (+)-<71S,85)-Epoxypipa-olide 5 {-)-erytho -7,8-Dihydro 

-7，8"dihydroxypiperolide 6 

OMe 
9

M e
 OMe O M e ^ J L 

o c r ^ ^ 
(5£)-Pip«-olide 7 4^-Dimethyl-6-(3

,
,4'-me<hylenedioxystyryl) 

-2-pyrone 8 

Figure 1. Styryl-lactones from the Piper genus 

1.2 Styryl-lactones from Goniothalamus genus 

In 1967, a 5-lactone of 5-hydroxy-7-phenylhepta-2,6-dienoic acid 11 was 

isolated from Cryptocarya Caloneura (Scheff.) by Hlubucek et al. 6
 The structure was 

established by spectroscopic analysis and chemical transformations. The 

stereochemistry of the only chiral centre at C-5 was deduced by chemical 

transformation of 11 to malic acid ethyl xanthate. Comparing the optical rotatory 

dispersion of the derived xanthate with that of authentic L-(-)-malic acid ethyl xanthate 

2 



revealed that C-5 in 11 should have the ⑶-absolute stereochemistry. 

O 

Figure 2. (+)-Goniothalamin 11 
5-hydroxyl-7-phenylhepta-2,6-dienoic acid) 

A 5-lactone with the same structure as 11，which was named (+)-

goniothalamin, was isolated from Gordothalamus andersonii, Goniothalamus 

macrophyllus Miq.，Goniothalamus malayanus Hook. f. et Thomas, and 

Goniothalamus velutinus in 1972 by Jewers et al. The structure of 11 was established 

by comparing the spectroscopic data with those of the lactone obtained by Hlubucek et 

al. from Cryptocarya Caloneura (Scheff.). 

In 1986, Just et al. proved that the absolute stereochemistry at C-5 of (+)-

goniothalamin 11 was actually (R) as shown in Figure 2, in contrast to the (S) 

assignment by Hlubucek et al” via an unambiguous total synthesis as shown in 

Scheme 1. 

0 o
 S E t 

K J ^ I a — M e O a C r ^ Y ^ S E t n 

• OR OR 

M i j i i r R = CH=CH2 v r
R = H

 vi 
，，^R = CH2C〇2Me ‘RR = CMe2 

？ 
QH CH=X 

f f ^ H ^ J L . 乂 

Ph Ph v i i t
x = 0

> 

.„^X=CHPh 
(+)-Goniottialamiii 11 ^

11
 = 5-CHPh 

Scheme 1 Reagents : i, 9-BBN，IHF (99%); ii, Jones oxidation; iii, Methylation 
(73%); iv, ZnCl 2 , EtSH, EtOAc (83%); v, acetone, 2,2-dimethoxypropane, p-TSA 
(83%); vi, HgO, HgCl2, acetone, H 2 0 ; vii, benzyltriphenylphosphonium chloride，n-
BuLi, TEIF, HMPA (57%, E:Z = 1:9); viii, PhSH, AIBN (75%, 7:3 = E:Z); ix, 
TFA-H 2 0; x, MeSC^Cl, EtaN, CH2CI2 (54%). 
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In 1988，Gillard et al. also confirmed the (/^-absolute stereochemistry of (+)-

goniothalamin 11 by a total synthesis from 1,2-0-isopropylidene-3-deoxy-a-D-

glucofuranose as shown in Scheme 2.
8 

OR 

j r—— R = H 

「 ^ Y ^ O ( 么 ^ 0 ( 

V 「 R 二 H 

M ^ o O ^ 二 oK A 
0
 '"OH R h ^ - ^ A o H P h ^ ^ k ^ 

(+)"*Goniothalamin 11 

Scheme 2 Reagents : i, MeS0 3 Cl , pyridine (96%); ii，Nal, Zn，DMF (95%); iii, 
9-BBN, THF, then NaOH, H 2 0 2 (92%); iv, PDC, DMF; v, CH 2N 2 , E t 2 0 (62%); vi, 
amberlite IR120 resin; vii, benzyltriphenylphosphonium chloride, DMSO, then sodium 
methylsulfinylmethanide, then HCI (45% mixture of Zand E); viii, CH2CI2, Et3N， 
MeSCbQ, then HCI (85% mixture of Zand E). 

Another styryl-lactone, shown in Figure 3，called (+)-altholactone 14 was first 

isolated from an unknown Polyalthea species in 1977 by Loder et al. 9
 Recently, 

McLaughlin et al. also isolated 14 from the stem bark of Goniothalamus giganteus 

(Aimonaceae).
10
 (+)-Altholactone was tested to be bioactive and displayed BS LC 5 0 

234 jig/ml, 9KB cytotoxicity ED 5 0 2 Mg/ml and P388 toxicity at 45 mg/kg. 

Figure 3. (+)-Altholactone 14 

4 



The structure of 14 was first determined by careful study of the
 1 3

C NMR 

spectra and by selective ^ - ^ C decoupling experiments. The relative 

stereochemistry of all chixal centres were finally established by a single crystal X-ray 

analysis. The absolute stereochemistry of 14 was then corroborated by an 

unambiguous total synthesis of its (-)-enantiomer by Gesson et al. from D-glucose in 

1987 as shown in Scheme 3 and 4 .
1 1

 Shing et al also synthesized (-)-altholactone 

from D-mannose in 1988 as shown in Scheme 5.
1 2 

O OH gH 

}；： I— R = Bn 

y H
 A c

9 H 

人 K T ^ 人 K 务 o ^ K ^ 
(-)-Altholactone 

Scheme 3 Reagents: i，Zn, benzene, ethylbromoacetate, Et20, then H2SO4 (85%); ii, 
NaOH; iii, EtOAc, Pd/C, H 2 (85%); iv，pyridine, DCC then Ac 2 0, cat. DMAP (79%); 
v，DBU, CH2C12； vi, HF, benzene (48%). 

6 ¾ 一 ⑷ 擒 

ii 

(-)-Altholactone 

Scheme 4 Reagents : i, Ph 3P^CHC0 2Me, dry MeOH (71%); ii, NaOH, then H 2 S0 4 , 
then TFA-H2O (66%); in, HF, benzene (48%). 
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OH H OH 

Htf OH O ^ ( X ^ 

v 
H u ^ 

° H。人。 H OO^e 
HO

 H
 O P 

O ^^ 
•DC 

(-)-Altholactone 

Scheme 5 Reagents: i，Me2CO, H2SO4； ii，PCC, 3人 molecular sieves, CH2Q2； iii, 
Phi l , THF, -78 °C (77%); iv，Et3SiH, BF 3 .Et 20, MeCN, -20 °C (72%); v, NalO^ 
aq, MeOH; then Ph 3P=CHC0 2Me (68%); vi, aq. TFA (93%); vii, (CF3S02)20， 
CH2C12, pyridine, -10。C; viii, EtC02Cs, HCONMe2 (47%); ix, aq. NaOH，then TFA 
(62%).= 

O d R . 

4steps " h ^ T /' ' ' 'O i 
D-Glucose • ) ~ S r ~ • J ~ L JL^ 

BnO<
 Bn

〇 O-q 
R = H, R' = OH •• 
R = OH, R' = H | 

TsO 

BzO、 OBn HO、 OBn 

v 

Y U 0 COgMe 
BzCf OR BzÔ  OBz BzO OBz 

viii 
, ~ R = H f 

HO^ V i 
0 

(+)-Altholactone 14 

Scheme 6 Reagents : i, PhMgBr, E t 2 0 (73%); ii, TsCl，pyridine (86%); iii, benzene, 
ethylene glycol, cat. TsOH (87%); iv, BzCl，pyridine (98%); v, CH2C12，TMSI ( 5 3 ¾ 
vi BzCl, pyridine (90%); vii, TFA-H 20 (86%); viii, Ph3P=CHC02Me, dry MeOH 
(58%); ix, aq. NaOH, then H 2 S0 4 , then TFA-H 20 (55%). 

6 



. .OH H 0 - V " OH 

HO OH Q s ^ ^ ^ 

iv 

p 梦 • 二 「 低 
HO

 H
 c i . 0 

0 ^^ 
viii 

(+)-Altholact(Mie 14 

Scheme 7 Reagents : i, MqCO，H 2S0 4 ; ii, PhLi, THF, -78。C (85%); iii, Et3SiH, 
BF 3 .Et 2 0, MeCN, - 2 0 °C (74%); iv, NaI0 4 , aq. MeOH; then Ph 3P=CHC0 2Me 
(70%); v，aq. TFA (92%); vi, (CF3S02)20，CH2C12，pyridine, -10°C; vii，EtC02Cs, 
HCONMes (53%); viii, aq. NaOH, then TFA (65%). 

Total synthesis of 14 was accomplished independently by Gesson etal from 

1 ̂  

D-glucose in 1987 as shown in Scheme 6, Shing et al from D-gulonolactone in 1988 

12 

(Scheme 7) and Ogawa et al. from 1,3-^-benzylidene-L-arabinitol in 1989 (Scheme 

8).
1 4

 These unambiguous syntheses thus confirmed the absolute stereochemistry of 

(+)-altholactone 14. 

Continuous investigation of the Goniothalarnus genus led to the isolation of 

more styryl-lactones. 5-Acetoxy-6-methoxykawain 2 and (+)-goniothalamin 11， 

which were isolated previously in other species, were also obtained from 

Goniothalarnus giganteus (Annonaceae) in 1985 by McLaughlin etcd. along with the 

(+)-altholactoae 14.
1 0 

(+)-Goniodiol 15，(+)-goniotriol 16, (+)-goniodiol monoacetate 17，and (+)-

goniodiol diacetate 18，shown in Figure 4, were isolated from the petrol extracts of the 

air-dried, powdered leaves and twigs of Goniothalarnus sesquipedalis Wall 

(Annonaceae) in 1985 by Talapalra et al? The absolute configurations of these styryl 

7 



一 ^ ^ 犬 C f c l + - Q 
H 

I t 
ii 

iii 

‘‘ 

mTl + 个 ？ 

iv 

士 ！ + -"...CTl 

TO、、W' H H 
H OR H OMOM 

4-

vi \ZR
Z

R
'
=H

 P h . C i ^ 

^SSJ ; 二 0 M ^ ( + — 1 4 

R'=MOM MOMO广门"
H
 COsMe 

H OMOM 

Scheme 8 Reagents : i, MeOH, NaI0 4 , then benzyltnphenylphosphonium chloride, 
Buli，THF; ii, PhSH, AIBN, benzene (81%); iii, MCPBA，CH2a2； iv, silica gel; v, 
1,4-dioxane, HC1, then NaOH (89%); vi, pyridine, triphenylmethyl chloride, DMAP 
(75%); vii, IHF , diisopropylethylamine, chloromethyl ether (89%); viii, AcOEt, 
MeOH, p-TsOH, then E t 3 N (94%); ix, pyridine, CH2C12, C r 0 3 then 
Ph 3P=CHC0 2Me, MeOH; x, HC1,1,4-dioxane (96%). 

-lactones were tentatively assigned to be (5S,6S,7S) by NMR spectral analysis and 

their chemical interconversions, based on the (5) configuration for C-5. However, the 

absolute stereochemistry of the (+)-goniothalamin 11 at C-5 was later confirmed to be 

8 



7 8 

(R).， Therefore, the absolute stereochemistry of these styryl-lactones should be 

(5R,6R,7R). 

O O 

HO Q ^ j j HO g ^ S 

r V ^ ^ r V v V 
OH OH OH 

(+)-Goniodiol 15 (+)-Gomotriol 16 

O O 
HO 0 ^ AcO 

K ^ OAc OAc 
(+)-Goniodiol monoacetate 17 (+)-Goniodiol diacetate 18 

Figure 4 

McLaughlin et al. isolated 15 from the stem bark of Goniothalamus giganteus 

Hook, f.，Thomas (Annonaceae) in 1991.
1 7

 The structure and the relative 

stereochemistry of 15 were established by NMR spectral and single crystal X-ray 

crystallographic analysis of its diacetate 18. Recently, Honda et al. confirmed the 

absolute stereochemistry of (+)-goniodiol 15 by a total synthesis from 2,3-0-

18 . 
isopropylidene-D-^/yc^ra-aldehyde as shown in Scheme 9. In 1989, McLaughlin et 

al also isolated 16 from the stem bark of Goniothalamus giganteus Hook, f., Thomas 

(Annonaceae).
15
 Based on NMR spectral analysis and single crystal X-ray analysis, 

the relative stereochemistry of 16 was unravelled. The absolute stereochemistry of 16 

was recently established by Shing et al based on an unambiguous total synthesis of its 

(-)-enantiomer from D-glycero-D-gulo-h&ptono-yAsLCtonQ.16 (+)-Goniodiol 

monoacetate 17 was also obtained by McLaughlin etal. in 1991. The structure and 

the relative stereochemistry of 17 were unravelled by a single crystal X-ray 

crystallographic analysis. 

In 1987, (+)-goniothalamin oxide 19 together with the known (+)-

goniothalamin 11，were obtained from the methanol extract of the roots and stems of 

Goniothalamus macrophyllus (Bl.) Hook fil. & Thomas (Annonaceae) by Sam et al. 4  

9 



i … r ^ o - V - rT^O I~RI,R2=H,OH;R3,R4=0 

O H C T ^ 、 c / V ^ X V ^ O ^Ri,R2=0;R3=0H,R4=H 
6H R3 B4 o y i . ^ ^ R i . R ^ R a ^ c ^ ^ 

？ o 
x r ~ Ri=R2=H r ^ Q Ji^ vii.viii 
^ P R ^ K R ^ T B S H f ix f ? 

R1=MOM,R2=TBS ^ ^ Y ^ O R p ^ ~ V s ^ V ^ x ^ ~ 
X 丨丨 L^R1=MOM，R?=H 0 R i ^ P 

二 & ^ ] 
MOMO l l ^ J xiv 

5^ 0 • 

(+)-Goniodiol 15 H 
(+)-9-Deoxygoniopypyrone 24 

xv A 

Scheme 9 Reagents : i，2-Hthiofuran, THF, -78 °C (92%); ii, Mn0 2 , MeCN, r.t., 3 
days; iii, L-Selectride, THF, -78。C [84% (2 steps)]; iv, NBS, 80% aq. THF, 0。C 
(97%); v，Cr03, AcOH, r.t., 0.5 h; then /-PrOH, NaBH(OAc)3, - 20 °C (41%); vi, 
AC20, pyridine, cat. DMAP, CH2C12，r.t. (99%); vii, Zn, CuS0 4 .5H 20, AcONa, 50% 
aq. AcOH, THF, 0。C to r . t , 1 h (92%); viii, ca t DBU, THF, r . t , 16 h (99%); ix, 
75% aq. AcOH ,THF ,40 °C , 2h (99%);x, r -BuMe 2Sia,Et 3N, cat. DMAP, CH 2a 2， 
r . t (99%); xi, MeOCH2Cl, ?-Pr2NEt, cat DMAP, CH2CI2, r.t. (99%); xii, 75% aq. 
AcOH, 50 °C, 5 h (89%); xiii, (COCl)2，DMSO，CH2a2，-65 °C, R3N，then PhTi(Of-
Pr)3, E t 2 0 , 0。C，1 h (94%); xiv, 75% aq. AcOH, 65。C，4 h (97%); xv, cat. DBU, 
THF, r . t , 15 h (82%). 

The structure of 19 was assigned first by spectral analysis. Then oxidation of 

(+)-goniothalamin 11 with m-chloroperbenzoic acid gave the corresponding 

diastereoisomeric epoxides in a ratio of 3 :2. The major product showed spectral data 

in good agreement with the natural (+)-goniothalamin oxide 19. The absolute 

stereochemistry of 19 was finally assigned to be (5S，6R，7R) by the authors based on 

the (S) configuration at C-5. 

10 



0 

. 0 ^ 
Figure 5. (+)-Goniothalamin oxide 19 

(+)-7-Acetylgoniotrioi 20，(+)-goniofufurone 21 and (+)-goniopypyrone 22， 

shown in Figure 6, were isolated by McLaughlin etal. in 1990 from the stem bark of 

Goniothalamus giganteus Hook, f.，Thomas (Annonaceae).
19
 Compounds 20，21 and 

22 were tested to exhibit significant anti-tumor activities. For example, 22 showed 

ED 5 0 of 0.7 ^g/ml against the human tumors A-549, MCF-7 and HT-29. Relative 

stereochemistries of 21 and 22 were established by NMR spectral and X-ray 

crystallographic analyses. 

( ¾ ¾ ^ > 。 o 盛 
OH OH HO

 H
 HO p 

(+)-7-Acetylgoniotriol 20 (+)-Gonioflifiirone 21 (+)-Goniopypyrone 22 

Figure 6 

Total synthesis of 21，its (~)-enantiomer and 22 were accomplished by our 

group recently from D-glycero-D-gulo-heptono-y-lactonQ and the absolute 

stereochemistries of 21 and 22 were therefore established.
 2 2

 Gracza et al 

completed the synthesis of (-)-goniofufurone and (-)-7-g/w:goniofufurone from D-

glucose using palladium(II)-catalyzed oxycarbonylation as the key step as shown in 

Scheme 10. 

Murphy also synthesized 21 from D-glucose.
24
 The key step involved the 

Wittig cyclization of a stabilized phosphorane with a butyrolactone as shown in Scheme 

11. in 1993, Rao etal. also completed the total synthesis of 21 from D-glucose using 
25 

the bis-cyclization method as shown in Scheme 12. 

11 



OH 

> 0 ^ n o H ⑶ HOMDH V 
'r 

QH OH OH OH 

yj OH OH OH OH 
• 

HQ一 HO 

pk y ^ o PK y - ^ o 

HO HO 
(-)-GomofiifiircHie (-)-7-epi -GonioftifurcMie 

Scheme 10 Reagents : i, MeSC^Cl, pyridine (83%); ii, Nal, acetone, (92%); iii, 
IiAlH4, Et 2 0, C H 2 a 2 (94%); iv, AcOH, H 2 0 (87%)； v, PhMgBr, THF (54%); vi, 
CO, PdCl2, CuCl2, NaOAc, AcOH (93%). 

QH qj_J 

iv-vi 

OBn OBn 

BnO BnO 
viii O 

v
 H 

b m hi ho hi o 

P h > ^ 。 — P K p = 。 
BnO

 H
 HO

 H 

(+)-GoriiofiifurQae 21 

Scheme 11 Reagents : i, PhMgBr, E t 2 0 (78%); ii, PCC, CH2CI2； 1 ^ ^ 4 , 
CeCl 3 .7H 20, MeOH, -78 °C (67%); iv, BnBr, NaH, THF (87%)； y, CF 3C(^H-H2p 
(85%); vi, Br2-BaCC)3, dioxane, H 2 0 (54%); vii, BrCOCH2Br, pyridine，Et20 (87%); 
ki，PPh3, MeCN, then DBU (88%); ix, H2，10% Pd-C (58%). 

12 



Stereochemistry of 20 was established by comparing the spectral data of its 

peracetyl-derivative with those of triacetyl derivative of the (+)-goniotriol 16 whose 

stereochemistry was already established by an X-ray crystaUographic analysis.
15
 Total 

synthesis of the (-)-enantiomer of 20 was reported recently by Shing et al., thereby 

confirming its absolute stereochemistry.
26 

(+)-7-纲-Goniofufurone 23 and (+)-9-deoxygoniopypyrone 24 were recently 

isolated by McLaughlin et al. from the stem bark of Goniothalamus giganteus Hook, f.， 

Thomas (Annonaceae).
17

 The structures of 23 and 24 are illustrated in Figure 7. 

Neither 23 nor 24 was tested to have significant biological activities. Relative 

stereochemistries of 23 and 24 were established by NMR spectral and X-ray 

crystallographic analyses. 

OH OH 

iv 

B n
? BnO 

BnO厂 'OH B n 0 尸 
VI 

： 咏 。 丄 ： 略 。 
BnO

 H
 H O

 H 

(+)-Gomofuflircme 21 

Scheme 12 Reagents : i’ PhMgCl, I H F (89%); ii, PDC, CH2a2; iii, NaBH4, MeOH 
(81%); iv, BnBr, NaH, DMF (93%); v, TFA-H 2 0 (63%); vi, Ph 3P=CHC0 2Et, 
MeOH (71%); vii, H 2 ,10% Pd-C (58%). 
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(+)-7-e/7i-Goniofufiirone 23 (+>9-Deoxygoniopypyrone 24 

Figure 7 

In 1992, Shing et al. established the absolute stereochemistry of 23 by a total 

synthesis of its (-)-enantiomer from D-glycero-D-gulo-heptono-y-lactom. 2 5
 Gracza et 

ol. also reported the total synthesis of (-)-23 from D-glucose in 1992.
23
 Honda etal. 

confirmed the absolute stereochemistry of 24 by an unambiguous synthesis from 

(253i?)-l^-0-isopropylidene-3-(2-fiiryl)glycerol as shown in Scheme 9.
1 8

 Rao etal 

synthesized 23 from D-glucose using the bis-cyclization process as the key step as 

shown in Scheme 13.
27 

OH HO 

B n d ^ M 日 n d ^ V C B n O ^ O H 

iii 
T 

： 唤 。 ^ ： 養 
HO

 H
 BnO

 H 

(+)-7-初"Gonioftiftirone 23 

Scheme 13 Reagents : i, PhMgBr, THF (83%); ii, TFA-H 2 0 (88%); vi, 
Ph3PMIHC02Et, MeOH (60%); vii, H 2 ,10% Pd-C (93%). 

(~)-Goniofupyrone 25, (+)-goniobutenolide A 26 and (-)-goniobutenolide B 

27, shown in Figure 8, were recently isolated from the ethanolic extracts of 

28 

Goniothalarnus giganteus Hook, f.，Thomas (Annonaceae) by McLaughlin et al 

Structural determination was based on an NMR spectral analysis. 
14 



Very recently, Mclaughlin et al reported the isolation of (+)-gonioheptolide A 

28 and (+)-gonioheptolide B 29 from the Goniothalamus giganteus (Annonaceae).
29 

The structure of 28 and 29 were illustrated in Figure 9. Both styryl-lactones 

possessed novel eight-membered-ring lactone which were elucidated by an NMR 

spectral analysis. Compounds 28 and 29 only exhibited marginal cytotoxicities against 

certain human tumors.
29 

H OH OH OH 

o » d X o ^ D ^ U o 
HO ^ ° 

Gomofiq)yrQne 25 (+)-Goniobutaiolide A 26 (-)-Gomobuteaolide B 27 

Figure 8 

HO OH HO, OH 

0 八 - 0 " . / V
E t 

O 0 

Gonioheptolide A 28 Gonioheptolide B 29 

r i gu r e9 

1.3 Biosynthetic pathways 

All styryl-lactones isolated shared the same basic C6~C3~C4 skeleton. The 

biosynthetic pathway would be expected to be of a mixed origin. The C<5~C3 unit 

would be provided by the shikimic acid pathway and condensation of two acetyl-

Coenzyme A would give the C 4 unit. Condensation of the two fragments then 

provided the basic skeleton of styryl-lactones as proposed by Gillhouley as shown in 

Scheme 14.
 0 
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HOAO C 0 C 0 2 H 

v . . 0 / = v 
Shikimic acid 二 fx A 
pathway • ⑶ V ' / 

Prephenic acid \ 
[C6-C3Uiiit] \ 

— 二 h v 
CH 3CO 2H ^ ^ S ^ C O 2 H ， 

[C4Unit] C 4 

Goniothalamin 

Scheme 14 

In fact，along the discovery of the styryl-lactones, several authors have 

recognized their biosynthetic possibilities. In 1985，Talapatra et al. proposed that the 

(+)-goniothalamin 11 was the most logical biogenetic precursor of all the 

dihydropyrones by epoxidation and then mz/w-opening of the epoxide by an Sn2 type 

attack at the benzylic position (Scheme 15): 

H ^ 
H I H O 

H 2O OH 

Goniodiol 

Scheme 15 

In 1987, Sam et al proposed (+)-altholactone 14 could be obtained from an 

intramolecular cyclization of an unknown 5-hydroxygoniothalamin as shown in 

Scheme 16.
4
 In 1989, Gesson etal also proposed that the (+)-goniotriol 16 was the 

uncyclized form of (+)-altholactone 14. 
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a ^ 。 - c ^ o 傷 

Altholactone 

Scheme 16 

Recently, McLaughlin et al. proposed the biosynthetic pathways of all the 

fourteen isolated styryl-lactones from the Goniothalamus genus.
2 9

 The authors 

proposed that the biosynthesis starts from the shikimic acid pathway with incxaporation 

of two acetate units to form the basic carbon skeleton. Reductions, oxidations and 

cyclizations at different positions then generated all the different styryl-lactones 

(Scheme 17). 

o 

RtO o \ 
r v w ^ 

Z OH R \ 
(+)-Gomotriol (R=Ri=OH) 、 = 
(+)-7-Acetylgoniotriol (R=OH, Ri=OAc) P \ \ 

OH (+)-Goniodiol(R=H,R^H) r 》i"< Rl) )=0 

/ f n
 H O

 « 
\==/ n入 n / n (+>9-Deoxygomopypyrone (R=H) 

H5 H / f q A . (+>Gomopypyrone(R=OH) 

Goniofupyrone / / 

j I / K ^ / Shikimate 
J Jr / (+)-Goniothalamiiî  Pathway 

O K ^ W lo 0 0 
2 Acetates 

^
 H

 Cinnamic J 
(+)-AItholactone [ I J j Acid 

Z } � 
Z T c HO OH 

(+yi-epi -Goniofufurone (R=H, R i=OH) (+)-Goniobutenolide A (C=Z) Gonioheptolide A (R=Me) 
(+)-Goniofufiirone (R=OH, R产H) (->Goniobuteiiolide B (C=E) Gomoheptolide B (R=Et) 

Scheme 17 

17 



2. Results and discussion 

Initially，the synthesis and the absolute stereochemistry proof of goniofufurone 

21 from D-^FYCEW-D-gw/o-heptono-Y-lactone 32 will be described. Total syntheses of 

(+)-goniofufurone 21b, (+)-goniobutenolide A 26 and (-)-goniobutenolide B 27，(+)-

goniopypyrone 22, (+)-altholactone 14，(+)-goniotriol 16 and (+)-7-acetylgoniotriol 

20 from the same starting material will then be discussed in sequence. 

2.1 Goniofufurone : Synthesis and absolute conf igu ra t ion
2 0 , 2 6 , 3 2 

Among all the styryl-lactones isolated from the genus Goniothalamus，we began 

our work on the total synthesis and the determination of the absolute stereochemistry of 

goniofufurone. At the very beginning, only the relative stereochemistry of 

goniofufurone was known from the reported X-ray crystallographic analysis. 

Therefore, the natural (+)-goniofufurone might have the absolute configuration 21a or 

21b as depicted in Figure 10, In our project, we arbitrarily selected 21a as our first 

target molecule. 

\ J HO
 H

 \ _ J HO
 H 

21a 21b 

Rgu re lO 

Retrosynthetic analysis of 21a indicates that the furanoid ring could be 

constructed by an intramolecular Michael addition of the OH-6 onto the unsaturated 

lactone 30 as shown in Scheme 18.
3 2

 Hence, the chirality at C-3 could be controlled 

by the pre-existing stereochemistry at the adjacent carbon (C-4) due to geometrical 

constraint The butenolide 30 could then be obtained from the aldehyde 31 which 

could be readily derived from the inexpensive and commerically available D-glycera-D-

18 



^M/o-heptono-Y-lactone 32 following the work of Brimacombe and Tucker with some 

modifications.
33
 : :

 3 

The preparation of the aldehyde 31 is illustrated in Scheme 19. 

Isopropylidenation of D-glycero-D-gulo-heptono-y-lsctone 32 using acetone-zinc 

chloride-phosphoric acid at room temperature gave the desired diacetonide 33 as 

Q Hd H Q Hd H 

21a 30 

H ^ HO O - V " 

< — — . O H C ^ X ^ ^ P 

D-glycerol-gub ^eptono-y-lactooe 32 31 

Scheme 18. Retrosynthetic analysis of Goniofufurone 21a 

colorless crystals after fractional crystallization from chloroform and hexane in 61% 

yield with m.p. 157—158 °C and [ a ] D
2 4

- 76 (c 1.1, chloroform); [lit”
33
 153—154 °C 

30 

and [OC]D - 76 (c 2，chloroform)]. The use of zinc chloride-phosphoric add in this 

work gave cleaner products. The four singlets between 1.36-1.50 ppm in the 

NMR spectrum of 33 indicated the formation of two isopropylidenes and their 

positions on the skeleton were established by Brimacombe and Tucker using chemical 

transformations.
33

 Moreover, the presence of two isopropylidenes in 33 was also 

evident from the two resonances for the ketal carbons of the isopropylidenes at 99.76 

and 110.64 ppm in the
 1 3

C NMR spectrum of 33. The two resonances at 99.76 and 

110.64 also suggested that the two isopropylidenes were in the form of a dioxane ring 

and a dioxolane ring, respectively.
34 ,35

 As pointed out by Brimacombe and Tucker,
3 

the formation of the dioxane ring at C-3 and C-5 in 33 instead of a more stable 

dioxolane ring at C-2 and C-3 was abnormal. Although the reasons for this 

19 



abnormality were not clear, the stability of this isopropyHdene was very useful for our 

later purposes. 

Reduction of the lactone moiety in 33 using sodium borohydride in aqueous 

methanol from 0 °C to room temperature afforded the triol 34 in quantitative yield with 

m.p. 62—64°Cand[cxb
2 5

-6(c0 .5，water ) ; [lit”
33
 m.p. 67—68 °Cand [ a ] D - 6 ( c 

2，water)]. The disappearance of the strong absorption peak at 1788 cm"
1
 for the 

carbonyl absorption and the presence of the strong absorption peak at 3400 cm"
1
 for the 

hydroxy group in the i.r. spectrum of 34 showed the successful reduction of the 

lactone moiety to the alcohol. The aldehyde 31 was then obtained by oxidative 

cleavage of the terminal diol in 34 using sodium metaperiodate in aqueous methanol at 

36 
room temperature. 

OH acetone, ZaCl2, \ _ n o V " 

D-glycero-D-gub-hqptono-Y-^ctoae 32 33 

NaBH ‘ 
MeOH-^H20, 
0 °C t o r.t. 
(98%) 

HO q \ S 、 。 HQ HO o A -

31 34 

Scheme 19. Preparation of the aldehyde 31 by the modified 
Brimacombe and Tucker method 

After the preparation of the aldehyde 31，the addition of the phenyl group to the 

aldehyde 31 to produce a benzylic alcohol was then investigated. Unfortunately, we 

observed that predominant formation of the desired diastereoisomer 35a was not 

possible after several conditions were attempted (Table I) .
3 2

 The major isomer 35b 

20 



obtained was in agreement with the transition state predicted by both the Cram's open 

chain model or the a-chelation model.
3 7

'
3 8

 The absolute stereochemistry at the 

benzylic carbon in 35b was confirmed by an X-ray crystallographic analysis of its 7-

1 32 

acetyl-derivative. Because of this poor selectivity, synthesis of the alcohol 35a by 

another method was then investigated. Finally, the predominant formation of 35a 

proved successful by the oxidation-reduction strategy as shown in Scheme 20. 

Table 1. Reaction of compound 31 with PhMgBr, PhCuCNMgBr or Phl i 

a ^ ： Reagent Temaf °Q Solvent Y i e l d s Ratio 35a : 35b 

1 PhMgBr 70 THF 73 1 * 6 0 
2 PhMgBr 0 THF 74 1 : 8 0 
3 PhMgBr 0 Et 20 65 1 . 3 7 
4 PhCuCNMgBr 0 THF 70 1 . 6 2 
5 PhLi 0 THF 45 1 :2 .0 
6 PhLi - 7 8 THF 48 1:2 .2 
7 PhLi 0 R 2 0 47 1 :3 .2 
8 PhLi - 7 8 Et 20 48 1 :5 .6 

V PhMgBr, THF, 60-70 °C, \ 
OH (combined 74% from 34, rf R

2
 ^ Q ^ T " 

31 3 5 a : R
1
= H , R

2
 = OH 

351):1^ = 011,1^=11 

PCC, 4A molecular sieve, 
CH2Cl2,r.t. 
(61%) or 
activated Mn02, CH2CI2, r.t. 
(81%) 

• , O OH o A ~ -
Reag^its and Conditions |j f 7 Q 

” ，扎 see Table 2 r f ^ S ^ V ^ Y ^ ^ " ^ 
35a + 35b ^ 「 丁 I T 

K^ Ov^X) 

36 
Scheme 20. Preparation of alcohol 35a by oxidation-reduction strategy 
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The alcohols 35a and 35b were prepared by nucleophilic addition of 

phenylmagnesium bromide to the aldehyde 31 in refluxing THF under nitrogen to give 

the benzylic alcohols 35a and 35b with 74% overall yield from 34 and in a ratio of 1 

to 6，respectively. The success of the Grignard reaction was evident from the
 X

H NMR 

spectrum of the mixture of 35a and 35b which showed resonances for the aromatic 

protons between 7.30-7.50 ppm and the benzylic protons around 4.9 ppm. 

Selective oxidation of the benzylic hydroxy group in 35a and 35b by PCC in 

dry dichloromethane at room temperature gave the ketone 36 in 61% yield as colorless 

crystals. The low, isolated yield of the ketone 36 using PCC as oxidant was attributed 

to the difficult workup procedure. Fortunately, the preparation of the ketone 36 was 

later improved by using activated manganese dioxide in dry dichloromethane at room 

temperature to 81% yield. Using manganese dioxide as the oxidant also provided an 

easier workup procedure. The i.r. spectrum of 36 provided evidence for the 

successful selective oxidation. A strong absorption peak at 1655 cm"
1
 indicated the 

presence of a conjugated carbonyl function and absorption at 3450 cm" showed the 

presence of hydroxy group. The continued existence of the hydroxy group at C-3 was 

also supported by the
 X

H NMR spectrum of 36 in which the OH-3 hydrogen showed 

resonance at 2.73 ppm and was assigned based on the coupling constants. 

Furthermore, the identity of the ketone 36 was further corroborated by a correct 

elemental analysis. 

Reduction of the ketone 36 back to the alcohols 35a and 35b was then 

examined. The best conditions for the production of 35a as the major alcohol were the 

Luche's procedure as indicated in Table 2.
3 9

 Under those conditions, the ketone 3 6 

was treated with cerium trichloride heptahydrate and sodium borohydride in methanol at 

一 78 °C for 15 minutes. The alcohols 35a and 35b were obtained in 70% yield and in 

a ratio of 19 to 1, respectively. The identity of the alcohols obtained from the reduction 

of the ketone 36 was confirmed by comparing the spectroscopic data of the reduction 
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Table 2. Reduction of ketone 36 by DIBAL-H or NaBH4 

Entry Reagent Solvent Tempi °Q YMd(%) 35a:35b 

1 DIBAL-H THF - 7 8 43 1:7 
2 NaBH 4 MeOH 0 74 1:1 
3 NaBH 4-CeCl 3 .7H 20 MeOH 0 60 5:1 
4 NaBH 4-CeCl 3 .7H 20 MeOH - 7 8 70 19:1 

products with those of the alcohols obtained directly from the Grignard reaction. 

The high stereoselectivity observed for NaBH4-CeCl3.7H2O in MeOH at 

一 78 °C was tentatively rationalized by an internal hydride transfer mechanism through a 

six-membered chair-like transition state as shown in Figure 11. The alternate transition 

state (Figure 11a) which would lead to 35b was destabilized by the 1,3-diaxial 

interaction between the OMe and the phenyl group. Interestingly, using DIBAL-H as 

the reducing agent provided the alcohol 35b as the major isomer. The reversed 

stereoselectivity using DIBAL-H was best interpreted by an external hydride transfer 

mechanism as illustrated in Figure 12.
4 0 , 4 1 

1 I 

匕 OMe OMe 

Figure 11. Transition state involved in the Figure 11a. Transition state involved in the 
reduction of ketone 36 by reduction of ketone 36 by 

CeCl 3 .7H 20-NaBH 4 to yield 35a Cea 3 . 7H 2 0-NaBH 4 to yield 35b 
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1%¾ 1 
Figure 12. Transition state involved in the 

reduction of ketone 36 by 
DffiAL-H to yield 35b 

After obtaining the benzylic alcohol 35a in good yields, we then proceeded 

to assemble the lactone moiety required in the target molecule. In order to prepare the 

tetraol 39，acetylation of the alcohol 35a to the diacetate 37 was performed using acetic 

anhydride-pyridine in dichloromethane at room temperature in 87% yield as shown in 

Scheme 21. The fOTmation of the diacetate 37 was shown by the two methyl singlets at 

2.03 and 2.15 ppm in the NMR spectrum of 37. The resonances for H-l and H-3 

also exhibited a downfield shift from 4.90 and 3.87 ppm to 5.64 and 5.33 ppm, 

respectively. I.r. spectrum of 37 showed a carbonyl absorption at 1747 cm"
1
 indicating 

the presence of the acetate. No absorption around 3400 cm"
1
 supported the 

transformation of the hydroxy functions into the esters. The structure of 37 was 

further substantiated by a satisfactory elemental analysis. Pure alcohol 35a was then 

obtained after deacetylation of the diacetate 37 by a catalytic amount of NaOMe in dry 

MeOH at room temperature. 

Derivatization of 35a to the corresponding diacetate 37 was essential and 

served two purposes. Firstly, selective hydrolysis of the terminal isopropylidene in 

35a directly to the tetraol 39 proved impractical and resulted in a mixture of products. 

Secondly, acetylation of the alcohols could help its separation by chromatography from 

the minor undesired alcohol 35b produced from the reduction of the ketone 36. 
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Ac 2。，pyridine, 
\ cat.DMAP， \ 

OH OH O - V " CH^h^ t . AcO AcO 

35a 37 、 

AC0H-H20, 
r.t. 
(81%) 

cat. NaOMe, • 
HQ HO _ MeOH,r.t.

 A c
Q ^ ^ 

39 38 ； i) 

NaI0 4 , HO HO 

HQ HO Ph3Pt=CHC02Me, ^ ^ 

^ v A ^ V C H O MeOH, r.t. 
H ] T T (combined, 92% from 39, CL.0 4l-Z:41-E=5:l) + _ 

HO HO 

40
 f r V r ^ 

0 ^ 0 COaMe 

Scheme 21 41-Z 

The required tetxaol 39 was obtained effectively by the following reaction 

sequence. Selective hydrolysis of the terminal isopropylidene in 37 proceeded 

smoothly with 75% aqueous acetic acid at room temperature to give the diol 38 as a 

white foam in 81% yield. The successful hydrolysis of the terminal isopropylidene in 

‘ 37 W as evident from the
 X

H NMR spectrum of 38 which exhibited two resonances at 

1.29 and 1.34 ppm indicating that only one isopropylidene remained in 38. An 

absorption at 3450 cm"
1
 in the is. spectrum of 38 indicated the presence of the 

hydroxy function. The structure of 38 was also substantiated by a correct elemental 

analysis. Deacetylation of 38 using catalytic amount of sodium methoxide in dry 

methanol at room temperature then afforded the tetraol 39 as colorless needles in 93% 

yield. Successful removal of the acetates from 38 was provided by the absence of the 
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two resonances at 2.02 and 2.23 ppm in the H NMR spectrum of 39. No absorption 

at 1750 cm" in the i.r. spectrum of 39 also supported the absence of the carbonyl 

function in 39. A correct elemental analysis confirmed the identity of the alcohol 39. 

The dioxane isopropy]idene ring displayed no migration in the above steps was proved 

later by the successful glycol cleavage and then Wittig reaction as discussed below. 

The terminal diol in 39 was oxidatively cleaved by sodium metaperiodate in 

aqueous methanol at room temperature to give the aldehyde 40. Wittig alkenation of 

the aldehyde 40 with (me1lioxycarbonyl)me1hylenetriphenylphosphQrane in methanol at 

room temperature gave a pair of isomers, 41-Z and 41-E，in a ratio of 5 to 1, 

respectively and in a combined overall yield of 92% from 39 .
4 2 - 4 4

 The two isomers 

41-Z and 41-E could be readily separated by chromatography as colorless needles and 

the geometry of the double bond could be easily identified by measuring the coupling 

constant between the two vinylic protons in their lH NMR spectra. The alkene with the 

smaller coupling constant of 12 Hz was assigned to the Z-alkene and that with the 

larger 16 Hz to the 五-isomer.
45
 The presence of the enonate moiety in 41-Z was 

evident from the resonances of the methyl ester at 3.69 ppm and the two vinylic protons 

at 5.91 and 6.37 ppm in the
 X

H NMR spectrum of 41-Z. The enonate function in 41-E 

was indicated by the resonances of the methyl ester at 3.70 ppm and the two vinylic 

protons at 6.09 and 6.96 ppm. An absorption at 1719 cm" in the i x spectrum of 41-Z 

and 1725 cm"
1
 in the i.r. spectrum of 41-E also indicated the presence of the 

unsaturated ester carbonyls. The identity of both 41-Z and 41-E was further 

corroborated by their correct elemental analyses. In addition, the E-isoma- was 

deliberately prepared in larger quantity by employing toluaie as the solvent in which the 

respective ratio of 41-Z to 41-E was 1 to 2 and with a combined overall 73% yield 

from 39. 

Removal of the remaining isopropylidene in 41-Z by 75% aqueous acetic 

acid at room temperature proceeded with concomitant lactonization to give the 
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trihydroxy-butenolide 30 as colorless needles in 83% yield as shown in Scheme 22. 

Removal of the isopropylidene was evident from the absence of the six methyl protons 

i 

at 1.34 ppm in the H NMR spectrum of 30. The most downfield methine hydrogen in 
i 

the H NMR spectrum of 30，centered at 5.24 ppm (ddd) was assigned as H-4 from 

the coupling constants. Since lactonization was an intramolecular acylation reaction, 

the proton attached to the carbon bearing the O-acyl group is expected to be deshielded. 

The most downfield methine hydrogen at 5.24 ppm was H-4, hence compound 3 0 

must be a y-lactone. Absorption at 1733 cm"
1
 in the i.r. spectrum of 30 provided 

further evidence of the butenolide structure. The coupling constant of 5.8 Hz and the 

chemical shifts at 6.13 ppm and 7.80 ppm for the two vinylic protons also suggested a 
45 

butenolide structure for 30. 

HQ HO AcOH-H20,r.t. un . H OH 

n r V v ^ ——.,^00=° 
^ V ? Q HO^fi 

41-Z 30 

cat.DBU,THF 
r.t. 
(71%) 

\ J HO  H  

Scheme 22. Synthesis of 
(_)一goniofufurone 21a (-)-gomofiifiircMie 21a 

Treating 30 with a catalytic amount of DBU in THF at room temperature 

induced the intramolecular Michael addition
46

'
47

 and furnished the goniofufurone 21a 

as colorless plates in 71% yield with m.p. 152—154 °C and [oc]D
24 - 9 (c 0.8， 

ethanol); [lit.,
19

 colorless plates with m.p. 152—154 °C and [oc]D
22

 + 9 (c 0.5, 

ethanol)]. Here, we envisaged that the formation of the five-membered ftiranoid ring in 

2 i a should be the most facile process and the resulting [3.3.0] bicycle should then be 

as-fused; in this way, the desired stereochemistry at C-3 would be controlled by the 

27 



pre-existing chirality at C-4 of the butenolide 30. The spectroscopic data of the 

synthetic goniofufurone 21a are in accord with those reported, and since the reported 

[a]D value of the natural goniofufurone is + 9 (c 0.5，ethanol), the absolute 

configuration of the natural goniofufurone must be 21b. In conclusion, starting with 

the D-glycew-D-gido-heptono-y4sLCtone 32，we completed the structure elucidation of 

the natural (+)-goniofufurone by synthesizing its enantiomer in 13 steps with 7.4% 

overall yield. 

2.2 Synthesis of (+)-Goniofufurone 21b
2 1 

After the absolute stereochemistry of the (+)-goniofufurone was established 

as 21b, work on its total synthesis was then initiated. Retrosynthetic analysis of 21b 

using the same strategy for 21a provides the intermediate enonate 42-Z which was the 

mirror image of 41-Z. Close inspection of 42-Z reveals that the three chiral centres (C-

4，C-5, C-6) are symmetrically disposed along the carbon skeleton. Moreover, both 

the a,P-unsaturated ester and the phenyl group could be introduced in sequence 

through the aldehyde intermediates as depicted in Scheme 23. The aldehydes could be 

generated at different stages from the same starting material, the D-glycero-D-gulo-

heptono-Y-lactone 32. 

Therefore, as shown in Scheme 24, starting with the diacetonide 33， 

selective hydrolysis of the terminal isopropylidene in 33 using aqueous acetic acid at 

room temperature provided the diol 43 in 70% yield as colorless needles with m.p. 

160—161 °C and [cx]D
24
 - 77 (c 2.4, ethanol); [ l i t ,

4 8
 m.p. 158 °C and [a ] D - 75 (c 

1.0，ethanol)]. Selective hydrolysis of the terminal isopropylidene was evident from 

the
 1 3

C NMR spectral analysis. The quarternary carbons of the dioxane ring and the 

dioxolane ring in 33 showed different resonances at 99.76 and 110.64 ppm, 

respectively. Removal of the terminal isopropylidene was indicated by the absence of 

the resonance at 110.64 ppm and the continued existence of the dioxane ring ketal 
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carbon at 99.73 ppm in the
 1 3

C spectrum of 43.
3 4 , 3 5 

她。妙。 
(-)-Goniofuftirone 21a (+)-GomofafiircHie 21b 

t f 
0 ^ 0 COaMe O ^ X ) COsMe 

OH OH OH OH 
41-Z z 42-Z 

、、、、><；/ 

[ X X ] 
个 、 C H / t \ / 

\ / 
产一講—厂—^ 

, •、、 

Grignard [1 Wittig 
reaction Olefination 

OH 
H 1 

D-glycero -D -gub -iL^tono-y-lactcme 32 

Scheme 23. Retrosynthetic analysis of (+)-goniofufurone 21b 

29 



33 43 

NaI04, 
MeOH-H20, 
r.t 

f 
PhMgBr,THF,0°C Q 

R
1
- R

2
 OH OH (combined 56% from 43 , > - 0 H 

4
?

: 4 5 B = = 1 : 2 )
H O ^ X ^ C H O 

K J OH O ^ O 

45a:R
1
=OH,R
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Scheme 24 

Sodium metaperiodate oxidative cleavage of the terminal diol in 43 at room 

temperature gave the aldehyde 44 which immediately reacted with an excess of 

phenylmagnesium bromide in THF at 0 °C to provide the diastereoisomeric alcohols 

45a and 45b in a ratio of 1 to 2, respectively with an overall yield of 56%. In this 

reaction, the excess of the Grignard reagent reacted with the lactone moiety to give an 

achiiBl tertiary alcohol which was important for the construction of the lactone moiety in 

the target molecule. However, the two diastereoisomeric alcohols proved difficult to 

separate by conventional chromatographic technique and they were derivatized to their 

corresponding acetates. 

Fortunately, reacting the alcohols 45a and 45b with acetic 

anhydride-pyridine in dry dichloromethane at room temperature gave the triacetate 46 

in 36% yield as colorless needles and the diacetate 47 in 49% yield as a white solid. 

Compounds 46 and 47 could now be easily separated by chromatography. The 

reasons why 45b afforded only the diacetate 47 are not understood. The structure of 

the triacetate 46 was established as described below. Fifteen aromatic protons at 

7.13-7.75 ppm in the
 X

H NMR spectrum of 46 suggested the presence of three 
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R
1
 R

2
 QH OH 

[ T Y ^ v V ^ 
⑶ Ac 20, pyridine, 

^ ^ cat DMAP, CH2C12, 
45a :R =OH, R =H r.t. 

4 5 b : R
1
= H , R

2
 = OH (36% 46and49% 47) 

v 
AcO AcQ AcO AcQ HQ AcO 

O ^ O OH ^ 0 OH 

46 47 

aq. NaOH, aq. NaOH, 
MeOH-CHCl3, MeOH-CHCl3, 
r.t. r.t. 
(99%) (98%) 

r Y 
HO HO HO HO HO HO 

45a 45b 

Scheme 25 

phenyl groups. Three singlets at 1.85, 1.91 and 2.03 ppm showed the presence of 

three acetates in 46. The positions of the acetates in 46 were evident from the down 

field shift of the protons from 4.47，3.95 and 4.68 ppm to 5.43, 5.13 and 5.46 ppm 

for C-2, C-4 and C-6, respectively. This assignment also provided evidence that the 

dioxane isopropylidene ring showed no rearrangement in the above reactions. 

Caibonyl absorption at 1750 cm"
1
 in the ij*. spectrum of 46 confirmed the presence of 

the ester. The structure of 46 was further supported by a correct elemental analysis. 

The structure of 47 was assigned similarily to that of 46. Two resonances at 2.00 and 

2.04 ppm in the
 X

H NMR spectrum of 47 suggested the diacetate structure. The 

downfield shift of the protons from 4.45 and 4.83 ppm to 5.04 and 5.97 ppm for C-2 

and C-6, respectively in 47 provided evident for the positions of the two acetates. 

Carbonyl absorption at 1750 cm"
1
 in the is. spectrum of 47 showed the presence of the 

ester. The structure of 47 was also supported by a correct elemental analysis. 
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Pure 45a and 45b were regenerated from the respective acetates by 

hydrolysis with aqueous sodium hydroxide at room temperature in excellent yields. 

The structures of the alcohols 45a and 45b were evident from their H NMR and i.r. 

spectral analysis. Absence of resonances for the acetate methyls in the ^ NMR 

spectra of 45a and 45b showed the success of complete hydrolysis. Strong 

absorption at 3420 cm"
1
 and 3450 cm" in the i.r. spectrum of 45a and 45b, 

respectively indicated the presence of hydroxy function. Correct elemental analyses of 

45a and 45b gave farther support to their structures. 

The absolute stereochemistry of the newly generated chiral centre at the 

benzylic position of 45a and of 45b was confirmed later by converting 45a into the 

corresponding enonate as shown in Scheme 26. 

Ph3P=CHC02Me, 

45a - _ _ , [ r Y V Y
0

"
0
 — ) , ( f Y v S ^ l 

C L f i C ^ o COaMe 

48 42-Z 

Ac0H-H 20,r.t . 
(89%) 

H HQ‘ H PH 

Q ^ 
(+)-goniofufurone 21b 

Scheme 26. Synthesis of (+)-goniofufurone 21b 

Oxidative cleavage of the diol 45a using sodium metaperiodate at room 

temperature gave the aldehyde 48 which immediately reacted with 

( m e t h o x y c a r b o n y l ) m e t h y l e n e t r i p h e n y l p h o s p h o r a n e in dry methanol at room 

temperature to give 42-Z as colorless needles in 79% yield.
42

"
44

 Ratio of 42-Z to 42-

E m this Wittig reaction was determined to be 10 to 1，respectively. Alkrae 42-Z with 

m.p. 135—136 °C and [ a ] D
2 4

 + 71 (c 0.4, ethanol) showed all spectroscopic data in 
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mm _••_••••丨MMIW矚丨明編W厕�1胡丨_蚺囑W州彻川岬丨卩ITfWîlWP 



accord with those of 41-Z ； [lit.,
26

 m.p, 135—136。C and [ a ] D
2 4

 — 65 (c 0.9, 

ethanol)], except for the sign of the optical rotation. Therefore, compound 42-Z was 

enantiomeric to compound 41-Z. In addition, the 五-isomer was deliberately prepared 

in larger quantity by employing toluene as the solvent in which the respective ratio of 

42-Z to 42-丑 was 1 to 2 and with a combined 83% overall yield 

The strong preference for the formation of Z-enonate 42-Z in the Wittig 

reaction of stabilized ylides in anhydrous methanol was rationalized based on the report 

by S. Valverde et al using the model depicted in Figure 13.
42
 The requirement for the 

predominant formation of Z-enonate depended on both the solvent and the structure of 

the aldehyde* Absolute methanol was the best solvent An alkoxy group at the carbon 

p to the carbonyl group of the aldehyde was required. The authors suggested that 

methanol was responsible for the stabilization of the nantin betaine which would 

undergo ^-elimination to afford the Z-alkene. The presence of a p-alkoxy substituent 

can enhance the above mechanism through the participation of the alkoxy group in the 

solvation phenomena. 

MeOH
 M e O H 

R MeOH 

、 / o ^ ^ ^ C O O M e 
° MeOH 

I MeOH 

f igure 13. Transition state involved in the wittig reaction 
that led to the high Z-selectivity 

After the preparation of the enonate 42-Z (enantiomeric to 41-Z) and 

following the same sequence of reaction as described previously for 40-Z, we could 

obtain the natural (+)-goniofufurone 21b. Hydrolysis of the remaining isopropylidene 

in 4 i - z proceeded with concomitant lactonization gave the trihydroxy-butenolide 49 

in 89% yield as colorless needles with m.p. 109—111 °C and [ a ] D
2 4

 - 68 (c 0.6， 
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ethanol). The structure of the butenolide 49 was evident by comparing the 

spectroscopic data with those of its enantiomer 30; [lit”
26
 m.p. 109一111 °C and 

23 

[OC]D + 72 (c 0.9，ethanol)]. The trihydroxy-butenolide 49 showed all spectroscopic 

data in accord with those of its enantiomer 30, except for the sign of the optical 

rotation. Therefore, the butenolide 49 was enantiomeric to the butenolide 30 . 

Intramolecular Michael addition induced by DBU in dry 1HF at room temperature gave 

the natural (+)-goniofufurone 21b in 74% yield as colourless plates with m.p. 

152—154。C and [ a ] D
2 4

 + 10 (c 1.1，ethanol); Dit”
19
 m.p, 152—154。C; [ a ] D

2 2
 + 9 

(c 0.5, ethanol)]. Synthetic 21b showed all spectroscopic data in accord with those of 

the natural compound, including the sign of the optical rotation, and gave a correct 

elemental analysis. Therefore, the absolute stereochemistry of the natural (+)-

goniofufurone must be 21b. In conclusion, the natural (+)-goniofafurone 21b was 

synthesized from D-^fycero-D-^w/o-heptono-y-lactone 32 in 10 steps with an overall 

4.4% yield. 

2 . 3 Syntheses of (+)-Goniobutenolide A 26 and 

( - ) -Goniobutenol ide B 27 

At a first glance, (+)-goniobutenolide A 26 and (-)-goniobutenolide B 27 could 

be regarded as the dehydrated analogs of the trihydroxy-butenolide 49 as shown in 

Scheme 28. In fact, the syntheses of the (+)-goniobutenolide A 26 and ( - ) -

goniobutenolide B 27 seem possible because the hydroxy group at C-5 may be easily 
• 49 

eliminated under the acetylation conditions presumably via the El-cb mechanism. 

However, the generation of compounds 26 and 27 via the respective anti-E2 and the 
49 

syn-El mechanism could not be ruled out 
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(-)-goniobuteaiolide B 27 

Scheme 28. Retrosynthetic analysis of (+)-goniobutenolide A 26 
and (-)-goniobutenolide B 27 

Hence, as shown in Scheme 29, treatment of the trihydroxy-butenolide 49 with 

acetic anhycMde-txiethylamine in dry dichloromethane at room temperature gave the 

(+)-diacetylgoniobutenolide A 50 and (-)-diacetylgoniobutenolide B 51 with a 

combined overall 99% yield and in a ratio of 2 to 1，respectively. Both compounds 

50 and 51 were separated by chromatography as yellowish oils. Synthetic (+)-

diacetylgoniobutenolide A 50 and (-)-diacetylgoniobutenolide B 51 in this work 

showed all spectroscopic data in accord with those of the diacetylgoniobutenolide A and 

diacetylgoniobutenolide B derived from the natural (+)-goniobutenolide A and (-)-

goniobutenolide B, respectively.
28

 Structures of both 50 and 51 were further 

substantiated by their correct elemental analyses. 

HO HQ 

O^s^o “
-

1 ¾ ^ 
(99% combined, 

150:51 = 2:1 
AcO 

JL AcO 

0 ¾ ¾ + Q ^ 。 

(+)-diacetylgoniobutenolide A 50 (-)-diacetylgoniobutenolide B 51 

Scheme 29 
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At this stage, the syntheses of 26 and 27 were obvious and should be completed 

simply by deacetylation. However, attempts to remove the acetates from 50 and 51 

via alkaline hydrolysis proved detrimental because of the highly reactive a,p and 

unsaturated lactone moiety in both compounds. Decomposition was also observed 

using L1OH-THF-H2O and no desired products were isolable. 

Fortunately, the synthesis of 26 and 27 were finally realized from 49 by the fact 

that trifluoroacetyl e s t e could be easily hydrolyzed under mild conditions.
50 

Therefore, the conversion of the trihydroxy-butenolide 49 into (+)-goniobutenolide A 

26 and (-) -goniobutenolide B 27 was accomplished by first reacting 49 with 

trifluoroacetic anhydride and triethylamine (dehydration) and then in situ methanol 

hydrolysis to remove the esters as shown in Scheme 30. Compounds 26 and 27 were 

HO HQ 

j • ， ^ N ， 
" ^ O CH2Cl2,r.t.,thenMeOH 

AQ (79% combined, 
”26: 27 = 1:3) 

HO
 J 

+ o V o = o 

(+)-goniobuteiiolide A 26 (->gomobiitenolide B 27 

Scheme 30. Synthesis of (+)-goniobutenolide A 26 
and (-)-goniobutenolide B 27 

obtained with a combined overall yield of 79% from 49 and in a ratio of 1 to 3， 

respectively. Both synthetic 26 and 27 showed all spectroscopic data in accord with 
28 

those of the natural compounds, including the sign of the optical rotation. Therefore, 

the absolute stereochemistry of the natural (+)-goniobutenolide A and (-) -

goniobutenolide B must be 26 and 27，respectively. However, goniobutenolide B 27 

was obtained as colorless needles with m.p. 148—149 °C (l i t ,
2 8

 yellowish oil) and 

exhibited limited solubility in chloroform. Interestingly, using trifluoroacetic anhydride 

to mediate the dehydration gave 26 and 27 in a ratio of 1 to 3 which was reversed 

36 



when acetic anhydride was used to produce the diacetate 50 and 51 (2 : 1). This 

observation was in contrast to our expectation that trifluoroacetyl ester could be easily 

eliminated through the anti-El mechanism which would give the (+)-goniobutenolide A 

26 as the major product. Therefore, elimination via the El-cb or syn-E2 mechanism 

49 

was possible with trifluoroacetic anhydride. In conclusion, both (+)-goniobutenolide 

A 26 and (-)-goniobutenolide B 27 were easily synthesized from the D-glycero-D-

^M/o-heptono-y-lactone 32 in 10 steps with an overall 1.2% and 3.6% yield, 

respectively. 

22 
2.4 Synthesis of (+)-Goniopypyrone 22 

Based on the above works and assuming all the stryl-lactones have the same 

biosynthetic origin, the absolute stereochemistry of the (+)-goniopypyrone 22 was 

tentatively assigned as shown in Scheme 31. 

O 
ti HO ( T ^ i ^ HQ 

W
H O ^ ° ( j X X ^ 父 

(+)-goniopypyrone 22 52 53 

Scheme 31. Retrosynthetic analysis of (+)-goniopypyrone 22 

Retrosynthetic analysis of the goniopypyrone 22 using the similar intramolecular 

Michael strategy for the goniofufurone gives the trihydroxy-pyrone 52. The trihydroxy-

pyrone 52 could be made from the Z-enonate 53 through 5-lactonization. The Z-

enonate 53 might then be obtained by the same reaction sequence as for 45a to 42-Z 

discussed previously (Scheme 26). 
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52 (+)-gomopypyrone 22 

Scheme 32. Synthesis of (+)-goniopypyrone 22 

As shown in Scheme 32, oxidative cleavage of the 1^-diol in 45b using sodium 

metaper ioda te p rov ided the a ldehyde 54 which reac ted with 

(me thoxyca rbony l )me thy l ene t r i pheny lphospho rane in anhydrous methanol furnished 

the Z-^ionate 53 in 80% yield. The idenitity of the enonate 53 was confirmed using 

the same argument as discussed before for its diastereoisomer 42-Z The Z-geometry 

of the double bond was indicated by the 12 Hz coupling constant for the two vinyUc 

protons in the
 l
J l NMR spectrum of 53. 

Lactonization induced by DBU in dry THF under reflux gave the pyrone 55 as 

colorless needles in 70% yield. Absence of the methyl protons at 3.61 ppm and the 

downfield shift of the C-5 hydrogen from 3.25 ppm to 3.63 ppm in the
 X

H NMR 

spectrum of 55 indicated that it is a 5-lactone. The chemical shifts at 6.79 and 6.18 

p p m and the coupling constant of 9.6 Hz for the two vinylic protons were in accord 

with the pyrone structure in 55. Further evidences were provided by the carbonyl 

absorption at 1732 cm'
1
 in the is. spectrum of 55，suggesting the presence of the 
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a，P-unsaturated 5-lactone moiety. Base induced intramolecular Michael addition of 

55 proved impossible. Decomposition was observed using LDA in THF and no 

cyclized products were isolable. The failure of the cyclization was reasoned to the large 

ring strain in the cyclized product. Therefore, the isopropylidene in 55 was removed 

first. Hydrolysis of the isopropylidene in 55 by aqueous acetic acid under reflux then 

generated the trihydroxy-pyrone 52 in 81% yield as colorless needles. The removal of 

the isopropylid^ie in 55 was evident from the absence of resonances at 1.53 and 1.56 

ppm in the NMR spectrum of 52. The pyrone moiety in 52 showed no 

rearrangement to the expected more stable butenolide structure was evident from the 

continuing existence of the two resonances at 6.02 and 7.06 ppm and the 9.7 Hz 

coupling constant for the two vinylic protons which is characteristic of the pyrone 

structure.
45
 The structure of 52 was further supported by a correct elemental analysis. 

H s ^ O H 

Figure 14. Intramolecular Michael addition by 
OH-6of52 

Intramolecular Michael addition catalyzed by DBU in dry THF at room 
22 

temperature gave the goniopypyrone 22 with m.p. 178~179 °C and [OC]D +
 5 3

 (
C 

0.6, ethanol); [lit.,
19
 182—184。C and [ a ] D

2 2
 + 54 (c 0.4 ethanol)]. The participation 

of the OH-6 of 52 in the intramolecular Michael reaction to form the corresponding 

furanoid ring was reasoned to be unfavorable, being attributable to severe steric 

interation between the lactone ring and the benzyl moiety as shown in Figure 14. The 

synthetic goniopypyrone 22 showed all spectroscopic data in accord with those of the 

natural compound, including the sign of the optical rotation, and gave a correct 

elemental analysis. Therefore, the structure and the absolute stereochemistry of the 

n a t u r a l � . g on i opypy rone must be 22. In conclusion, (+)-goniopypyrone 22 was 
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effectively synthesized from the D-glycero-D-gulo-heptono-y-l^ctone 32 in 11 steps 

with an ov^all 3.7% yield. 

2.5 Synthesis of (+)-Altholactone 14 

Several reports on the synthesis of the (+)-altholactone 14 had already appeared 

and the absolute stereochemistry of 14 was shown in Scheme 34.
12
一

1
 ,

3
 (+)-

Althoactone 14 was regarded as the anhydro analog of the corresponding triol as 

proposed by several authors.
4, 30

，
31
 Retrosynthetic analysis of (+)-altholactone 14 

using the above idea gives the pyrone 52 as the key intermediate. 

1). activation 

弋 o 

O ^ v O ^ o (r^Tr^r 
HO, H l i ^ J T OH OH 

(+)-Altiiolactone 14 52 2). S N 2 

Scheme 34. Retrosynthetic analysis of (+)-altholactone 14 

Therefore, activating the hydroxy group as mesylate by treating the pyrone 55 

with methanesulfonyl chloride in pyridine-dry dichloromethane at 0 °C gave the 

unstable mesylate 56 as shown in Scheme 35. 

The mesylate 56 was obtained in 93% yield as colorless needles. The presence 

of the mesylate was evidoit from the resonance of the methyl singlet at 3.01 ppm in the 

X
H NMR spectrum of 56. Furthermore, the downfield shift of the C-7 hydrogen from 

5.15 p p m to 5.83 ppm suggested that the mesylate was attached to OH-7. The 

mesylate was chosen as the activating group because displacement of the mesylate is 

well established to undergo SN2 mechanism predominantly.
 1 
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Scheme 35. Synthesis of (+)-altholactone 14 

Gratifyingly, hydrolysis of the isopropylidene in 56 using TFA-H2O-CH2CI2 at 

room temperature occurred with concomitant Sn2 ring closure to give the (+)-

altholactone 14 in 80% yield. The synthetic (+)-altholactone 14 showed all 

spectroscopic data in accord with those of the natural compound However, the (+)-

altholactone 14 produced by the present method was obtained as a colorless oil with 

[OOD
23
 + 177 (c 1.5，ethanol); [lit.,

10
 colorless needles with m.p. 110。C and [a jo

2 5
 + 

187 (ethanol)]. The identity of 14 was further proved by converting it into the 

corresponding acetate. Acetylation of (+)-altholactone 14 using acetic anhydride and 

pyridine in dry dichloromethane at room temperature gave the (+)-acetylaltholactone 5 7 

as colorless needles with m.p. 141—142。C and [a]^ 5
 + 204 (c 0.3，ethanol); [lit，

11 

m . p . 142。C; [ a ] D + 208 (c 1.0，ethanol)]. Furthermore, compound 57 showed all 

spectroscopic data in accord with those of the acetylaltholactone derived from the 

natural (+)-altholactone and gave a correct elemental analysis. In conclusion, (+)-

altholactone 14 was synthesized from the i>glycero-D-gulo-heptono-y-lacton& 32 in 11 

steps with an overall 4.8% yield. 
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2.6 Synthesis of (+)-GoniotrioI 16 and (+)-7-AcetyIgoniotriol 20 

The absolute stereochemistries of (+)-goniotriol 16 and (+)-7-acetylgoniotriol 20 

had already been established by synthesizing their enantiomers from D-glycero-D-gulo-

heptono-Y-lactone 32.
1 

Therefore, the natural (+)-goniotriol 16 and (+)-7-acetylgoniotriol 20 could be 

easily obtained from the enonate 42-Z, and following the same reaction sequence for 

their enantiomers. As shown in Scheme 36，lactonization induced by DBU in refluxing 

THF gave the pyrone 58 in 81% yield as colorless needles. The chemical shifts at 

6.25 and 6.89 ppm and the 9.6 Hz coupling constant for the two vinylic protons in the 

NMR spectrum of 58 were in accord with the pyrone structure as discussed before. 

Structure of 58 was further substantiated by a satisfactory elemental analysis. 

Hydrolysis of the isopropylidene in 58 using aqueous acetic acid at refluxing 

temperature gave the (+)-goniotriol 16 as colorless needles with m.p, 178~180 °C and 

[ a ] D
2 4

 + 118 (c 0.9, methanol); [ l i t ,
3
 m.p. 173。C and [ a f c

3 0
 + 161 (pyridine); for 

� - g o n i o t r i o l : lit”
16
 m.p. 178—180 °C, [ a ] D

2 3
 - 116 (c 0.3, methanol)]. (+)-

Goniotriol 16 showed all spectroscopic data in accord with those of the natural 

compound and gave a correct elemental analysis. The (+)-goniotriol 16 was further 

characterized by converting it into the corresponding triacetate. Acetylation of 16 using 

acetic anhydride and pyridine gave the (+)-triacetylgoniotriol 61 as a white solid with 

m . p . 95—97。C and [oc]D
24
 + 121 (c 0.8 MeOH); [lit”

3
 m.p. 9 0 - 9 3 °C]. Compound 

61 showed all spectroscopic data in accord with those of the triacetate derived from the 

natural (+)-goniotriol and its structure was further substantiated by a correct elemental 

analysis. 

For the synthesis of (+)-7-acetylgoniotriol 20, acetylation of the pyrone 58 using 

acetic anhydride and pyridine in dry dichloromethane at room temperature nicely 
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introduced the acetyl function onto the benzylic hydroxy group to give the 7-

acetylpyrone 59. The presence of the acetate on C-7 in 59 was evident from its
 X

H 

NMR spectral analysis. The acetate methyl group showed resonance at 2.03 ppm and 

the downfield shift of the C-7 proton from 5.11 ppm to 5.99 ppm. Carbonyl 

absorption at 1725 cm"
1
 in the ix. spectrum of 59 showed the presence of the acetate. 

Hydrolysis of 59 using TFA-H2O in dichloromethane at room temperature gave the 

(+)-7-ace1ylgoniotriol 20 as colorless needles with m.p. 159~160 °C and [OC]D + 38 

(c 0.9，ethanol); [lit.,
19

 m.p. 158—159 °C and [ a ] D
2 2

 + 30 (c 0.4, ethanol)]. The 

synthetic (+)-7-acetylgoniotriol 20 showed all spectroscopic data in accord with those 

of the natural compound, including the sign of the optical rotation, and gave a 

satisfactory elemental analysis. In conclusion, (+)-goniotriol 16 and (+)-7-

acetylgoniotxiol 20 were synthesized from the D-glycero-J>gulo-heptono-y-l3ctoriQ 32 

in 10 and 11 steps with overall yield of 4.3% and 3.2%，respectively. 

Interestingly, as shown in Scheme 36，when (+)-goniotriol 16 was treated with 

DBU in THF at room temperature, (+)-goniofufurone 21b was isolated together with 

some unreacted starting material 16. Rearrangement of the pyrone 16 to the butenolide 

30 followed by Michael addition was the feasible explanation. The 

goniofufurone obtained by this rearrangement showed all spectroscopic data in accord 

with those of the (+)-goniofiifurone 21b prepared previously. The identity of the (+)-

goniofufiirone 21b was further supported by derivatizing it to the corresponding 

diacetate. Acetylation of 21b using acetic anhydride and pyridine in dry 

dichloromethane at room temperature gave the (+)-diacetylgoniofufurone 60 as 

colorless needles, m.p. 184—185。C and [ a ] D
2 4

 + 22 (0.5，chloroform); [lit.，
19
 m.p. 

13G—132 °C]. Synthetic (+)-diacetylgoniofufurone 60 showed all spectroscopic data 

in accord with those of the acetylgoniofufurone derived from the natural (+)-

goniofufurone. The structures of (+)-goniofufurone 21b and (+)-

diacetylgoniofufiirone 60 obtained from the (+)-goniotriol 16 were further 

substantiated by their correct elemental analyses. 

43 



0 
cat. DBU, THF H 

^ QH reflux at 60-70 °C OH O ^ ^ i 

^ O V ^ O COaMe ^ ¢ ^ 0 A C 0 H - H 2 0 , 

^ ^ ^ ^ reflux at 90-100°C 
42-Z 58 (S9%) 

AC2O, pyridine, 
cat. DMAP, * o 

^ ― — —
1
 o ^ 

[I I ^ ^ Ac 20, pyridine, OH OH 
^ ^ ^ X T cat DMAP, � -goniotr iol 16 

CH 2 Cl 2 , r . t .「 
5 9

 (85%) I 
TFA-H20,CH2Cl2,r.t O 
(73%) n A 

、r j [ ¥ Jj cat. DBU, TEIF, r.t. 

O / ^ v ^ V ^ ^ ^ (49% based on recovery 

AcO 0 ^ 1 1 ^ OAC OAC of starting material) 
(+)-triacetylgoniotriol 61 

‘ ！ ^ OH OH Ac 20, pyridine, v 

, … , . , cat.DMAP, u 
(+)-7-acetylgomotnol20 CH2Cl2,r.t. HO hi o J L k 

(89%) V V ^ / = 0 

” Q HO
 H

° 

H 
AcO hi Q ^ (+)-goniofufuroiie 21b 

o ^ ^
0 

60 

Scheme 36 

44 



3. Conclusions 

From the above results, we had devised an effective way for the syntheses of a 

number of styryl-lactones with various structural complexities from the inexpensive and 

commerically available D-^fycero-D-^w/o-heptono-Y-lactone 32. The absolute 

stereochemistries of some of the styryl-lactones have been established. We could also 

predict that other styryl-lactones (see introduction), which have not been synthesized, 

should have the same chiralities by assuming that they have a common biosynthetic 

origin. Moreover, the unnatural enantiomers of these styryl-lactones can also be 

prepared for biological evaluation. 

This work has given some hints about the possible biosynthetic pathway of the 

styryl-lactones (Scheme 37). As discussed previously, the biosynthesis of the styryl-

lactones is predicted to be of mixed origin (see page 15). The C 6-C3 unit comes from 

the shikimic acid pathway and the C 4 unit comes from two acetyl-Coenzyme A. 

Coupling of the two units followed by lactonization gives the (+)-goniothalamin 11 as 

the key intermediate (Scheme 14). a-Epoxidation of the double bond in (+)-

goniothalamin 11 gives the (+)-goniothalamin oxide 1 9 , 細 s - O p e n i n g of the 

epoxide at the benzylic carbon in 19 gives (+)-goniodiol 15 (see page 16). Allylic 

hydroxylation of 15 gives (+)-goniotriol 16. Acetylation at the benzylic hydroxy 

group gives (+)-7-acetylgoniotriol 20. 

Rearrangement of the pyrone in 16 to the butenolide 49 is evident from our 

synthetic work (see page 43). Tlierefore, biosynthetic origin of the five-membered 

lactone analogues may come from the pyrone intermediates. Thus,�-goniofufurone 

21b may be derived from the rearrangement of (+)-goniotriol 16 to the butenolide 49 

卞.absolute s t e r e o d i e m i s t r y o f ” h a s not be^i confirmed by synthesis. 
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followed by intramolecular Michael addition. Both the (+)-goniobutenolide A 26 and 

the (-)-goniobutenolide B 27 may be generated by the elimination of the OH-5 in 49. 

Some styryl-pyrones have the opposite stereochemistry at the benzylic carbon 

and this stereochemistry is expected through the epimerization of the corresponding 

hydroxy-pyrones at C-7. Thus, (+)-goniopypyrone 22 may be produced from the (+)-

goniotriol 16 through epimerization at the benzylic carbon to give the (+)-7-epi-

goniotriol 52 followed by an intramolecular Michael addition. (+)-Altholactone 14 can 

also be regarded as the anhydro analog of the (+)-7-e/w'-goniotriol 52 via an 

intramolecular ring closure with inversion at the benzylic carbon. The (+)-l-epi-

goniofufiirone 23 can be obtained through two possible pathways. The first pathway 

involves the epimerization of (+)-goniotriol 16 to the pyrone 52 which isomerizes to 

the butenolide 62 and is followed by an intramolecular Michael addition to give (+)-7-

€^-goniofufurone 23. The second pathway towards (+)-7-e/7i-goniofufurone 23 

involves the epimerization of the butoiolide 49 followed by an intramolecular Michael 

addition. We propose that butenolides 49 and 62 may be the key intermediates for the 

biosyntheses of (+)-goniofufurone 21b, (+)-7-咖-goniofufurone 23，(+)-

goniobutenolide A 26 and (-)-goniobutenolide B 27，although they have not been 

isolated or reported 
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4. Experimental 

Melting points (m.p.) 

Melting points were determined with a Reichert apparatus and are reported in 

degrees Centigrade uncorrected. 

Specific optical rotation ([ajo1) 

All optical rotations were measured with a JASCO，DIP-300 automatic digital 

polarimeter, operating at 589 nm and temperature t. 

Infrared absorption spectra (vmaJcnrl) 

All spectra were recorded on a Nicolet 205 FT-IR spectrometer. The spectra 

were measured as thin films on sodium chloride discs. All absorption maxima (v m a x ) 

are given in wave numbers (cm
-1
). 

iH Nuclear magnetic resonance spectra (5H) 

Unless stated to the contrary, all spectra were measured in solutions of 

deuteriated chloroform on a Brucker WM250 spectrometer at 250 MHz. All chemical 

shifts were recorded in p.p.m. on the 5 scale and measured directly from the spectra. 

Tetramethylsilane was used as the in to ia l standard for organic solutions. Spin-spin 

coupling constants are indicated by the symbol/which are reported in Hertz and were 

measured directly from the spectra. The following abbreviations are reported for the 

multiplicities of the signals : s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiplet), br (broad). 

13C Nuclear magnetic resonance spectra (5^c) 

Unless stated to the contrary, all spectra were measured in solutions of 

deuteriated chloroform on a Brucker WM250 spectrometer at 62.9 MHz. All chemical 

shifts were recorded in p.p.m. on the 5 scale and measured directly from the spectra. 
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Elemental analyses 

Carbon and hydrogen elemental analyses were carried out at either the Shanghai 

Institute of Organic Chemistry, The Chinese Academy of Sciences, China or the 

MEDAC Ltd., Department of Chemistry, Brunei University, Uxbridge. 

Thin-layer chromatography 

All reactions w ^ e monitored by thin-layer chromatography (t.l.c.) on aluminum 

precoated with silica gel 6OF254 (E. Merck) and compounds were visualized with a 

spray of either 5% w/v dodecamolybdophosphoric acid in ethanol or 5% v/v 

concentrated sulfuric acid in ethanol and subsequent heating. 

Column chromatography 

All columns were packed wet using silica gel (230-400 mesh, R Merck) as the 

stationary phase and eluted using flash chromatographic technique.
52 

Drying and purification of solvents 

Pyridine was distilled over barium oxide and stored in the presence of 

potassium hydroxide pellets. Absolute methanol was distilled over magnesium and 

stored in the presence of 4入 molecular sieves. THF was distilled over sodium using 

benzophenone as indicator. Dichloromethane was distilled over phosphorous 

pentoxide and stored in the presence of 4人 molecular sieves. 
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i^yAltholactone 14.—A solution of the mesylate 56 (215 mg, 0.58 mmol) in 

trifloroacetic acid and water [10 cm
3
 (9 : 1 v/v)] was stirred at room temperature for 1 

h. The solvent was then removed in vacuo to give a yellow oil. Purification by flash 

chromatography [ethyl acetate-hexane ( 1 : 1 v/v)] afforded the {+)-altholactone 14 as a 

colorless oil (108 mg, 80%),及 f 0.47 [ethyl acetate-hexane ( 1 : 1 v/v)]; [ a f e
2 3

 + 177 

(c 1.5 in EtOH) {lit.,
1 0

 [ a ] D
2 5

 + 187 (EtOH)}; Vn^ /cn r
1
 1717，1733 (a,p-

unsaturated 5-lactone)，3400 (OH); 5h 3.48 (1 H, d, / 4.1，6-OH), 4.44 (1 H, m, 6-

H), 4.62 (1 H，t，/ 5.1，4-H), 4.73 (1 H, d, J 5.6，7-H), 4.92 (1 H，dd, J 2.2 and 5.2, 

H-5), 6.22 (1 H, d，/9.9，2-H), 7.00 (1 H, dd, / 5 . 0 and 9.9, 3-H), 7.29-7.35 (5 H, 

m, Ph); 5i3 c 68.15，83.44, 86.05, 86.53, 123.46, 126.04, 128.17, 128.52，138.29， 

140.52, 161.52; m/z (EI) 97 (100%), 91 (43.37), 107 (84.63，PhCHOH
+
 or M

+
 -

PhCHOH - H 2 0 ) , 232 (27.10，M
+
). 

(+)-Goniotriol 16*—A solution of the unsaturated lactone 58 (261 mg, 0.90 mmol) 

in acetic acid (8 cm
3
) and water (2 cm

3
) was stirred at 90-100 °C for 2 h. The solvents 

were then removed in vacuo to give 16 as a white solid. Purification by flash 

chromatography (ethyl acetate) then afforded the triol 16 (200 mg, 89%) as white 

crystals. Recrystallization from ethyl acetate-hexane gave colorless needles, m.p. 

178—180。C (lit.，
3 m.p. 173。C); R{ 0.41 (etiiyl acetate); (Found: C, 62.5; H, 5.7. 

C13O5H14 requires C, 62.4; H, 5.6%); [ a ] D
2 4

 + 118 (c 0.8 in MeOH) {lit.,
3
 [ a ] D

3 0
 + 

161 (pyridine) and for (-)-goniotriol, lit”
16
 m.p. 178—180 °C and [a]^23 - 1 1 6 (c 0.3 

in MeOH)}; Vmax/cm'
1
1719 (a,p-unsaturated 5-lactone) and 3400 (OH); 6h (acetone-

d6) 4.15 (1 H, ddd,73.1, 4.1 and 8.0，6-H), 4.35 (1 H, d, 74.2 , OH), 4.55 (1 H，m, 

4-H), 4.71-4.81 (3 H, m, 5-H, 7-H and OH), 5.10 (1 H, d，J 4.9, OH), 6.05 (1 H, d, 

J 9.7，2-H), 7.05 (1 H, dd, J 5.8 and 9.7, 3-H), 7.25-7.49 (5 H, m, Ph); m/z (EI) 

107 (100%, PhCHOH
+
) , 126 (33.42，M

+
 - PhCHOH), 144 (25.49, MH

+
 -

PhCHOH). 

{+y7-Acetylgomotriol 2 0 — A solution of the acetate 59 (357 mg, 1.07 mmol) in 

dichloromethane (20 cm
3
) was stirred at room temperature. Trifluoroacetic acid (10 
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cm
3
) and water (10 cm

3
) were added to the solution. After being stirred at room 

temperature for 16 h, solvents were then removed in vacuo to give a yellow oil. 

Purification by flash chromatography (diethyl ether) then afforded crude 20 (222 mg, 

71%) as a white solid. Recrystallization from ethyl acetate-hexane gave 20 as 

colorless needles, m.p. 159—160。C (lit”
19
 158—159 ° Q ; R{ 0.26 (diethyl ether); 

(Found: C, 61.65; H, 5.4. C 1 5 H 1 6 0 6 requires C，61.6; H, 5.4); [ a ] D + 38 (c 0.91 in 

EtOH) { l i t ,
1 9

 [ a ] D
2 2

 + 30 (c 0.4, ethanol)}; Vmax/cm"
1
 1725 (ester and a , p -

unsaturated 5-lactone), 3400 (OH); 5 H 1.89 (3 H, s, Ac), 4.31-4.81 (4 H, m, 4-H, 5-

H，6-H and OH); 5.01 (1 H，dd, J 1.1 and 5.6，OH), 5.75 (1 H, d, / 7.3，7-H), 5.89 

(1 H, d，《79.7，2-H), 6.90 (1 H, d d , / 5 . 6 and 9.7，3-H), 7.16-7.39 (5 H, m, Ph); m/z 

(EI) 143 (17.43%, M
+
 - PhCHOAc), 144 (6.95, MH

+
 一 PhCHOAc), 149 (8.47, 

PhCHOAc
+
), 215 (0.19，M

+
 一 Ph), 233 (0.42，MH

+
-HOAc). 

{^-Goniofufurone 2 1 a . ~ A solution of the unsaturated lactone 30 (75 mg, 0.3 

mmol) was stirred in dry THF (20 cm
3
) containing 0.05% (v/v) DBU at room 

temperature for 1 d. The solution was then filtered through a short column of silica 

topped with Celite. Removal of solvent from the filtrate in vacuo gave a white solid 

which was flash chromatographed (diethyl ether) to give {-)-goniofuJurone 21a 

(53mg，71%) as colorless crystals. Recrystallization from ethyl acetate-hexane gave 

colorless plates, m.p. 152—154。C (lit.,
19

 m.p. 152—154 °C); R{024 (diethyl ether); 

(Found: C，62.3; H, 5.5. C 1 3 H 1 4 0 5 requires C, 62.4; H, 5.6%); [ a ] D
2 4 -9(c 0.8 in 

EtOH) {lit.,
19
 [ a lo

2 2 +
 9 ( c 0.5 in EtOH)}; VmJcWi

1
 1757 (y-lactone), 3406 (OH); 5 H 

2.64-2.83 (3 H, m, 3-Ha, 3-H b and 8-OH), 4.10 (1 H，dd, J 2.9 and 4.5, 7-H), 4.13 

(1 H, d，/2.8, 6-OH), 4.40 (1 H, m, 6-H), 4.87 (1 H, br d，/4.3，5-H), 5.12 (1 H, 

dt，J 1.3 and 5.1, 4-H), 5.21 (1 H，dd, J 3.3 and 4.5, 8-H)，7.33-7.43 (5 H，m，Ph); 

m/z (EI) 107 (100%, PhCHOH
+
), 232 (9.85，M

+
 - H 2 0) . 

(+)-GoniofiiJurone 21b—A solution of the unsaturated lactone 49 (213 mg, 0.85 

mmol) in dry tetrahydrofuran (20 cm
3
) containing 0.05% (v/v) DBU was stirred at 

room temperature for 24 h. The solution was then filtered through a bed of silica gel 
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topped with Celite. Removal of solvent from the filtrate in vacuo gave a white solid 

which was flash chromatographed [ethyl acetate—hexane (2 : 1 v/v)] to give (+)-

goniojujurone 21b (158 mg, 74%) as colorless crystals. Recrystallization from ethyl 

acetate-hexane gave colorless plates, m.p. 152—154 °C ( l i t ,
1 9

 m.p. 152—154 °C); Rf 

0.55 (ethyl acetate); (Found: C, 62.35; H, 5.4. C i 3 H 1 4 0 5 requires C, 62.4; H, 5.6%); 

[ a ] D
2 4

 + 10 (c 1.1 in EtOH) {lit”
19
 [ a ] D

2 2
 + 9 (c 0.5, EtOH)}; vmJcm A

 1786 

(y-lactone), 3410 (OH); 5H 2.64-2.82 (3 H, m，3-Ha, 3-H b and 8-OH), 4.10 (1 H，br 

t, J 3.0，7-H), 4.17 (1 H，d, J 2.8，6-OH), 4.40 (1 H, br s，6-H), 4.87 (2 H, d, J 4.3, 

5-H), 5.12 (1 H, br t, / 5.0, 4-H), 5.21 (2 H，br t, J 3.6，8-H), 7.35-7.43 (5 H, m, 

Ph); m/z (EI) 107 (100%, PhCHOH), 126 (50.86，M
+
-PhCHOH-OH), 233 (12.30, 

M H
+
- H 2 0 ) , 251 (1.73，MH

+
). 

(+)-GonioJufiirone 21b prepared from {+)-gomotriol 1 6 . ~ A solution of the (+)-

goniotriol 16 (470 mg, 1.88 mmol) in dry THF (30 cm
3
) containing a catalytic amount 

of DBU was stirred at room temperature for 48 h. The solution was then filtered 

through a bed of silica gel topped with Celite. Removal of solvents in vacuo gave a 

white solid. Purification by flash chromatography (diethyl ether) afforded 21b (177 

mg, 49% based on recovery of the triol 16) as colorless crystals and the starting triol 

16(111 mg, 24%). Recrystallization of 21b from ethyl acetate-hexane gave coloriess 

plates, m.p. 152—154 °C (lit,^9 m.p. 152—154 °C); R{0.55 (ethyl acetate); (Found: 

C，62.5 ； H, 5.55. C13H1405 requires C, 62.4; H, 5.6); [ a b 2 5 + 10 (c 0.5 in EtOH) 

{li t ,
1 9

 [ a ] D
2 2

 + 9 (c 0.5，EtOH)}; v ^ / c m "
1
 1782 (y-lactone), 3400 (OH); 6r 2.68 (1 

H, dd, J 1.5 and 18.8, 2-H a), 2.81 (1 H, dd, J 5.4 and 2-H b) , 4.10 (1 H, dd, J 2.9 

and 4.7，6-H), 4.39 (1 H, d , 72 . 3 , 5-H), 4.87 (1 H，d, 7 4.2, 4-H), 5.12 (1 H，td, J 

I.5 and 5.4，3-H), 5.20 (1 H, d，J 4.7, 7-H), 7.33-7.45 (5 H, m, Ph); 5 ¾ 36.42， 

71.94，74.49，77.91, 84.82, 88.63, 127.61, 128.07, 128.73, 143.31，176.61; m/z 

(EI) 107 (100%, PhCHOH), 126 (50.86，M
+
 - PhCHOH - OH), 233 (12.30，MH

+
 -

H 2 0 ) , 251 (1.73, MH
+
). 
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(+)_Goniopypyrone 2 2 . A solution of the triol 52 (108 mg, 0.43 mmol) in dry 

THF (20 cm
3
) containing a catalytic amount of DBU was stirred at room temperature 

for 4 h. The solution was then filtered through a bed of silica gel topped with Celite. 

Removal of solvents in vacuo gave a white solid. Purification by flash chromatography 

[ethyl acetate-hexane ( 1 : 1 v/v)] afforded 22 (76 mg, 70%) as white crystals. 

Recrystallization from ethyl acetate-hexane gave (+)-goniopypyrone 22 as colorless 

needles, m.p. 178—179 °C ( l i t ,
1 9

 m.p. 182—184 °C); 0.37 [ethyl acetate-hexane 

(1:1 v/v)]; (Found: C，62.4; H, 5.6. C 1 3 H 1 4 0 5 requires C, 62.4; H, 5.6%); [ a ] D
2 2

 + 

53 (c 0.6 in EtOH) {lit.,
19

 [ a ] D
2 2

 + 54 (c 0.4 in EtOH)}; Vn /̂cm—
1
 1746 (lactone), 

3330 (OH); 5 h (acetone-办）2.97 (1 H, dd, J 1.5 and 19.4, 3-H b), 3.16 (1 H, dd，J 

5.2 and 19.4，3-Ha), 4.04 (1 H, m，7-H)，4.22 (1 H，m, 5-H), 4.42 (1 H, m，4-H), 

4.65 (1 H, m, 6-H), 4.74 (1 H, br s, 5-OH), 4.97 (1 H , br s, 8-H), 5.18 (1 H, br s, 

7-OH), 722-7.48 (5 H，m, Ph); 5 ¾ (acetone-而）35.58，64.89, 70.47, 71.40, 71.61， 

74.32, 127.61, 128.06, 128.62, 139.29, 169.23; m/z (EI) 107 (100%, PhCHOH
+
), 

126 (10.72, MH
+
 - PhCHOH - H 2 0) , 144 (9.55, MH

+
 - RiCHOH), 250 (7.73，M

+
). 

(+)-Goniobutenolide A 26 and (-)- Goniobutenolide B 27.—A solution of the triol 

49 (599 mg, 2.4 mmol) in dry dichloromethane (20 cm
3
) was stirred at room 

temperature. Triethylamine (1.7 cm
3
), trifluoroacetic anhydride (1.7 cm

3
) were added 

to the solution. After the solution was stirred at room temperature for 2 h, methanol 

(20 cm
3
) was then added The solution was stirred at room temperature for 5 h then 

filtered through a bed of silica gel topped with Celite. Evaporation of the filtrate in 

vacuo gave a yellow solid. Purification by flash chromatography [diethyl ether-hexane 

(4 ： 1 y/v)] gave (+)-goniobutenolide A 26 and {-ygoniobutenolide B 27 (437 mg, 

79%) as a yellow solid. Pure 26 and 27 were obtained by repeated chromatography. 

The less polar (-)-goniobutenolide B 27 was obtained as colorless needles, m.p. 

1 4 8 — 1 4 9 。 c ; R { 0.31 [diethyl ether-hexane (4 : 1 v/v)]; (Found: C, 67.1; H, 5.2. 

C 1 3 H 1 2 0 4 requires C, 67.2; H, 5.2%); M D
2 7

 - 1 1 2 (c 0.2 in CHQ 3 ) {lit.,
28
 [ a ] D

2 4
 — 

37 (c 0.2 in CHOs)}； v ^ / c m "
1
 1670 (C=C), 1742 (00)，3404 (OH); 5H 2.35 (1 H， 

d，J 4.9，6-OH), 2.42 (1 H, d, J 3.3,7-OH), 4.65 (1 H , d t , J 4.6 and 7.8, 6-H), 4.89 
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| i H, dd, J 3.3 and 4.6，7-H), 5.79 (1 H，ddd, J 0.7，LI and 7.8, 5-H), 6.14 (1 H, 

dd，J 1.8 and 5.7, 2-H), 7.28-7.37 (5 H, m, Ph), 7.51 (1 H, d,J 0.7 and 5.7, 3-H); 

m/z (EI) 77 (37.98%)，79 (44.39), 97 (14.29)，107 (43.16), 126 (100). 

The more polar (+)-Goniobutenolide A 26 was obtained as a yellowish oil, Rf 0.28 

[diethyl ether-hexane ( 4 : 1 v/v)]; [ a ] D
2 7

 + 187 (c OA in CHC13) {lit.,
28
 [ a ] D

2 4
 + 82 (c 

0.3 in CHC13)}； Vmax/cm"
1
 1678 (C=C), 1748,1777 (C=0), 3426 (OH); 5 H 4.92-4.99 

(2 H, m，2-H and 6-H), 5.30 (1 H, d, J 8.3, 7-H), 6.13 (1 H, d, J 5.4，2-H), 

7.24-7.33 (6 H, m, Ph and 3-H); 5 ¾ 70.77，76.11，112.99，120.41，126.50, 

128.06，128.35, 139.26, 143.51，150.57，169.00; m/z (EI) 77 (29.19%), 79 (28.86), 

91 (3.38), 97 (8.37)，107 (23.86), 126 (47.17). The ratio of 26 : 27 (ca. 1 : 3) was 

determined by
 X

H NMR spectral analysis. 

(Z)-7-C-Phenyl-L-g\uco-hept-2'enono-y-lactone 3 0 . ~A solution of the enonate 41-

Z (101 mg, 0.31 mmol) in acetic acid (8 cm
3
) and water (2 cm

3
) was stirred at room 

temperature for 2 d. The solvents were then removed by azeotropic distillation with 

toluene in vacuo to give a white solid. Purification by flash chromatography [diethyl 

ether-hexane (1 : 1 v/v)] afforded the unsaturated lactone 30 (65 mg, 83%) as a 

colorless solid. Recrystallization from diethyl ether-hexane gave colorless needles, 

m.p. 109—111 °C; /? f0.20 [diethyl ether-hexane (1 : 1 v/v)]; [a jo
2 3

 + 72 (c 0.9 in 

EtOH); Vmax/cm-
1
 1733 (a,p-unsaturated y-lactone), 3400 (OH); 6h (acetone-^) 3.70 

(1 H，br dd, J 2 .1 and 7.7, 6-H) ? 4.08 (1 H , b r d，J 2.1 and 5.5, 5-H) , 4.77 (1 H, d, 

J 7.7, 7-H), 5.24 (1 H, ddd, J 1.7，1.9 and 5.5, 4-H), 6.13 (1 H, dd, J 1.9 and 5.8， 

2-H), 7.24-7.46 (5 H, m，Ph), 7.80 (1 H, dd, J 1.7 and 5.8, 3-H); m/z (EI) 107 

( 1 0 0 % , P h C H O H
+

) , 1 4 3 ( 1 . 1 7 ， M + - P h C H O H ) . 

2,^:5,6-Di-O-isopropylidene-D-glucose 31.一Sodium metaperiodate (3.7 g, 0.017 

mol) was added in one portion to a stirred solution of the triol 34 (5 g, 0.017 mol) in 

methanol (50 cm
3
) and water (5 cm

3
) at room temperature. After being stirred at room 

temperature for 3 h，the white suspension was filtered. Solvent removal from the 
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filtrate gave the crude aldehyde 31 as a colorless oil. The aldehyde was dried by 

concentrating several times with toluene in vacuo. The dried aldehyde was used for the 

next step without further purification. 

SjS'.GJ-Di-O-isopropylidene-Thglycero-D-gukhheptono-y-lactone 3 3 .Anhyd rou s 

zinc chloride (6.54 g, 0.048 mol) and a few drops of 85% phosphoric acid were added 

to a stirred suspension of D-^fycero-D-^M/o-heptono-y-lactone 32 (10.0 g，0.048 mol) 

in dry acetone (200 cm
3
) at room temp^ature. After being stirred at room temperature 

for 24 h, the solution was adjusted with aqueous ammonia solution (S.G. 0.88) to pH 

8-9. The white solid was filtered through a bed of Celite and solvent removal from the 

filtrate gave a pale yellow syrup. The syrup was then dissolved in chloroform (250 

cm
3
) and washed with water (100 cm

3
). The aqueous layer was extracted with 

chloroform (2 x 20 cm
3
) and the combined organic extracts were dried (MgSCU) and 

filtered. The filtrate was concentrated to approximate 250 cm
3
 and hexane was added 

until precipitation of the title compound. The precipitate was filtered to give a white 

solid. Recrystallization from chloroform—hexane afforded the diacetonide 33 as 

colorless needles (8.5 g, 61%), m.p. 157—158°C (lit，
33
 m.p. 153—154 ° Q ; Rf031 

(ether); [ a ] D
2 4

 - 76 (c 1.1 in CHC13) {lit”
33
 [ a ] D

3 0
 - 76 (c 2 in CHC13) ； v ^ / c m "

1 

3450 (OH) and 1788 (y-lactone); 5 H 1.36 (3 H, s, Me), 1.41 (3 H，s, Me), 1.44 (3 H, 

s, Me), 1.50 (3 H，s, Me), 3.01 (1 H, d，/9.8，2-OH), 3.85 (1 H，dd, J 1.9 and 8.5, 

5-H), 3.93 (1 H, dd, J 4.1 and 9.0, 7-HJ，4.11 (1 H, dd, J 6.2 and 8.8，7-Hb), 

4.29-4.36 (2 H，m，6-H and 4-H), 4.51 (1 H, dd, / 4 . 0 and 9.7，2-H), 4.26 (1 H, dd, 

J 2.2 and 4.1, 3-H); 5 « c (^-methanol) 19.78 (Me), 25.43 (Me), 27.09 (Me), 29.33 

(Me), 67.88，70.31, 70.50，70.74，72.49，74.89 (2-C, 3-C, 4-C, 5-C, 6-C and 7-C), 

99.76 (dioxane), 110.64 (dioxolane) and 177.46 (carbonyl); m/z (EI) 273 (30.05%, 

M
+
- M e ) . 

\,2:3,5-Di-0-isopropylidem-l>g\ycQTo-L-gulo-heptitol 34.—Sodium borohydride 

( 53 g，0.14 mol) was added in portions to a stirred solution of the lactone 33 (20 g, 

0.069 mol) in methanol (100 cm
3
) at 0 °C. After being stirred overnight and with the 
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temperature rising from 0 °C to room temperature, the reaction was quenched with a 

few drops of acetic acid. Evaporation of solvent in vacuo gave a colorless syrup. The 

syrup was then dissolved in chloroform (100 cm
3
) , dried (MgS0 4) and filtered. 

Removal of solvent from the filtrate gave the triol 34 (20g, 98%) as a white foam. 

Crystallization from chloroform-hexane afforded the triol 34 as white plates, m.p. 

62—64°C (lit”
33
 m.p. 67—68。C); Rf0.31 (ethyl acetate); [ a b

2 5
 - 6 ( c 0.5 in H 2 0) ; 

{lit.,
33

 [ a ] D - 6 (c 2 in H 2 0)} ; vmax/cm_i 3400 (OH); 5 H 1.36 (3 H，s, Me), 1.39 (3 

H, s, Me), 1.42 (6 H, s, 2 x Me), 3.66 (1 H, d, J 8.4)，3.73-3.92 (5 H, m), 4.08 (1 

H, dd, / 6 . 4 and 8.7), 4.26 (1 H, d d d / 4 . 7 , 6.1 and 8.2, 2-H); m/z (EI) 277 (8.02%, 

M
+
- Me). 

2,4:5,6-Di-0-isopropylidene-l-C-phenyl'D-glyctro-D-gulo-hexitol 35a and 

2,4:5,6-di-O-is op ropy lid en e-l-C-pheny 1-D-glyccTO-D-ido-hex i to I 

35b.—Bromobenzene (9.0 cm
3
) was added dropwisely to a stirred suspension of 

magnesium turnings (2.1 g) in dry THF (100 cm
3
) under nitrogen at room temperature. 

After the addition of bromobenzene, the solution was then stirred at room temperature 

until most of the magnesium dissolved. The aldehyde 31 prepared from the previous 

experiment was dissolved in dry THF (50 cm
3
) and added dropwise to the Grignard 

reagent at 60-70 °C. The mixture was stirred at 60-70 °C for a further 3h. The 

solution was then cooled to room temperature and quenched by cold saturated 

ammonium chloride. The solid was filtered off and the filtrate was extracted with 

chloroform (50 cm
3
, then 2 ^ 20 cm

3
). The combined organic extracts were dried 

(MgSCU) and filtered. Evaporation of solvent from the filtrate gave a yellow oil. 

Purification by flash chromatography [ethyl acetate-hexane ( 1 : 1 v/v)] gave a 

diastereoisomeric mixture of 35a and 35b as a white foam (4.3 g, 74%). The ratio of 

35a : 35b (ca. 1 : 6) was estimated by
 X

H NMR spectral analysis. 

Stereoselective reduction of ketone 36 to the mixture of alcohols 35a and 

^Sb—Method A. Cerium trichloride heptahydiate (2.8 g, 7.6 mmol) was added to a 

stirred solution of the ketone 36 (1.3 g, 3.8 mmol) in methanol (200 cm
3
) at room 

56 



temperature. The solution was cooled in a dry ice-acetone bath and sodium 

borohydride (0.15 g, 3.8 mmol) was added. After 15 min, the mixture was quenched 

with a few drops of acetic acid. The temperature was then raised to room temperature 

gradually. The methanol was removed in vacuo and the residue extracted with 

chloroform (100 cm
3
). The extract was dried (MgSCU) and filtered. Removal of the 

solvent gave a mixture of diastereoisomeric alcohols (35a : 35b, ca. 19 : 1) as a white 

solid (0.90 g, 70%). The ratio of diastereoisomers was determined by
 X

H NMR 

spectral analysis. 

Method B. Sodium borohydride (8 mg, 0.21 mmol) was added to a stirred solution 

of the ketone 36 (70 mg, 0.21 mmol) in methanol (10 cm
3
) at 0。C for 15 min, a few 

drops of acetic acid was added to quench the reaction. The methanol was removed in 

vacuo and the residue extracted with chloroform (20 cm
3
). The extract was dried 

(MgS04> and the filtrate was concentrated. A mixture of diastereoisomers (35a : 35b, 

ca. I: I) was obtained as a white solid (52 mg, 74%). The ratio was estimated by 

t.l.c. 

Method C. Cerium trichloride heptahydrate (11 mg, 0.030 mmol) was added to a 

stirred solution of the ketone 36 (5 mg, 0.015 mmol) in methanol (10 cm
3
) at room 

temperature. The mixture was cooled to 0 °C and sodium borohydride (0.6 mg, 0.016 

mmol) was added. After being stirred for 15 min, the solution was quenched with a 

few drops of acetic acid. The temperature of the mixture was raised to room 

temperature gradually. The methanol was removed and the residue was extracted with 

chloroform (20 cm
3
》The extract was dried (MgS0 4) and filtered. Removal of the 

solvent gave a mixture of diastereoisomers (35a : 35b, ca. 5 : 1) as a white solid (3 

mg, 60%). The ratio of diastereoisomers was estimated by t.l.c. 

Method D. Diisobutylaluminum hydride in toluene (1.0 dm moH ； 0.12 cm
3
, 0.12 

mmol) was added to a solution of the ketone 36 (10 mg, 0.03 mmol) in dry THF (10 

cm
3
) at 一 78 °C. After being stirred for 15 min at 一 78 °C, a few drops of acetic acid 
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was added to quench the reaction. The temperature was recovered to room temperature 

and the solvent was removed in vacuo. The residue was extracted with chloroform (20 

cm
3
)，dried (MgSO^ and filtered. Removal of the solvent gave a mixture of 

diastereoisomers (35a : 35b, ca. 1 : 7) as a white solid (4.3 mg, 43%). The ratio of 

diastereoisomers was also estimated by t.l.c. 

6-Di-O-isopropylidene-1 -C-phenyl-D-gluco-hex-1 -ulose 36 .~Method A. 

Pyridinium chlorochromate (0.64 g，2.96 mmol) was added in one portion to a stirred 

solution of the mixture 35a and 35b (0«50 g, 1.48 mmol) in dry dichloromethane (20 

cm
3
) containing powdered 4人 molecular sieve (0.5 g) at room temperature. The 

reaction was stirred at room temperature for 3 hand then Celite (1.0 g) and diethyl ether 

(100 cm
3
) were added. The mixture was stirred at room temperature for a further 15 

min and then filtered through a bed of silica gel topped with Celite. Removal of the 

solvent from the filtrate in vacuo gave crude 36 as a yellow solid. Fractionation by 

flash chromatography [ethyl acetate-hexane ( 1 : 2 v/v)] afforded a white solid. 

Recrystallization from diethyl ether-4iexane afforded the ketone 36 (0.30 g, 61%) as 

colorless needles, m.p. 201—202 °C; R f 0.38 [ethyl acetate-hexane (1 : 2 v/v)]； 

(Found: C，63.9; H, 7.0. C 1 8 H 2 4 0 6 requires C，64.3; H，7.2%); [a]jP + 10 (c 0.7 in 

EtOAc); vm a x/cm-i 1655 (conjugated C=0), 3450 (OH); 6 H 1.30-1.60 (12 H，4s, 4 x 

Me), 2.73 (1 H, d, J 9.2, 3-OH), 3.84 (1 H, dd, J 1.2 and 8.1, 4-H), 4.07 (1 H, ddd， 

J 1.2，1.3 and 9.2, 3-H), 4.09 (1 H, dd, J 6.2 and 8.7, 6-H), 4.29 (1 H, ddd, J 4.7, 

6.2 and 8.1，5-H), 5.22 (1 H, d, / 1.3, 2-H), 7.40-8.00 (5 H, m, Ph); m/z (EI) 105 

(100%, C6H5C=0
+
), 231 (7.52, M

+
 - ( ^ 5 0 = 0 ) . 

Method B. Manganese dioxide (15.7 g, 0.18 mol) was added in one portion to a 

stixxed solution of the mixture 35a and 35b (3.6 g, 0.011 mol) in dry dichloromethane 

(50 cm
3
) at room temperature. After being stirred at room temperature for 48 h, the 

mixture was then filteed through a bed of silica gel topped with Celite. Evaporation of 

solvaat in vacuo gave the ketone 36 (3.0 g, 85%) as white crystals. The crystals could 

be used in the next step without further purification. 
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l，3-Z>K>ace/>/-2，4:5，6-df-0-iyc|pro^/^fene-l"C-j?/^y/-i>glycero~l>gulo~tea/o/ 

37 .一A solution of 35a (1.03 g, 3.04 mmol) in dry dichloromethane (20 cm
3
) was 

stirred at room temperature. Pyridine (7.4 cm
3
,0.091 mol), acetic anhydride (8.6 cm

3
, 

0.091 mmol) and a catalytic amount of DMAP w a ^ added. After being stirred at room 

temperature for 48 h，the mixture was washed with water (20 cm
3
). The organic Isyer 

was dried (MgSO^ and filtered. Concentration of the filtrate under reduced pressure 

followed by flash chromatography [ethyl acetate-hexane ( 1 : 4 v/v)] afforded the acetate 

37 (1.11 g，87%) as a white foam. Crystallization from chloroform-hexane gave 

colorless prisms, m.p. 88—89 °C;及 f 0.32 [ethyl acetate-hexane ( 1 : 4 v/v)]; (Found: 

C, 62.0; H, 7.3. C 1 9 H 2 6 0 8 requires C, 62.55; H, 7 . 2%) ; [ a ] D
2 4

- 8 (c 0.9 in EtOAc); 

Vmax / cm-
1 1747 (ester C=0); 5 H 1.28 (3 H，s，Me)，1.32 (6 H, s, 2 x Me), 1.41 (3 H, 

s, Me), 2.03 (3 H, s, Ac), 2.15 (3 H, s, Ac), 3.87-4.06 (4 H, m, 4-H, 5-H, 6-H a and 

6-Hb), 4.26 (1 H, dd, J 1.5 and 9.5，2-H), 5.33 (1 H, t, J 1.5，3-H), 5.64 (1 H, d, J 

9.5，1-H), 7.28-7.36 (5 H，m, Ph); m/z (EI) 407 (10.6%, M
+
 - Me). 

2,4:5,&~Di-0~isopropylidene小C-phenyl-D~^Lycew~D~g^o~hexito! 35a—A solution 

of diacetate 37 (0^0 g, 12 mmol) in dry methanol (5.0 ml) was treated with a catalytic 

amount of sodium methoxide at room temperature for 1 h. The mixture was passed 

through a pad of silica gel. Concentration of the filtrate yielded the alcohol 35a (0.40 

g，100%) as a white solid. Recrystallization from ethyl acetate-hexane gave colorless 

needles, m.p. 133—135。C; / ^0 .10 [chloroform-ethanol (98 : 2 v/v)]，0.30 [ethyl 

acetate-hexane (1 : 1 v/v)]; [ a l o
2 3

 + 11 (c 1.0 in EtOAc); Vmax/cnr
1
 3442 (OH); 6r 

1.30 (3 H，s, Me), 1.35 (3 H, s, Me), 1.37 (3 H, s，Me), 1.40 (3 H, s, Me), 3.05 (1 

H, d, J 7.8, 3-OH), 3.22 (1 H, d, / 5 . 5 , 1-OH), 3.60 (1 H, dd, J 1.3 and 8.1, 4-H), 

3.85 (1 H，dd, / 0 . 9 and 4.9, 2-H), 3.87 (1 H, ddd, / 0 . 9 , 1.3 and 7.8，3-H), 3.88 (1 

H, dd, J 4.8 and 8.5, 6-Hb), 4.10 (1 H, dd, J 6.4 and 8.6, 6-H a), 4.26 (1 H，ddd, J 

4.8，6.2 and 8.1，5-H), 4.90 (1 H, dd, / 5 . 6 and 5.0, 1-H), 7.30-7.43 (5 H, m, Ph); 

m / z (EI) 101 (100%, C 50 2H 9+)，107 (13.46，PhCHOH+, 231 (3.20, M+ -

PhCHOH), 323 (1.9，M
+
 — Me). 
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1 ’3-Di-0-acetyl-2，4-0~isopropytidene-1 -C-phenyl-D-glycero-D-galo-hexitol 38 .~A 

solution of the diacetate 37 (500 mg, 1.18 mmol) in acetic acid (20 cm
3
) and water (20 

cm
3
) was stirred at room temperature for 15 h. The solvents were removed by 

azeotropic distillation with toluene in vacuo to give a yellow syrup residue. Purification 

by flash chromatography [ethyl acetate-hexane ( 1 : 1 v/v)] afforded the diol 38 (367 

mg, 81%) as a white foam, R{ 0.43 (diethyl ether); (Found: C, 59.7; H, 6.8. 

C 1 9 H 2 6 0 8 requires C，59.7; H，6.85%); [ a ] D
2 4

 + 19 (c L0 in EtOAc); v腿 / cnr
1
 1750 

(ester C=0), 3450 (OH); 5 H 1.29 (3 H, s, Me), 1.34 (3 H, s, Me), 2.02 (s, 3 H，Ac), 

2.23 (3 H, s, Ac), 3.40-3.49 (1 H，m, 5-H), 3.64 (1 H，br dd, 75 .0 and 11，6-Ha), 

3.82 (1 H, br dd, / 3 . 2 and 11, 6-Hb), 3.92 (1 H，dd, J 1,1 and 9.4，4-H), 4.25 (1 H, 

d d , J 1 .5 a n d 9 . 4 , 2 - H ) , 5 . 0 9 ( 1 H , b r t , J 1 .4 , 3 - H ) , 5 . 8 3 ( 1 H，d，J 9 . 4 , 1 - H ) , 

7.31-7.38 (5 H, m, a ) ; m/z (EI) 310 (5%，M+- 2 x Me - C ^ ) , 325 (100, M
+
- M e 

- C 3 H 6 ) . 

2，4~0~IsopropyMene-lC-pfienyl-ibglycer(H>gvlo~hexitol 39—A catalytic amount 

of sodium methoxide was added to a stirred solution of diol 38 (512 mg, 1.34 mmol) 

in methanol (10 cm
3
) at room temperature. After being stirred at room temperature for 

2 h，the solution was filtered through a short column of silica gel topped with Celite. 

Removal of solvent from the filtrate in vacuo gave a solid residue which was flash 

chromatographed (diethyl ether) to give the tetraol 39 (370 mg, 93%) as a white solid. 

Recrystallization from diethyl ether-hexane gave colorless needles, m.p. 169—172 °C; 

r { 0.14 (diethyl ether); (Found: C, 60.2; H, 7.2. C i 5 H 2 2 0 6 requires C，60.4; H, 

7.4%); [ a ] D
2 4

 + 6 (c in EtOH); vmax/cm-i 3400 (OH); 6h 1.27 (3 H，s，Me), 1.30 

(3 H, s，Me), 3.47-3.96 (5 H, _，4.80 (1 H, d，J 7.5, 1-H), 7.23-7.44 (5 H, m, 

Ph); m/z (EI) 107 (41%, PhCHOH
+
), 191 (4，M

+
-PhCHOH). 

2A-0-Isopmpylidene-5-C-phenyl-L-ghico~pentose 40.—Sodium metaperiodate (300 

mg，1.40 mmol) was added in one portion to a stiired solution of the tetraol 39 (300 

m g , 1.01 mmol) in methanol (20 cm
3
) and water (10 cm

3
) at room temperature. After 

being stirred at room temperature for 30 min, the mixture was filtered through a bed of 
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silica gel. Methanol in the filtrate was then removed in vacuo. The residue was 

partitioned between chloroform (20 cm
3
) and saturated ammonium chloride (10 cm

3
). 

The aqueous solution was further extracted with chloroform (7 * 10 cm
3
). The 

combined organic extracts were dried (MgSO》and filtered. Removal of solvent from 

the filtrate in vacuo gave the aldehyde 40 as a coloriess syrup. This compound was 

used in the next step without further purification. 

(2^)-Methyl 4，6-0~isopropylidene-7-C-phenyl-L-^hico-hept-2_enonate 41-Z and 

(E)-Methyl 4,&0-isopropylidene-7-C-phenyl--L--gluco-hept-2-enonate 41-E.“Method 

A. Methoxy(^rbonylmethylenetriphenylphosphorane (405 mg, 1.21 mmol) was added 

in one portion to a stirred solution of the aldehyde 40 from the previous experiment in 

methanol (20 cm
3
) at room temperature. After being stirred at room temperature for 2 

h, the reaction was concentrated in vacuo. Fractionation of the residue by flash 

chromatography [diethyl ether—hexane (2 : 3 v/v)] gave firstly the enonate 41-Z (248 

mg, 76%) as a white solid. Recrystallization from diethyl ether-hexane gave colorless 

needles, m.p. 135—136 °C; Rf 0.20 [diethyl ether-hexane (1 : 1 v/v)]; (Found: C, 

63.1; H, 6.9. C 1 7 H 2 2 0 6 requires C，63.3; H, 6.9%); [ a f c
2 4

 - 65 (c 0.9 in EtOH); 

Vmax/cm-
1
 1650，1719 (a,p-unsaturated ester), 3475 (OH); 5 H (acetone-J6) 1.29 (3 H， 

s, Me), 1.33 (3 H, s, Me), 3.69 (3 H, s, CO2MS), 3.91 (1 H, br s, 5-H), 4.00 (1 H, 

dd, J 1.4 and 7.8, 6-H), 4.78 (1 H, br d, J7 .8 , 7-H), 5.48 (1 H, m, 4-H), 5.91 (1 H ， 

dd, J 1.4 and 12, 2-H), 6.37 (1 H, dd, J 7.0 and 12，3-H), 7.24-7.45 (5 H，m，Ph); 

m/z (HI) 307 (6%, M
+
 - Me). 

The more polar enonate 41-E was also obtained as a white solid (50 mg, 16%). 

Recrystallization from diethyl ether-hexane gave colorless needles, m.p. 114~115 °C; 

Rf 0.15 [diethyl ether-hexane (1 : 1 v/v)]; (Found: C，63.3; H, 6.8. C i 7 H 2 2 0 6 

requires C, 63.3; H, 6.9%); [ a ] D
2 2

 一 20 (c 0.6 in EtOH); vm a x/cm_i 1725 

(a,p-unsaturated ester), 3433 (OH); 5 H (acetone-^) 1.34 (6 H, s, 2 x Me), 3.70 (3 H， 

s, CO推)，3.84 (1 H，br s, 5-H), 4.00 (1 H，dd, J 1.2 and 7.8, 6-H), 4.71 (1 H，m， 

4_H), 4.79 (1 H，br d，J 7.8, 7-H), 6.07 (1 H, dd, J 1.9 and 16，2-H), 6.96 (1 H，dd, 
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J 4.2 and 16，3-H), 7.24-7.44 (5 H, m, Ph); m/z (EI) 307 (5.81%, M+ - Me). The 

ratio of 41-Z: 41-五(ca. 5 : 1) was estimated by isolated yield. 

Method B. Methoxycarbonylmethylenetriphenylphosphorane (893 mg, 2.67 mmol) 

was added in one portion to a stirred solution of the aldehyde 40 from the previous 

experiment in toluene (20 cm
3
) at room temperature. After being stirred at room 

temperature for 12 h, the reaction was concentrated in vacuo. Fractionation of the 

residue by flash chromatography [ethyl acetate-hexane (1 : 1 v/v)] gave firstly the 

enonate 41-Z (154 mg, 22%) as a colorless solid. The more polar enonate 41-五 was 

obtained as a white solid (364 mg, 51%). The ratio of 41-Z: 41-E (ca. 1 : 2) was 

estimated by isolated yield. 

{Z)-Methyl 4,&0__ropylidene-7-C-phenyl-lh^ico-hept-2-enonate 42-Z.— 

Method A. Methoxycarbonylmethylenetriphenylphosphorane (843 mg, 2.52 mmol) 

was added in one portion to a stirred solution of the aldehyde 48 in anhydrous 

methanol (50 cm
3
) at room temperature. After being stirred at room temperature for a 

further 2 h, the solution was concentrated under reduced pressure. Fractionation of the 

residue by flash chromatography [diethyl ether-hexane (2 : 3 v/v)] gave the enonate 

42-Z (531 mg, 79%) as a white solid. Recrystallization from diethyl ether-hexane 

gave colorless needles, m.p. 135—136 °C; Rf 0.25 [diethyl ether-hexane (3 : 2 v/v)]; 

(Found: C, 63.1; H, 6.8. C 1 7 H 2 2 0 6 requires C, 63.3; H, 6.9%); + 71 (c 0.4 

in EtOAc); Vmax/cm-
1
 1658,1722 (a,P-unsaturated este), 3400 (OH); 5 H 1.44 (3 H, s, 

Me), 1.46 (3 H, s, Me), 2.83 (1 H，d, / 4 . 5 , 7-OH), 3.09 (1 H, d, /9.4，5-OH), 3.69 

(3 H, s，COM^), 3.85 (1 H, br d, J 9.4，5-H), 4.00 (1H, d, J 6.3，6-H), 4.88 (1 H, 

b r t , / 6.3，7-H), 5.48 (1 H, br d, / 7.2，4-H), 5.92 (1 H, dd, J 1.4 and 12, 2-H), 

6.32 (1 H，dd, J12 and 12, 3-H), 7.13-7.30 (5 H, m, Ph); m/z (EI) 59 (65.88%, 

C02Me+)，77 (59.00, Ph
+
)，307 (2.03, M

+
 — Me). Ratio of 42-Z: 42-E (ca. 10:1) 

was determined by 很 NMR spectral analysis. 
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Method B. Methoxycarbonylmethylenetriphenylphosphorane (625 mg, 1.87 mmol) 

‘was added in one portion to a stirred k)lution of the aldehyde 48 in toluene (25 cm
3
) at 

room temperature. After being stirred at room temperature for a further 16 h, the 

solution was concentrated under reduced pressure. Fractionation of the residue by 

flash chromatography [diethyl ether-hexane ( 1 : 1 v/v)] gave firstly the less polar 42-Z 

(142 mg, 28%) as a white solid. The more polar compound 42-E (284mg, 57%) was 

obtained as a white solid. Crystallization from diethyl ether-hexane gave 42-E as 

colorless needles, m.p. 114—115 °C ； Rf 0.15 [diethyl ether-hexane (1 : 1 v/v)]; 

(Found: C，63.5; H, 6.7. C 1 7 H 2 2 0 6 requires C, 63.3; H，6.9%); [aJo
2 5

 + 22 (c 1.3 

in EtOH); Vmax/cnr
1
 1727 (a,p-unsaturated ester), 3438 (OH); 5h 1.40 (3 H，s，Me)， 

1.48 (3 H, s, Me), 2.97 (1 H, br s, OH), 3.16 (1 H，br s, OH), 3.73 (4 H, m, COsMe 

and 5-H), 3.91, (1 H , dd, J 1.1 and 6.1, 6-H), 4.48 (1 H，m，4-H), 4.91 (1 H，br d, J 

6.0, 7-H), 6.13 (1 H, dd, J 1.9 and 15.7，2-H), 6.87 (1 H, dd? J 3.9, 15.7, 3-H), 

7.28-7.42 (5 H, m, Ph); m/z (EI) 307 (8.03%, M
+
 - Me). The ratio of 42-Z : 42-五 

(CO. 1 : 2 ) was determined by the isolated yield. 

3,5-0-Isopropylidem-D'glycQro--D-gulo-heptono-y-lactone 43—A solution of 

3 ,5 :6 ,7-di-0- isopropyl idene-D-^fy^ra-D-gM /o-heptono-Y-lactone 33 (5.0 g, 17.4 

mmol) was stirred to dissolve in acetic acid (50 o t f ) at room temperature. Water (50 

c m 3 ) w a s then added and the solution was stirred at room temperature for a further 48 

h. Solvent was removed in vacuo to give a white residue. The residue was 

recrystallized from methanol-diethyl etlier to give the triol 43 (3.0 g, 70%) as colorless 

prisms，m.p. 160—161。C (lit.，m.p. 158 °C ) ;轮 0.39 [methanol-chloroform (1 ： 4 

v/v)]; [oc]d24 - 77 (c 2.4 in ethanol) {lit•，招[a]D - 75 (c 1.0，ethanol); v m a x /cnr i 

1779 (Y-lactone), 3450 (OH); 5 H (山-methanol) 1.37 (3 H，s, Me), 1.51 (3 H，s, Me), 

3.58 (1 H, dd，/4.8 and 11.4, 6-Hb), 3.70-3.82 (2 H，m，5-H and 6-H a), 4.05 (1 H， 

dd, J 1.5 and 9.0, 4-H), 4.44 (1 H, br t, 3-H), 4.61-4.66 (2 H, m, 1-H and 2-H); 

5 l 3 C (^-methanol) 18.34 (Me), 29.39 (Me), 63.90，69.16, 70.56, 70.63, 72.64 (2-Q 

3-C，4-C, 5-C, 6-C), 99.73 (dioxane ring), 177.84 (C=0)； m/z (EI) 233 (16.61%，M+ 

- Me), 249 (1.15, MH
+
). 
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Aldehyde 44.一Sodium periodate (1.0 g, 4.8 mmol) was added in one portion to a 

stirred solution of the triol 43 (1.0. g, 4.0 mmol) in methanol (50 cm
3
) and water (4 

cm
3
) at room temperature. After being stirred at room temperature for 30 min, the 

mixture was filtered through a bed of silica gel topped with Celite. Evaporation of the 

filtrate under reduced pressure gave crude aldehyde 44. The aldehyde was then 

pumped dry with toluene (5
 x

 10 cm
3
). This compound was used in the next step 

without further purification. 

3 ,5-Q-Isopropyl idene-1,1 ,^- t r i -C-phenyl-xyglyc&ro- 'D-gvXo-hexi to l 4 5 a and 

3,5-O-isopropylidene-1，1 ,&tri-C-phenyl-L-glyc&:o-D-gulo-hexitol 45b .一A solution 

of the aldehyde 44 in dry THF (20 cm
3
) was stirred at 0 °C under nitrogen while a 

solution of phenylmagnesium bromide (prepared from 0.73 g magnesium and 3.2 cm
3 

bromobenzene in 30 cm
3
 dry THF) was added dropwise at 0 °C. The mixture was 

stirred at 0 °C for a further 2 h，quenched with ice-water mixture (50 cm
3
) and 

chloroform (50 cm
3
). The mixture was then filtered through Celite. The filtrate was 

then washed with saturated ammonium chloride (50 cm
3
). The aqueous layer was 

further extracted with chloroform (2 x 50 cm
3
). The combined organic extracts were 

dried (MgS0 4) and filtered. Solvent removal gave a mixture of diastereoisomers 45a 

and 45b as a yellow syrup. Fractionation of the syrup by flash chromatography [ethyl 

acetate-hexane ( 1 : 1 v/v)] yielded a mixture of alcohols 45a and 45b (1.0 g, 56%) as 

a white solid. The ratio of 45a : 45b (CCL 1 : 2 ) was estimated by 屯 NMR spectral 

analysis. 

3 ,5-O-lsopropyl idene-1，1 ,6-m-C -phenyl - jy-^ycero-D-gi i io-hexi tol 4 5 a . — A 

solution of the triacetate 46 (583 mg, 1.01 mmol) in chloroform (5 cm^) and methanol 

(10 cm
3
) was stirred at room temperature. Aqueous sodium hydroxide (1.0 dm mol"

1
, 

5 cm
3
) was added and the mixture was stirred at room temperature for a further 1 h. 

The solution was diluted with chloroform (50 c m ” and washed with saturated 

ammonium chloride (10 cm”. Hie aqueous layer was further extracted with 

chloroform (2 ^ 10 cm
3
). The combined organic extracts were dried (MgS0 4) and 

64 



filtered. Concentration of the filtrate yielded the tetraol 45a as a white solid. 

Purification by flash chromatography [diethyl ether-hexane (2 : 1 v/v)] afforded 45a 

(450 mg, 99%) as a white solid, m.p. 200—205 °C; Rf02S [chloroform-methanol (98 

: 2 v/v)]; (Found: C, 71.6; H, 6.4. C 2 7 H 3 0 O 6 requires C, 72.0; H, 6.7%); [ a ] D
2 4

 + 

110 (c 1.8 in EtOAc); Vn^/cnr
1
 3450 (OH); 6 h 0.67 (3 H，s，Me), 1.25 (3 H, s, Me), 

2.28 (1 H, d, J 3.4, 6-OH), 3.39 (1 H, d, J 4.1，2-OH), 3.47 (1 H, d, J 8.2，4-OH), 

3.66 (1 H, d, J 6.9, 5-H), 3.84 (1 H, d, / 8.0, 3-H), 3.95 (1 H, d，J 8.2, 4-H), 4.19 

(1 H, s, 1-OH), 4.68 (1 H, dd, J 3.4 and 6.9，6-H), 7.02-7.78 (15 H, m, Ph); m/z 

(EI) 77 (54.18%, Ph
+
), 105 (89.62，PhCO

+
)，183 (100，Ph2COH

+
), 249 (5.30，M

+
 -

Ph 2COH 一 H 2 0 ) , 435 (0.25, M
+
 - Me). 

3，5 -O-Isopropylidene-1，1,6-tri-C-pheriyl-L-^ycm-D-giilo-hexitol 4 5 b.—A 

solution of the diacetate 47 (2.4 g, 4.5 mmol) in chloroform (10 cm
3
) and methanol 

(30 cm
3
) was stirred at room temperature. Aqueous sodium hydroxide (1.0 dm mol"

1
, 

10 cm
3
) was added and the mixture was stirred at room temperature for a further 5 h. 

The solution was diluted with chloroform (100 cm
3
) and was washed with saturated 

ammonium chloride (10 cm
3
) . The aqueous layer was further extracted with 

chloroform (2 x 50 cm
3
) . The combined organic extracts were dried by MgS0 4 and 

filtered. Conc^itration of the filtrate yielded the tetraol 45b as a white solid. 

Purification by flash chromatography [diethyl ether-hexane ( 2 : 1 v/v)] afforded 45b 

(2.0 g, 98%) as a white solid, m.p. 166—168 °C; R{034 [chloroform-methanol (98: 

2 v/v)]; (Found: C，71.7; H，6^. C27H30O6 requires C，72.0; H, 6.7%); [ a ] D
2 4

 + 

122 (c 1.3 in EtOAc); vm a x /cm-i 3 4 2 0 (OH); 5 H 0.84 (3 H, s, Me), 1.36 (3 H, s, Me), 

2.57 (1 Hp d, J 11.5, 4-OH), 2.62 (1 H, ^ /3.8，2-OH), 2.73 (1 H, d, J 1.2，6-OH), 

3.32 (1 H, d，J 11.5, 4-H), 3.60 (1 H, d, J 8.6, 5-H), 3.75 ( 1 H, d, J 7.7，3-H), 

3.93 (1 H，s，1-OH), 4.45 (1 H，dd, J 3.8 and 7.7，2-H), 4.83 (1 H, br d, 7 8.0，6-

H), 7.11-7.70 (15 H，m, Ph); m/z (EI) 77 (30.38%, Ph+)，105 (55.66，PhCO+)，183 

(100，Ph2 COH+)，249 (3.74, M+ - Ph 2 COH - H 2 0) . 
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2，4，6-7>z-Oacety/-3,5~O-W0/7/T9;7;y/i^7^-l，l，6~m-C-/?/iew;y/-D-glycero-D"gulO" 

hexitol 46 and 2,6-di-0-acetyl-3,5-0-isopropylidene-1,1,6-tri-C-phenyl-L-glycero-D-

gulo-hexitol 4 7 . ~ A solution of alcohols 45a and 45b (1.70 g, 3.8 mmol) in dry 

dichloromethane (40 cm
3
) was stirred at room temperature. Pyridine (8.9 cm

3
, 0.09 

mol), acetic anhydride (7.6 cm
3
, 0.09 mmol) and a catalytic amount of DMAP were 

added. After being stirred at room temperature for 48 h, the mixture was washed with 

water (10 cm
3
), then saturated ammonium chloride (10 cm

3
). The organic layer was 

dried (MgSO》and filtered Concentration of the filtrate under reduced pressure 

followed by flash chromatography [ethyl acetate-hexane ( 1 : 3 v/v)] first afforded the 

less polar triacetate 46 (788 mg, 36%) as a white solid. Recrystallization from ethyl 

acetate-hexane gave colorless needles, m.p. 237—239 °C; Rf 0.55 [ethyl 

acetate-hexane (1 : 2 v/v)]; (Found: C, 68.7; H, 6.3. C33H 3 60 9 requires C, 68.7 ； H, 

6.3%); [ a ] D
2 4

 + 77 (c 0.9 in EtOAc); v腿/cm_i 1750 (C=0 ester); 5 H 0.54 (3 H, s, 

Me), 1.19 (3 H, s, Me), 1.85 (3 H, s, Ac), 1.91 (3 H, s, Ac), 2.03 (3 H, s, Ac), 4.03 

(1 H, dd, J 1.4 and 9.5, 5-H), 4.27 (1 H, dd, J 1.4 and 9.5, 3-H), 4.38 (1 H, s, 

1-OH), 5.13 (1 H, br s，4-H), 5.45 (2 H, t , / 9 . 2 , 2-H and 6-H), 7.13-7.75 (15 H, 

m, Ph); m/z (EI) 77 (16.07%, Ph
+
), 105 (44.25, PhCO

+
), 183 (89.42, Ph 2COH

+
), 

561 (0.65, M
+
- M e ) . 

The more polar diacetate 47 (981 mg, 49%) was also obtained as a white solid. 

Recrystallization from ethyl acetate-hexane gave a white solid, m.p. 183—185 °C; Rf 

0.45 [ethyl acetate-hexane (1 : 2 v/v)]; (Found: C, 69.8; H, 6.2. C 3 i H 3 4 0 8 requires 

C, 69.7； H，6.4%); [ a ] D
2 4

 + 114 (c 0.8 in EtOAc); Vn^/cnr
1
 1750 (C=0 ester), 3500 

(OH); 5 h 0.78 (3 H, s, Me), 1.41 (3 H, s, Me), 2.00 (3 H, s, Ac), 2.04 (3 H, s, Ac), 

4.13 ( 1 H , br d ,77 .3 , 5-H), 4.23 (1 H, br d, J 9.4, 3-H), 4.45 (1 H, s, 1-OH), 4.69 

(1 H, br s, 4-H), 5.04 (1 H, d, /9.4，2-H), 5.97 (1 H，d, / 9 . 0 , 6-H), 7.18-7.77 (15 

H, m, Ph); m/z (EI) 77 (19.94%, Ph
+
), 105 (54.16, PhCO+)，183 (100，Ph2COH+)， 

233 (1.45，M
+
 - P h 2 C O H - 2 x OAc), 339 (0.98, M

+
 - Ph - 2 x OAc). 
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2A-0-Isopropylidene-5-C-phenyl-D-gluco-pentose 48.—Sodium metaperiodate (539 

mg，2.52 mmol) was added in one portion to a stirred solution of tetraol 45a (945 mg, 

2.10 mmol) in methanol (40 cm
3
) and water (10 cm

3
) at room temperature. After being 

i
 s t i l T e d a t r o o

m temperature for 3Q min，theinixture was filtered through a bed of silica 
,I : ‘‘

,：
丨.

1
:.:: .

 :
 . . 

f . ！ i 丨‘ g
e l t ( )

PP
e
d with Celite, Removal of solvent from the filtrate in vacuo gave the aldehyde 

丨丨 48 as a colorless syrup. The aldehyde 48 was dried by concentration with toluene 
、！ ...hoi,:.. . 

丨:: several times. This compound was used in the next step without ftirther purification. 
.

1
. ‘ ‘ ：

:
' ：，‘ j 

•v •. .. . . I ‘ - . .
 1 , 

J (Z)-7-C-Phenyl-lrg\ilo-hept-2-enono-y-lactone 49—A solution of enonate 42-Z 

’ (307 mg, 0.95 mmol) in acetic acid (25 cm3) and water (25 cm3) was stirred at room 

temperature for 24 h. The solvents were then removed in vacuo to give a white solid. 

Purification by flash chromatography [diethyl ether-hexane (1 ： 1 v/v)] afforded 49 

(213 mg, 89%) as a white solid. Recrystallization from diethyl ether-hexane gave 

colorless needles, m.p. 109—111 °C; R{ 0.42 (ethyl acetate); (Found: C，62.4 ； H, 5.8. 

C13H14O5 requires C, 62.4; H, 5.6%); [ c x ] D
2 4 — 68 (c 0.6 in EtOAc); vmJcm^ 1750， 

1778 (a,p-unsaturated Y-lactone), 3400 (OH); 6h (acetone-^) 3.71 (1 H, br t, J 7.4, 

6-H), 3.88 ( i H, d, J 7.6, 7-OH), 4.10 (1 tt，br t， / 6.2, 5-H), 4.50 (1 H, d, J 6.5, 

5-OH), 7.79 (1 H, br d，J 5.7，3-H), 4.70 (1 H，d, J 4.6, 6-OH), 4.78 (1 H, br t, J 

7.4, 7-H), 5.24 (1 H, br d, J 6.2, 4-H), 6.12 (1 H, br d, J 5.7, 2-H), 7.24-7.45 (5 H, 

m，Ph); m/z (EI) 83 (23.80%, C 40 2H 3
+
)，107 (100，PhCHOH

+
), 126 (22.22, M

+
-

PhCHOH - OH), 232 (0.32, M
+
 - H 2 0) . 

Di-acetylgoniobutenolide A 50 and Di-acetylgoniobutenolide B 51.""“A solution of 

the triol 49 (201 mg, 0.80 mmol) in dry dichloromethane (20 cm
3
) was stirred at room 

temperature. Triethylamine (0.6 cm
3
), acetic anhydride (0.4 cm

3
) arid a catalytic 

amount of DMAP were added to the solution. The solution was stin^ed at room 

temperature for 21 h and then filtered through a bed of silica gel topped with Celite. 

Evaporation of the filtrate in vacuo gave a yellow oil. Purification by flash 

chromatography [diethyl ether-hexane ( 1 : 1 v/v)] gave 50 and 51 as yellow oils (253 

mg, 99%). Separation by flash chromatography gave firstly the butenolide 51 as a 
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；'：.；' yellow oil, R{ 0.28 [diethyl ether—hexane (1 : X v/v)]; (Found: C, 64.4; H, 5.3. 

C i 7 H 1 6 0 6 requires C, 64.55; H, 5.1%); [ a ] D
2 4

 —63 (c0 .7 in CHC13); vm a x/cm-i 1744 

(ester) and 1790 (conjugated a，p and y,5-unsaturated y-lactone); 5h 2.02 (3 H, s, Ac), 

2.12 (3 H, s, Ac), 5.66 (1 H, d4, J 1.5 arid 9.9，5-H), 5.83 (1 H, dd, J 43 and 9.9, 

6-H), 6.05 (1 H, d , / 4 . 3 , 7-H), 6.18 (1 H, dd, J 1.7 and 5.7，2-H), 7.22-7.41 (5 H， 

m，Ph), 7.47 (1 H； d, J5.7, 3-H); 5i3C 20.66，20.71，70.65，75.56，107.00，122.02， 

126.99，128.49，128.66，135.40，139.81，153.22，168.45，169.39，169.55; m/z (CI, 

isobutane) 257 (100%, M
+
 一 OAc). 

The butenolide 50 was also obtained as a yellow oil，RfOAl [diethyl ether-hexane (1 

: 1 v/v)]; (Found: C, 64.2; H, 5.3. C i 7 H 1 6 0 6 requires C, 64.55; H, 5.1%); [ a ] D
2 4

 + 

75 (c 1.7 in CHC13)； ’ 醒 她
4
 1746 (ester), 1785 (conjugated « J and yfi-

unsaturated y-lactone); 5 H 2.02 (3 H，s，Ac), 2.12 (3 H, s，Ac)，5.25 (1 H, dt, J 2.4 

and 8.7, 6-H), 6.06-6.11 (2 H, m，2-H and 5-H), 6.20 (1 H, d, J 55, 7-H), 

7.26-7.36 (6 H，m，3-H and Ph); 5i3C 20.16, 20.25, 69.79, 74.55，107.25，120.86， 

126.52，127.90，128.08，135.28，143.11，151.11, 168.02, 168.84，168.99; m/z (CI, 

isobutane) 257 (69.06%, M
+
 - OAc), 317 (1.16，MH

+
). The ratio of 50 : 51 (ca. 2 : 

1) was determined by
 1

H NMR spectral analysis. 
I 

(Z)- 7-C-phenyl-L-ido-hcpt-l-enono-b-lactone 52.~~A solution of lactone 55 (157 

mg, 0.54 mmol) in acetic acid (20 cm
3
) and water (5 cm

3
) was stirred at 90-100 °C for 

3 h. The solvents were then removed in vacuo to give 52 as a white solid. Purification 

by flash chromatography then afforded the triol 52 (111 mg, 82%) as a white solid. 

Recrystallization from ethyl acetate-hexane gave colorless needles, m.p. 127~~129 °C; 

R{ 0.28 (ethyl acetate); (Found: C，62.0 ； H, 5.1. C 1 3 H 1 4 0 5 requires C，62.4; H, 

5.6%); [ a ] D
2 2

 + 88 (c 0.8 in EtOH); Vn^/cnr
1
 1719 (a,p-unsaturated 5-lactone), 

3373 (OH); 5 h (acetone-^) 4.18 (1 H，dd, J 3.7 and 6.2, 6-H), 4.31 (1 H，dd, J2 .8 

and 6.2, 5-H), 4.51 (1 H, dd, J 2.8 and 5.8, 4-H), 5.04 (1 H, br d, 7 3.3, 7-H), 6.02 

, : : : 丨 (1 H, (1,/9.7, 2-H), 7.06 (1 H, dd，/5.8 and 9.7，3-H), 7.22-7.49 (5 H, m, Ph); m/z 

, (EI) 107 (100%, PhCHOH
+
), 126 (10.72, M H

+
- P h C H 0 H - H 2 0 ) , 144 (9.55, MH

+ 

:;.•;::.....::」齡卜一 PhCHOH), 250 (7.73，M
+
). • 1 .. :；'；.' . . 1 . ： 丨 . , . . 僅 6 8 .：'•：：• .丨. ： i . 1 .‘‘ “ • < 



(Z)-Methyl 4,6-0-isopropylidene-7-C-phenyl-lAdo-hept-2-enonate 53 — 

Methoxycarbonylmethylenetripheriylphosphorane (1.74 g, 5.20 mmol) was added in 

one portion to a stirred solution of the aldehyde 54 in anhydrous methanol (30 cm
3
) at 

room temperature. After being stirred at room temperature for a further 3 h, the 

solution was concentrated under reduced pressure. Fractionation of the residue by 

flash chromatography [diethyl ether-hexane (2 : 3 v/v)] gave the enonate 53 (1.12g, 

80%) as a colorless oil, Rf 0.46 [ethyl acetate-hexane (2 : 1 v/v)]; [a]D22 + 121 (c 0.8 

in EtOAc); Vmaj/crn-
1
 1657，1724 (a,p-unsaturated ester), 3476 (OH); 5 H 1.54 (3 H, s， 

Me), 1.56 (3 H, s，Me), 2.64 (1 H, d，J 11.8, 5-OH), 2.84 (1 H, d，J 1.5，7-OH), 

3.25 (1 H，dt, J 1.3 and 11.8, 5-H), 3.61 (3 H, s，Me), 3.89 (1 H, dd, J 1.0 and 8.1， 

6-H), 4.88 (1 H, dd, J 1.4 and 8.1, 7-H), 5.40 (1 H，dt, J 1.4 and 7.3，4-H), 5.78 (1 

H, dd, J 1.4 and 11.7, 2-H), 6.25 (1 H, dd, J 7.3 and 11.7, 3-H), 7.30-7.48 (5 H, 

m, Ph); m/z (EI) 307 (15.48%, M
+
 一 Me), 323 (2.72, MH

+
). The ratio of Z : E 

isomers (ccl 10 :1 ) was determined by ^ NMR spectral analysis. 

2,4-0'Isopropylidene-5-C-phenyl-D-gluco-pentose 54.一Sodium metaperiodate 

(1.40 g, 6.50 mmol) was added in one portion to a stirred solution of the tetraol 45b 

(1.95 g, 4.33mmol) in methanol (150 cm
3
) and water (20 cm

3
) at room temperature. 

After being stirred at room temperature for 30 min, the mixture was filtered through a 

bed of silica gel topped with Celite. The filtrate was then concentrated in vacuo to give 

the aldehyde 54 as a colorless syrup. The aldehyde was dried by evaporation with 

toluene several times. This compound was used in the next step without further 

purification. 

(Z) ^,6-O-Isopropylidene- l-C-phenyl-h-ido-hept-2-enono-b-lactone 55.~~A 

solution of the unsaturated ester 53 (278 mg, 0.86 mmol) in dry THF (30 cm
3
) 

containing a catalytic amount of DBU was stirred at 60-70 °C for 24 h. The solution 

was then filtered through a bed of silica gel topped with Celite. Removal of solvent in 

vacuo gave a white solid (176 mg, 70%). Purification by flash chromatography [ethyl 

acetate-hexane ( 1 : 1 v/v)] afforded 55 as white crystals. Recrystallization from ethyl 
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acetate-hexane gave colorless needles, m.p. 192 °C (sublim.)； Rf 0.36 [ethyl 

acetate-hexane (2 : 1 v/v)]; (Found: C, 65.9 ； H, 6.1. C 1 6 H 1 8 0 5 requires C, 66.2; H, 

6.25%); [a]D22 一 89 (c 0.9 in EtOH); v ^ / c m - i 1732 (a,p-unsaturated 5-lactone), 

3500 (OH); 5 h 1.53 (3 H, s, Me), 1.56 (3 H, s, Me), 2.84 (1 H, d, J 1.3，7-OH)， 

3.63 (1 H, t, J 1.8，5-H), 3.91 (1 H, dd, J 1.7 and 8.7，6-H), 4.18 (1 H, dd, J 1.9 

a n d 6.1, 4 -H) , 5 .15 (1 H , b r d, J 8.7, 7-H) , 6.18 (1 H，d，79.6, 2-H) , 6.79 (1 H, dd, 

/ 6 . 1 and 9.6，3-H), 7.31-7.55 (5 H, m, Ph); m/z (EI) 107 (44.93%, PhCHOH
+
), 126 

(10.43, MH
+
 - PhCHOH), 275 (2.05, M

+ 一 Me). 

(Z) A^-Q-Isopropylidene-l-Q-mesyl-l“C-phenyl-lA^o-hept-2-enono-b-lactone 

5 6 . ~ A solution of the alcohol 55 (209 mg, 0.67 mmol) in dry dichloromethane (10 

cm
3
) was stirred at 0 °C. Pyridine (0.6 cm

3
) and methanesulfonyl chloride (0.6 cm

3
) 

were added at 0 °C. The solution was then stirred at 0 °C for 24 h. The solution was 

diluted with ethyl acetate (50 cm
3
)and washed with saturated ammonium chloride 

solution (20 cm
3
), then water (20 cm

3
). The organic layer was dried by anhydrous 

MgS04 and filtered. Removal of solvent in vacuo gave a yellow oil. Purification by 

flash chromatography [ethyl acetate-hexane ( 1 : 1 v/v)] affored the mesylate 56 (248 

mg, 93%) as a white solid Recrystallization from ethyl acetate-hexane gave colorless 

needles, m.p. 97—98°C; Rf0.52 [methanol-chloroform (2 : 98 v/v)]; [ a f c
2 2

 一 3.8 (c 

0.5 in EtOAc); 5 H 1.51 (3 H, s，Me), 1.55 (3 H, s, Me), 3.01 (3 H, s，Ms), 3.51 (1 H, 

br s，5-H), 4.22-4.30 (2 H, m, 4-H and 6-H), 5.83 (1 H，d, / 9 . 0 , 7-H), 6.16 (1 H, 

d, J 9.7, 2-H), 6.78 (1 H, dd, J 6.0, 9.7，3-H), 7.38-7.56 (5 H, m, Ph); m/z (EI) 90 

(35.90%, PhCHOMs
+
- OMs), 91 (100, PhCHOMsH

+
-OMs), 95 (42.77, OMs), 183 

(5.84, M+ — PhCHOMs), 185 (8.03, PhCHOMs
+
), 215 [8.98, M

+
 一（CH3)2C02 -

Ms]. The unstable mesylate was used immediately after chromatography. 

{+)-Acetylaltholactone 57 —A solution of the (+)-altholactone 14 (56 mg, 0.24 

mmol) in dry dichloromethane (20 cm
3
) was stirred at room temperature. Pyridine (0.1 

cm
3
), acetic anhydride (0.1 cm

3
) and a catalytic amount of DMAP were added to the 

solution. The solution was stirred at room temperature for 14 h and then filtered 
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through a bed of silica gel topped with Celite. Evaporation of the filtrate in vacuo gave 

57 (50 mg, 76%) as a white solid. Purification by flash chromatography [ethyl 

acetate-hexane ( 1 : 1 v/v)] gave the title compound 57 as white crystals. 

Recrystallization from ethyl acetate-hexane gave colorless needles, m.p. 141一142 °C 

( l i t ,
1 1

 m.p. 142。C); Rf 0.39 [ethyl acetate-hexane ( 1 : 1 v/v)]; (Found: C, 65.6; H, 

4 .9 . C 1 3 H I 4 0 5 requires C ， 6 5 . 7 ; H , 5 . 1 5 % ) ; [AJO
2 5

 + 2 0 4 (c 0 . 3 in E t O H ) {LIT”
1
! 

[ a ] D + 208 (EtOH)}; VmaJcm-
1
 1702 (a,P-unsaturated 5-lactone), 1744 (ester); 5 H 

2.16 (3 H, s, Ac), 4.63 (1 H, t, / 4 . 4 and 5.1，4-H), 4.96 (1 H, dd, /4.1，5-H), 4.98 

(1 H, d，J 3.6, 7-H), 5.40 (1 H, d, J 3.0, 6-H), 6.28 (1 H, d, J 9.8，2-H), 7.04 (1 H， 

dd, J 5.3 and 9.8, 3-H), 7.29-7.34 (5 H, m, Ph); m/z (EI) 214 (7.36%, M
+
 一 HOAc) 

and 275 (4.30, MH
+
). 

(Z) 4,6-0-IsopropyUdene-7-C-phenyl-D-g\uco-hept-2-enono-b-lactone 58.——A 

solution of the unsaturated ester 42-Z (517 mg, 1.61 mmol) in dry THF (30 cm
3
) 

containing a catalytic amount of DBU was stirred at 60-70 °C for 24 h. The solution 

was then filtered through a bed of silica gel topped with Celite. Removal of solvent in 

vacuo gave a white solid Purification by flash chromatography [diethyl ether-hexane 

(2 : 1 v/v)] afforded the unsaturated lactone 58 (325 mg, 70%) as white crystals. 

Recrystallization from ethyl acetate-hexane gave colorless needles, m.p. 190~191 °C; 

Rf 0.23 [diethyl ether-hexane (2 : 1 v/v)]; (Found: C, 66.1; H, 6.1. C i6Hi 8 0 5 

requires C, 66.2; H, 6.25%); [ a ] D
2 4

 + 100 (c 1.2 in MeOH); v ^ / c m - i m i (a,p-

unsaturated 6-lactone) and 3401 (OH); 5 H 1.34 (6 H, s, 2 x Me), 2.89 (1 H, d, J 4.6, 

7-OH), 4.05 (1 H, dd, J 1.8 and 8.6, 6-H), 4.34 (1 H, dd, J 2.0 and 6.0，4-H), 4.50 

(1 H，t, J 1.9，5-H), 5.11 (1 H，dd, J 4.5 and 8.5, 7-H), 6.25 (1 H, d, J 9.6，2-H), 

6.89 (1 H, dd, J 6.1 and 9.6, 3-H), 7.29-7.45 (5 H, m, Ph); m/z (EI) 107 (48.23%, 

PhCHOH
+
), 184 (10.30，MH

+
 - PhCHOH), 275 (3.19, M

+
 - Me). 

(Z) 7-0-Acetyl~4,&0~isopropyUdene-7-C-phenyl-J>~ghicc^hept-2-enono~b-lactone 

59—A solution of the alcohol 58 (325 mg, 1.12 mmol) in dry dichloromethane (20 

cm
3
) was stirred at room temperature. Pyridine (0.18 cm

3
)，acetic anhydride (0.21 
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cm
3
) and a catalytic amount of DMAP were added to the solution. The solution was 

stirred at room temperature for 3 h. The solution was then filtered through a bed of 

silica gel topped with Celite. Evaporation of the filtrate in vacuo gave the acetate 59 as 

a white solid. Purification by flash chromatography [ethyl acetate-hexane ( 1 : 1 v/v)] 

gave the title compound 59 as white crystals (357 mg, 96%). Recrystallization from 

ethyl acetate-hexane gave colorless needles, m.p. 1 9 0 1 9 1 °C; R{ 0.18 [ethyl 

acetate-hexane ( 1 : 1 v/v)]; (Found: C, 64.7; H, 5.9. C 1 8 H 2 0 O 6 requires C, 65.05; H, 

6.1%); [a]D
2 4 + 45 (c 0.3 in MeOH); v^/cm-i 1725 (ester) and 1739 (a,P-

unsaturated 5-lactone); 5 H 1.30 (3 H，s，Me), 1.32 (3 H，s，Me), 2.04 (3 H, s, Ac), 

4.27 (1 H, d, J 9.3, 6-H), 4.35-4.37 (2 H, m, 4-H and 5-H), 5.99 (1 H, d, J 9.3，7-

H), 6.27 (1 H, d, 7 9.6, 2-H), 6.88 (1 H, dd, J 5.8 and 9.6, 3-H), 7.29-7.37 (5 H, 

m, Ph); m/z (EI) 318 (5.18%, M H
+
- M e ) . 

{+)-Diacetylgomojufurone 6 0 . ~ A solution of (+)-goniofafurone 21b (132 mg, 

0.53 mmol) in dry dichloromethane (10 cm
3
) was stirred at room temperature. 

Pyridine (1.0 cm
3
), acetic anhydride (1.0 cm

3
) and a catalytic amount of DMAP were 

added to the solution. The solution was stirred at room temperature for 48 h. The 

solution was then filtered through a bed of silica gel topped with Celite. Evaporation of 

the filtrate in vacuo gave 60 as a white solid. Purification by flash chromatography 

[diethyl ether-hexane (2 : 1 v/v)] gave the title compound 60 as white crystals (157 

mg, 89%). Recrystallization from ethyl acetate-hexane gave colorless needles, m.p. 

184—185。C (lit”
19
 m.p. 130—132。C);及f 0.25 [diethyl ether-hexane (2 : 1 v/v)]; 

(Found: C, 61.3; H，5.3. CnHigOrrequires C, 61.1; H, 5.4%); [ a ] D
2 4

 + 22 (c 0.5 in 

CHC13); Vmax/cm-
1
 1746 (ester) and 1793 (y-lactone); 5 H 2.85 (1 H，dd, J 1.2 and 

19.0, 3-H b), 2.70 a 獲1 dd, 7 5.7 and 19.0, 3-Ha), 4.46 (1 H, dd, J 3.1 and 9.5, 7-

H), 4.87 (1 H, d, J 4.0, 5-H), 4.98 (t H, ddd, J 1.2, 4.0 and 5.7, 4-H), 5.74 (1 H, d, 

J 2.8, 6-H), 5.84 (1 H, d，J 9.5, 8-H), 7.27-7.41 (5 H, m, Ph); m/z (EI) 149 

(27.89%, PhCHOAc+)，185 (100, M+ - PhCHOAc), 334 (0.20, M
+
). 
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{+)-Triacetylgomotriol 61—A solution of the triol 16 (185 mg, 0.74 mmol) in dry 

dichloromethane (50 cm
3
) was stiired at room temperature. Pyridine (0.36 cm

3
), acetic 

anhydride (0.42 cm
3
) and a catalytic amount of DMAP were added to the solution. The 

solution was stirred at room temperature for 21 h and then filtered through a bed of 

silica gel topped with Celite. Evaporation of the filtrate in vacuo gave a white solid. 

Purification by flash chromatography [diethyl ether-hexane (2 : 1 v/v)] gave the title 

compound 61 as a white solid (236 mg, 85%), m.p. 95—97 °C (lit.,
3
 m.p. 90—93 

°Q； Rf 0.28 [diethyl ether-hexane (2 : 1 v/v)]; (Found: C, 60.5; H, 5.3. C 1 9 H 2 0 O 8 

requires C, 60.6; H, 5.4%); [ a ] D
2 4

 + 121 (c 0.8 in MeOH); Vn^/crir
1
1743 (ester and 

a,p-unsaturated 5-lactone); 5 H 2.02 (3 H, s，Ac), 2.07 (3 H，s，Ac), 2.11 (3 H, s, 

Ac), 4.53 (1 H, d d , / 2 . 9 and 6.9, 5-H), 5.28 (1 H, dd, J 3.0 and 5.7，4-H), 5.74 (1 

H，dd, J 4.8 and 6.9，6-H), 5.96 (1 H, 4 /4.8，7-H), 6.17 (1 H，d, J 9.8，2-H), 6.93 

(1 H, dd, J 5.4 and 9.8, 3-H), 7.34-7.44 (5 H, m，Ph); m/z (EI) 126 (21.09%, MH
+
 -

PhCHOAc 一 OAc - Ac), 149 (7.68, PhCHOAc
+
), 168 (21.03，M

+
 一 PhCHOAc -

OAc), 228 (2.87, MH
+
 - PhCHOAc). 
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